2003 Monitoring Plan

1.0  Introduction

 


Environmental monitoring for the first five-year watershed cycle was completed in 2002 with work in the Big Sandy/Little Sandy/Tygarts basin management unit.  The first cycle of monitoring focused on obtaining, for the first time, a snapshot of conditions of Kentucky’s waters, especially wadeable streams. Most local, state, and federal agencies in Kentucky with monitoring responsibilities cooperated with the watershed monitoring program.  Some agencies simply provided their data and carried on monitoring as usual.  For other agencies, sampling programs and sometimes even sampling methods were revised for best fit with the watershed monitoring plan. 

 


The Kentucky Division of Water (DOW) has much of the responsibility for monitoring Kentucky’s waters.  Monitoring programs include: 1) biological, water quality, and bacteriological sampling at 70 long-term sites statewide; 2) water quality and bacteriological monitoring at rotating watershed locations; 3) a reference reach biological program to determine least impaired conditions; 4) nutrient and trophic status determination of publicly-owned reservoirs; 5) fish tissue sampling; 6) a random, statistically-based biological survey of wadeable streams; and 7) monitoring of nonpoint pollution sources and results of best management practices implementation.

 From 1998 – 2002, the Kentucky Department of Fish and Wildlife Resources (KDFWR) and their district fisheries biologists sampled fish in nearly 500 fourth order streams on which little data previously existed.  The U.S. Army Corps of Engineers (COE) monitored most of their large reservoirs and many inlet and outlet stream locations.  The U.S. Forest Service (USFS) conducted biological monitoring in several streams in the Daniel Boone National Forest.  Local governments of Louisville and Lexington, Kentucky’s two largest cities, provided water quality, bacteriological, and biological data from their metropolitan areas.  The Tennessee Valley Authority (TVA) continued to collect biological data from streams in the Tennessee River basin.  Other contributing agencies included Kentucky State Nature Preserves Commission (KSNPC), U.S. Fish and Wildlife Service (USFWS), U.S. Geological Survey (USGS), and several state universities.  The Ohio River Valley Water Sanitation Commission (ORSANCO) is responsible for all monitoring on the Ohio River mainstem and also has stations on the downstream reaches of several major tributaries.

 

 Biological monitoring was done mostly in fourth order streams, and water quality monitoring was done primarily in fifth order and larger streams.  Bacteriological monitoring was conducted at most water quality sampling locations and at numerous other sites by Section 319 grant contractors, Watershed Watch (WW) volunteers, and DOW as follow-up on streams with high bacteria levels indicated by WW data. 

 


For the Division of Water, the primary utility of the data is for determination of designated use support as defined by the state’s water quality standards regulations.  Use support assessments were made for aquatic life, primary contact recreation (swimming), fish consumption, and domestic water supply.  Often the stream segments were assessed for one use, especially aquatic life use or primary contact recreation use, but sometimes segments were assessed for two or more uses.  

 

Assessments were performed on 348 sites in the Kentucky River basin unit, 297 in the Salt/Licking unit, and 454 in the Cumberland/Tennessee/Mississippi unit.  Although the data have been collected, assessments have not yet been performed for the Green/ Tradewater and Big Sandy/Little Sandy/Tygarts basin management units.  The numbers of assessments for the last two units are expected to be in the range of the first three.  Results were presented in the 2000 and 2002 Kentucky Reports to Congress on Water Quality (305(b) reports).


 


As expected, the watershed monitoring detected numerous problems, but it also identified many waters of high quality.  Most impaired waters are placed on 303(d) lists for total maximum daily load (TMDL) development.  Impaired waters from the first three basin management units were placed on Kentucky’s 2002 303(d) list, which is awaiting approval from Region 4 EPA.  There are nearly 1000 pollutant/stream combinations on the 2002 303(d) list.

 

2.0  Monitoring in the Second 5-Year Watershed Cycle 

 

2.1  Priority Watersheds for TMDL Development 

 

 
Whereas the purpose of the monitoring in the first watershed cycle was to obtain baseline data statewide, monitoring in the second cycle will focus on impaired watersheds.  However, ambient monitoring outside of impaired watersheds also will continue at long-term stations, watersheds not sampled in the first watershed cycle, random survey sites, and on small streams to refine reference reach metrics. Much of the work will be done sequentially to make best use of monitoring personnel and to collect data during the target sampling period according to stream size (Figure 1). 

 

Kentucky, like other states, is on a schedule to complete TMDLs for 303(d)-listed waters in the next 10 - 15 years.  To assist in completing this significant workload, EPA has provided additional Section 106 and 319(h) funds that has allowed DOW to hire several new personnel and continue TMDL contracting.

 


Eighteen (18) impaired watersheds in the Kentucky River basin initially have been selected for TMDL monitoring in 2003 (Table 1; Figure 2) for nutrients or siltation listed as the cause of impairment.  Ten waters have also been selected for bacteria TMDL development (Table 2).  As most of the monitoring indicating impairment in these waters was biological and was done in the downstream reaches of fourth order watersheds, it will be necessary to conduct further biological and water quality studies in the upstream sub-watersheds to determine sources (and possibly additional causes) of impairment.  This work will be carried out in the following manner.

 

2.1.1  Overview

 

1. 1.      Select watersheds with predominantly first priority biological impairments in the Kentucky River Basin

2. 2.      Identify general sampling locations for rapid biological assessment in subwatersheds suspected of contributing most significantly to impairment using existing biological and habitat data with GIS coverages

3. 3.      Review and discuss general sampling locations (Water Quality Branch) 

4. 4.      Review regulatory data and compliance information for KPDES, DSMRE, Forestry (concurrently with Step 5)

5. 5.      Drive the watershed to evaluate site representativeness, access and safety (Water Quality Branch, basin coordinators, other possible watershed partners)

6. 6.      Select and obtain GPS coordinates for final sampling locations (Water Quality Branch)

7. 7.      Collect habitat and rapid biological assessment data (March – June 2003)

8. 8.      If possible, have USEPA Region 4 modelers review chemical sampling design

9. 9.      Collect chemical water quality and flow data at a subset of biological locations that indicate impairment or contribution to impairment. (April 03 – April 04)

10. 10.  Develop TMDLs for impaired watersheds

 

 

2.1.2 2.1.2         Data Sources

 

