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Executive Summary
According to the Integrated Report to Congress on the Condition of Water Resources in
Kentucky, 2010 (Kentucky Division of Water, 2010), the Clarks River watershed has
several impaired stream reaches, including those for the warm water aquatic habitat,
primary contact recreation, and fish consumption designated uses. In 2011, US EPA
approved a Total Maximum Daily Load developed by Kentucky Division of Water for E.
coli for 40 stream segments located within the Clarks River watershed.
Through a 2002 EPA 319(h) grant, the Watershed Based Plan for Clarks River (Strand
Associates, 2009) was developed and this document was provisionally accepted by the
Kentucky Division of Water in March, 2010. This plan identified pollutants of concern in
the Clarks River watershed, possible sources of these pollutants, and potential best
management practices (BMPs) that could be implemented to address these pollutants of
concern. The purpose of this project was to implement BMPs that would reduce nonpoint
source pollution and improve water quality in the Clarks River watershed using the
Watershed Based Plan for Clarks River (Strand Associates, 2009) as a guide. The overall
goal of this project was to improve habitat for all species, improve the overall water
quality, reduce the threat of nonpoint source pollution from all sources in the tributaries
and main stem, and partner to address other potential sources of pollution of the Clarks
River watershed, making it safe for recreation and aquatic life.
Four critical areas were selected for BMP implementation with federal funds from this
project, including the Bee Creek, Clayton Creek, and Damon Creek subwatersheds, and
the Almo-Dexter Focus Area in Calloway County. BMPs had to address the pollutants of
concern identified in the Watershed Based Plan for Clarks River (Strand Associates,
2009), including bacteria, sediment and nutrients. BMP implementation activities
occurred throughout the rest of the Clarks River watershed with matching funds from the
Kentucky Soil Erosion and Water Quality Cost Share Program administered by the
Kentucky Division of Conservation and the Kentucky Agriculture Development Fund
paired with local matching donations. One critical area, the Chestnut Creek
subwatershed, was selected as the focus for environmental monitoring activities, with a
goal of collecting additional data to better direct future BMP implementation efforts.
A total of 84 BMPs were installed through this project, including one BMP addressing
urban and agricultural sources of nonpoint source pollution, 42 BMPs addressing strictly
agriculture sources, and 41 BMPs addressing on-site waste disposal system sources. Load
reductions generated through BMP implementation activities were estimated using the
Spreadsheet Tool for Estimating Pollutant Load (STEPL) model Version 4.1 developed
by Tetratech, Inc. According to this model, BMP implementation through this project
resulted in a nitrogen load reduction of 75.8%, approximately 132,000 lb/year.
Phosphorus loads were reduced by 81.6%, approximately 26,000 lb/year. BOD loads
were reduced by 11.6%, approximately 37,000 lb/year. Sediment loads were reduced by
46.4%, approximately 1,450 lb/year.

Environmental monitoring activities focused in the Chestnut Creek subwatershed in
Marshall County and followed the Quality Assurance Project Plan developed by the
Jackson Purchase Foundation. These activities included monthly visits to the eight
monitoring sites. Unforeseen weather conditions and lack of stream flow prevented the
collection of field data and grab samples at many sites throughout the project period.
Because of this, additional environmental monitoring work has been planned under a
separate project. The Friends of Clarks River National Wildlife Refuge, partnering with
Murray State University and Third Rock Consultants, LLC, have submitted a proposal to
the Kentucky Division of Water seeking EPA 319 (h) grants funds for further watershed
planning work in the Chestnut Creek watershed. A portion of these funds will be used to
perform this additional environmental monitoring work.
This project has been successful in implementing BMPs to address the pollutants of
concern identified in the Watershed Based Plan for Clarks River (Strand Associates,
2009). However, success monitoring for the effectiveness of BMPs installed was not
conducted through this project. Future projects could try to assess the impact that BMPs
installed through this project have had on water quality in the Clarks River watershed.
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Introduction & Background
The Clarks River watershed is located in four counties of the Jackson Purchase region of
western Kentucky, including Calloway, Graves, Marshall and McCracken counties. The
watershed was selected by the Four Rivers Basin Team as a priority watershed for
restoration and protection efforts. In addition, US EPA Region 4 has selected the Clarks
River watershed as a priority watershed, defined as a watershed where Region 4 and state
partners have agreed to focus mutual resources to protect and restore waters.
The Clarks River watershed has several stream reaches identified as impaired in the
Integrated Report to Congress on the Condition of Water Resources in Kentucky, 2010
(Kentucky Division of Water, 2010). This includes segments impaired for the warm
water aquatic habitat, primary contact recreation, and fish consumption designated uses.
In 2011, US EPA approved a Total Maximum Daily Load (TMDL) developed by
Kentucky Division of Water (KDOW) for E. coli for 40 stream segments located within
the Clarks River watershed. The purpose of a TMDL is to establish the allowable load
that a particular stream can have and still support its designated uses. The TMDL can
then be used as a resource to plan and implement water quality controls to reduce
pollution from identified sources (Kentucky Division of Water, 2011). These factors all
make this watershed an important area to focus current and future restoration and
protection efforts in.
Through a 2002 EPA 319(h) grant, the Jackson Purchase Foundation partnered with
Strand Associates, Inc. to develop the Watershed Based Plan for Clarks River (Strand
Associates, 2009). The monitoring program for that watershed planning grant included
the collection of wet and dry weather samples at five sites in the Upper East Fork of
Clarks River that were analyzed for a variety of parameters, including, temperature, pH,
conductivity, dissolved oxygen, biochemical oxygen demand, total suspended solids,
total nitrogen, nitrate/nitrite, total phosphorus, orthophosphate, and E. coli. Data collected
from a 2005 study funded by the KDOW under a MOA with Murray State University
were also utilized in development of the watershed plan.
The Watershed Based Plan for Clarks River (Strand Associates, 2009), provisionally
accepted by the KDOW in March, 2010, identified pollutants of concern in the Clarks
River watershed, possible sources of these pollutants, and potential best management
practices (BMPs) that could be implemented to address these pollutants of concern. The
main pollutants of concern identified the Watershed Based Plan for Clarks River (Strand
Associates, 2009) included bacteria, nutrients, and total suspended solids, used as an
indicator of sediment pollution. Potential sources of these pollutants include agriculture,
failing septic systems, eroding stream banks, municipal point source discharges, urban
runoff, and construction activities.
The purpose of this project was to implement BMPs that would reduce nonpoint source
pollution and improve water quality in the Clarks River watershed using the Watershed
Based Plan for Clarks River (Strand Associates, 2009) as a guide. This plan identified
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several critical areas in Calloway and Marshall Counties where BMP implementation
should initially focus to have the greatest water quality benefit. These areas included the
Clayton Creek, Bee Creek, and Damon Creek subwatersheds in Calloway County, a
septic focus area around the Almo-Dexter community in Calloway County, and the
Chestnut Creek subwatershed in Marshall County. Additional water quality data is
needed in the Chestnut Creek subwatershed to better direct BMP implementation efforts,
however.
The overall goal of this project was to improve habitat for all species, improve the overall
water quality, reduce the threat of nonpoint source pollution from all sources in the
tributaries and main stem, and partner to address other potential sources of pollution of
the Clarks River watershed, making it safe for recreation and aquatic life.
Objectives of the project that were used to meet the project purpose and goals include:
 Address the significant sources of impairment in the watershed.
 Address the significant threats to habitat in the watershed.
 Address concerns for stream bank degradation and flooding.
 Implement practical plans for reducing the identified impairments and significant
threats.
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Materials & Methods
Project Area
The area for this project includes the Clarks River watershed (8 digit hydrologic unit code
06040006) (Figure 1). The Clarks River watershed is located in Calloway, Marshall,
Graves, and McCracken Counties in western Kentucky, and includes the cities of Hazel,
Murray, Hardin and Benton. The entire Clarks River watershed encompasses
approximately 546 square miles, including a small headwater area in northern Henry
County, Tennessee. The Clarks River begins in Calloway County just south of Murray,
Kentucky at the confluence of two major tributaries, the Middle Fork Clarks River and
the East Fork Clarks River. Another major tributary, the West Fork Clarks River, begins
west of Murray in Calloway County and joins the Clarks River in McCracken County.
The Clarks River then flows north until it dumps into the Tennessee River (Kentucky
Division of Water, 2011).

Figure 1. Location of the Clarks River watershed (8 digit hydrologic unit code 06040006).
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The Clarks River watershed is located within the Jackson Purchase, or Mississippi
Embayment, physiographic region of Kentucky where Cretaceous and Tertiary sediment
deposits occur at the surface. Because these deposits are unconsolidated sediment instead
of rock, they are easily eroded, and, consequently, this part of Kentucky is relatively flat
lying, with numerous lakes, ponds, sloughs, and swamps (Kentucky Geological Survey,
2012).
The bulk of the Clarks River watershed is located within the Mississippi Valley Loess
Plains ecoregion (74b), with small portions of the most downstream sections located
within the Wabash-Ohio Bottomlands ecoregion (72a). The Loess Plains ecoregion is a
very productive agricultural area composed of rolling uplands, broad bottomlands, and
terraces. The Wabash-Ohio Bottomlands is composed of nearly level, poorly drained
floodplains, with extensive farming (Woods, et al., 2002).
Stream and river gradients within the Clarks River watershed are usually low, with some
flat valleys subject to flooding (Carey and Stickney, 2005). As such, the most prominent
geologic hazard for the area is flooding (Strand Associates, 2009). The main soil type in
the Clarks River watershed is silty loams (Kentucky Division of Water, 2011).
Historically, the Clarks River watershed would have had considerable amounts of
grasslands and forested wetlands, but over time the majority of these areas have been
replaced with cropland. According to the 2001 National Land Cover Database, the
predominant land uses in the watershed are agriculture, including cultivated crops
(37.05%) and pasture/hayland (14.7%), and deciduous forests (32.18%) (Homer, et al.,
2007).
Through this project, BMPs were implemented throughout the Clarks River watershed
with several different funding sources. BMP implementation with federal funds from this
EPA 319 (h) grant focused in the critical areas located in Calloway County identified in
the Watershed Based Plan for Clarks River (Strand Associates, 2009), including the
Clayton Creek, Bee Creek, and Damon Creek subwatersheds, and the septic focus area
around the Almo-Dexter community (Figure 2). The Chestnut Creek subwatershed in
Marshall County was also identified as a critical area for BMP implementation in the
Watershed Based Plan for Clarks River; however, additional water quality information is
needed to better target implementation activities. Consequently, environmental
monitoring activities focused in the Chestnut Creek subwatershed in Marshall County
(Figure 2). BMP implementation with funds from the Kentucky Soil Erosion and Water
Quality Cost Share Program administered by the Kentucky Division of Conservation
occurred throughout the entire Clarks River watershed in Calloway, Graves, McCracken
and Marshall Counties. Funds from the Kentucky Agriculture Development Fund, and
local matching donations were used along the main stem of the Clarks River in Calloway
and Marshall Counties. Funds expended through the Kentucky Division of Conservation
and Kentucky Agriculture Development Fund were used as the match required for federal
portion of this EPA 319(h) grant.
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Figure 2. Location of critical areas identified in the Watershed Based Plan for Clarks River (Strand
Associates, 2009).

In total, 84 different BMPs were implemented through this project. This includes 40
practices with funding from the Kentucky Soil Erosion and Water Quality Cost Share
Program, one practice with funding from the Kentucky Agriculture Development Fund
and matching local donations, and 43 with funding from the federal portion of this EPA
319 (h) grant (Table 1). Some practices were located at the same site, and thus were given
the same project ID. Locations of all practices implemented through this project have
been included in Figure 3.
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Table 1. Location of best management practices implemented through this project in the Clarks River watershed.
Project
ID
Project Description
Funding Source
County
Latitude

1

Clarks River Floodplain
Improvement Project

2

2008-042-164

3

2008-079-100

4

2008-079-92

5

2008-018-102

6

745C16083BI

6

745C16083BI

6

745C16083BI

7

745C160834Q

7

745C160834Q

8

2008-079-105

9

2008-079-109

10

2009-079-030

11

2008-079-154

11

2008-079-154

12

2009-079-036

Kentucky Agriculture Development Fund
and Matching Donations
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program

Longitude

Calloway

36.6125

-88.28778

Graves

36.73306

-88.52167

Marshall

36.78611

-88.35389

Marshall

36.90111

-88.378611

Calloway

36.67861

-88.46444

Graves

36.72389

-88.54306

Graves

36.72389

-88.54306

Graves

36.72389

-88.54306

Calloway

36.66556

-88.40833

Calloway

36.66556

-88.40833

Marshall

36.80889

-88.36806

Marshall

36.96361

-88.40472

Marshall

36.79694

-88.40917

Marshall

36.85861

-88.30278

Marshall

36.85861

-88.30278

Marshall

36.81194

-88.27389

Practice
Debris and obstruction removal
to alleviate flooding and stress
on river banks
Pasture and Hay Planting
Pasture and Hay Planting
Pasture and Hay Planting
Pasture and Hay Planting
Fence
Grade Stabilization Structure
Grassed Waterway
Grade Stabilization Structure
Grassed Waterway
Pasture and Hay Planting
Pasture and Hay Planting
Animal Waste Utilization
Pasture and Hay Planting
Pasture and Hay Planting
Pasture and Hay Planting

Clarks River WBP – BMP Implementation
Page 7

13

2009-079-008

14

745C16071R3

15

745C16071QY

16

745C16071MF

16

745C16071MF

17

745C16071LK

18

745C16071QZ

19

2008-079-152

20

2009-079-027

21

2008-079-42

22

2009-079-006

Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program

23

Briggs Septic

24

Vance Septic

25

2009-079-32

26

2009-079-37

27

2009-018-2

28

2009-079-34

29

2009-073-27

Marshall

36.87861

-88.29833

Marshall

36.84722

-88.43861

Marshall

36.803333

-88.467361

Marshall

36.922111

-88.370972

Marshall

36.922111

-88.370972

Marshall

36.93583

-88.30917

Marshall

36.7275

-88.23528

Marshall

36.87611

-88.43528

Marshall

36.86222

-88.46778

Marshall

36.76389

-88.32444

Marshall

36.95861

-88.4625

EPA 319(h) Program

Calloway

36.73861

-88.29417

EPA 319(h) Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program

Calloway

36.68194

-88.30056

Marshall

36.76333

-88.39167

Marshall

36.8025

-88.460278

Calloway

36.53917

-88.22472

Marshall

36.77917

-88.26361

McCracken

36.96639

-88.66694

Pasture and Hay Planting
Grassed Waterway
Stream Crossing
Grassed Waterway
Grade Stabilization Structure
Pasture and Hay Planting
Pasture and Hay Planting
Animal Waste Utilization
Pasture and Hay Planting
Rotational Grazing
Pasture and Hay Planting
Repair Failing Septic System
Repair Failing Septic System
Pasture and Hay Planting
Pasture and Hay Planting
Pasture and Hay Planting
Pasture and Hay Planting
Grade Stabilization Structure
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30

Bugden Septic

EPA 319(h) Program

Calloway

36.59778

-88.26944

31

Dunn Septic

EPA 319(h) Program

Calloway

36.55889

-88.26417

32

Groves Septic

EPA 319(h) Program

Calloway

36.59778

-88.2825

33

Hendon Septic

EPA 319(h) Program

Calloway

36.55944

-88.24639

34

Parker Septic

EPA 319(h) Program

Calloway

36.567778

-88.267222

35

Proctor Septic

EPA 319(h) Program

Calloway

36.5825

-88.24639

36

Proctor Septic

EPA 319(h) Program

Calloway

36.57944

-88.24944

37

Pruitt Septic

EPA 319(h) Program

Calloway

36.59389

-88.25972

38

Wilson Septic

EPA 319(h) Program

Calloway

36.58111

-88.24583

39

Farris Septic

EPA 319(h) Program

Calloway

36.568056

-88.233056

40

Dietz Septic

EPA 319(h) Program

Calloway

36.69889

-88.40583

41

Carson Septic

EPA 319(h) Program

Calloway

36.708056

-88.40333

42

Barrow Septic

EPA 319(h) Program

Calloway

36.69278

-88.39583

43

Harrison Septic

EPA 319(h) Program

Calloway

36.72333

-88.45222

44

Field Septic

EPA 319(h) Program

Calloway

36.69917

-88.40583

45

Young Septic

EPA 319(h) Program

Calloway

36.74278

-88.29417

46

Stubblefield Septic

EPA 319(h) Program

Calloway

36.70944

-88.29722

47

Reed Septic

EPA 319(h) Program

Calloway

36.73944

-88.29556

Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
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48

Puckett Septic

EPA 319(h) Program

Calloway

36.749722

-88.294722

49

Owen Septic

EPA 319(h) Program

Calloway

36.74333

-88.29361

50

Overby Septic

EPA 319(h) Program

Calloway

36.69694

-88.29556

51

Orten Septic

EPA 319(h) Program

Calloway

36.74111

-88.29611

52

McKinney Septic

EPA 319(h) Program

Calloway

36.74222

-88.293889

53

McKendree Septic

EPA 319(h) Program

Calloway

36.74056

-88.29639

54

Dumas Septic

EPA 319(h) Program

Calloway

36.74167

-88.29583

55

Henderson Septic

EPA 319(h) Program

Calloway

36.73944

-88.29444

56

Frantz Septic

EPA 319(h) Program

Calloway

36.70583

-88.29389

57

Collie Septic

EPA 319(h) Program

Calloway

36.71389

-88.29528

58

Boggess Septic

EPA 319(h) Program

Calloway

36.69389

-88.29611

59

Parke Septic

EPA 319(h) Program

Calloway

36.74333

-88.29389

60

Oakley Septic

EPA 319(h) Program

Calloway

36.69

-88.29889

61

Boren Septic

EPA 319(h) Program

Calloway

36.72111

-88.29306

62

Dodd Septic

EPA 319(h) Program

Calloway

36.70389

-88.29194

63

Dunn Septic

Calloway

36.700556

-88.287778

64

2009-042-7

Graves

36.77528

-88.54028

65

2009-042-6

EPA 319(h) Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program

Graves

36.77306

-88.55306

Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Streambank and Shoreline
Protection
Streambank and Shoreline
Protection
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66