Assessment Database (ADB); WQB Assessment Form; 2002 303(d) List (draft); EDAS*, KPDES/ PCS*; DSMRE water monitoring*; mine water monitoring*; mining hydrologic investigations*; Benson Creek Sediment Study*

 

GIS COVERAGES   

Hydrology/Watershed Setting:  streams (orders 1-8); lakes; dams; HUC8; HUC11; HUC14; county; quad (NAD83); physiographic region; water withdrawals

 

Monitoring Locations: 1998 305b – Aquatic Life; primary sites; primary WQ; probabilistic monitoring (2003); KY Basin WQ (1998), EDAS stations; mine water monitoring; mining hydrologic investigations

 

Potential Pollution Sources:  land use, managed lands; city boundary; major and local roads; aerial photography; topo maps; logging permits and/or enforcement*; Benson Creek sediment stations*

 

KPDES facility, KPDES outfall; Superfund; Landfill; AFO; CAFO

 

Mining: non-coal mine permits; coal mine permits; DSMRE permits; Coal Mining Permit Boundary (1999-2000); impoundments; acid mine drainage; spoil/waste/silt; DSMRE Mining Images (1977-1999)

 

 

2.1.3  Methods

 

1. 1.      Drainage area of the impaired watershed was estimated by clipping HUC-14 coverages

2. 2.      1998 305b aquatic life use assessments and 2002 303d List were reviewed to confirm the impaired segment

3. 3.      GIS layers were reviewed, cross-checked and evaluated.  NOTE: Review is pending for data sources and GIS layers identified with * .

4. 4.      Arc View 3.2 was used to evaluate multiple layers of spatial data.  For example, land use, aerial photography, digital topo sheets and mine permit boundaries and images were layered to consider the potential effect of mining on a watershed.  Digital topo sheets, aerial photographs, 201 Facility Plans and WQB Assessment Forms were used to identify  areas where on-site systems may be contributing to watershed impairment.

5. 5.      A recommended sampling plan was drafted for each impaired watershed.  The plan included an overview of ADB results, the WQB Assessment Form, a narrative of the watershed, land uses and potential pollution sources as well as maps of the hydrology and draft recommended sampling locations.

 

2.1.4 2.1.4        Site Selection Considerations

 

·       Watershed/subwatershed outlets

 

·       Previous sampling locations – for future hydrologic characterization and modeling purposes, it may be more appropriate to conduct the rapid biological assessment at the watershed outlet rather than the previous sampling location.

 

·       4-6 additional sites were selected on tributaries based on the potential pollution sources identified above and proximity to roads and bridges.  The size of the stream and drainage area to the recommended sampling locations was not necessarily considered, although effort was made to select sites with drainage areas greater than ~2 square miles.  

·  

·       Since the draft sampling plans were developed individually, the final number of sites per impaired watershed may change once all the plans are completed.  The impaired watersheds have a range of complexity of the hydrology and potential pollution sources, which will be verified in the field.  Also, HUC14 sizes have a large range, thus the # of stations per square mile also has a large range. 

The biological screening work (taxonomy to family level) will take place from March to June because many of the streams to be sampled will be small (first, second, and third order) and may be dry by mid-summer.  Also, the metrics for small streams developed from the reference reach program should be used during the spring period. Water quality sampling will follow the biological work and can begin as soon as problem areas are identified.

 

 

2.1.5 Proposed Roles for Watershed Watch Volunteers 

 

2.1.5.1  Assist with TMDL Screening

 

.  DOW selected 18 first priority 303d watersheds in the Kentucky River Basin for follow-up monitoring using Rapid Biological Assessments.  The goal of the Rapid Biological Assessment monitoring is to define subwatersheds that are most likely the significant contributors of the pollutant of concern.  Based on this information, site selection for chemical quality sampling will be done.  
 

Impairments in the selected watersheds had been primarily based on biological data collected at the outlets of 4th order watersheds.  In order to plan TMDLs, Rapid Biological Assessments will be conducted at 5-6 locations within these watersheds.  DOW is selecting sites using GIS and regulatory data.  Prior to sampling, DOW will drive the watersheds above the sampling locations to ensure that the sites are representative and safe.  
 

· Watershed Watch volunteers could provide valuable assistance by driving the entire watershed to characterize habitat and nonpoint source issues and corresponding locations throughout the selected watersheds.  Volunteers could provide a narrative description of the condition of the riparian corridor and stream conditions along with maps and photographs (if possible).  The goal would be to characterize the occurrence and location of:
·       Cattle crossings
·       Erosion
·       Straight pipes/failing septics
·       Construction (roads, residential, commercial)
·       Riparian lands uses
·       Stream substrate (e.g., bedrock, boulders, cobble, gravel, sand, silt/clay)
·       Intact/ high quality stream channel
 

Watershed Watch volunteers could further assist by performing habitat assessments at locations throughout the watersheds.  Habitat assessments will be done by DOW at the Rapid Biological Assessment monitoring sites, but it would be very helpful to have these data for other locations as well.  It will be important to use protocols as defined in ‘Methods for Assessing Biological Integrity in Surface Waters in Kentucky’ and to accurately document locations with maps and photographs.  As a quality assurance measure, Watershed Watch volunteers could perform habitat assessments at a subset of Rapid Biological Assessment monitoring sites.
 

2.1.5.2 Fecal Coliform Screening  

 

After Watershed Watch Quality Assurance Plans get approved, fecal coliform data could be collected as a screening tool to help identify tributaries that may be significantly contributing fecal coliform to the impaired segment.  
 

2.1.5.3 Watershed Screening 

 

 As Watershed Watch Quality Assurance Plans get approved, Watershed Watch’s Rapid Biological Assessment data and habitat evaluations could supplement DOW Biological Monitoring.  Watersheds would be selected for this monitoring through the watershed process.
 

In addition to the approved Quality Assurance Plan, important considerations for the broadest uses of Watershed Watch data include accurate site locations, electronic data management and a citeable report  describing the monitoring project, data and results.
.

 

2.2 2.2      Re-confirmation of 303(d)-listed Waters with Single Assemblage Data

 

In addition to the priority TMDL watersheds, thirty (30) 303(d)-listed streams (Table 2) will be re-assessed because of single-assemblage data (usually fish) collected in the late summer of 1998 during fairly dry conditions. This work will take place from late spring through mid-summer, with the smaller streams sampled first.  The purpose of the re-sampling will be to confirm that the original assessments of impairment were correct.  Three assemblages (fish, macroinvertebrates, and algae) will be sampled.  If this more complete data indicates the original assessment of impairment was in error, a de-listing request will be made to EPA.  If sampling confirms the original assessment, the waters will be scheduled for TMDL work.

 

2.3 2.3      TMDLs under Development in Kentucky River Basin

 

Eagle Creek Watershed Pathogens TMDL 

Eagle Creek of Kentucky River 




Owen/Gallatin/Grant Counties

River Mile 14.4 to 27.3 (Two Mile Cr to Ten Mile Cr)

Segment Length:
12.9

Impaired Use:
Swimming (Nonsupport)

Pollutant of Concern:
Pathogens 

Suspected Sources: 
Agriculture

 

This listing is based on the latest assessment information (1998) and is part of the information that supercedes the listing in the 1998 303(d) Report.  See Kentucky River Unit – Modifications to the 1998 303(d) Report – 2nd Priority Listings.  A 104(b)3 Grant through EPA Region 4 was awarded in June 2001to the Tracy Farmer Center for the Environment to develop this pathogens TMDL.  The project is titled; Diagnostic Watershed Model for Pathogen Speciation and Mitigation.  The project will investigate the use a various techniques to identify the source of pathogen impairment in addition to developing the pathogens TMDL and is to be completed by October 2003.

 

Town Branch/South Elkhorn Creek Nutrient TMDL

The Individual Assessments Related to this TMDL are:

(1) Town Branch of South Elkhorn Creek 


Fayette County

From River Mile 0.0 to 11.3





Segment Length:
11.3

Impaired Use:
Aquatic Life (Partial Support)

Pollutant of Concern:
Nutrients 

Suspected Sources:
Agriculture (Grazing-related Sources) – RM 0.0 to 8.8, Municipal Point Sources - RM 0.0 to 10.3, Urban Runoff/Storm Sewers – RM 0.0 to 11.3

 

This listing for aquatic life replaces the 1998 303(d) listing, which showed Town Branch as being in nonsupport of the aquatic life designated use.

 

(2) South Elkhorn Creek of Elkhorn Creek


Scott/Woodford Counties

From River Mile 16.4 to 34.0




Segment Length:
17.6

Impaired Use:
Aquatic Life (Partial Support) 

Pollutant of Concern:
Nutrients

Suspected Sources:
Agriculture, Urban Runoff/Storm Sewers, Municipal Point Sources

 

This listing for nutrients was included in the 1998 303(d) Report (2nd Priority).  The 2000 305(b) Report showed that this reach fully supported the designated uses of aquatic life (based on 1998 assessment data).  However, the metrics that the Water Quality Branch has been using to assess aquatic life use are being redefined based on ecological regions.  As a result, this reach of South Elkhorn Creek has been changed from fully supporting the aquatic life designated use (as reported in the 2000 305(b) Report to Congress on Water Quality) to partially supporting the aquatic life designated use.  The cause has been identified as nutrients.  Therefore, South Elkhorn Creek can not be formally delisted for nutrients.  As part of a 104(b)3 contract, the Kentucky Water Resources Research Institute is developing the TMDL for nutrients for Town Branch and for this portion of South Elkhorn Creek below Town Branch based on the 1998 303(d) listing.  The nutrient TMDL has been submitted to EPA Region 4 for informal approval.  

 

Town Branch,/Wolf Run/S Elkhorn Creek/Cane Run Pathogens TMDL

The Individual Assessments Are Related to this TMDL are:

(1) Town Branch of South Elkhorn Creek 


Fayette County

From River Mile 0.0 to 11.3





Segment Length:
11.3

Impaired Use:
Swimming (Nonsupport)

Pollutant of Concern:
Pathogens

Suspected Sources:
Agriculture (Grazing-related Sources) – RM 0.0 to 8.8, Municipal Point Sources - RM 0.0 to 10.3, Urban Runoff/Storm Sewers – RM 0.0 to 11.3

 

(2) Wolf Run of Town Branch 




Fayette County 

From River Mile 0.0 to 4.1





Segment Length:
4.1

Impaired Use: 
Swimming (Nonsupport)

Pollutant of Concern:
Pathogens

Suspected Sources:
Urban Runoff/Storm Sewers

 

(3) Cane Run of North Elkhorn Creek 



Fayette/Scott Counties

From River Mile 9.6 to 17.4





Segment Length:
7.8

Impaired Use: 
Swimming (Nonsupport)

Pollutant of Concern:
Pathogens

Suspected Sources:
Urban Runoff/Storm Sewers, Agriculture (Grazing-related Sources)

 

(4) South Elkhorn Creek of Elkhorn Creek


Scott/Woodford Counties

From River Mile 16.4 to 34.0




Segment Length:
17.6

Impaired Use:
Swimming (Partial Support)

Pollutant of Concern:
Pathogens

Suspected Sources:
Agriculture, Urban Runoff/Storm Sewers, Municipal Point Sources

 

Elkhorn Creek of Kentucky River 



Franklin County

From River Mile 0.0 to 17.7





Segment Length:
17.7

Impaired Use:
Swimming (Nonsupport)

Pollutant of Concern:
Pathogens

Suspected Sources: 
Agriculture

 

The 1998 303(d) Report showed this stream segment as being in partial support of the swimming designated use.  This listing makes the 1998 303(d) listing no longer relevant.  Data are currently being collected at five sites along the stream reach for TMDL development.

 

 

 

 

 

 

 

2.4 2.4      Other Ambient Monitoring 

 

2.4.1
Biology

 

Nine (9) DOW long-term biological monitoring sites in the Kentucky River basin (Table 4) will continue to be sampled biologically for three assemblages and fish tissue.  As these streams are larger, the work will take place during late summer to early fall. 

 

Fifteen (15) streams in the Kentucky River basin sampled in 1998 were not assessed for aquatic life use because the data were considered to be indeterminate or incomplete (Table 5).  These streams were labeled as “maybe” or “re-sample” in the database.  Time and resources permitting, sampling for three assemblages will be conducted in the period of June – July 2003.

 

There are several fourth order waters that were not sampled in the first watershed cycle because of a lack of resources.  KDFWR is in a good position to assume this workload.  In order to avoid the problems encountered during the first cycle, it would be best to conduct this sampling during late spring to mid-summer before low water conditions are typically present.  Table 6 lists 68 candidate streams for this sampling - 21 in the Kentucky River basin and 65 in the Salt/Licking basin management unit.  Many of the waters in the latter unit could not be sampled because of the severe drought in 1999.