Murray State University

EPA 319(h) Program

Calloway

36.616036

-88.341333

67

EPA 319(h) Program

Calloway

36.58639

-88.23722

68

Wilson
Damon Creek Watershed
and Sewer Association

Calloway

36.700833

-88.395

69

745C16071JZ

Calloway

36.701111

-88.36

69

745C16071JZ

Calloway

36.684444

-88.36

70

745C16070E1

Calloway

36.585556

-88.25333

70

745C16070E1

Calloway

36.585556

-88.25333

70

745C16070E1

EPA 319(h) Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program

Calloway

36.585556

-88.25333

71

Kirksey Ball Park Septic

EPA 319(h) Program

Calloway

36.693889

-88.39778

72

McCuiston Septic

EPA 319(h) Program

Calloway

36.567222

-88.234444

73

Flood Septic

EPA 319(h) Program

Calloway

36.56344

-88.264958

74

Thorn Septic

Calloway

36.742697

-88.295272

75

2010-018-2406

Calloway

36.68083

-88.27889

76

2010-018-2399

EPA 319(h) Program
Kentucky Soil Erosion and Water Quality
Cost Share Program
Kentucky Soil Erosion and Water Quality
Cost Share Program

Calloway

36.64417

-88.28111

Equine Waste Storage Facility
Grassed Waterway
Community Waste Lagoon
Pipeline
Watering Facility
Pipeline
Pipeline
Watering Facility
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Streambank and Shoreline
Protection
Streambank and Shoreline
Protection
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Figure 3. Location of best management practices (BMPs) installed in the Clarks River watershed through
this project according to the funding source used for the practice.

a. Bee Creek Subwatershed
Bee Creek flows through the northern half of Murray before dumping into the Clarks
River. With a large portion of this subwatershed located within Murray city limits, this is
one of the more highly developed areas in the Clarks River watershed. Agriculture is still
a prevalent land use in the more rural areas outside Murray, with 40% of the land being
used for cultivated crops, pasture, and hay (Homer, et al., 2007). The entire subwatershed
encompasses approximately 4,135 acres.
The Integrated Report to Congress on the Condition of Water Resources in Kentucky,
2010 (Kentucky Division of Water, 2010) identified two segments of Bee Creek that
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were not supporting their designated uses, Bee Creek mile point 0.0 to 0.7 and Bee Creek
mile point 0.7 to 2.0. The first segment (mile point 0.0 to 0.7) was not supporting the
warm water aquatic habitat and the primary contact recreation uses, with the suspected
sources of these impairments including municipal point source discharges. The second
segment (mile point 0.7 to 2.0) was not supporting the primary contact recreation uses
with the source of the impairment listed as unknown. In 2011, a TMDL was developed
by Murray State University and the KDOW for 40 stream segments within the Clarks
River watershed impaired for pathogens, including both Bee Creek segments (Kentucky
Division of Water, 2011).
According to the Watershed Based Plan for Clarks River (Strand Associates, 2009), the
primary pollutants of concern in the Bee Creek subwatershed include bacteria and
nutrients. Consequently, BMP implementation in this watershed focused on projects that
would address bacteria and nutrients. Because Murray is a Phase II Municipal Separate
Storm Sewer System (MS4) community, BMP implementation in this watershed had to
fall outside of the requirements of the Stormwater Management Plan for Murray. One
BMP was installed in this critical area with funding from the federal portion of this EPA
319 (h) grant, a storage facility for equine waste at the Murray State University farm
(Figure 4).

Figure 4. Location of the single best management practices installed in the Bee Creek subwatershed critical
area in Calloway County.
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b. Clayton Creek Subwatershed
Clayton Creek is located southeast of Murray and flows in the Clarks River just
downstream of where the East Fork and Middle Fork tributaries join together. The major
land use in this subwatershed is agriculture, approximately 74%, and includes row crops
and some AFO operations. The entire subwatershed encompasses 7,644 acres. This area
is not as developed as the Bee Creek subwatershed, but does include some residential
outgrowth from the City of Murray.
The Integrated Report to Congress on the Condition of Water Resources in Kentucky,
2010 (Kentucky Division of Water, 2010) identified two segments of Clayton Creek that
were not supporting their designated uses, Clayton Creek mile point 0.75 to 3.3 and
Clayton Creek mile point 3.3 to 7.7. The first segment (mile point 0.75 to 3.3) was not
supporting the warm water aquatic habitat use, with the suspected sources of this
impairment including agriculture. The second segment (mile point 3.3 to 7.7) was not
supporting the warm water aquatic habitat and primary contact recreation uses with the
source of the impairments listed as agriculture, loss of riparian habitat and rural
(residential areas). In 2011, a TMDL was developed by Murray State University and the
KDOW for 40 stream segments within the Clarks River watershed impaired for
pathogens, including the second Clayton Creek segment (Kentucky Division of Water,
2011).
According to the Watershed Based Plan for Clarks River (Strand Associates, 2009), the
primary pollutants of concern in the Clayton Creek subwatershed include bacteria, total
suspended solids, and phosphorus. The primary sources of bacteria were thought to be
failing septic systems and agricultural practices utilizing livestock. The primary sources
of total suspended solids were thought to be stream bank erosion and poor vegetative
cover with narrow riparian areas. The primary sources of phosphorus were thought to be
failing septic systems and agriculture. BMP implementation in this subwatershed focused
on practices that would address bacteria, total suspended solids, and nutrients. One BMP
was installed in this critical area with funding from the Kentucky Soil Erosion and Water
Quality Cost Share Program, one BMP with funding from the Kentucky Agriculture
Development Fund with matching local donations, and thirteen with funding from the
federal portion of this EPA 319 (h) grant (Figure 5).
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Figure 5. Location of best management practices installed in the Clayton Creek subwatershed critical area.

c. Damon Creek Subwatershed
Damon Creek is located west of Murray and flows in the West Fork Clarks River
tributary. There is a small residential area around the Kirksey community, but the major
land uses in this subwatershed are agriculture, approximately 64%, and forest,
approximately 13%. The entire subwatershed encompasses 3,610 acres.
The Integrated Report to Congress on the Condition of Water Resources in Kentucky,
2010 (Kentucky Division of Water, 2010) identified one segment of Damon Creek that
was not supporting its designated use, Damon Creek mile point 0.0 to 1.8. This segment
was not supporting the primary contact recreation use with the source of the impairments
listed as animal feeding operations. In 2011, a TMDL was developed by Murray State
University and the KDOW for 40 stream segments within the Clarks River watershed
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impaired for pathogens, including the Damon Creek segment (Kentucky Division of
Water, 2011).
According to the Watershed Based Plan for Clarks River (Strand Associates, 2009), the
primary pollutants of concern in the Damon Creek subwatershed include bacteria and
total suspended solids. The primary sources of bacteria and total suspended solids were
thought to be agriculture and animal feeding operations. BMP implementation in this
watershed focused on projects that would address bacteria and total suspended solids. Six
BMPs were installed directly in this critical area with funding from the federal portion of
this EPA 319 (h) grant (Figure 6). One BMP, project 68, a waste lagoon for 40
households in the Damon Creek watershed, was installed just outside the watershed, but
is only accepting waste from households in the Damon Creek watershed.

Figure 6. Location of the best management practices installed in the Damon Creek subwatershed critical
area in Calloway County.

d. Almo-Dexter Focus Area
The Almo-Dexter focus area is located north of Murray on the east side of US Hwy 641
along the main stem of the Clarks River. This is a more developed area that was
identified in combination with the Calloway County Judge Executive and the local health
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department. This area was identified as having soils poorly suited for septic systems, and
numerous complaints about failing septic systems.
The Integrated Report to Congress on the Condition of Water Resources in Kentucky,
2010 (Kentucky Division of Water, 2010) identified one segment of the Clarks River,
mile point 55.6 to 64.7, located just east of this focus area that was not supporting its
designated use. The segment was not supporting the primary contact recreation use with
the source of the impairment listed as agriculture. In 2011, a TMDL was developed by
Murray State University and the KDOW for 40 stream segments within the Clarks River
watershed impaired for pathogens, including this Clarks River segment (Kentucky
Division of Water, 2011).
According to the Watershed Based Plan for Clarks River (Strand Associates, 2009), the
primary pollutant of concern in the Almo-Dexter focus area include bacteria. The primary
sources of bacteria were thought to be failing septic systems. Twenty two BMPs were
installed in this critical area with funding from the federal portion of this EPA 319 (h)
grant (Figure 7).

Figure 7. Location of the best management practices installed in the Almo-Dexter Focus Area.
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e. Chestnut Creek Subwatershed
Chestnut Creek is located four miles north of Benton in Marshall County, and flows for
approximately five miles before dumping into the Clarks River on the Clarks River
National Wildlife Refuge. The drainage area for Chestnut Creek is approximately eight
square miles and includes more urban areas in the eastern portion of the subwatershed,
forest areas in the central portion of the subwatershed, and agricultural areas throughout
the subwatershed. Development has been occurring in the more urban portions of the
watershed around the Draffenville community, including many new residential
subdivisions. Many of the forested areas in the watershed are located along some of the
smaller tributaries flowing into Chestnut Creek. Agriculture, including crop fields and
pasture for cattle, are distributed throughout the entire subwatershed.
The Integrated Report to Congress on the Condition of Water Resources in Kentucky,
2010 (Kentucky Division of Water, 2010) identified one segment of Chestnut Creek that
was not supporting its designated uses, mile point 0.0 to 3.0. This segment was not
supporting the warm water aquatic habitat and primary contact recreation uses with the
source of the impairments listed as unknown. In 2011, a TMDL was developed by
Murray State University and the KDOW for 40 stream segments within the Clarks River
watershed impaired for pathogens, including this Chestnut Creek segment (Kentucky
Division of Water, 2011).
According to the Watershed Based Plan for Clarks River (Strand Associates, 2009), the
primary pollutant of concern in the Chestnut Creek subwatershed includes bacteria. The
primary source of bacteria was thought to be agriculture with additional contributions
from wildlife, septic systems, and pet waste, but additional data collection is needed to
more accurately define these sources. Through this project, additional data was collected
from eight sites in the Chestnut Creek subwatershed following the monitoring scheme
identified in the Watershed Planning Guidebook for Kentucky Communities (Kentucky
Waterways Alliance and Kentucky Division of Water, 2010), shown in Figure 8.
Sampling site locations were designed to provide information about impacts from major
land uses in the watersheds and the major tributaries entering Chestnut Creek. Site 1 is
located in the headwaters region, and will capture effects from three package treatment
plants in the area. Site 2 is located where Foust Sledd Road crosses Chestnut Creek, and
includes some pasture and cropland uses. Site 3 is located on a tributary of Chestnut
Creek at Foust Sledd Road, and includes the discharge from Marshall County Sanitation
District #2, the only sewer system in the subwatershed. Site 4 is located where Oak
Valley Road crosses Chestnut Creek, and includes residential and agricultural land uses.
Site 5 is located on a tributary of Chestnut Creek and includes agricultural land uses. Site
6 is located in the upper reaches of a tributary to Chestnut Creek and corresponds with
site 7, which is located at the downstream end of the same tributary. Site is located at the
downstream end of Chestnut Creek, near where it joins the Clarks River.
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Figure 8. Monitoring locations for the Chestnut Creek subwatershed.
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Project Methods
a. BMP Implementation Program
The BMP implementation portion of this project utilized funds from several sources to
work with willing landowners to install BMPs in the Clarks River watershed that would
address the pollutants of concern in the watershed, including bacteria, nutrients and
sediment. For this portion of the program, the Jackson Purchase Foundation contracted
with the Calloway County Conservation District to employ a local project manager. The
project manager was responsible for publicizing the BMP Implementation Program,
recruiting willing participants, and ensuring project guidelines were followed.
Working with the project team, including the Calloway County Conservation District,
Calloway County Health Department, Calloway County Fiscal Court, Natural Resources
Conservation Service, and the Four Rivers Basin Team, several BMPs were selected that
would be eligible for funding through this project. The list of eligible BMPs included
practices that addressed agricultural nonpoint source pollution, on-site waste disposal
nonpoint source pollution, and urban nonpoint source pollution. A BMP Implementation
Plan (Appendix B) was developed for this project, outlining potential BMPs that could be
installed and their technical specifications, and the selection and targeting process for the
project. BMPs had to address the pollutants of concern, and participants receiving
funding from the federal portion of this EPA 319 (h) grant were required to sign a
maintenance agreement to ensure that practices were appropriately maintained to provide
the best long-term water quality benefit. Maintenance requirements for the BMPs
installed with funding from the Kentucky Soil Erosion and Water Quality Cost Share
Program, and the Kentucky Agriculture Development Fund followed the typical
participation requirements for the respective programs. Information about the program,
including applications for participation, was made available on the Jackson Purchase
Foundation website (www.jpf.org/clarks).
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For agricultural practices funded with the federal portion of this EPA 319(h) grant,
landowners within the critical areas identified in the Project Area section of this report
were contacted individually by the local project manager to discuss the program and
potential implementation of BMPs on their property. Participants were required to submit
an application to the local project manager. Applications were accepted and funded on a
first come first serve basis.
Most practices addressing agriculture implemented through this project were funded
through the Kentucky Soil Erosion and Water Quality Cost Share Program administered
by the Kentucky Division of Conservation and were used as match for the federal portion
of this grant. This program provides cost share assistance for the development and
implementation of BMPs that provide clean water through the reduction of sediment
loading to Kentucky streams, rivers, and lakes; reduce the loss of topsoil vital to sustain
production of food and fiber; or prevent surface water and groundwater pollution
(Kentucky Division of Conservation, 2009). These practices were implemented by
willing landowners through the regular signup and administration process, including
advertisement of the program in local news media, signup at the local Conservation
District office, review of applications at the local level, and ranking of applications at the
state level by the Kentucky Soil and Water Conservation Commission.

For the on-site waste disposal portion of this program, two public meetings were held in
cooperation with the Calloway County Health Department and Calloway County Judge
Executive to explain the program goals, eligibility requirements and landowner
responsibilities. A third meeting was held with septic system installers to explain the
requirements for contractors working on this project. An article advertising the program
was also run in the local newspaper, the Murray Ledger and Times. Interested
participants were required to have a failing septic system, determined by the Calloway
County Health Department. Participants were then required to submit an application to
the local project manager, to ensure they were in one of the critical areas discussed in the
Project Area section of this report. Applications were ranked on a first come, first serve
basis. Once an applicant was determined to be in one of the critical areas, they were
required to obtain three bids for the work necessary to fix their failing system, determined
by the Calloway County Health Department during the initial site evaluation. Applicants
were also required to attend a septic maintenance class to ensure they understood
appropriate maintenance procedures and complete a groundwater protection plan, as
required by the KDOW. When all construction work was completed, the Calloway
County Health Department completed a final inspection of the site to ensure the system
was properly working. If all requirements were met, installers were reimbursed for their
work, up to a maximum of $5,000. Landowners were responsible for paying site
evaluation costs to the Calloway County Health Department and any costs above the
$5,000 cap, which were included as match for federal portion of this grant.
b. Monitoring Program
The monitoring portion of this project utilized funds from the federal portion of this EPA
319 (h) grant to collect additional data in the Chestnut Creek subwatershed that could be
used to more accurately define threats to water quality and strategies to address those
threats. The monitoring strategy for this project followed the guidelines established in the
Watershed Planning Guidebook for Kentucky Communities (Kentucky Waterways
Alliance and Kentucky Division of Water, 2010). Eight monitoring locations were
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selected throughout the watershed, and field, analytical, habitat and biological data were
collected from those locations (Figure 8). A summary of the data collected has been
included in Table 2. A Quality Assurance Project Plan (Appendix C) was developed to
describe sampling methods, analytical methods, and the quality assurance requirements
for this portion of the project. A separate local project manager was hired by the Jackson
Purchase Foundation to oversee and conduct the monitoring portion of this project.
Table 2. Summary of environmental data collected in the Chestnut Creek subwatershed critical area
through the monitoring portion of this project.
Data
Category

Bacteria

Nutrients

Sediment

Field Data

Parameter

Frequency

Collection Methodology

Analytical
Methodology (if
applicable)

E. coli

Monthly; 5 times
during one month
of the PCR season

Standard Operating Procedure:
Bacteriological Sampling
(DOWSOP03017)

IDEXX

Bacterial
Source
Tracking

Twice

Standard Operating Procedure:
Bacteriological Sampling
(DOWSOP03017)

N/A

Nitrite &
Nitrate

Monthly

Ammonia

Monthly

Standard Operating Procedure: Sampling
Surface Water Quality in Lotic Streams
(DOWSOP03015)
Standard Operating Procedure: Sampling
Surface Water Quality in Lotic Streams
(DOWSOP03015)

Total
Nitrogen

Monthly

Standard Operating Procedure: Sampling
Surface Water Quality in Lotic Streams
(DOWSOP03015)

Total
Kjeldahl
Nitrogen

Monthly

Standard Operating Procedure: Sampling
Surface Water Quality in Lotic Streams
(DOWSOP03015)

Total
Phosphorus

Monthly

Standard Operating Procedure: Sampling
Surface Water Quality in Lotic Streams
(DOWSOP03015)

Soluble
Reactive
Phosphorus

Monthly

Standard Operating Procedure: Sampling
Surface Water Quality in Lotic Streams
(DOWSOP03015)

Biochemical
Oxygen
Demand

Monthly

Standard Operating Procedure: Sampling
Surface Water Quality in Lotic Streams
(DOWSOP03015)

Total
Suspended
Solids

Monthly

Flow

Each site Visit

Turbidity

Each site Visit

pH

Each site Visit

Dissolved
Oxygen

Each site Visit

Conductivity

Each site Visit

Standard Operating Procedure: Sampling
Surface Water Quality in Lotic Streams
(DOWSOP03015)
Standard Operating Procedure:
Measuring Stream Discharge
(DOWSOP03019)
Standard Operating Procedure: In situ
Water Quality Measurements and Meter
Calibration (DOWSOP03014)
Standard Operating Procedure: In situ
Water Quality Measurements and Meter
Calibration (DOWSOP03014)
Standard Operating Procedure: In situ
Water Quality Measurements and Meter
Calibration (DOWSOP03014)
Standard Operating Procedure: In situ
Water Quality Measurements and Meter
Calibration (DOWSOP03014)

Automated (FIA)
Cadmium Reduction
Automated (FIA)
Phenate
Alkaline Persulfate
Digestion,
Automated (FIA)
Cadmium Reduction
Calculated from
nitrite & nitrate and
total nitrogen
Acidified Persulfate
Digestion,
Automated (FIA)
Ascorbic Acid
Automated (FIA)
Ascorbic Acid
Standard Methods for
Examination of
Water and
Wastewater Method
#5210B
USGS Method #
I3765-85
N/A
N/A
N/A
N/A
N/A
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% Saturation

Each site Visit

Temperature

Each site Visit

Habitat

Habitat
Assessment

Once

Biology

Biological
Assessment

Once

Standard Operating Procedure: In situ
Water Quality Measurements and Meter
Calibration (DOWSOP03014)
Standard Operating Procedure: In situ
Water Quality Measurements and Meter
Calibration (DOWSOP03014)
Rapid Bioassessment Protocols for Use
in Streams and Wadeable Rivers:
Periphyton, Benthic Macroinvertebrates,
and Fish (EPA 841-B-99-002)
Watershed Watch Biological Stream
Assessment Monitoring Procedures
Version 1.0 (WWSOP04000)

N/A
N/A

N/A

N/A

Project Materials
a. BMP Implementation Program
No specialized materials or equipment were used for the BMP Implementation portion of
this project.
b. Monitoring Program
Materials and equipment used for the monitoring portion of this project in the Chestnut
Creek subwatershed critical area include:










Global Water Flow Probe Hand-held Flowmeter used to measure stream flow.
Hach 2100Q Portable Turbidmeter used to measure turbidity.
YSI Multiparameter Pro Plus used to measure pH, dissolved oxygen, conductivity
and temperature.
Sterile 120 mL bottle with sodium thiosulfate preservative used for collection of
E. coli samples.
Sterile 500 mL graduated bottle used for collection of bacterial source tracking
samples.
120 mL polyethylene plastic bottle used for collection of nitrate/nitrite and
ammonia samples.
25 mm Millipore Swinnex filter holder with a 0.45 µm nylon membrane filter for
the field filtration of nitrate/nitrite and ammonia samples.
250 mL plastic bottle with sulfuric acid preservative for the collection of total
Kjeldahl nitrogen and total phosphorus samples.
1 L plastic bottle used for the collection of carbonaceous biochemical oxygen
demand, total suspended solid, and orthophosphate samples.
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Results & Discussion
BMP Implementation Program
Federal funds from the EPA 319(h) program were paired with funds from the Kentucky
Erosion and Water Quality Cost Share Program and the Kentucky Agriculture
Development Fund for the BMP implementation portion of this project. This allowed
several additional BMPs to be installed throughout the watershed, instead of just the
critical areas identified in the Watershed Based Plan for Clarks River (Strand Associates,
2009). This also allowed additional funding for different types of BMPs, including
significant funding for BMPs addressing agriculture.
A local project manager was hired through the Calloway County Conservation District to
direct implementation of BMPs. The project manager was familiar with the area and the
concerns of local landowners, and thus much better at communicating the goals of the
program and recruiting willing participants for the project. The project manager was also
responsible for the establishment of a project team, pulling together appropriate
individuals with direct and indirect interests in nonpoint source pollution in the Clarks
River watershed. Together, the project manager and project team developed the BMP
Implementation Plan, selecting the best BMPs for the Clarks River watershed that would
reduce bacteria, nutrient and sediment concentrations, and outlining the application
process for participation in the project.
In an effort to ensure public awareness of the project, several different promotional routes
were taken, including: running an article about the project in the local newspaper, the
Murray Ledger and Times; setting up an informational booth at different events
throughout the Clarks River watershed; and hosting several public meetings throughout
Calloway County. The newspaper article described the project goals and different types
of BMPs that could be funded through this project. An informational booth was set up at
the Murray Farm and Home Show in 2010 to describe the project to interested
landowners. Information was also available at several public events that the Jackson
Purchase Foundation participated in, including quarterly board meetings, the BBQ on the
River festival, the Four Rivers Watershed Watch annual conference, etc. A one page
summary of the project with a map of the critical areas for BMP implementation was
developed for these events.
Public meetings were held at different locations throughout Calloway County to recruit as
many interested landowners as possible. Success of public meetings was gauged through
attendance at the meeting and applications received. The first public meeting was held on
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6/22/2010 at Dexter Baptist Church, near two of the critical areas for BMP
implementation, the Almo-Dexter focus area and the Damon Creek subwatershed. A
second public meeting was held on 2/28/2011 at the Robert O. Miller Convention Center
in Murray, near the Bee Creek and Clayton Creek subwatersheds. Postcards were sent to
landowners within each of the critical areas for BMP implementation, inviting them to
the public meetings. Both public meetings were considered successful, with the first
public meeting having 45 attendees, and the second public meeting having 18 attendees.
Seventy three applications were received from landowners interested in participation in
the project.

A meeting was also held with septic installers on 6/15/2010 at the Calloway County Fire
and Rescue building to make them aware of the program goals and guidelines, as they are
one of the first points of contact for landowners with failing septic systems. A list of
certified septic installers was obtained from the Calloway County Health Department,
and each installer was sent a letter inviting them to attend this meeting. Twenty three
invitation letters were sent out, and fourteen septic installers attended this meeting from
throughout Calloway County, making this meeting a great success.
A septic maintenance class was held on 7/20/2010 at Dexter Baptist Church. Brad Lee, a
water quality specialist with the University of Kentucky, spoke with landowners about
the basics of septic systems, and proper maintenance of the systems. This event was
advertised through invitational letters to landowners within the identified critical areas
and through the local newspaper, the Murray Ledger and Times. The target audience for
this program was homeowners, and presentations were adapted for this audience.
Audience knowledge was not directly measured, but participation in the class was used as
a measure of success, with 23 attendees at the class. Comments after the class were very
positive, with many homeowners impressed with the utility of information presented.
Attendance at the septic maintenance class was a requirement for any landowners
receiving grant funds for the repair or replacement of their septic system. Landowners
who could not attend the class were required to watch a video of the presentation at the
Calloway County Conservation District office.
In the Damon Creek subwatershed critical area, several homeowners organized into a
group, the Damon Creek Watershed and Sewer Association, which pursued the use of
federal 319(h) funds for a community lagoon system that would accept waste from
multiple residences with failing septic systems. Many landowners in the Damon Creek
subwatershed around the Kirksey community were having problems with failing septic
systems, but had improper soils or undersized lots for a properly functioning septic
system. Several public meetings were held in the Kirksey community to gauge
homeowner receptiveness to a community lagoon system, including a meeting 5/4/2011
with 20 attendees, one on 5/12/2011 with 13 attendees, and one on 7/26/2011 with 36
attendees. Meetings were hosted by the Damon Creek Watershed and Sewer Association,
and advertised throughout the community via posted signs. Comments and concerns
about the safety of a community lagoon system lead to a public information session with
representatives from the Calloway County Health Department and the Kentucky Cabinet
for Health and Human Services held on 7/26/2011 with 22 attendees. Most of the Kirksey
community agreed that a community lagoon system was a necessary project to deal with
waste from failing septic systems, considered to be one of the major sources of nonpoint
source pollution in this critical area.
Through this project, a total of 84 different BMPs were installed (Table 1, Figure 3). This
included 43 BMPs installed with funding from the federal portion of this EPA 319 (h)
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grant, 40 BMPs installed with funding from the Kentucky Soil Erosion and Water Quality
Cost Share Program and one BMP installed with funding from the Kentucky Agriculture
Development Fund and matching local donations. As described in the Materials &
Methods section of this report, BMPs installed through this project were required to
address agricultural nonpoint source pollution, on-site waste disposal nonpoint source
pollution, or urban nonpoint source pollution. Of the 84 BMPs installed, one BMP
addressed urban and agricultural sources of nonpoint source pollution, the Clarks River
Floodplain Improvement project, 42 BMPs addressed strictly agriculture sources, and 41
BMPs address on-site waste disposal system sources (Table 3). Photographs of BMPs
installed through this project have been included in Appendix D.
Table 3. Best management practices installed through this project with the category of nonpoint
source pollution they addressed.
Category of NPS
Project ID
Project Description
Practice
Debris and obstruction removal to
Clarks River Floodplain Improvement
alleviate flooding and stress on river
Agriculture/Urban
1
Project
banks
Agriculture
2
2008-042-164
Pasture and Hay Planting
Pasture and Hay Planting
Agriculture
3
2008-079-100
Pasture and Hay Planting
Agriculture
4
2008-079-92
Pasture and Hay Planting
Agriculture
5
2008-018-102
Agriculture
6
745C16083BI
Fence
Agriculture
6
745C16083BI
Grade Stabilization Structure
Agriculture
6
745C16083BI
Grassed Waterway
Agriculture
7
745C160834Q
Grade Stabilization Structure
Agriculture
7
745C160834Q
Grassed Waterway
Pasture and Hay Planting
Agriculture
8
2008-079-105
Pasture and Hay Planting
Agriculture
9
2008-079-109
Agriculture
10
2009-079-030
Animal Waste Utilization
Pasture and Hay Planting
Agriculture
11
2008-079-154
Pasture and Hay Planting
Agriculture
11
2008-079-154
Pasture and Hay Planting
Agriculture
12
2009-079-036
Pasture and Hay Planting
Agriculture
13
2009-079-008
Agriculture
14
745C16071R3
Grassed Waterway
Agriculture
15
745C16071QY
Stream Crossing
Agriculture
16
745C16071MF
Grassed Waterway
Agriculture
16
745C16071MF
Grade Stabilization Structure
Pasture and Hay Planting
Agriculture
17
745C16071LK
Pasture and Hay Planting
Agriculture
18
745C16071QZ
Agriculture
19
2008-079-152
Animal Waste Utilization
Agriculture
20
2009-079-027
Pasture and Hay Planting
Agriculture
21
2008-079-42
Rotational Grazing
Pasture and Hay Planting
Agriculture
22
2009-079-006
Pasture and Hay Planting
Agriculture
25
2009-079-32
Pasture and Hay Planting
Agriculture
26
2009-079-37
Pasture and Hay Planting
Agriculture
27
2009-018-2
Pasture and Hay Planting
Agriculture
28
2009-079-34
Agriculture
29
2009-073-27
Grade Stabilization Structure
Agriculture
64
2009-042-7
Streambank and Shoreline Protection
Agriculture
65
2009-042-6
Streambank and Shoreline Protection
Agriculture
66
Murray State University
Equine Waste Storage Facility
Agriculture
67
Wilson
Grassed Waterway
Agriculture
69
745C16071JZ
Pipeline

Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal

69
70
70
70
75
76
23
24
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal
On-Site Waste Disposal

68
71
72
73
74
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745C16071JZ
Watering Facility
745C16070E1
Pipeline
745C16070E1
Pipeline
745C16070E1
Watering Facility
2010-018-2406
Streambank and Shoreline Protection
2010-018-2399
Streambank and Shoreline Protection
Briggs Septic
Repair Failing Septic System
Vance Septic
Repair Failing Septic System
Bugden Septic
Repair Failing Septic System
Dunn Septic
Repair Failing Septic System
Groves Septic
Repair Failing Septic System
Hendon Septic
Repair Failing Septic System
Parker Septic
Repair Failing Septic System
Proctor Septic
Repair Failing Septic System
Proctor Septic
Repair Failing Septic System
Pruitt Septic
Repair Failing Septic System
Wilson Septic
Repair Failing Septic System
Farris Septic
Repair Failing Septic System
Dietz Septic
Repair Failing Septic System
Carson Septic
Repair Failing Septic System
Barrow Septic
Repair Failing Septic System
Harrison Septic
Repair Failing Septic System
Field Septic
Repair Failing Septic System
Young Septic
Repair Failing Septic System
Stubblefield Septic
Repair Failing Septic System
Reed Septic
Repair Failing Septic System
Puckett Septic
Repair Failing Septic System
Owen Septic
Repair Failing Septic System
Overby Septic
Repair Failing Septic System
Orten Septic
Repair Failing Septic System
McKinney Septic
Repair Failing Septic System
McKendree Septic
Repair Failing Septic System
Dumas Septic
Repair Failing Septic System
Henderson Septic
Repair Failing Septic System
Frantz Septic
Repair Failing Septic System
Collie Septic
Repair Failing Septic System
Boggess Septic
Repair Failing Septic System
Parke Septic
Repair Failing Septic System
Oakley Septic
Repair Failing Septic System
Boren Septic
Repair Failing Septic System
Dodd Septic
Repair Failing Septic System
Dunn Septic
Repair Failing Septic System
Damon Creek Watershed and Sewer
Association
Community Waste Lagoon
Kirksey Ball Park Septic
Repair Failing Septic System
McCuiston Septic
Repair Failing Septic System
Flood Septic
Repair Failing Septic System
Thorn Septic
Repair Failing Septic System

The Clarks River Floodplain Improvement project was the only BMP that addressed
agricultural and urban sources of nonpoint source pollution. Through this project, a
floating excavator was used to remove some major debris and blockages from 15.1 miles
of the Clarks River, starting just east of Murray. Debris and blockages were causing
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flooding and excessive stress on the stream banks, and during flooding events nonpoint
source pollutants from the agricultural fields and urban areas surrounding the Clarks
River were entering the stream, including nutrients, pesticides and herbicides, bacteria,
sediment, and other urban pollutants around Murray.
Several different types of agricultural BMPs were installed through this project that
addressed sources of nutrient, bacteria, and sediment in the Clarks River watershed:


Eighteen pasture and hay planting BMPs were installed through this project,
addressing nutrient and sediment loads. These practices are designed to control
and reduce erosion, control water disposal for excess surface water without
causing erosion, improve forage quality and/or quantity, prevent the formation of
gullies, reduce the pollution potential, and enhance the environmental quality of
pasture and hayland fields.



One fencing BMP was installed through this project. This practice is designed to
control the movement of animals and people, including vehicles, potentially
reducing nutrient, bacteria and sediment loads.



Four grade stabilization structures were installed through this project, reducing
sediment loads. These practices are designed to stabilize grade and control erosion
in natural and artificial channels, prevent the formation or advancement of gullies,
and enhance environmental quality and reduce pollution hazards.



Five grassed waterways were installed throughout the watershed, reducing
sediment and nutrient loads. These practices convey runoff from terraces,
diversions or other water concentrations without causing erosion or flooding,
reduce gully erosion, and protect and improve water quality.



Two animal waste utilization BMPs were completed, safely using animal waste as
fertilization for crop production while improving or maintaining the soil structure,
preventing erosion, and safeguarding water resources. These practices addressed
nutrient, bacterial, and sediment pollution by properly applying swine waste to
cropland.



Three stream crossings were installed through this project, allowing access to crop
fields in a manner that improves water quality by reducing sediment, nutrient,
organic, and inorganic loading of the stream and reduces streambank and
streambed erosion.



One rotational grazing BMP was completed through this project, protecting
grazing land and vegetative cover, encouraging plant diversity, controlling soil
erosion, and reducing water, air and land pollution from agriculture, including
bacteria, nutrients and sediment.



Four streambank and shoreline protection practices were completed, preventing
the loss of land and damage to land uses or other facilities adjacent to the
streambanks, maintaining the flow of streams and reducing the downstream
effects of sediment resulting from streambank erosion, and improving the stream
corridor for fish and wildlife habitat, aesthetics and recreation.



One equine waste storage facility was constructed to temporarily storage manure
equine manure as a component of an agricultural waste management system, thus
reducing nutrient and bacterial pollutant loads.



Three pipeline BMPs were installed through this project, in combination with
water facility practices to create alternative water sources for livestock. These
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practices protect and enhance vegetative cover though proper distribution of
grazing, provide erosion control through better grassland management, and
protect streams, ponds and water supplies from contamination by providing
alternative access to water, potentially reducing nutrient, bacteria and sediment
loads in streams.