 

The probabilistic survey network is designed to give aquatic life use support for wadeable streams of the state by randomly selecting approximately 50 sites in each basin management unit.  Because all wadeable streams can never be sampled, this is a practical and statistically valid manner in which to survey these resources.  New sites were selected in this second watershed cycle (Table 7).  Monitoring is done only for macroinvertebrates.

 

Lexington-Fayette Urban County Government (LFUCG) regularly monitors eight streams in Fayette County at sixteen (16) locations (Table 8).  There are active TMDL projects in several of these watersheds (see Section 2.3).

 

U.S. Forest Service (USFS) monitors the biological communities of streams in the Daniel Boone National Forest.  In addition to their regular monitoring, USFS can assist with work in impaired streams such as Swift Camp Creek that flow through the forest.

 

2.4.2 2.4.2        Water Quality

 

Water quality will be collected by DOW in eleven (11) 5th order watersheds that were not sampled in 1998 (Table 9), and at the sixteen (16) long-term sites in the basin (Table 10).  PRIDE will continue to collect nutrient data at  40 sites in the basin (Table 11).  Water quality data will be collected by LFUCG at sites to be determined in Fayette County depending on the requirements of their new stormwater permit that is to be issued in the Spring 2003.

 

 

 

2.4.3 2.4.3        Bacteriological

 

Bacteria collections will be made at the long-term and rotating watershed sites and at ten (10) locations identified with high bacteria levels from Watershed Watch sampling (Table 12).  Sampling will take place monthly during the recreation season (May – Oct).  Data also will continue to be collected on streams with swimming advisories in the North Fork Kentucky River and upper Cumberland River basins.  PRIDE also will continue to collect bacteria data at 40 sites in the basin (Table 10).  Kentucky River Watershed Watch collected bacteria data in 2002 at 165 sites in the watershed and will continue to sample many of these streams.

 

 

2.4.4 2.4.4        Lakes

 

Lakes also are collected on a rotating basin approach.  The COE will sample their two major reservoirs, Carr Fork and Buckhorn, and DOW will sample 13 publicly-owned reservoirs and Herrington Lake (Table 13).  Vertical profiles of dissolved oxygen, pH, temperature, and conductivity will be taken, and euphotic zone samples will be collected for nutrients and chlorophyll a.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.  Priority 303(d)-listed Watersheds for TMDL Development
 

(1) Boone Creek of Kentucky River

 

(2) Baughman Fork of Boone Creek





 

(3) Tate Creek of Kentucky River


Other:  Shallow Ford Creek of Tate Creek - DMRs





 

(4) Potter Fork of Boone Fork

 

(5) UT to Swift Camp Creek at RM 11.7 of Swift Camp Creek 

 

(6) Swift Camp Creek of Red River


 

(7) Lower Howard Creek of Kentucky River

 

(8 - 10) East Hickman, West Hickman, Hickman Creek of Kentucky River

 

(11) McConnell Run of North Fork Elkhorn Creek 

 

(12 – 16) Goose Creek, North Fork North Benson, North Benson, South Benson, Benson Creek of Kentucky River – South Benson (threatened)

 

(17) Buck Run of Eagle Creek

 

(18) McConnell Run of North Elkhorn Creek

 

 

 

 

Table 2.  Tentative Listing of 303(d) Stream Segments/Watersheds for Fecal Coliform Sampling for TMDL Development

(1)   Muddy Creek of Kentucky River in Madison County (River Mile 0.0 to 20.2)

(2)   Rockhouse Creek of North Fork Kentucky River in Letcher County (River Mile 0.0 to 3.6)

(3)   Hickman Creek Watershed of Kentucky River in Fayette and Jessamine Counties

(4)   North Elkhorn Creek of Elkhorn Creek in Fayette County (65.0 to 73.7)

(5)   Boone Creek of Kentucky River (River Mile 7.4 to 12.6)

(6)   Cane Creek of Red River in Powell County (River Mile 0.0 to 3.1)

(7)   Hardwick Creek of Red River in Powell County (River Mile 0.0 to 3.2)

(8)   Silver Creek of Kentucky River in Madison County (River Mile 0.0 to 10.9)

(9)   Red Bird River of South Fork Kentucky River in Clay County (River Mile 0.0 to 15.0)

(10) Dix River of Kentucky River in Garrard and Boyle Counties upstream of Herrington Lake (River Mile 33.0 to 36.0) 





 

 

Table 3.  303(d) – Listed Streams Requiring Confirmation


	Stream
	County
	Segment Milepoints

	Bantas Fork
	Henry
	0 - 6.2

	Arnolds Cr
	Grant
	0 - 10.2

	Benson Cr
	Franklin
	 0 - 4.6

	Benson Cr
	Franklin
	4.6 - 6.7

	Benson Cr
	Franklin
	6.7 - 13.4

	Big Twin Cr
	Owen
	0 - 3.8

	Brush Cr
	Powell
	0 - 6.6

	Bull Cr
	Knox
	0.0 - 2.0

	Cedar Cr
	Owen
	2.2 - 6.7

	Copper Cr
	Rockcastle
	0.0 - 1.5

	Flat Cr
	Franklin
	0.0 - 7.1

	Goose Cr
	Shelby
	0.0 - 1.8

	Goose Cr
	Shelby
	1.9 - 4.2

	Griers Cr
	Woodford
	0.0 - 2.5

	Hammons Fk
	Knox
	0.0 - 1.9

	Hatton Cr
	Powell
	0.0 - 4.2

	Horse Cr
	Clay
	0.0 - 6.8

	Lacy Cr
	Wolfe
	0.0 - 1.8

	Left Fk Island Cr
	Owsley
	0.0 - 5.0

	Left Fk Millstone Cr
	Letcher
	1.5 - 2.7

	Lower Buffalo Cr
	Owsley
	0.0 - 2.4

	Lytles Fk
	Scott
	0.0 - 14.3

	N Benson Cr
	Franklin
	0.8 - 2.0

	Plum Cr
	Powell
	0.0 - 2.9

	Richland Cr
	Owen
	0.0 - 0.8

	Rockhouse Cr
	Letcher
	0.0 - 3.6

	Sawdridge Cr
	Owen
	0.0 - 3.2

	Sulphur Cr
	Henry
	0.0 - 1.4

	Three Forks Cr
	Grant
	0.0 - 7.6

	Upper Devil Cr
	Wolfe
	0.0 - 1.0

	White Lick Cr
	Garrard
	0.0 - 2.8


 