As a method of addressing nonpoint source pollution from failing on-site waste disposal
systems, including bacteria and nutrients, 40 failing septic systems were repaired and/or
replaced. Specifications for the repair and/or replacement of the systems were determined
by the Calloway County Health Department during the site evaluation process and all
work was performed by certified septic installers. A community lagoon system was
constructed in the Damon Creek subwatershed that will accept waste from 40 residences
with failing septic systems. Construction activities were in accordance with all
regulations contained in 902 KAR 10:085 Kentucky On-Site Sewage Disposal Systems,
and approved by the Kentucky Cabinet for Health and Human Services. Effluent from
individual septic tanks from the 40 residences is discharged through solid piping to the
bottom of the lagoon system. This effluent is then treated by exposure to air, sunlight and
bacterial action.
Load reductions achieved from BMPs installed through this project were calculated using
Spreadsheet Tool for Estimating Pollutant Load (STEPL) model developed by Tetra
Tech, Inc. for EPA Office of Water. Version 4.1 was used in this project. This model uses
algorithms to calculate nutrient and sediment loads from different land uses and potential
load reductions that would result from the implementation of various BMPs. This model
requires that you enter information about the different BMPs, including type of land use,
agricultural animals and septic systems affected by the BMP. All of the cropland BMPs
installed through this project were not already identified in the STEPL program with
predetermined efficiency levels. Consequently, a standard 75% efficiency level was used
for the removal of nitrogen, phosphorus, and sediment. All of the pastureland BMPs
installed through this project were also not identified specifically in the STEPL program
with predetermined efficiency levels, so a standard 75% efficiency was used for the
removal of nitrogen, phosphorus, BOD, and sediment. For feedlot BMPs, including the
equine waste storage facility, the predetermined efficiency levels from STEPL were used
for the removal of nitrogen, phosphorus, BOD and sediment. For the BMPs repairing
and/or replacing failing septic systems, a standard 75% efficiency level was used for the
removal nitrogen, phosphorus, and BOD.
According to the STEPL model, BMP implementation through this project resulted in a
nitrogen load reduction of 75.8%, approximately 132,000 lb/year. Phosphorus loads were
reduced by 81.6%, approximately 26,000 lb/year. BOD loads were reduced by 11.6%,
approximately 37,000 lb/year. Sediment loads were reduced by 46.4%, approximately
1,450 lb/year. These load reductions were spread throughout the entire Clarks River
watershed.
In the Bee Creek subwatershed critical area, one BMP was installed, an equine waste
storage facility at the Murray State University Farm. This facility will store waste not
only from university horses, but also from all student horses boarded at the facility, a
total of approximately 110 horses. This facility will reduce nitrogen and phosphorus
loads, but will have no effect on BOD and sediment loads. According to the STEPL
model, the estimated load reduction obtained in the Bee Creek subwatershed from
installation of this facility totals 3,734 lb/year for nitrogen and 328 lb/year for
phosphorus.
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In the Clayton Creek subwatershed critical area, 17 BMPs were installed. This included
the repair or replacement of 12 failing septic systems, the removal of debris and
blockages from 15.1 miles of the Clarks River, the construction of a 0.8 acre grassed
waterway accepting runoff from a 175 acre crop field adjacent to the grassed waterway,
and the construction of 450 linear feet of pipeline in combination with a watering facility
to provide livestock an alternate water source. According to the STEPL model, estimated
load reductions achieved in this subwatershed from implementation of these BMPs total
3,289 lb/year for nitrogen, 1,045 lb/year for phosphorus, 5,497 lb/year for BOD, and 642
lb/year for sediment.
In the Damon Creek subwatershed critical area, six failing septic systems were repaired
or replaced. A community waste lagoon that will accept wastewater from 40 residences
with failing septic systems was also constructed, and will be operated and maintained by
the Damon Creek Watershed and Sewer Association, Inc. According to the STEPL
model, estimated load reductions in this subwatershed from implementation of these
BMPs total 1,072 lb/year for nitrogen, 420 lb/year for phosphorus, and 4,380 lb/year for
BOD. These practices had no effect on sediment loads in the subwatershed.
In the Almo-Dexter Focus Area, 23 failing septic systems were repaired or replaced.
According to the STEPL model, estimated load reductions achieved in this critical area
from implementation of these BMPs total 536 lb/year for nitrogen, 210 lb/year for
phosphorus, and 2,190 lb/year for BOD. These practices had no effect on sediment loads
in the subwatershed.
In the Chestnut Creek subwatershed, where monitoring activities focused, one BMP was
installed, construction of a one acre grassed waterway in combination with a grade
stabilization structure adjacent to 10 acres of cropland. According to the STEPL model,
load reductions achieved from this practice included a 217 lb/year reduction in nitrogen
loads, 72 lb/year reduction in phosphorus loads, 335 lb/year reduction in BOD loads, and
52 lb/year reduction in sediment loads.
Load reductions were also calculated on a HUC 12 watershed level, as required by the
KDOW. Load reductions for the eighteen HUC 12 watersheds where BMP
implementation occurred, along with the information used to obtain these reductions in
the STEPL model, have been included in Appendix D
Photographs of BMPs installed through this project
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Equine Waste Storage Facility in the Bee Creek subwatershed.

Community lagoon system in the Damon Creek subwatershed.

Appendix
Monitoring Program
Environmental monitoring work for this project followed the methods described in the
Quality Assurance Project Plan developed by the Jackson Purchase Foundation and
approved by the KDOW on August 23, 2011 (Appendix C). This included monthly visits
to the eight monitoring sites described in the Materials & Methods section of this report.
The initial sampling plan called for the collection of field data and grab samples for E.
coli, nutrient and sediment analyses during each monthly visit. However, unforeseen
weather conditions and lack of stream flow prevented the collection of field data and grab
samples at many sites throughout the project period. Because of this, additional
environmental monitoring work has been planned under a separate project and grant. The
Friends of Clarks River National Wildlife Refuge, partnering with Murray State
University and Third Rock Consultants, LLC, have submitted a proposal to the KDOW
seeking EPA 319 (h) grants funds for watershed planning in the Chestnut Creek
watershed. A portion of these funds will be used to perform this additional environmental
monitoring work.
Sampling events have been classified into three categories based on the amount of
rainfall prior to the event: dry weather events follow a seven day dry period, in which no
more than 0.1 inches of precipitation occur; wet weather events follow a seven day dry
period with no more than 0.1 inches of precipitation, but have visible run off conditions
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from a current precipitation event; and normal events have had precipitation in the
previous seven days. Data for prior precipitation events was gathered from The Weather
Channel website, www.weather.com. During many monthly visits to the sampling sites,
the stream channel was completely dry. During other monthly visits, the stream channel
had water present, but the water was in isolated pools with no visible connections to
upstream or downstream pools. During both of these conditions field data and grab
samples were not collected. Table 4 outlines the dates of sampling events and stream
conditions present at each site throughout the sampling period.
Table 2 summarizes the different data that should have been collected during each of the
sampling events, according to the Quality Assurance Project Plan, assuming water was
present in the stream channel, and not in isolated pools. According to the Drought Impact
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Table 4. Sampling events and stream conditions present at each site during the project period. Field data and grab samples were not collected from isolated pools or if there
was no water in the channel.
Site ID
Date
1
2
3
4
5
6
7
8
Normal Event Normal Event Normal Event Normal Event Normal Event
Normal Event
No Water in
Normal Event
No Water in
Normal Event
9/27/2011
Isolated Pool
Isolated Pool
Channel
Channel
Dry Weather
Dry Weather
Dry Weather
Dry Weather
Dry Weather
Dry Weather
Dry Weather
Dry Weather
Event - No Water
Event - No Water Event - No Water Event - No Water Event - No Water
10/26/2011 Event - Isolated
Event
Event
Pool
in Channel
in Channel
in Channel
in Channel
in Channel
11/8/2011
12/13/2011
1/6/2012
2/23/2012
3/8/2012
4/3/2012
5/29/2012
6/14/2012
7/16/2012
8/13/2012
9/11/2012

Normal Event Isolated Pool
Wet Weather
Event
Dry Weather
Event
Normal Event
Wet Weather
Event
Dry Weather
Event
Dry Weather
Event - No Water
in Channel
Normal Event Isolated Pool
Normal Event No Water in
Channel
Dry Weather
Event - No Water
in Channel
Normal Event No Water in
Channel

Normal Event Isolated Pool
Wet Weather
Event
Dry Weather
Event
Normal Event
Wet Weather
Event
Dry Weather
Event
Dry Weather
Event - Isolated
Pool
Normal Event
Normal Event No Water in
Channel
Dry Weather
Event - No Water
in Channel
Normal Event No Water in
Channel

Normal Event

Normal Event

Normal Event

Normal Event

Normal Event

Normal Event

Wet Weather
Event
Dry Weather
Event
Normal Event
Wet Weather
Event
Dry Weather
Event

Wet Weather
Event
Dry Weather
Event
Normal Event
Wet Weather
Event
Dry Weather
Event

Dry Weather
Event

Dry Weather
Event

Wet Weather
Event
Dry Weather
Event
Normal Event
Wet Weather
Event
Dry Weather
Event
Dry Weather
Event- No Water
in Channel

Wet Weather
Event
Dry Weather
Event
Normal Event
Wet Weather
Event
Dry Weather
Event
Dry Weather
Event - Isolated
Pool

Wet Weather
Event
Dry Weather
Event
Normal Event
Wet Weather
Event
Dry Weather
Event
Dry Weather
Event- No Water
in Channel

Wet Weather
Event
Dry Weather
Event
Normal Event
Wet Weather
Event
Dry Weather
Event
Dry Weather
Event- No Water
in Channel

Normal Event

Normal Event

Normal Event Isolated Pool

Normal Event

Normal Event Isolated Pool

Normal Event Isolated Pool
Normal Event No Water in
Channel
Dry Weather
Event - No Water
in Channel
Normal Event No Water in
Channel

Normal Event Isolated Pool
Normal Event No Water in
Channel
Dry Weather
Event - No Water
in Channel
Normal Event No Water in
Channel

Dry Weather
Event - Isolated
Pool
Normal Event

Dry Weather
Event - Isolated
Pool
Normal Event No Water in
Channel

Normal Event Isolated Pool
Dry Weather
Event - No Water
in Channel
Normal Event No Water in
Channel

Normal Event
Normal Event No Water in
Channel
Dry Weather
Event - No Water
in Channel
Normal Event No Water in
Channel
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Reporter, compiled by National Drought Mitigation Center and accessed on August 31,
2012, the project area, including the Chestnut Creek subwatershed where monitoring
activities were focused, was in a D4 Exceptional Drought category. Due to these
unforeseen weather conditions, many of the environmental monitoring activities
described in the Quality Assurance Project Plan were unable to be completed. For
example, E. coli samples were unable to be collected five times during a thirty day period
in the primary contact recreation season (May through October). During each of the
sampling events during the primary contact recreation season, several sites were unable
to be sampled due to lack of stream flow. Bacterial source tracking samples were also
unable to be collected throughout the project time frame. Habitat and biological
assessments were unable to be completed. These activities will all be completed in the
next year through the Friends of Clarks River National Wildlife Refuge watershed
planning project.
As described in the Quality Assurance Project Plan (Appendix C), grab samples were
sent to different laboratories for analysis. E. coli, total Kjeldahl, total phosphorus,
orthophosphate, carbonaceous biochemical oxygen demand, and total suspended solids
samples were analyzed by Microbac Laboratories. Nitrate/nitrite and ammonia samples
were analyzed by Hancock Biological Station. All field data and analytical laboratory
results collected through this project have been included in Appendix F. As described in
the Quality Assurance Project Plan, QA samples were also collected and submitted
blindly to the respective laboratories.
As described in the Quality Assurance Project Plan (Appendix C), field and analytical
laboratory data were reviewed after each sampling event to ensure methodology followed
that described in the Quality Assurance Project Plan. The results of these reviews have
been included in Appendix G. This review included assessing the different data quality
indicators addressing precision, bias, representativeness, comparability, and
completeness, including the relative percent different between duplicate samples, and
percent recovery for positive control samples. After the first sampling event, a Quality
Assurance Report was developed and sent to the KDOW for review. The results of this
report have also been included in Appendix . After the final sampling event on September
11, 2012, a second Quality Assurance Report was developed, reviewing all data collected
through the project, included in Appendix . No major QA issues were found with the data
collected through this project.
The Quality Assurance Project Plan describes several different analyses to be performed
on data collected through this study, including all analyses specified in the Watershed
Planning Guidebook for Kentucky Communities (Kentucky Waterways Alliance and
Kentucky Division of Water, 2010). Because unforeseen weather conditions prevented
the collection of much of the required data for this study, these analyses have not been
completed. These analyses will be performed when all environmental monitoring work
has been completed, likely in the summer of 2013.
Through the Friends of Clarks River National Wildlife Refuge watershed planning
project, additional data will be collected, required data analyses will be performed, and
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watershed plan specific for the Chestnut Creek watershed will be developed. A data
analysis report, including comparisons of parameter concentrations to the water quality
standards and benchmark standards and a calculation of pollutants loads and the target
load reductions necessary for parameters that exceed water quality or benchmark
standards, will be developed by Murray State University after all environmental work has
been completed. Once this data analysis report has been developed, Third Rock
Consultants LLC will develop a watershed plan specific to the Chestnut Creek watershed.
This plan will include a comparison of watershed inventory data to pollutant
concentrations to determine potential sources of pollutants, and outline potential practices
that could be implemented to achieve the target load reductions necessary developed by
Murray State University. This work will be funded under a separate grant, outside of this
project.
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Conclusions
BMPs that were implemented through this project addressed the major pollutants of
concern identified in the Watershed Based Plan for Clarks River (Strand Associates,
2009). At the start of this project, it was thought that the major land use contributing
these pollutants of concern in the selected critical areas was probably related to failing
onsite waste disposal systems in residential areas, except in the Bee Creek subwatershed,
since most of those residences were served by municipal sewer lines connecting to the
Bee Creek Wastewater Treatment Plant. Consequently, the major of the federal funds for
this project were used to repair or replace failing onsite waste disposal systems. Some
funds were used for agricultural practices, but this was thought to be less of a contributor
of pollutants, so fewer funds were used here.
Actual water quality monitoring for the effectiveness of BMPs installed through this
project was not performed. Water quality improvements from BMP implementation are
often not immediately visible, and with the location of the different BMPs implemented
through this project being spread across such a large area, approximately 546 square
miles, the project team thought it would be more effective to use the monitoring portion
of the project budget to collect additional water quality in the Chestnut Creek watershed.
Additional data collection in the Chestnut Creek watershed attracted the attention of the
Friends of Clarks River National Wildlife Refuge in the Chestnut Creek watershed, an
already existing organization that has always had an interest projects that improve water
quality and habitat and get the public involved in environmentally conscious practices.
This has led to the development of a successful partnership between the Jackson Purchase
Foundation and the Friends group, and paved the way for future watershed planning and
BMP implementation efforts in this area, with a trusted organization, the Friends of
Clarks River National Wildlife Refuge, agreeing to direct these efforts.
The objectives of the project that were used to meet the project purpose and goals, and
the results of each objective include:
 Address the significant sources of impairment in the watershed.
As described earlier, the major source of the pollutants of concern identified in the
Watershed Based Plan for Clarks River (Strand Associates, 2009) were thought to be
failing on site waste disposal systems in residential areas. Through the BMP
implementation portion of this project, 40 failing septic systems were directly repaired
or replaced. In the Damon Creek subwatershed critical area, another 40 failing septic
systems were addressed through the installation of a community lagoon system that will
be operated and maintained by the Damon Creek Watershed and Sewer Association.
Additional BMPs that would reduce pollutants of concern were also installed throughout
the watershed. In the Chestnut Creek subwatershed, additional water quality data was
collected to better define the significant sources of impairments in this area, and future
projects will work to address these sources.
 Address the significant threats to habitat in the watershed.
Significant threats to habitat in the Clarks River watershed were not identified in the
Watershed Based Plan for Clarks River (Strand Associates, 2009); consequently, not
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much work was done to address these threats. Many of the BMPs implemented through
this project will have indirect effects on the quality of habitat in the Clarks River
watershed. For example, many of the agricultural practices will reduce erosion in fields
adjacent to streams in the watershed, decreasing sediment and nutrient loads. Other
BMPs, such as fencing projects, will restrict access to streams, which may reduce
nutrient and sediment loads. Other BMPs, including grade stabilization structures,
grassed waterways, stream crossings, and streambank and shoreline protection practices,
will improve stream corridors and reduce streambank and streambed erosion. Through
the environmental monitoring activities conducted through this project and continued by
the Friends of Clarks River National Wildlife Refuge in a future project, significant
threats to habitat in the Chestnut Creek subwatershed will be better defined, and
therefore addressed in future implementation projects.
 Address concerns for stream bank degradation and flooding.
Concerns about streambank degradation and flooding were directly addressed through
the implementation of BMPs throughout the entire Clarks River watershed. Numerous
agricultural BMPs installed addressed streambank degradation, including grade
stabilization structures, grassed waterways, stream crossings, and streambank and
shoreline protection practices. Streambank degradation and flooding were also both
addressed through the Clarks River Floodplain Improvement project.
 Implement practical plans for reducing the identified impairments and
significant threats.
The BMP Implementation Plan developed for this project identified practical solutions
that could be used to reduce impairments and significant threats to the Clarks River
watershed. This plan is available to direct future implementation efforts by the local
community, or can be updated as additional information about water quality in the
watershed is gathered. Upon completion of the environmental monitoring and watershed
planning activities in the Chestnut Creek subwatershed, practical plans will be
developed for reducing impairments and threats to water quality.
The project measures of success for this project included:
 Utilize a Watershed Based Plan for reducing the impairments to acceptable
levels within the watershed.
The Watershed Based Plan for Clarks River (Strand Associates, 2009) was used as a
guide developing the BMP Implementation Plan for this project. All BMPs implemented
addressed the pollutants of concern identified in the Watershed Based Plan for Clarks
River (Strand Associates, 2009). Environmental monitoring activities, however, focused
in the Chestnut Creek subwatershed, instead of monitoring for success of the BMPs
installed through this project. Future efforts could focus on monitoring throughout the
Clarks River watershed to gage the success of BMPs installed through this project.
 Implement a Watershed Based Plan denoting the sources and threats to the
watershed and the suggested approaches to reducing or eliminating them.
The Watershed Based Plan for Clarks River (Strand Associates, 2009) was used as a
guide developing the BMP Implementation Plan for this project. BMPs implemented
through this project addressed the pollutants of concern identified in the Watershed Based
Plan for Clarks River (Strand Associates, 2009).
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 Install Best Management Practices in enough sites and situations to see a
detectable improvement in water quality.
BMPs were installed throughout the Clarks River watershed, with federal funds from this
grant used only in the Bee Creek, Clayton Creek, and Damon Creek subwatersheds and
the Almo-Dexter focus area. No effectiveness monitoring was conducted to determine if
there were measurable improvements in water quality due to the implementation of
BMPs through this project. Future efforts could focus on monitoring throughout the
Clarks River watershed to gage the success of BMPs installed through this project,
however.
While this project lacked effectiveness monitoring for BMPs installed through the
project, several other aspects of this project have made it a great success. The most
significant factor contributing to project success was probably the pairing of federal funds
with funds from the Kentucky Erosion and Water Quality Cost Share Program and the
Kentucky Agriculture Development Fund, allowing numerous additional BMPs to be
installed in other areas where federal funds from this EPA 319 (h) grant could not be
spent. These additional BMPs should have provided greater water quality benefits for the
entire Clarks River watershed, but the additional funding and BMPs also helped to
generate interest and participation in the project, which was important in facilitating
community buy in for the project, also critical to the success of this project. The
numerous public meetings and events held throughout the project period were also vital
in developing the much needed community buy in for the project. The local project
manager was also critical in securing community buy in and participation for this project,
because he was well known and respected in the community.
One of the main lessons learned through this project was related to the repair or
replacement of failing septic systems. While local health departments have the authority
to force homeowners to fix their failing septic systems, there is no political will for
enforcement. Most of health departments in the area work on a complaints basis, only
forcing homeowners to fix their system when neighbors complain. Consequently, many
failing septic systems are never repaired. When the project team was developing the
application process for participation in the program, it was initially thought that the
program should be income based, similar to the Eastern Kentucky PRIDE Septic
program. However, the project team quickly realized that homeowners in some areas
would not fix their failing septic system, regardless of income, because it wasn’t their top
priority, and they were not going to be forced to fix the system. Consequently, the
participation in the program was open to everyone. With future projects, however, it
would be good if the political will could be shifted, so that local leaders place more
importance on the enforcement side, forcing more homeowners to fix their failing septic
systems instead of ignoring existing problems. This could allow more funds to be
available for local income homeowners who have no other options for repairing their
failing system.
As the project team was developing the application process for participation in the
program, it was also thought that the program should fix the worst offenders first, i.e.
straight pipes. However, there was not enough data collected during the watershed
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planning project to accurately identify straight pipes, and the local health department was
not aware of all the straight pipes in the area, as they typically work on a complaints
basis. If a neighbor hadn’t complained, it is unlikely that the local health department
would know about the straight pipe. This made it very difficult to target straight pipes.
With future projects, adequate data that allows the project team to definitely identify and
target straight pipes would be very helpful.
Future efforts could be undertaken to assess the effects that BMPs installed through this
project have had on water quality in the Clarks River watershed. It may take time for
direct water quality improvements to be visible, however, so lack of immediate
improvements should not be taken as a sign that this project was not successful. If water
quality improvements are not observed over time, additional monitoring activities should
be undertaken to better define the source of water quality problems, as there may be
additional sources not identified in the Watershed Based Plan for Clarks River (Strand
Associates, 2009) that was used as a guide for this project.
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Appendix A
Application Outputs:

Output
Submit all draft materials to the Cabinet for review and approval.
Several draft materials were submitted for approval, including:
• Clarks River BMP Implementation Project Overview (2/8/2010)
• Postcard Invitation to First Public Meeting (6/11/2010)
• Septic Installer Invitation Letter to Meeting (6/14/2010)
• Application for Participation in Best Management Program (6/14/2010)
• Application Process Outline (6/14/2010)
• PowerPoint Presentation for Septic Installer Meeting (6/15/2010)
• Clarification Letter to Septic Installers about Appropriate Documentation for Payment (8/2/2010)
• Postcard Invitation to Second Public Meeting (1/10/2011)
• Landowner Deadline Letter for Participation in Septic Repair Program (5/5/2011)
• Landowner Denial Letter for Participation in Septic Repair Program (7/6/2011)
• Landowner Letter to New Applicants about Participation in Program (1/25/2012)
• Poster for JPF Water Quality Awareness Event (3/15/2012)
Submit advanced written notice on all workshops, demonstrations, and/or field days to the
Cabinet.
No workshops, demonstrations, or field days were held as part of this project. Advance notice was
submitted for all public meetings and events.
Upon request of the Division of Conservation, submit Annual Report and/or participate in the
Cabinet sponsored biennial NPS Conference.
The FY2010 Annual Report was submitted on February 4, 2011. The FY2011 Annual Report was
submitted on November 21, 2011. No Annual Report was requested in 2008 or 2009 because no
BMPs had been installed.
Award of contract.
The contract was signed in January of 2008.
First project meeting.

Date
Finalized/
Produced

September,
2012

September,
2012

September,
2012

January,
2008
September,

The first project meeting was held on 9/28/2009 to build the project team and discuss the goals of the
project. A second project meeting was held on 12/10/2009 to outline the application process for
participation in the BMP program. A meeting with septic installers was held on 6/15/2010. The first
public meeting was held on 6/22/2010. A septic maintenance class was held on 7/20/2010. The first
EPA/KDOC site visit occurred on 8/16/2010. The second public meeting was held on 2/28/2011. The
second KDOC site visit was on 5/4/2011. The first public meeting discussing the community lagoon
system was held on 5/4/2011. Subsequent meetings about this system were held on 5/12/2011,
7/25/2011, and 7/26/2011. The third KDOC site visit occurred on 4/9/2012.

2009

Develop and submit a BMP Implementation Plan for NPS Program staff approval.
The BMP Implementation Plan was originally submitted in December of 2009, resubmitted on
5/6/2010, and approved by KDOC on 5/17/2010.

May, 2010

Submit monitoring plan to NPS Program staff for approval.
The first monitoring meeting with KDOW was held on 9/20/2010. The first draft of the Quality
Assurance Project Plan was submitted in April of 2011. Revisions to the document were made in
June of 2011 based on comments received from KDOW, and the plan was approved on 8/23/2011. A
revised Quality Assurance Project Plan was submitted on 5/26/2012 to show the change in laboratory
for bacterial source tracking analyses.
Begin field assessment of impairments to be addressed by BMP installation.
Field assessments of the impairments by the project manager began in October of 2009 and
concluded with the installation of the final BMPs in August of 2012.

23-Aug-11

August,
2012

Landowner/manager contacts.
The project manager began making contacts with potential participants in October of 2009. The
project manager held a septic installer meeting to explain the program on 6/15/2010, and held the
first public meeting to recruit participants on 6/22/2010. A public meeting was held on 2/28/2011 in
Murray to discuss recruit additional participants for the program. A public meeting was held on
5/4/2011 to discuss installation of a lagoon system in the Damon Creek watershed. The project
manager and/or Calloway County Conservation District staff attended public meetings of the Damon
Creek Watershed and Sewer Association, Inc. to discuss plans for an evapotranspiration lagoon
system for the Damon Creek watershed weekly from 5/4/2011 through the installation of the system
in July of 2012.

August,
2012

Landowner/manager project plans.
The project manager worked with participants, USDA engineers, and the Purchase District Health
Department to ensure all project plans met appropriate specifications starting in October of 2009.
The project manager and/or Calloway County Conservation District staff attended public meetings of
the Damon Creek Water Shed and Sewer Association, Inc. to discuss plans for a community lagoon
system for the Damon Creek watershed. The project manager worked with the Kentucky Cabinet for
Health and Human Services to ensure the community lagoon system met all appropriate regulations.
Landowner/manager agreements.

August,
2012

August,

Upon approval of the BMP Implementation Plan, the project manager started to develop agreements
and contracts with landowners. Forty agreements were developed to address failing septic systems.
The project manager worked with Murray State University School of Agriculture to develop an
agreement to build and equine waste storage facility. A contract was drafted between the Jackson
Purchase Foundation and the Damon Creek Watershed and Sewer Association regarding installation
of a community lagoon system for the Damon Creek watershed.

2012

BMP Installation begins.
BMP installation began in July of 2010. Forty failing septic systems were repaired or replaced. One
community lagoon system was constructed to treat wastewater from forty residences with failing
septic systems. One equine waste storage facility was constructed. A grassed waterway was
constructed with one landowner that was not eligible for any USDA Farm Bill programs.

August,
2012

Final BMPs installed.
Final BMPs were installed in July of 2012.

August,
2012

Collection of water samples.
The monitoring program in Chestnut Creek began in September of 2011 with monthly samples
collected through September of 2012.
Summarize monitoring data.
Preliminary analysis of monitoring data began upon completion of the monitoring program in
September of 2012.
Completion of all field work.
All field work was completed in September of 2012.

September ,
2012
September,
2012
September,
2012

Prepare final report.
Preparation of the final report began in June of 2012 and was completed in September of 2012.

September,
2012

Distribute WBP success story; submit three (3) copies of final report to KDOC.
A WBP success story will be developed upon completion of the project and approval of the final
report. This success story will be submitted to KDOC for review and then submitted to local media
outlets.

September,
2012

Budget Summary:
Original Budget:
Budget Categories

Section 319 (h)

Non-Federal Match

TOTAL

Personnel

$102,000

$68,000

$170,000

Supplies

$6,000

$4,000

$10,000

Equipment

$6,000

$4,000

$10,000

Travel

$7,200

$4,800

$12,000

Contractual

$270,000

$180,000

$450,000

Operating Costs

$45,770

$30,500

$76,270

Other

$0

$0

$0

TOTAL

$436,970

$291,300

$728,270

Budget Revision No. 1: (Approved by Kentucky Division of Water May 19, 2011)
Revised
NonRevised
Budget
Section 319
NonRevised
Federal
TOTAL
Section
Categories
(h)
Federal
TOTAL
Match
319 (h)
Match
$102,000
$68,000
$170,000
$46,816
$29,715
$76,531
Personnel
Supplies

$6,000

$4,000

$10,000

$3,000

$0

$3,000

Equipment

$6,000

$4,000

$10,000

$4,000

$0

$4,000

Travel

$7,200

$4,800

$12,000

$3,000

$0

$3,000

Contractual
Operating
Costs
Other

$270,000

$180,000

$450,000

$334,384

$231,085

$565,469

$45,770

$30,500

$76,270

$45,770

$30,500

$76,270

$0

$0

$0

$0

$0

$0

TOTAL

$436,970

$291,300

$728,270

$436,970

$291,300

$728,270

Personnel: The personnel category has been reduced to $73,531 to more accurately
reflect expenditures to date. Match will be provided through salary match by the
Calloway County Conservation District, and through meetings with project partners.
Supplies: The supplies category has been reduced to $3,000 to more accurately reflect
expenditures to date. The budget for this category will include general office supplies,
software, and paper/copier/printer supplies to complete reports and tasks of the project
manager.

Equipment: The budget for the equipment category has been reduced to $4,000 to more
accurately reflect expenditures to date. This includes funding to purchase meters to
monitor water quality in the Chestnut Creek watershed, including a multiparameter YSI
ProPlus, a Lamotte portable turbidity meter, and a portable flow meter.
Travel: The budget for the travel category has been reduced to $3,000 to more accurately
reflect expenditures to date. This includes transportation costs for project staff associated
with monitoring activities in the Chestnut Creek watershed.
Contractual: The budget for the contractual category has been increased to $565,469.
Match for this budget category will be provided through implementation of State Cost
Share projects within the greater Clarks River basin in Calloway, Marshall, Graves and
McCracken Counties. The federal portion of this budget category, $334,384, will be used
for BMP implementation (~$313,384) and analytical monitoring costs (~$21,000).
Operating Costs: The budget for this category has not been changed.

Budget Revision No. 2: (Approved by Kentucky Division of Water May 21, 2012)
Revised
NonRevised
Budget
Section 319
NonRevised
Federal
TOTAL
Section
Categories
(h)
Federal
TOTAL
Match
319 (h)
Match
$46,816
$29,715
$76,531
$39,465
$26,112
$65,577
Personnel
Supplies

$3,000

$0

$3,000

$1,500

$0

$1,500

Equipment

$4,000

$0

$4,000

$3,964

$0

$3,964

Travel

$3,000

$0

$3,000

$1,085

$0

$1,085

Contractual
Operating
Costs
Other

$334,384

$231,085

$565,469

$345,186

$234,688

$579,874

$45,770

$30,500

$76,270

$45,770

$30,500

$76,270

$0

$0

$0

$0

$0

$0

TOTAL

$436,970

$291,300

$728,270

$436,970

$291,300

$728,270

Personnel: The personnel category has been reduced to $65,577 to more accurately
reflect expenditures to date and the departure of the project manager. Remaining funds
will be used to pay personnel for monitoring in the Chestnut Creek watershed. Match will
be provided through salary match by the Calloway County Conservation District, and
through meetings with project partners.
Supplies: The supplies category has been reduced to $1,500 to more accurately reflect
expenditures to date. The budget for this category will include general office supplies,
software, and paper/copier/printer supplies to complete reports and tasks of the project
manager.
Equipment: The budget for the equipment category has been reduced to $3,964 to more
accurately reflect expenditures to date. This includes funding used to purchase meters to
monitor water quality in the Chestnut Creek watershed, including a multiparameter YSI
ProPlus, a Lamotte portable turbidity meter, and a portable flow meter.

Travel: The budget for the travel category has been reduced to $1,085 to more accurately
reflect expenditures to date. This includes transportation costs for project staff associated
with monitoring activities in the Chestnut Creek watershed.
Contractual: The budget for the contractual category has been increased to $579,361.
Match for this budget category will be provided through implementation of State Cost
Share projects within the greater Clarks River basin in Calloway, Marshall, Graves and
McCracken Counties, and landowner match provided for BMP implementation projects.
The federal portion of this budget category, $345,186, will be used for BMP
implementation (~$328,186) and analytical monitoring costs (~$17,000). To date, there is
approximately $27,097 remaining to be spent on BMP implementation, and $16,997
remaining to be generated in the match category.
Operating Costs: The budget for this category has not been changed.

Final Project Expenditures:
Budget
Categories

Section
319 (h)

NonFederal
Match

TOTAL

Final 319 (h)
Expenditures

Final NonFederal Match
Expenditures

Final
TOTAL
Expenditures

Personnel

$39,465

$26,112

$65,577

$40,627.91

$26,528.35

$67,156.25

Supplies

$1,500

$0

$1,500

$1,474.87

$0.00

$1,474.87

Equipment

$3,964

$0

$3,964

$3,963.57

$0.00

$3,963.57

Travel

$1,085

$0

$1,085

$1,049.33

$0.00

$1,049.33

Contractual
Operating
Costs
Other

$345,186

$234,688

$579,874

$344,084.32

$234,271.65

$578,355.98

$45,770

$30,500

$76,270

$45,770.00

$30,500.00

$76,270.00

$0

$0

$0

$0.00

$0.00

$0.00

TOTAL

$436,970

$291,300

$728,270

$436,970

$291,300.00

$728,270.00

The Jackson Purchase RC&D Foundation, Inc. was reimbursed $436,970. All dollars
were spent; there were no excess project funds to reallocate. This project did generate
overmatch of $45,663.80, provided by landowners participating in the BMP
Implementation portion of this project. This overmatch was not posted to the grant.

Equipment Summary:
Item

Units

Unit Price

YSI Multiparameter ProPlus

1

$2,329.52

Hach 2100Q Portable Turbidmeter

1

$792.86

Global Water Flow Probe Hand-held Flowmeter

1

$841.29

No equipment purchased directly through this grant has a current per-unit fair market
value exceeding $5,000. Equipment purchased through this project will be used by the
Friends of Clarks River National Wildlife Refuge as they continue environmental
monitoring activities in the Chestnut Creek subwatershed.
The Kubota RTV 900G Truck purchased during the Clarks River Watershed Based Plan
project and used for BMP implementation through this project has a current per-unit fair
market value exceeding $5,000. Disposition procedures will follow the requirements set
forth in 40 CFR Part 31.32.
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Introduction
The Watershed Based Plan for Clarks River, developed by Strand Associates, Inc. for the
Jackson Purchase RC&D Foundation, Inc., indicated that the top four pollutants in the
Clarks River watershed include:
1.
2.
3.
4.

Pathogens
Sediment
Temperature
Nutrients

Landowners within the Clarks River watershed will be recruited to install best
management practices (BMPs) on their properties that will address these top four
pollutants, pathogens, TSS, temperature and nutrients. BMPs will address multiple
categories of nonpoint source pollution, including agricultural, on-site waste disposal,
and urban sources. All potential landowners that wish to participate in the program will
be required to fill out an application, included in Appendix A.