 

 

 

 

 

 

 

 

 

 

 

Table 4.  Long-Term Biological Monitoring Sites

Dix River



@ Hwy 52

Eagle Creek 



@ Hwy 127

South Elkhorn Creek 


@ Moores Mill Road

Red River



@ Clay City

Red River



@ Hwy 746

South Fork Kentucky River 

@ Booneville

Middle Fork Kentucky River

@ Tallega

North Fork Kentucky River 

@ Jackson

 

 

Table 5.  “Maybe” Sites from 1998 Sampling Requiring Re-sampling

 

1) Cat Creek of Red River



Powell County

From River Mile 0.0 to 6.6


Segment Length:
6.6

2) Grassy Run of Eagle Creek


Grant County

From River Mile 0.0 to 6.4


Segment Length:
6.4

Note:  The assessment was changed from partial support to full support, but had to include it on the 303(d) list.  Only fish data were used for the assessment.
3) Holly Creek of North Fork Kentucky River
Wolfe County

From River Mile 0.0 to 6.2


Segment Length:
6.2

4) Lick Creek of Eagle Creek



Carroll County

From River Mile 0.0 to 2.8


Segment Length:
2.8

5) Log Lick Creek of Red River


Clark County

From River Mile 0.0 to 0.7


Segment Length:
0.7

6) Lulbegrud Creek of Red River


Montgomery County

From River Mile 16.9 to 22.2


Segment Length;
5.3

7) Meadow Creek of S Fork Kentucky River

Owsley County

From River Mile 0.0 to 3.7


Segment Length:
3.7

8) Morris Creek of Red River



Powell County

From River Mile 0.0 to 3.7


Segment Length:
3.7

9) North Fork North Benson Creek 


Franklin County

From River Mile 0.0 to 2.2


Segment Length:
2.2

10) Rattlesnake Creek of Eagle Creek

Grant County

From River Mile 0.0 to 1.2


Segment Length:
1.2

11) Red River of Kentucky River

Estill/Clark/Powell Counties

From River Mile 10.3 to 17.9


Segment Length:
7.6

12 )Silver Creek of Kentucky River


Madison County

From River Mile 10.9 to 29.2


Segment Length:
18.3

13) Snow Creek of Lulbegrud Creek


Powell County

From River Mile 0.0 to 5.6


Segment Length:
5.6

14) Stillwater Creek of Red River


Wolfe County

From River Mile 5.0 to 11.9


Segment Length:
6.9

15) Stump Cave Branch of S Fk Red River

Powell County

From River Mile 0.0 to 2.4


Segment Length:
2.4

 

Table 6.  Potential 2003 Sampling Sites for KDFWR and USFS (DBNF) Biologists

Kentucky River Basin 4th Order Streams not sampled in 1998
Beals Run (South Elkhorn) 



Woodford Co.

Cherry Run (North Elkhorn) 



Scott Co.

North Elkhorn Creek (10 and 11)


Fayette Co.

Red River (11 and 13)




Powell and Wolfe cos.

Rose Fork





Wolfe Co.

Lacy Creek





Wolfe Co.

Noland Creek





Estill, Madison cos.

Hickman Creek




Fayette Co.

Marble Creek





Jessamine, Fayette cos.

Clarks Run





Boyle Co.

West Fork Sugar Creek



Garrard Co.

Shawnee Run





Mercer Co.

Gilbert Creek





Anderson Co.

Logan Creek





Lincoln Co.

Mocks Branch





Boyle Co.

Spears Creek





Boyle Co.

Red Lick Creek




Estill, Madison cos.

Lower Sexton Creek




Clay, Owsley, Jackson

Elkhorn Creek
(Buckhorn Lake) 


Leslie Co.

N Fork Kentucky River (above Troublesome Cr) 
Breathitt, Perry cos.

Canoe Creek





Breathitt Co.

Licking River Basin 4th Order Streams not sampled in 1999
Mash Fork





Magoffin Co.

Burning Fork





Magoffin Co.

Fannins Fork





Morgan, Elliot cos.

Grassy Creek





Morgan Co.

Murphy Fork





Morgan Co.

Caskey Fork





Morgan Co.

Broke Leg Creek




Morgan, Menifee cos.

Bull Fork





Menifee Co.

Rock Fork





Rowan Co.

Wallace Branch




Rowan Co.

Knox Hill Branch




Bath Co.

Spruce Creek





Montgomery Co.

Locust Creek





Fleming Co.

Hillsboro Branch




Fleming Co.

Cedar Creek





Robertson Co.

Beaver Creek





Harrison Co.

Little Beaver Creek




Harrison Co.

North Fork Licking River (Milford)


Bracken Co.

Shannon Creek




Mason Co.

Clarks Run





Mason Co.

Lees Creek





Mason Co.

Mill Creek





Mason Co.

Table 6 (cont)

Powderlick Branch




Lewis Co.

Richland Creek




Pendleton Co.

Blanket Creek





Pendleton Co.

Flour Creek





Pendleton Co.

Bowman Creek




Kenton Co.

Silas Creek





Bourbon Co.

Mill Creek





Harrison Co.

Raven Creek





Harrison Co.

Crooked Creek




Harrison, Pendleton cos.

Short Creek





Pendleton Co.

Coopertown Creek




Pendleton, Grant cos.

Salt River Basin 4th Order Streams not sampled in 1999
Buchanan Creek




Anderson, Mercer cos.

Indian Creek





Mercer Co.

Beech Creek





Spencer, Shelby cos.

Ashes Creek





Spencer, Nelson cos.

Plum Creek





Spencer, Bullitt, Shelby cos.

Cedar Creek





Bullitt Co.

Little South Fork




Casey Co.

West Fork Otter Creek



Larue Co.

Younger Creek




Nelson, Hardin cos.

East Fork Beech Creek



Washington Co.

Pleasant Run





Washington, Marion cos.

Long Lick Creek




Washington Co.

Doctors Fork





Marion, Casey, Boyle cos.

Hayden Creek





Mercer Co.

Thompson Creek




Washington, Mercer cos.

Cheese Lick





Anderson, Mercer cos.

Glens Creek





Washington Co.

Lick Creek





Washington Co.

Cedar Creek





Hardin Co.
Ohio River 4th Order Streams not sampled in 1999
Montgomery Creek




Lewis Co.

Trace Creek





Lewis Co.

Laurel Fork





Lewis, Carter cos.

Grassy Fork





Lewis, Carter cos.

Briery Creek





Lewis Co.

East Fork Cabin Creek



Lewis Co.

Lawrence Creek




Mason Co.

Bracken Creek





Bracken Co.

Twelvemile Creek




Campbell, Pendleton cos.

Tenmile Creek





Campbell Co.

Big Sugar Creek




Gallatin Co.

Mellins Branch




Carroll Co.

Sugar Tree Run




Breckinridge Co.

Table 7.   Probabilistic Survey Sites, 2003

	Site ID
	Stream
	Long
	Lat
	Strahler
	County
	Topo Map
	Eco-

	 
	 
	 
	 
	order
	 
	 
	Region

	KYW02385-501
	Sturgeon Creek
	-84.7651
	37.99642
	1
	WOODFORD
	Salvisa
	71

	KYW02385-502
	Katies Creek
	-83.8179
	37.49415
	4
	LEE
	Sturgeon
	70

	KYW02385-503
	Lotts Cr
	-83.544
	37.02636
	2
	CLAY
	Creekville
	69

	KYW02385-504
	Lick Creek 
	-83.0578
	37.2637
	1
	KNOTT
	Carrie
	69

	KYW02385-505
	S Fk Quicksand Creek
	-84.9507
	38.65553
	2
	CARROLL
	Sanders
	71

	KYW02385-506
	Silver Creek
	-83.2806
	37.53389
	3
	BREATHITT
	Quicksand
	69

	KYW02385-507
	Red River 
	-84.3932
	37.69362
	3
	MADISON
	Kirksville
	71

	KYW02385-508
	Sixmile Creek
	-83.8874
	37.86235
	5
	POWELL
	Clay City
	71

	KYW02385-509
	Crane Creek
	-84.9785
	38.43025
	3
	HENRY
	Gratz
	71

	KYW02385-510
	Big Stinking Cr
	-83.6853
	37.2716
	2
	CLAY
	Oneida
	69

	KYW02385-512
	Billey Fk
	-83.7701
	37.69802
	1
	LEE
	Cobhill
	70

	KYW02385-513
	Caney Creek
	-84.6928
	38.46669
	2
	OWEN
	New Columbus
	71

	KYW02385-515
	Red River 
	-84.0503
	37.83866
	5
	ESTILL
	Palmer
	71

	KYW02385-516
	N Fk Kentucky River
	-83.0868
	37.15777
	4
	PERRY
	Vicco
	69

	KYW02385-517
	South Elkhorn Cr
	-84.7154
	38.17794
	3
	SCOTT
	Midway
	71

	KYW02385-519
	Muncy Creek
	-83.3925
	37.10082
	1
	LESLIE
	Hoskinston
	69

	KYW02385-520
	Red River
	-83.5211
	37.7978
	4
	WOLFE
	Pomeroyton
	70

	KYW02385-521
	Hall Branch
	-84.5197
	38.39878
	1
	SCOTT
	Sadieville
	71

	KYW02385-522
	Little Willard Creek 
	-83.2831
	37.27575
	2
	PERRY
	Krypton
	69

	KYW02385-523
	Knob Lick Branch
	-84.1054
	37.64532
	1
	ESTILL
	Panola
	71

	KYW02385-524
	Mill Creek 
	-82.756
	37.26079
	1
	LETCHER
	Kite
	69

	KYW02385-525
	Mud Lick Creek
	-84.7219
	38.84505
	3
	BOONE
	Verona
	71

	KYW02385-526
	Troublesome Creek
	-83.1501
	37.38036
	4
	PERRY
	Noble
	69

	KYW02385-527
	White Oak Creek 
	-84.5901
	37.60789
	1
	GARRARD
	Lancaster
	71

	KYW02385-528
	Johnson Fork
	-83.4175
	37.77289
	2
	WOLFE
	Hazel Green
	70

	KYW02385-529
	Collins Fk
	-83.7638
	37.08506
	3
	CLAY
	Hima
	69

	KYW02385-530
	Middle Fk Kentucky R
	-83.552
	37.53551
	5
	BREATHITT
	Tallega
	69

	KYW02385-531
	Meadow Creek
	-83.6668
	37.47881
	3
	OWSLEY
	Booneville
	70

	KYW02385-533
	Bailey Run 
	-84.8432
	38.03294
	2
	ANDERSON
	Tyrone
	71

	KYW02385-534
	Horse Creek
	-83.8115
	37.11016
	3
	CLAY
	Hima
	69

	KYW02385-535
	Stinnett Creek
	-83.4349
	37.08048
	2
	LESLIE
	Hoskinston
	69

	KYW02385-536
	RED R 
	-83.4766
	37.79983
	4
	WOLFE
	Hazel Green
	70

	KYW02385-537
	Garrison Creek
	-84.7841
	39.10201
	2
	BOONE
	Lawrenceburg
	71

	KYW02385-538
	N Fk Kentucky River
	-83.1581
	37.22618
	5
	PERRY
	Hazard South
	69

	KYW02385-539
	Station Camp Creek 
	-83.9176
	37.55107
	4
	JACKSON
	Leighton
	70

	KYW02385-540
	Snow Creek 
	-83.9869
	37.85576
	2
	POWELL
	Clay City
	71

	KYW02385-541
	Cedar Creek
	-84.7956
	38.37141
	2
	OWEN
	Switzer
	71

	KYW02385-542
	Troublesome Creek
	-83.2942
	37.47207
	5
	BREATHITT
	Haddix
	69

	KYW02385-543
	Saint Asaph Creek
	-84.6833
	37.51586
	1
	LINCOLN
	Stanford
	71

	KYW02385-544
	Frozen Creek
	-83.3609
	37.62734
	3
	BREATHITT
	Lee City
	69

	KYW02385-546
	Squabble Creek
	-83.4933
	37.33309
	2
	PERRY
	Buckhorn
	69

	KYW02385-547
	Copper Creek
	-84.4238
	37.45776
	3
	ROCKCASTLE
	Brodhead
	71

	KYW02385-548
	Line Fork
	-82.9945
	37.06291
	3
	LETCHER
	Roxana
	69

	KYW02385-549
	North Severn Creek
	-84.8827
	38.48138
	2
	OWEN
	Gratz
	71

	KYW02385-550
	Right Fk Buffalo Creek
	-83.6205
	37.34181
	3
	OWSLEY
	Mistletoe
	69