Potential BMPs and Technologies to be Installed
Agricultural Nonpoint Source Pollution
Agriculture serves as a potentials source of each of the four pollutants described above.
Agricultural activities identified in the Watershed Based Plan for Clarks River that could
serve as potential sources the four pollutants identified include tilling and land clearing,
(a potential source of sediment and temperature problems), pesticide, herbicide and
fertilizer application (a potential source of nutrients), and livestock, AFOs and CAFOs (a
potential source of pathogens and sediment).
In an effort to address these agricultural nonpoint sources, numerous different BMPs may
be installed through this project. Potential participants will be asked to fill out a program
application, which has been included in Appendix A. Table 1 contains a list of NRCS
practices that may be used during this project and their practice codes. These practices
will be eligible for state cost share, which can be used as a potential source of landowner
match. Please see Appendix E for a more detailed description of these BMPs. Table 2
contains a list of other agricultural BMPs that are not part of the state cost share program,
but may be installed to prevent or reduce nonpoint sources of E. coli, TSS or temperature.
All agricultural and forestry BMPs that are installed through this project will comply with
the Kentucky Ag Water Quality Act or the Forest Conservation Act.
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Table 1. Potential NRCS Conservation Practices to be used in this project
Conservation Practice Name
Agrichemical Handling Facility
Waste Storage Facility
Animal Mortality Facility
Composting Facility
Channel Bank Vegetation
Clearing and Snagging
Conservation Cover
Conservation Crop Rotation
Residue and Tillage Management, No-Till/Strip Till/Direct Seed
Contour Farming
Contour Orchard and Other Fruit Area
Contour Buffer Strips
Cover Crop
Critical Area Planting
Sediment Basin
Waste Treatment Lagoon
Closure of Waste Impoundments
Diversion
Anaerobic Digester, Ambient Temperature
Waste Facility Cover
Pond
Fence
Field Border
Riparian Herbaceous Cover
Riparian Forest Buffer
Filter Strip
Stream Habitat Improvement and Management
Grade Stabilization Structure
Grassed Waterway
Lined Waterway or Outlet
Access Control
Mulching
Obstruction Removal
Forage Harvest Management
Pasture and Hay Planting
Pipeline

Code
309
313
316
317
322
326
327
328
329
330
331
332
340
342
350
359
360
362
365
367
378
382
386
390
391
393
395
410
412
468
472
484
500
511
512
516
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Prescribed Grazing
Pumping Plant
Roof Runoff Structure
Access Road
Heavy Use Area Protection
Runoff Management System
Animal Trails and Walkways
Stream Crossing
Streambank and Shoreline Protection
Channel Stabilization
Stripcropping
Nutrient Management
Pest Management
Watering Facility
Vegetated Treatment Area
Water and Sediment Control Basin
Well
Road/Trail/Landing Closure and Treatment
Forest Trails and Landings
Constructed Wetland
Wetland Creation
Wetland Restoration

528
533
558
560
561
570
575
578
580
584
585
590
595
614
635
638
642
654
655
656
658
657
* Please see Appendix E for descriptions of eligible NRCS Conservation Practices

Table 2. Other potential conservation practices to be used in this project.
Conservation Practice Name
Pumps, for the transmission of water from ponds, wells, springs or streams to
troughs or water devices
Ponds, must be fenced with a trough, or fenced with a limited access area
Chargers for electrical fencing
Extension of electrical service for water pumps
Water meters for municipal water sources
Moving feeding areas away from creeks
Rental payment for riparian areas
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On-Site Waste Disposal Nonpoint Source Pollution
Failing on-site waste disposal systems are potential sources of pathogens in the Clarks
River watershed. The Purchase District Health Department has indicated that the Clarks
River watershed continually faces issues with on-site waste disposal systems because
soils in the area are poorly suited for these systems, and systems are often not properly
maintained. To address failing on-site waste disposal systems in the Clarks River
watershed, the project manager will work with the Purchase District Health Department
to locate landowners with failing systems. Once these failing systems have been located,
they will either be repaired or replaced, depending on the system in question.
A public relations campaign will target local radio stations and local newspapers, with
assistance from the Calloway County Judge Executive. This campaign will advertise a
series a of public meetings where potential participants can get more information about
the program. Potential participants will then fill out a project application, and contact the
project manager to determine first if they are within the Clarks River Watershed, and then
if they are within one of the three critical watersheds or the septic focus area, as these will
be the initial target areas. If the applicants are within the project area, they will be
directed to the Purchase District Health Department where they will apply for a site
evaluation. If they are determined to have a failing on-site waste disposal system, they
will be directed to get three contractor bids for repair or replacement of the failing system
as specified by the Health Department Environmentalist. These bids, along with the
results of their site evaluation survey from the Purchase District Health Department, will
then be turned in to the project manager to determine eligibility for reimbursement of
60% of the costs through this program. A table showing some of the more common onsite waste disposal systems that could be installed through this project is included in
Appendix B. After work has been completed by the contractor, an on site inspection by
the Purchase District Health Department to ensure proper repairs or replacement of the
failing on-site waste disposal system have been completed. Example inspection reports
for the site evaluation and final inspection to be completed by the Purchase District
Health Department are included in Appendix C All receipts will then be turned into the
project manager for reimbursement.
A cap for repair or replacement of failing on-site waste disposal systems will be set at
$5,000, unless there are extenuating circumstances or site conditions that necessitate
more extensive repairs, as indicated by the environmental inspectors from the Purchase
District Health Department. In those circumstances, the applicant will be reimbursed for
60% of the total project costs exceeding the $5,000 cap. Potential sources of match for
on-site waste disposal system will come from the Purchase District Health Department
and landowner match. Inspection time and mileage to the site will be recorded and
contributed as match for each individual land owner from the Purchase District Health
Department.
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Urban Nonpoint Source Pollution
Urban construction activities are potential sources of sediment in the Clarks River
watershed. Urban development along a stream, including development in riparian zones,
is a potential source of the temperature issues observed within the Clarks River
watershed. The project manager, in cooperation with the City of Murray engineering
department, will work with contractors on local construction projects, ensuring proper
precautions to prevent sediment erosion, including cover and silt fences, are installed.
Urban areas also serve as potential sources of pathogens through improperly disposed of
pet waste. The project manager, in cooperation with the City of Murray Parks
Department, will install a pet waste cleanup station in parks commonly used by domestic
animals. One pet waste cleanup station has already been installed at the Murray-Calloway
County Dog Park, and will be used as a source of match for the installation of two more
cleanup stations at this dog park.

Description of the BMP Selection Process
BMPs and technologies selected by the project manager will be oriented around reducing
pathogens, sediment, temperature, and nutrients. Pathogens were found to be the number
one pollutant in the Clarks River watershed; consequently, BMPs that will directly affect
sources of pathogens will be highly encouraged. Other BMPs that will affect the sources
of pathogen, sediment, temperature, and nutrients concurrently will also be highly
encouraged.
The Clarks River watershed within Calloway County will be targeted for BMPs and
technologies first. Streams within the Clarks River watershed in Calloway County that
are included on the 2008 303d list include Bee Creek (nonsupport of warm water aquatic
habitat and primary contact recreation with the potential sources listed as municipal point
source discharges and unknown), the Clarks River (partial support of warm water aquatic
habitat and nonsupport of primary contact recreation with the potential sources listed as
agriculture, package plant or other permitted small flow discharges, and urban
runoff/storm sewers), Clayton Creek (partial support of warm water aquatic habitat with
the suspected sources listed as agriculture, loss of riparian habitat, rural residential areas,
and unknown), Damon Creek (nonsupport of primary contact recreation with the
suspected source listed as animal feeding operations), Middle Fork of Clarks River
(partial support of warm water aquatic habitat and nonsupport of primary contact
recreation with the suspected source listed as agriculture), and Farley Branch (partial
support of warm water aquatic habitat with the suspected source listed as agriculture).
BMPs and technologies that will directly affect these 303d listed streams will be highly
encouraged.
Other factors that will be considered by the project manager during the selection process
will include the relative treatment efficiency of the BMP, life expectancy of the practice,
estimated cost of the practice, operation, and maintenance required for the practice, and
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permits or easements necessary for implementation of the BMP. BMPs that will give the
most bang for the buck, so to speak, will be highly encouraged. The relative treatment
efficiency, life expectancy, and operation and maintenance require for individual BMPs
has been included in Appendix A in the more detailed descriptions for individual BMPs.
The estimated cost of individual BMPs has been included in Appendix E.

Description of the locational targeting process
Primary areas for BMP implementation will include the critical areas in the Clarks River
watershed located in Calloway County that were identified in the Watershed Based Plan
for Clarks River, including the Clayton Creek subwatershed, the Bee Creek
subwatershed, the Damon Creek subwatershed, and the septic focus area around the
Almo/Dexter area. BMPs that will address nonpoint sources of pathogens, sediments,
temperature, and nutrients in these areas will be funded first. A map showing the
locations of these areas has been included below (Figure 1). These critical areas were
selected with the following considerations in mind: potential load reductions from BMP
implementation, landowner willingness to participate in BMP implementation, landowner
income (especially important in the septic focus area), and twenty year wastewater plans
for Calloway County (especially important in the septic focus area).
Failing septic systems in each of these critical areas will be addressed as part of this
program. Urban BMPs will be focused in the Bee Creek subwatershed. Agricultural
BMPs will be focused in Bee Creek subwatershed, Clayton Creek subwatershed, Damon
Creek subwatershed.

Financial Plan of Action
This project will be cost shared at a 60% rate, with 60% of practice cost coming from the
grant, and 40% of practice cost coming from local match. Potential sources of local
match include the state cost share program for agricultural BMPs, use of landowner
equipment, landowner labor, conservation easements, and the Purchase District Health
Department labor and mileage. Existing state programs will be utilized to the maximum
extent possible to come up with the 40% local match required for this project. EQIP and
CSP will not be used as potential sources of match for the project.
Water Quality BMPs used as match and funded via the Kentucky Soil Erosion and Water
Quality Cost Share Program will be installed per the current “Kentucky Soil Erosion and
Water Quality Cost-Share Program Manual.” The manual, which cites the regulation
KRS 146.110-121, states the intent of the cost-share program, and describes the
eligibility process, application process, selection criteria, operation and maintenance
requirements, etc. These BMPs will be demonstrated in accordance with guidance
provided by the Division of Conservation.
Restrictions:
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Size of ponds will be based on reasonable livestock watering needs. Additional
costs associated with larger pond capacity will be borne by the producer.

Any BMP or system considered for funding under this program must be reviewed
for the potential to improve water quality. BMPs or systems that are primarily for
improving production or efficiency of the producer’s operation will not be eligible
for funding.
Figure 1. Map showing the locations of the critical areas within the Clarks River
Watershed where installation of best management practices will initially be focused.
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Costs for alternative water supplies are only eligible if livestock are excluded
from streams or other water bodies.

Maintenance Agreement with Landowner
All landowners participating in the project will be required to sign a maintenance
agreement with the project manager to ensure that proper maintenance of the practice will
be performed for the life of the practice. Agreements must be signed before any payments
will be made. Each maintenance agreement will be tailored to the individual practice,
including the extent of maintenance required and the length of time maintenance is
required.

Notification of Kentucky Division of Water
The Kentucky Division of Water, NPS Section Technical Advisor for this project, Angie
Wingfield, will be advised of the selected BMPs before implementation actually begins.
Notification will include the selected BMP, the location where the BMP will be installed,
and the expected date of implementation. This notification may take the form of a letter
or an electronic notification to the TA. Batch notifications of practices may also be used.
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Appendix A
Clarks River BMP Implementation Program Application

Clarks River BMP Implementation Program Application
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To be filled out by participant:

Participant’s Name______________________________________________

Address_______________________________________________________

City __________________________

State____

Zip Code___________

Phone Number__________________________________

SSN or TIN ____________________________________
(Required to receive payment. All participants receiving more than $600
will receive a Form 1099 from the Jackson Purchase Foundation.)
To be filled out by project manager:

Application No. ________________

Date Received__________________

GPS Coordinates______________________________________________

Category of Nonpoint Source Pollution to be addressed:

_________Agriculture

_________On-Site Waste Disposal

_________Urban
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Appendix B
On-Site Waste Disposal Systems
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Specifications for Typical On-Site Waste Disposal Systems to be
Installed through this Program
Number of
Bedrooms
1

2

3

4

Trench
Depth
6”
12”
18”
24”
6”
12”
18”
24”
6”
12”
18”
24”
6”
12”
18”
24”

Tank Size
1000 w/o disposal

Pump
Tank
y/n

Curtain
Drain
y/n

Pumped
Curtain
y/n

y/n

y/n

y/n

y/n

y/n

y/n

y/n

y/n

y/n

1250 w/ disposal
1000 w/o disposal
1250 w/ disposal
1000 w/o disposal
1250 w/ disposal
1250 w/o disposal
1500 w/ disposal

*Details of the minimum requirements for a specific on-site waste disposal system will
be determined by the Purchase District Health Department during their initial on-site
evaluation.
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Appendix C
Purchase District Health Department Inspection Reports

Initial Site Evaluation Survey
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Final Inspection Survey
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Appendix D
Estimated Costs of Practices
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NRCS
KY

AVERAGE COSTS OF CONSERVATION PRACTICE
COMPONENTS BY PRACTICE

2007-2008 State Cost Share
Practice
Code

Practice
Name

309

AGRICHEMICAL HANDLING FACILITY

Component
Agrichemical Handling Facility Installed (Includes materials and
construction)

313

Field Office
Technical Guide
Section 1
Unit
Unit
Cost
Type
Estimate

Ea

$25,000.00

WASTE STORAGE FACILITY - Dry Stack
Covered Waste Storage Structure

Ea

Construction Site Prep - Very Light

Ac

$58.60

Construction Site Prep - Light

Ac

$293.00

Construction Site Prep - Medium

Ac

$562.56

Construction Site Prep - Heavy

Ac

$855.56

5" Concrete Floor w/ 4' ht. x 6" w. Concrete Wall *

Sq Ft

$9.98

5" Concrete Floor w/ 4 1/2' ht. x 2" PT Timber Wall *

Sq Ft

$8.93

5" Concrete Floor w/ 4' ht. X 2" PT Timber Wall (Hoop Roof Structure) *

Sq Ft

$7.88

Drainfill: Rock or Sand

Tons

$18.90

Pole Barn Type Structure (w/o floor or walls) *

Sq Ft

$5.51

Concrete Floor Slabs & Concrete Footers

Cu Yd

$136.50

Concrete Walls Formed Surface (w/ one mat of steel reinforcement)

Cu Yd

$189.00

Concrete Walls Formed Surface (w/ two mats of steel reinforcement)

Cu Yd

$210.00

Introduced Grasses (applied)

Ac

$237.00

Mulching (2 tons/ac applied)

Ac

$450.00

* Above cost are on an installed basis except for site preparation (earthmoving) and vegetation
establishment, if needed. All measurements for SF calculations are from outside of post to outside of
post of designed structure.

313

WASTE STORAGE FACILITY - Wet System
Construction Site Prep - Very Light

Ac

$58.60

Construction Site Prep - Light

Ac

$293.00

Construction Site Prep - Medium

Ac

$562.56

Construction Site Prep - Heavy

Ac

$855.56

Earthmoving: Compacted Embankment

Cu Yd

$2.50

Earthmoving: Design Storage Volume, Normal Conditions

Cu Ft

$0.08

Earthmoving: Design Storage Volume, Rock, Fill Borrowed

Cu Ft

$0.13

Guttering & Downspouts - 5" or 6" (Installed)

Lin Ft

$3.15

Concrete (Slab in Place, includes wire mesh or fiber)

Cu Yd

$136.50

Concrete (Walls in Place, includes steel reinforcement)

Cu Yd

$189.00

Pond Liner: Compacted Clay (Installed)

Cu Yd

$2.10

Pond Liner: Synthetic (Installed)

Sq Ft

$0.53

Guard Rail Kit: 6" x 12' (Installed)

Ea

$115.50

Waste Structure Warning Sign: 12" x 10" Alum (Inst)

Ea

$11.55

Geologic Investigation (Equipment & Operator)

Ea

$315.00

Drainfill: Rock or Sand

Tons

$18.90

Schd 40 PVC Pipe: 4" (installed)

Lin Ft

$4.48

Schd 40 PVC Pipe: 6" (Installed)

Lin Ft

$4.83
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313

Schd 40 PVC Pipe: 8" (Installed)

Lin Ft

Schd 40 PVC Pipe: 10" (Installed)

Lin Ft

$6.93
$8.26

Schd 40 PVC Pipe: 12" (Installed)

Lin Ft

$13.65

Schd 80 PVC Pipe: 4" (installed)

Lin Ft

$4.48

Schd 80 PVC Pipe: 6" (installed) Lin Ft $ 8 .30 AC

Lin Ft

$8.30

Schd 80 PVC Pipe: 8" (installed) Lin Ft $ 1 2.33 AC

Lin Ft

$12.33

Schd 80 PVC Pipe: 10" (Installed) Lin Ft $ 1 8.54 AC

Lin Ft

$18.54

Schd 80 PVC Pipe: 12" (Installed) Lin Ft $ 2 4.39 AC

Lin Ft

$24.39

PVC SDR26 Pipe: 4" (Installed) Lin Ft $ 2 .36 AC

Lin Ft

$2.36

PVC SDR26 Pipe: 6" (Installed) Lin Ft $ 4 .25 AC

Lin Ft

$4.25

PVC SDR26 Pipe: 8" (Installed) Lin Ft $ 6 .30 AC

Lin Ft

$6.30

PVC SDR26 Pipe: 10" (Installed) Lin Ft $ 9 .03 AC

Lin Ft

$9.03

PVC SDR26 Pipe: 12" (Installed) Lin Ft $ 1 2.44 AC

Lin Ft

$12.44

Introduced Grasses (applied) Ac $ 2 37.00 AC

Lin Ft

$237.00

Mulching (2 tons/ac applied) Ac $ 4 50.00 AC

Lin Ft

$450.00

WASTE STORAGE - Litter Storage
Construction Site Prep - Very Light

Ac

$58.60

Construction Site Prep - Light

Ac

$293.00

Construction Site Prep - Medium

Ac

$562.56

Construction Site Prep - Heavy

Ac

$855.56

5" Concrete Floor w/ 4' ht. x 6" w. Concrete Wall *

Sq Ft

$9.98

5" Concrete Floor w/ 4' ht. X 2" PT Timber Wall (Hoop Roof Structure) *

Sq Ft

$8.93

5" Concrete Floor w/ 4 1/2' ht. X 2" PT Timber Wall (Hoop Roof
Structure) *

Sq Ft

$7.88

Dirt/Lime Floor w/ 4 1/2' ht.x 2" PT Timber Wall *

Sq Ft

$6.04

FACILITY - Litter Storage Dirt/Lime Floor w/ 4' ht. W/ 2" PT Timber Wall
(Hoop Roof Structure) *

Sq Ft

$5.25

Dirt/Lime Floor w/ 4' ht. x 6" w. Concrete Wall *

Sq Ft

$7.35

* Above cost are on an installed basis except for site preparation (earthmoving) and vegetation
establishment, if needed. All measurements for SF calculations are from outside of post to outside of
post of designed structure.
Introduced Grasses (applied)
Mulching (2 tons/ac applied)

316

$237.00
Ac

$450.00

Ea

$15,000.00

ANIMAL MORTALITY FACILITY
Animal Mortality Facility Installed (Includes material and construction)

317

Ac

COMPOSTING FACILITY
Construction Site Prep - Very Light

Ac

$58.60

Construction Site Prep - Light

Ac

$293.00

Construction Site Prep - Medium

Ac

$562.56

Construction Site Prep - Heavy

Ac

$855.56

5" Concrete Floor w/ 4' ht. x 6" w. Concrete Wall *

Sq Ft

$9.98

Concrete Wall (4' ht. x 6" wide): Installed

Lin Ft

$39.90

Wood Wall (4 1/2' ht w/ 2" PT timbers): Installed

Lin Ft

$25.20

Drainfill: Rock or Sand

Tons

$18.90
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Pole Barn Type Structure (w/o floor or walls) *

Sq Ft

$5.51

Concrete Floor Slabs & Concrete Footers

Cu Yd

$136.50

Concrete Walls Formed Surface (w/ one mat of steel reinforcement)

Cu Yd

$189.00

Concrete Walls Formed Surface (w/ two mats of steel reinforcement)

Cu Yd

$210.00

Introduced Grasses (applied)

Ac

$237.00

Mulching (2 tons/ac applied)

Ac

$450.00

* Above cost are on an installed basis except for site preparation (earthmoving) and vegetation
establishment, if needed. All measurements for SF calculations are from outside of post to outside of
post of designed structure.