	KYW02385-552
	Meadow Creek
	-83.6268
	37.48596
	3
	OWSLEY
	Booneville
	69

	KYW02385-553
	Big Laurel Creek
	-83.1531
	36.99308
	1
	HARLAN
	Nolansburg
	69

	KYW02385-554
	N Fk Kentucky River
	-83.372
	37.45553
	5
	BREATHITT
	Haddix
	69

	KYW02385-555
	N Elkhorn Creek
	-84.7689
	38.22655
	3
	FRANKLIN
	Frankfort East
	71

	KYW02385-556
	Buckhorn Creek
	-83.139
	37.45667
	3
	BREATHITT
	Noble
	69

	KYW02385-557
	Sugar Creek
	-84.5737
	37.68917
	2
	GARRARD
	Buckeye
	71

	KYW02385-558
	Baptist Fork
	-83.482
	37.70316
	1
	WOLFE
	Landsaw
	70

	KYW02385-559
	S Elkhorn Creek
	-84.6559
	38.1651
	3
	SCOTT
	Midway
	71


Table 8.  LFCUCG Long-Term Biological Monitoring Sites

Town Branch

TB-S1 above wastewater treatment plant; TB-S3 near Bracktown

Wolf Run

WR-S1 at Village Dr; WR-S2 at Old Frankfort Pike

Cane Run

CR-S1 Lexmark at Newtown Pike; CR-S3 at U.S. Hwy 25

Boone Creek

BC-S1
at Sulphur Well Rd

North Elkhorn Creek
NE-S1 at Man-O-War Blvd; NE-S2 at Winchester Rd; NE-S3 




at Russell Cave Road

East Hickman Creek
EH- S4 at Delong Rd; EH-S5 at Jacobson Park;




EH-S6 at Autumn Ridge; EH-S7 at Andover Village

West Hickman Creek
WH-S0 at Veterans Park

South Elkhorn Creek
SE-S1 at Parkers Mill Rd

 

 

Table 9.   New 5th Order Stream Rotating Watershed Water Quality Monitoring Sites

	Stream
	Location
	MP
	Latitude
	Longitude

	Tenmile Creek
	Hwy 467
	0.3
	38.71514
	-84.74938

	Eagle Creek
	Hwy 22
	40.8
	38.62825
	-84.70954

	Sixmile Creek
	ford
	1.6
	38.42932
	-84.98438

	Benson Creek
	bridge
	4.5
	38.20893
	-84.90657

	Kentucky River
	Lock 5
	82.2
	38.05208
	-84.83044

	Dix River
	below lake
	2.5
	37.79342
	-84.70756

	Hickman Creek
	Hwy 1268
	2.8
	37.78698
	-84.58569

	Otter Creek
	Hwy 388
	1.6
	37.87077
	-84.27906

	Station Camp Creek
	ford 
	6
	37.65065
	-83.98567

	Sexton Creek
	ford
	1.2
	37.35367
	-83.69289

	Quicksand Creek
	Hwy 15
	0.2
	37.53796
	-83.3478


 

 

 

Table 10.  Primary (long-term) Water Quality Stations in the Kentucky River Basin

	 
	Station
	Hydro 
	River 
	 
	 
	 
	Drainage

	Stream
	No.
	Unit
	Mile
	Location
	Latitude
	Longitude
	area(mi2)

	Eagle Creek
	22
	5100205
	21.5
	Glencoe
	38 42 22
	84 49 32
	437

	Kentucky River
	24
	5100205
	64.8
	Frankfort
	38 12 46.3
	84 52 21.5
	5412

	Kentucky River
	66
	5100205
	30.5
	Lockport
	38 26 42
	84 57 25
	6180

	Kentucky River
	67
	5100205
	118.8
	High Bridge
	37 49 08.9
	84 42 23.3
	5036

	Elkhorn Creek
	98
	5100205
	10.3
	Peaks Mill
	38 16 06.9
	84 48 52.3
	473

	Dix River
	45
	5100205
	34.7
	nr Danville
	37 38 30
	84 39 39
	318

	Silver Creek
	99
	5100205
	5.9
	Ruthion
	37 43 58
	84 26 13.2
	100

	Kentucky River
	58
	5100204
	191.2
	nr Trapp
	37 50 48
	84 04 52
	3236

	Red River
	46
	5100204
	21.6
	Clay City
	37 51 55
	83 56 00
	362

	North Fork Kentucky River
	31
	5100201
	49.7
	Jackson
	37 33 04
	83 23 04
	1101

	Troublesome Creek
	90
	5100201
	7.2
	nr Clayhole
	37 28 01.7
	83 16 46.2
	187

	Middle Fork Kentucky River
	32
	5100202
	8.4
	Tallega
	37 33 18
	83 35 38
	537

	South Fork Kentucky River
	33
	5100203
	12.1
	Booneville
	37 28 30
	83 40 14
	722

	Red Bird River
	91
	5100203
	50.4
	nr Oneida
	37 14 12.6
	83 38 42.5
	190

	Goose Creek
	92
	5100203
	3.4
	nr Oneida
	37 14 13.3
	83 40 15.6
	250

	Red River
	Wild River
	5100204
	59.4
	Hwy 715
	37.8198
	83.57473
	 

	
	
	
	
	
	
	
	
	
	
	
	
	


 

Table 11.  PRIDE Water Quality and Bacteria Sites

	Troublesome Creek
	Breathitt
	05100201120
	37.485756
	-83.345186
	Troublesome Creek at Riverside School

	Frozen Creek
	Breathitt
	05100201170
	37.60500
	-83.42000
	Hoover Bridge Rd. upstream from confluence with Boone Fk

	Cane Creek
	Breathitt
	05100201160
	37.55848
	-83.41667
	Below Conflulence of Cane Cr/Lindon

	War Creek
	Breathitt
	05100201150
	37.60556
	-83.48889
	Intersection with KY 541, 3000 feet above War Cr.