322

CHANNEL BANK VEGETATION
Channel Bank Vegetation (Includes installation and maintenance)

326

Lin Ft

$40.00

Lin Ft

$1.00

Introduced Grass & Legume (applied/conv.disking)

Ac

$159.60

Introduced Grass & Legume (applied/one burndown)

Ac

$195.30

Introduced Grass & Legume (applied/two burndowns)

Ac

$232.05

Native Grass & Legume, lighter seeding rate (applied/conv.disking)

Ac

$124.95

Native Grass & Forbs (applied/conv.disking)

Ac

$147.00

Native Grass & Legume, lighter seeding rate (applied/one burndown)

Ac

$161.70

CLEARING AND SNAGGING
Removal of snags and drifts from channel

327

328

CONSERVATION COVER

Native Grass & Forbs (applied/one burndown)

Ac

$182.70

Native Grass & Legume, lighter seeding rate (applied/two burndowns)

Ac

$198.45

Native Grass & Forbs (applied/two burndowns)

Ac

$219.45

Mowing

Ac

$20.00

Herbicide Application

Ac

$40.00

Conservation Crop Rotation - Develop and implement a crop rotation
with average soil losses within acceptable levels (T) - 'ORGANIC' OR
'TRANSITION TO ORGANIC' ONLY

Ac

$0

Conservation Crop Rotation - Develop and implement a crop rotation
with average soil losses within acceptable levels (T) - 'ORGANIC' OR
'TRANSITION TO ORGANIC' ONLY-HU

Ac

$0

CONSERVATION CROP ROTATION

Conservation Crop Rotation will be highly encouraged through this project, but no cost share funds
will be used.

329

RESIDUE AND TILLAGE MANAGEMENT - NO-TILL/ STRIP TILL/ DIRECT SEED
Every Crop and Cover Crop that is part of the rotation is seeded with notill drills OR broadcast & incorporated without full width tillage implement
AND no full width tillage in the rotation. STIR for the ROTATION MUST
BE LESS THAN 30 and >15

Ac

$0

Every Crop and Cover Crop that is part of the rotation is seeded with notill drills OR broadcast & incorporated without full width tillage implement
AND no full width tillage in the rotation. STIR for the ROTATION MUST
BE LESS THAN 30 and >15-HU

Ac

$0
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Every Crop and Cover Crop that is part of the rotation is seeded with notill drills OR broadcast & incorporated without full width tillage implement
AND no full width tillage in the rotation. STIR for the ROTATION MUST
BE LESS THAN 15 and >8

Ac

$0

Every Crop and Cover Crop that is part of the rotation is seeded with notill drills OR broadcast & incorporated without full width tillage implement
AND no full width tillage in the rotation. STIR for the ROTATION MUST
BE LESS THAN 15 and >8-HU

Ac

$0

Every Crop and/or Cover Crop that is part of the rotation is seeded with
no-till drills OR broadcast & incorporated without full width tillage
implement AND there is no full width tillage at all in the rotation. STIR
for the ROTATION MUST BE LESS THAN 8

Ac

$0

Every Crop and Cover Crop that is part of the rotation is seeded with notill drills OR broadcast & incorporated without full width tillage implement
AND there is no full width tillage at all in the rotation. STIR for the
ROTATION MUST BE LESS THAN 8-HU

Ac

$0

Residue and Tillage Management – No-Till/Strip Till/Direct Seed will be highly encouraged through
this project, but no cost share funds will be uased.

330

CONTOUR FARMING
Contour Farming

331

Ac

$0

Ac

250

Introduced Grass & Legume (applied/conv.disking)

Ac

Introduced Grass & Legume (applied/one burndown)

Ac

$0
$0

Introduced Grass & Legume (applied/two burndowns)

Ac

$0

Native Grass & Legume, lighter seeding rate (applied/conv.disking)

Ac

$0

Native Grass & Forbs (applied/conv.disking)

Ac

$0

Native Grass & Legume, lighter seeding rate (applied/one burndown)

Ac

$0

Native Grass & Forbs (applied/one burndown)

Ac

$0

Native Grass & Legume, lighter seeding rate (applied/two burndowns)

Ac

$0

Native Grass & Forbs (applied/two burndowns)

Ac

$0

Mowing

Ac

$0

Herbicide Application

Ac

$0

CONTOUR ORCHARD AND OTHER FRUIT AREA
Contour Farming of Orchards and other Fruit Areas

332

CONTOUR BUFFER STRIPS

Contour Buffer Strips will be highly encouraged through this project, but no cost share funds will be
used.

340

COVER CROP
Using Wheat Cover Crop (with Herbicide Kill) to ensure that there is
always something growing (in the typically fallow winter period) in the
field throughout the ENTIRE crop rotation.

Ac

$0

Using Wheat Cover Crop (with Herbicide Kill) to ensure that there is
always something growing (in the typically fallow winter period) in the
field throughout the ENTIRE crop rotation.-HU

Ac

$0

Using Cereal Rye Cover Crop (with Herbicide Kill) to ensure that there is
always something growing (in the typically fallow winter period) in the
field throughout the ENTIRE crop rotation.

Ac

$0
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Using Cereal Rye Cover Crop (with Herbicide Kill) to ensure that there is
always something growing (in the typically fallow winter period) in the
field throughout the ENTIRE crop rotation.-HU

Ac

$0

Using Cereal Rye Cover Crop (Rolled Down in the Spring) to ensure
that there is always something growing (in the typically fallow winter
period) in the field throughout the ENTIRE crop rotation.

Ac

$0

Using Cereal Rye Cover Crop (Rolled Down in the Spring) to ensure
that there is always something growing (in the typically fallow winter
period) in the field throughout the ENTIRE crop rotation.-HU

Ac

$0

Using Cereal Rye Cover Crop (Rolled Down in the Spring) to ensure
that there is always something growing (in the typically fallow winter
period) in the field throughout the ENTIRE crop rotation. - 'ORGANIC'
OR 'TRANSITION TO ORGANIC' ONLY

Ac

$0
$0

Using Cereal Rye Cover Crop (Rolled Down in the Spring) to ensure
that there is always something growing (in the typically fallow winter
period) in the field throughout the ENTIRE crop rotation. - 'ORGANIC'
OR 'TRANSITION TO ORGANIC' ONLY-HU

Ac
$0

Using Cereal Rye Cover Crop (Rolled Down in the Spring and Sprayed
with Herbicide to Ensure Complete Kill) so that there is always
something growing (in the typically fallow winter period) in the field
throughout the ENTIRE crop rotation.

Ac
$0

Using Cereal Rye Cover Crop (Roll Down in the Spring and Sprayed
with Herbicide to Ensure Complete Kill) so that there is always
something growing (in the typically fallow winter period) in the field
throughout the ENTIRE crop rotation.-HU
Using Cereal Rye Cover Crop (Spring Rolled Down and Sprayed with
Herbicide) so that there is always something growing (in the typically
fallow winter period) in the field throughout the ENTIRE crop rotation. 'ORGANIC' OR 'TRANSITION TO 'ORGANIC' ONLY

Ac
$0

Ac
$0

Using Cereal Rye Cover Crop (Spring Roll Down and Sprayed with
Herbicide) so that there is always something growing (in the typically
fallow winter period) in the field throughout the ENTIRE crop rotation. 'ORGANIC' OR 'TRANSITION TO 'ORGANIC' ONLY-HU

Ac

Green Manure Crop - Incorporated

Ac

Green Manure Crop - Incorporated-HU

Ac

$0
$0
$0

Green Manure Crop - Incorporated - 'ORGANIC' OR 'TRANSITION TO
ORGANIC' ONLY

Ac

Green Manure Crop - Incorporated - 'ORGANIC' OR 'TRANSITION TO
ORGANIC' ONLY-HU

Ac

$0

Cover Crop will be highly encouraged through this project, but no cost share funds will be used.

342

CRITICAL AREA PLANTING
Earthmoving: Light grading/shaping (1-2 hrs/ac)

Ac

$162.50

Earthmoving: Medium grading/shaping (2-6 hrs/ac)

Ac

$493.75

Earthmoving: Heavy grading/shaping (6-10 hrs/ac)

Ac

$818.75

Earthmoving: Very heavy grading/shaping(>10hrs/ac)

Ac

$1,500.00

Equipment Mobilization

Ea

$200.00

Erosion Control Blanket, Type I (Installed)

Sq Yd

$1.13

Erosion Control Blanket, Type II (Installed)

Sq Yd

$1.50

Erosion Control Blanket, Type III (Installed)

Sq Yd

$5.52

Ac

$237.00

Introduced Grasses (applied)
Native Grasses (applied)

Ac

$170.00

Mulching (2 tons/ac applied)

Ac

$450.00

Tree/Shrub Planting (applied) < 1500 trees-total (trees/shrubs & planting
included)

Ac

$589.05
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350

Tree/Shrub Planting (applied) > 1500 trees-total (trees/shrubs & planting
included)

Ac

$438.90

Herbicide Application

Ac

$40.00

Small Grain Cover Crop (applied)

Ac

$43.05

SEDIMENT BASIN
Sediment Basin Installed (Includes material and construction costs)

359

369

$2,000.00

WASTE TREATMENT LAGOON
Construction Site Prep - Very Light

Ac

$58.60

Construction Site Prep - Light

Ac

$293.00

Construction Site Prep - Medium

Ac

$562.56

Construction Site Prep - Heavy

Ac

$855.56

Earthmoving: Compacted Embankment

Cu Yd

$2.50

Earthmoving: Design Storage Volume, Normal Conditions

Cu Ft

$0.08

Earthmoving: Design Storage Volume, Rock, Fill Borrowed

Cu Ft

$0.13

Guttering & Downspouts - 5" or 6" (Installed)

Lin Ft

$3.15

Concrete (Slab in Place, includes wire mesh or fiber)

Cu Yd

$136.50

Concrete (Walls in Place, includes steel reinforcement)

Cu Yd

$189.00

Pond Liner: Compacted Clay (Installed)

Cu Yd

$2.10

Pond Liner: Synthetic (Installed)

Sq Ft

$0.53

Guard Rail Kit: 6" x 12' (Installed)

Ea

$115.50

Waste Structure Warning Sign: 12" x 10" Alum (Inst)

Ea

$11.55

Geologic Investigation (Equipment & Operator)

Ea

$315.00

Drainfill: Rock or Sand

Tons

$18.90

Schd 40 PVC Pipe: 4" (installed)

Lin Ft

$4.48

Schd 40 PVC Pipe: 6" (Installed)

Lin Ft

$4.83

Schd 40 PVC Pipe: 8" (Installed)

Lin Ft

$6.93

Schd 40 PVC Pipe: 10" (Installed)

Lin Ft

$8.26

Schd 40 PVC Pipe: 12" (Installed)

Lin Ft

$13.65

Schd 80 PVC Pipe: 4" (installed)

Lin Ft

$4.48

Schd 80 PVC Pipe: 6" (installed)

Lin Ft

$8.30

Schd 80 PVC Pipe: 8" (installed)

Lin Ft

$12.33

Schd 80 PVC Pipe: 10" (Installed)

Lin Ft

$18.54

Schd 80 PVC Pipe: 12" (Installed)

Lin Ft

$24.39

PVC SDR26 Pipe: 4" (Installed)

Lin Ft

$2.36

PVC SDR26 Pipe: 6" (Installed)

Lin Ft

$4.25

PVC SDR26 Pipe: 8" (Installed)

Lin Ft

$6.30

PVC SDR26 Pipe: 10" (Installed)

Lin Ft

$9.03

PVC SDR26 Pipe: 12" (Installed)

Lin Ft

$12.44

Introduced Grasses (applied)

Ac

$237.00

Mulching (2 tons/ac applied)

Ac

$450.00

Ea

$10,000.00

CLOSURE OF WASTE IMPOUNDMENT
Closure of Waste Impoundment Total Cost

362

Ea

DIVERSION
Diversion (includes earthmoving & vegetation establishment)
Equipment Mobilization

Lin Ft

$2.42

Ea

$200.00

Hide-A-Bale Barrier (per installed bale)

Ea

$8.40

Rock Retarding Barrier (Installed)

Ton

$27.06
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365

ANAEROBIC DIGESTER, AMBIENT TEMPERATURE
Anaerobic Digester, Ambient Temperature, Installed (Includes material
and construction costs)

367

378

Ea

$20,000.00

Waste Facility Cover Installed (Includes material and construction costs)

Ea

$10,000.00

Embankment Pond 2/

Ea

$11,538.46

Excavated Pond 3/

Ea

$4,615.38

Rock/Geo-Textile (Installed)

Sq Ft

$1.26

Fence: Permanent (Containment) (Installed)

Lin Ft

$2.50

Fence: Permanent (Deterrent) (Installed)

Lin Ft

$1.50

Gate: 8' Tubular (Installed)

Ea

$51.75

Gate: 10' Tubular (Installed)

Ea

$58.65

Gate: 12' Tubular (Installed)

Ea

$66.70

Gate: 14' Tubular (Installed)

Ea

$74.18

Gate: 16' Tubular (Installed)

Ea

$80.50

Introduced Grass & Legume (applied/conv.disking)

Ac

$159.60

Introduced Grass & Legume (applied/one burndown)

Ac

$195.30

Introduced Grass & Legume (applied/two burndowns)

Ac

$232.05

Native Grass & Legume, lighter seeding rate (applied/conv.disking)

Ac

$124.95

Native Grass & Forbs (applied/conv.disking)

Ac

$147.00

Native Grass & Legume, lighter seeding rate (applied/one burndown)

Ac

$161.70

WASTE FACILITY COVER

POND

Water Access Ramp (Pond must be fenced to exclude cattle)

382

386

390

FENCE

FIELD BORDER

Native Grass & Forbs (applied/one burndown)

Ac

$182.70

Native Grass & Legume, lighter seeding rate (applied/two burndowns)

Ac

$198.45

Native Grass & Forbs (applied/two burndowns)

Ac

$219.45

Tree/Shrub Planting (applied) < 1500 trees-total (trees/shrubs & planting
included)

Ac

$589.05

Tree/Shrub Planting (applied) > 1500 trees-total (trees/shrubs & planting
included)

Ac

$438.90

Mowing

Ac

$20.00

Herbicide Application

Ac

$40.00

Lin Ft

$40.00

RIPARIAN HERBACEOUS COVER
Riparian Herbaceous Cover

391

RIPARIAN FOREST BUFFER

Must be used in conjunction w\with use exclusion where livestock are present

0-50-50; 3 tons lime (Applied)

Ac

$75.70

Introduced Grass & Legume (applied/conv.disking)

Ac

$159.60

Introduced Grass & Legume (applied/one burndown)

Ac

$195.30

Introduced Grass & Legume (applied/two burndowns)

Ac

$232.05

Native Grass & Forbs (applied/one burndown)

Ac

$182.70

Native Grass & Forbs (applied/two burndowns)

Ac

$219.45

Native Grass & Legume, lighter seeding rate (applied/conv.disking)

Ac

$124.95

Native Grass & Legume, lighter seeding rate (applied/one burndown)

Ac

$161.70

Native Grass & Legume, lighter seeding rate (applied/two burndowns)

Ac

$198.45
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393

395

Tree/Shrub Planting (applied) < 1500 trees-total (trees/shrubs & planting
included)

Ac

$589.05

Tree/Shrub Planting (applied) > 1500 trees-total (trees/shrubs & planting
included)

Ac

$438.90

Mowing

Ac

$20.00

Herbicide Application

Ac

$40.00

FILTER STRIP
0-50-50; 3 tons lime (Applied)

Ac

$75.70

Introduced Grass & Legume (applied/conv.disking)

Ac

$159.60

Introduced Grass & Legume (applied/one burndown)

Ac

$195.30

Introduced Grass & Legume (applied/two burndowns)

Ac

$232.05

Native Grass & Forbs (applied/one burndown)

Ac

$182.70

Native Grass & Forbs (applied/two burndowns)

Ac

$219.45

Native Grass & Legume, heavier seeding rate (applied/conv.disking)

Ac

$174.30

Native Grass & Legume, heavier seeding rate (applied/one burndown)

Ac

$211.05

Native Grass & Legume, heavier seeding rate (applied/two burndowns)

Ac

$247.80

Earthmoving: Light grading/shaping (1-2 hrs/ac)

Ac

$162.50

Earthmoving: Medium grading/shaping (2-6 hrs/ac)

Ac

$493.75

Mowing

Ac

$20.00

Herbicide Application

Ac

$40.00

Lin Ft

$40.00

STREAM HABITAT IMPROVEMENT AND MANAGEMENT
Stream Habitat Improvement and Management

410

GRADE STABILIZATION STRUCTURE
Construction Site Prep - Very Light

Ac

$58.60

Construction Site Prep - Light

Ac

$293.00

Construction Site Prep - Medium

Ac

$562.56

Construction Site Prep - Heavy

Ac

$855.56

Earthmoving: Compacted Embankment

Cu Yd

$2.50

Geo-Textile (Installed)

Sq Yd

$2.10

Gabion Baskets (thickness >= 12 in., installed with rock)

Cu Yd

$99.75

Gabion Mattresses (thickness < 32 in., installed with rock)

Cu Yd

$120.75

Riprap (Chute in Place)

Ton

$27.50

Riprap (With Wire in Place)

Ton

$38.50

Rock, Filter Fabric, Pipe, Cattle Panel, Labor (Installed)

Ton

$37.68

Rock: #610, 57, 4,3,2 DGA, Class I Sand (Installed)

Ton

$18.90

Equipment Mobilization

Ea

$200.00

Bar Guard Intake (6") (Installed)

Ea

$29.40

Bar Guard Intake (8") (Installed)

Ea

$30.45

Bar Guard Intake (10") (Installed)

Ea

$33.60

Bar Guard Intake (12") (Installed)

Ea

$39.90

Bar Guard Intake (18") (Installed)

Ea

$56.70

Bar Guard Intake (24") (Installed)

Ea

$73.50

Plastic Pipe, Anti-Seep Collar (2' x 2') (Installed)