	Frozen Creek - Boone Fk
	Breathitt
	05100201010
	37.15556
	-82.73000
	Intersection KY 205 - KY 1812 - KY 14

	North Fork - Ky River
	Breathitt
	5100201150
	37.581494
	-83.409375
	City of Jackson Water Plant Intake

	Quicksand Creek 
	Breathitt
	5100201140
	37.537297
	-83.341563
	100m above confluence with South Fork

	S Fk Quicksand Creek 
	Breathitt
	5100201130
	37.536611
	-83.341563
	240m above confluence with Main Branch

	Lost Creek
	Breathitt
	05100201120
	37.479958
	-83.32625
	Behind Lost Creek Post Office

	Troublesome Creek 
	Breathitt
	05100201120
	37.482756
	-83.32625
	Below Lost Creek Baptist Church

	Cane Creek - Lindon Fk
	Breathitt
	5100201160
	37.556667
	-83.418125
	Below Conflulence of Cane Cr/Lindon

	North Fork - Ky River
	Breathitt
	5100201150
	37.60086
	-83.43162
	Martha Lane Collins Bridge (KY 541)

	Quicksand Creek
	Breathitt
	5100201140
	37.53823
	-83.34614
	KY 15 at junction with KY 30

	Middle Fork
	Leslie
	5100202010
	37.18252
	-83.38252
	Just Below Mouth of Asher Branch

	Middle Fk
	Leslie
	5100202010
	37.07819
	-83.39265
	Below Mouth of Greasy Cr

	Cutshin Cr,
	Leslie
	5100202020
	37.16488
	-83.30801
	At gauging station at Wooton.

	Middle Fk Ky Rv
	Powell
	5100202040
	37.48774
	-83.48359
	Under KY 30 Bridge

	Upper Red Rv
	Wolfe
	05100204120
	37.80204
	-83.48420
	Big Branch canoe launch, at the mouth.

	Goose Cr
	Clay
	05100203040
	37.26858
	-83.64610
	Below Mouth of Jacks Br

	Stillwater Creek
	Wolfe
	5100204130
	37.77515
	-83.49858
	first riffle below the bridge

	KY Rv N Fk
	Perry
	5100201150
	37.16030
	-83.08705
	Fusonia below Fort Br

	KY Rv N Fk
	Perry
	5100201150
	37.27592
	-83.20780
	Perry Co Park

	Quicksand Creek
	Breathitt
	5100201140
	37.53823
	-83.34614
	Off Hwy 15 bridge over quicksand creek

	Middle Fork
	Lee
	05100203040
	37.58505
	-83.65664
	Middle Fk at St Helens at 52

	North Fork
	Lee
	05100201150
	37.60279
	-83.64275
	North Fork at Airedale

	Caney Creek
	Breathitt
	05100201120
	37.45865
	-83.26269
	Caney Creek at Hardshesll

	Lost Creek
	Breathitt
	05100201120
	37.47392
	-83.32312
	Lost Ck on 15 at Confluence with TC

	Troublesome Creek
	Knott
	05100201120
	37.33587
	-83.06802
	Troublesome Creek at 1102

	Troublesome Creek
	Breathitt
	05100201120
	37.48283
	-83.34221
	Troublesome Creek at Confluence with NF

	Cane Creek
	Breathitt
	05100201160
	37.56553
	-83.40519
	Cane Creek at 3193

	North Fork
	Breathitt
	05100201150
	37.57444
	-83.40392
	North Fork at Wolverine

	Boone Fork
	Letcher
	05100201010
	37.1253
	-82.8365
	Boone Fork at Kona

	Sandlick Creek
	Letcher
	05100201010
	37.159
	-82.7559
	Sandlick Creek at Whitesburg

	UNT
	Letcher
	05100201020
	37.17556
	-82.93061
	UNT at Doty Creek Rd.

	North Fork - Ky River
	Letcher
	05100201020
	37.14121
	-82.96814
	North Fork KY River on 7 at Letcher

	North Fork - Ky River
	Letcher
	05100201010
	37.13357
	-82.97259
	North Fork KY River on 588

	Red River
	Wolfe
	05100204120
	37.81983
	-83.57399
	Red River at Boat Ramp at 3644

	Meadow Creek
	Owsley
	05100203060
	37.48166
	-83.67022
	Meadow Creek near Confluence

	Laurel Creek
	Clay
	05100203040
	37.23272
	-83.74835
	Laurel Creek on 11 at Collins Fork

	KY River
	Owsley
	05100203060
	37.47946
	-83.67565
	KY River at Booneville at 28


 

 

 

 

Table 12. DOW Bacteria Sampling in Streams Identified as Problems by Watershed Watch Data      

1.   Cedar Cr 

Owen Co

2.   Clear Cr

Woodford Co

3.   Clarks Run
Boyle Co

4.   Cutshin Cr

Leslie Co

5.   Glenns Cr

Woodford Co

6.   Goose Cr

Clay Co

7.   Jessamine Cr
Jessamine Co

8.   Lee’s Br

Woodford Co

9.   Lotts Cr

Perry Co

10. Red Lick Cr
Estill Co

 

 

 

 

 

Table 13.  Publicly-Owned Lakes Sampled in Kentucky River Basin

 



DOW

 Name 



Sampling Locations


Bert Combs



@ Dam

Boltz




@ Dam

Bullock Pen



@ Dam and Upper Lake

Corinth



@ Dam 

Elmer Davis



@ Dam

Fishpond 



@ Dam 

General Butler State Park

@ Dam

Herrington



@ Dam, Chimney Rock , Sims and Chenault Bridge

Mill Creek



@ Dam

Pan Bowl



near Boat Ramp

Reba




@ Dam

Stanford



@ Dam

Wilgreen



@ Dam 

 Cedar Lake



New; sites to be determined

 

Louisville District, COE

 

Carr Fork Reservoir




Buckhorn Reservoir




 

 

 

 

 

 

 

Figure 1.  2003 Sampling Schedule
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	Jun
	Jul
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	Sept
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	Biological Screening in (18)
	 
	 
	Long-term biological
	 

	    TMDL  Priority Watersheds
	 
	 
	   monitoring sites (8)
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	Water Quality for TMDL development --------------------------------   through Apr 04

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Re-confirm 303(d) listed waters (30)
	 
	Fish tissue sampling

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	Re-sample  (15) "Maybe"
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	Probabilistic Survey (50) --------------------------
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Lakes
	 
	Lakes
	 
	Lakes
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	Water
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	Bacteria ---------------------------------------------------------------------------------------

	
	
	
	
	
	
	
	
	


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