Ea

$36.75

Plastic Pipe, Anti-Seep Collar (4' x 4') (Installed)

Ea

$52.50

Plastic Pipe, Anti-Seep Collar (5' x 5') (Installed)

Ea

$73.50

Plastic Pipe, Anti-Seep Collar (6' x 6') (Installed)

Ea

$94.50

Sheet Metal: (16 Gage)

Sq Ft

$1.47

Metal, Anti-Seep Collar, 10" Dia, 16 gage

Ea

$111.35

Metal, Anti-Seep Collar, 12" Dia, 16 gage

Ea

$138.60

Metal, Anti-Seep Collar, 15" Dia, 16 gage

Ea

$154.35
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Metal, Anti-Seep Collar, 18" Dia, 16 gage

Ea

$165.90

Metal, Anti-Seep Collar, 24" Dia, 14 gage

Ea

$215.25

Metal, Anti-Seep Collar, 30" Dia, 14 gage

Ea

$259.35

Metal, Anti-Seep Collar, 36" Dia, 12 gage

Ea

$310.80

Drainage/Filter Diaphragm (sand collar, installed)

Cu Yd

$36.75

Corrugated Aluminum Pipe: 10" (Installed)

Lin Ft

$10.50

Corrugated Aluminum Pipe: 12" (Installed)

Lin Ft

$13.65

Corrugated Aluminum Pipe: 15" (Installed)

Lin Ft

$18.06

Corrugated Aluminum Pipe: 18" (Installed)

Lin Ft

$21.84

Corrugated Aluminum Pipe: 24" (Installed)

Lin Ft

$25.20

Corrugated Aluminum Pipe: 30" (Installed)

Lin Ft

$37.49

Corrugated Aluminum Pipe: 36" (Installed)

Lin Ft

$39.38

Corrugated Metal Pipe: 12" Dia, 16 gage - Galvanized (Inst)

Lin Ft

$9.45

Corrugated Metal Pipe: 15" Dia, 16 gage - Galvanized (Inst)

Lin Ft

$12.60

Corrugated Metal Pipe: 18" Dia, 16 gage - Galvanized (Inst)

Lin Ft

$14.70

Corrugated Metal Pipe: 24" Dia, 14 gage - Galvanized (Inst)

Lin Ft

$16.80

Corrugated Metal Pipe: 30" Dia, 14 gage - Galvanized (Inst)

Lin Ft

$21.00

Corrugated Metal Pipe: 36" Dia, 12 gage - Galvanized (Inst)

Lin Ft

$23.36

Metal Pipe, Anti-Vortex Baffle (pipe diameter installed)

Inches

$12.60

Metal Pipe, Fabrication of Riser Tee Joint (riser diameter installed)

Inches

$4.46

Metal Pipe, Hood Inlet (pipe diameter installed)

Inches

$15.75

Corrugated Plastic, Double Walled Pipe: 4" (Installed)

Lin Ft

$1.84

Corrugated Plastic, Double Walled Pipe: 6" (Installed)

Lin Ft

$3.00

Corrugated Plastic, Double Walled Pipe: 8" (Installed)

Lin Ft

$4.20

Corrugated Plastic, Double Walled Pipe: 10" (Installed)

Lin Ft

$5.86

Corrugated Plastic, Double Walled Pipe: 12" (Installed)

Lin Ft

$6.53

Corrugated Plastic, Double Walled Pipe: 15" (Inst)

Lin Ft

$8.47

Corrugated Plastic, Double Walled Pipe: 18" (Inst)

Lin Ft

$11.47

Corrugated Plastic, Double Walled Pipe: 24" (Inst)

Lin Ft

$16.36

Corrugated Plastic, Double Walled Pipe: 30" (Inst)

Lin Ft

$25.66

Corrugated Plastic, Double Walled Pipe: 36" (Inst)

Lin Ft

$34.96

Schd 40 PVC Pipe: 4" (installed)

Lin Ft

$4.48

Schd 40 PVC Pipe: 6" (Installed)

Lin Ft

$4.83

Schd 40 PVC Pipe: 8" (Installed)

Lin Ft

$6.93

Schd 40 PVC Pipe: 10" (Installed)

Lin Ft

$8.26

Schd 40 PVC Pipe: 12" (Installed)

Lin Ft

$13.65

Schd 80 PVC Pipe: 4" (installed)

Lin Ft

$4.48

Schd 80 PVC Pipe: 6" (installed)

Lin Ft

$8.30

Schd 80 PVC Pipe: 8" (installed)

Lin Ft

$12.33

Schd 80 PVC Pipe: 10" (Installed)

Lin Ft

$18.54

Schd 80 PVC Pipe: 12" (Installed)

Lin Ft

$24.39

PVC SDR26 Pipe: 4" (Installed)

Lin Ft

$2.36

PVC SDR26 Pipe: 6" (Installed)

Lin Ft

$4.25

PVC SDR26 Pipe: 8" (Installed)

Lin Ft

$6.30

PVC SDR26 Pipe: 10" (Installed)

Lin Ft

$9.03
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412

PVC SDR26 Pipe: 12" (Installed)

Lin Ft

$12.44

Steel Pipe: 16" (Installed)

Lin Ft

$10.50

Steel Pipe: 18" (Installed)

Lin Ft

$10.92

Steel Pipe: 20" (Installed)

Lin Ft

$13.65

Steel Pipe: 22" (Installed)

Lin Ft

$15.02

Steel Pipe: 24" (Installed)

Lin Ft

$18.38

Steel Pipe: 30" (Installed)

Lin Ft

$21.00

Introduced Grasses (applied)

Ac

$237.00

Mulching (2 tons/ac applied)

Ac

$450.00

GRASSED WATERWAY
Earthmoving: Light shaping (<0.5' cut/fill)

Ac

$687.50

Earthmoving: Medium shaping (0.5'-1.0' cut/fill)

Ac

$1,000.00

Earthmoving: Heavy shaping (1.0'-2.0' cut/fill)

Ac

$1,675.00

Earthmoving: Very heavy shaping (>2.0' cut/fill)

Ac

$2,000.00

Equipment Mobilization

Ea

$200.00

Erosion Control Blanket, Type I (Installed)

Sq Yd

$1.13

Erosion Control Blanket, Type II (Installed)

Sq Yd

$1.50

Erosion Control Blanket, Type III (Installed)

Sq Yd

$5.52

Hide-A-Bale Barrier (per installed bale)

Ea

$8.40

Rock Retarding Barrier (Installed)

Ton

$27.06

Geotextile Barrier

Ea

$52.50

Introduced Grasses (applied)

Ac

$237.00

Rock/Geo-Textile (Installed)

Sq Ft

$1.26

Ton

$22.00

Riprap (In Place)
Geo-Textile (Installed)
Concrete Drop Box (Installed)

Sq Yd

$2.10

Ea

$204.75

Drainfill: Rock or Sand

Tons

$18.90

Trenching: Solid Rock Conditions ( < 32" depth in rock)

Lin Ft

$22.05

Trenching: Solid Rock Conditions (12" - 30" depth in rock)

Lin Ft

$47.25

Corrugated Plastic Pipe: 4" (Installed)

Lin Ft

$1.02

Corrugated Plastic Pipe: 5" (Installed)

Lin Ft

$1.44

Corrugated Plastic Pipe: 6" (Installed)

Lin Ft

$1.74

Corrugated Plastic Pipe: 8" (Installed)

Lin Ft

$2.52

Corrugated Plastic Pipe: 10" (Installed)

Lin Ft

$4.44

Corrugated Plastic Pipe: 12" (Installed)

Lin Ft

$5.76

Schd 40 PVC Pipe: 4" (installed)

Lin Ft

$4.48

Schd 40 PVC Pipe: 6" (Installed)

Lin Ft

$4.83

Schd 40 PVC Pipe: 8" (Installed)

Lin Ft

$6.93

Schd 40 PVC Pipe: 10" (Installed)

Lin Ft

$8.26

Schd 40 PVC Pipe: 12" (Installed)

Lin Ft

$13.65

Schd 40 PVC Pipe: 15" (Installed)

Lin Ft

$16.07

Schd 40 PVC Pipe: 18" (Installed)

Lin Ft

$17.85

Corrugated Metal Pipe - Outlets: 4" (installed)

Lin Ft

$4.41

Corrugated Metal Pipe - Outlets: 5" (installed)

Lin Ft

$7.98

Corrugated Metal Pipe - Outlets: 10" (installed)

Lin Ft

$9.03

Corrugated Metal Pipe - Outlets: 12" (installed)

Lin Ft

$9.45

Corrugated Metal Pipe - Outlets: 15" (installed)

Lin Ft

$12.60

Corrugated Metal Pipe - Outlets: 18" (installed)

Lin Ft

$14.70
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468

Rodent Guard - 6" (Installed)

Ea

$14.65

Rodent Guard - 8" (Installed)

Ea

$15.72

Rodent Guard - 10" (Installed)

Ea

$18.75

Rodent Guard - 12" (Installed)

Ea

$22.89

Rodent Guard - 15" (Installed)

Ea

$32.93

Rodent Guard - 18" (Installed)

Ea

$53.89

Rodent Guard - 21" (Installed)

Ea

$57.02

Rodent Guard - 24" (Installed)

Ea

$70.20

Inline Riser: 6" Perf Plastic Inlet Riser Kit (Inst)

Ea

$68.25

Inline Riser: 8" Perf Plastic Inlet Riser Kit (Inst)

Ea

$89.25

Inline Riser: 10" Perf Plastic Inlet Riser Kit (Inst)

Ea

$115.50

Offset Riser: 6" Plastic Inlet Riser Kit (Inst)

Ea

$115.50

Offset Riser: 8" Plastic Inlet Riser Kit (Inst)

Ea

$131.25

Offset Riser: 10" Plastic Inlet Riser Kit (Inst)

Ea

$147.00

LINED WATERWAY OR OUTLET
Earthmoving: Light shaping (<0.5' cut/fill)

Ac

$687.50

Earthmoving: Medium shaping (0.5'-1.0' cut/fill)

Ac

$1,000.00

Earthmoving: Heavy shaping (1.0'-2.0' cut/fill)

Ac

$1,675.00

Earthmoving: Very heavy shaping (>2.0' cut/fill)

Ac

$2,000.00

Equipment Mobilization

Ea

$200.00

Erosion Control Blanket, Type I (Installed)

Sq Yd

$1.13

Erosion Control Blanket, Type II (Installed)

Sq Yd

$1.50

Erosion Control Blanket, Type III (Installed)

Sq Yd

$5.52

Hide-A-Bale Barrier (per installed bale)

Ea

$8.40

Rock Retarding Barrier (Installed)

Ton

$27.06

Geotextile Barrier

Ea

$52.50

Introduced Grasses (applied)

Ac

$237.00

Rock/Geo-Textile (Installed)

Sq Ft

$1.26

Ton

$22.00

Riprap (In Place)

472

484

500

Geo-Textile (Installed)

Sq Yd

$2.10

Concrete (Slab in Place, includes wire mesh or fiber)

Cu Yd

$136.50

Fence: Permanent (Containment) (Installed)

Lin Ft

$2.50

Fence: Permanent (Deterrent) (Installed)

Lin Ft

$1.50

Gate: 8' Tubular (Installed)

Ea

$51.75

Gate: 10' Tubular (Installed)

Ea

$58.65

Gate: 12' Tubular (Installed)

Ea

$66.70

Gate: 14' Tubular (Installed)

Ea

$74.18

Gate: 16' Tubular (Installed)

Ea

$80.50

Mulching

Ac

$450.00

Lin Ft

$500.00

USE EXCLUSION

MULCHING

OBSTRUCTION REMOVAL
Removal of obstructions from property

511

FOREST HARVEST MANAGEMENT
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512

516

The timely cutting and removal of forages from the field as hay, greenchop or ensilage above a minimum cut height - 'ORGANIC' OR
'TRANSITION TO ORGANIC' ONLY

Ac

22.18

The timely cutting and removal of forages from the field as hay, greenchop or ensilage above a minimum cut height - 'ORGANIC' OR
'TRANSITION TO ORGANIC' ONLY-HU

Ac

26.62

PASTURE AND HAY PLANTING
0-50-50; 3 tons lime (Applied)

Ac

$75.70

Grassland Renovation w/Legumes - drilled (applied)

Ac

$41.00

Grassland Renovation w/Legumes - simple broadcast (applied)

Ac

$31.50

Grassland Renovation w/Legumes - disk, broadcast, and rolled (applied)

Ac

$45.00

Introduced Grass & Legume (applied/conv.disking)

Ac

$159.60

Introduced Grass & Legume (applied/one burndown)

Ac

$195.30

Introduced Grass & Legume (applied/two burndowns)

Ac

$232.05

Native Grass & Legume, lighter seeding rate (applied/conv.disking)

Ac

$124.95

Native Grass & Legume, lighter seeding rate (applied/one burndown)

Ac

$161.70

Native Grass & Legume, lighter seeding rate (applied/two burndowns)

Ac

$198.45

Lin Ft

$2.10

Prescribed Grazing

Ac

Prescribed Grazing - First Year

Ac

$0
$0

Prescribed Grazing - Second Year

Ac

$0

Prescribed Grazing - Third Year

Ac

$0

PIPELINE
Pipeline Installed (includes pipe and installation)

528

PRESCRIBED GRAZING

Prescribed Grazing will be highly encouraged through this project, but no cost share funds will be
used.

533

PUMPING PLANT
Pumping Plant Installation

558

Lin Ft

$1.50

Earthmoving: Light grading/shaping (1-2 hrs/ac)

Ac

$162.50

Earthmoving: Medium grading/shaping (2-6 hrs/ac)

Ac

$493.75

Earthmoving: Heavy grading/shaping (6-10 hrs/ac)

Ac

$818.75

Earthmoving: Very heavy grading/shaping(>10hrs/ac)

Ac

$1,500.00

Equipment Mobilization

Sq Ft

$1.26

Ea

$200.00

Ea

$12,000.00

RUNOFF MANAGEMENT SYSTEM
Runoff Management System Installation (Includes material and
construction costs)

575

$12,000.00

HEAVY USE PROTECTION

Rock/Geo-Textile (Installed)

570

Ea

ACCESS ROAD
Access Road Installation

561

$2,500.00

ROOF RUNOFF STRUCTURE
Roof Runoff Structure Installation (Includes materials and construction
costs)

560

Ea

ANIMAL TRAILS & WALKWAYS
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Rock/Geo-Textile (Installed)

578

580

Sq Ft

$1.26

Equipment Mobilization

Ea

$200.00

Introduced Grasses (applied)

Ac

$237.00

STREAM CROSSING
Construction Site Prep - Very Light

Ac

$58.60

Construction Site Prep - Light

Ac

$293.00

Construction Site Prep - Medium

Ac

$562.56

Construction Site Prep - Heavy

Ac

$855.56

Equipment Mobilization

Ea

$200.00

Rock/Geo-Textile (Installed)

Sq Ft

$1.26

Mass Concrete (no forming or steel required)

Cu Yd

$105.00

Geo-Textile (Installed)

Sq Yd

$2.10

Riprap (In Place)

Ton

$22.00

Introduced Grasses (applied)

Ac

$237.00

Mulching

Ac

$450.00

STREAMBANK AND SHORELINE PROTECTION
Conventional, Bio-Engineering, or Natural Stream Restoration Streambank Treatments*
Up to 6.0' Bank Height Protected

Lin Ft

$63.00

6.1' to 8.0' Bank Height Protected

Lin Ft

$79.80

8.1' to 10.0' Bank Height Protected

Lin Ft

$94.50

10.1 to 12.0' Bank Height Protected

Lin Ft

$108.15

12.1' to 16.0' Bank Height Protected

Lin Ft

$136.50

Over 16.0' Bank Height Protected

Lin Ft

$155.40

* (Unit Costs are complete in-place cost for all items excluding any Riparian Forest Buffer and Fence
as may be required.)

584

CHANNEL STABILIZATION
Channel Stabilization

585

Ea

$4,000.00

Ac

$0.00

STRIPCROPPING
Stripcropping

Stripcropping will be highly encouraged through this project, but no cost share funds will be used.

590

NUTRIENT MANAGEMENT
Nutrient Management (Waste Application)

595

614

Ac

$25.00

Pest Management - Develop & implement pest prevention, avoidance,
monitoring and suppression techniques that meet NOP criteria AND
mitigate WIN-PST-/RUSLE2-identified risks of chosen suppression
techniques - 'ORG' OR 'TRANSITION TO ORG' ONLY

Ac

119.88

Pest Management - Develop & implement pest prevention, avoidance,
monitoring and suppression techniques that meet NOP criteria AND
mitigate WIN-PST-/RUSLE2-identified risks of chosen suppression
techniques - 'ORG' OR 'TRANSITION TO ORG' ONLY-HU

Ac

143.85

Ea

$1,107.75

PEST MANAGEMENT

WATERING FACILITY
Trough, Tank, Fountain (Installed)
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Rock/Geo-Textile (Installed)
Equipment Mobilization
Concrete (Slab in Place, includes wire mesh or fiber)

635

638

Sq Ft

$1.26

Ea

$200.00

Cu Yd

$136.50

VEGETATED TREATMENT AREA
Vegetated Treatment Area - Introduced Grasses

Ea

267.27

Vegetated Treatment Area - Introduced Grasses-HU

Ea

320.73

WATER AND SEDIMENT CONTROL BASIN
Earthmoving: Compacted Embankment
Equipment Mobilization
Concrete Drop Box (Installed)

Cu Yd

$2.50

Ea

$200.00

Ea

$204.75

Drainfill: Rock or Sand

Tons

$18.90

Trenching: Solid Rock Conditions ( < 32" depth in rock)

Lin Ft

$22.05

Trenching: Solid Rock Conditions (12" - 30" depth in rock)

Lin Ft

$47.25

Corrugated Plastic Pipe: 4" (Installed)

Lin Ft

$1.02

Corrugated Plastic Pipe: 5" (Installed)

Lin Ft

$1.44

Corrugated Plastic Pipe: 6" (Installed)

Lin Ft

$1.74

Corrugated Plastic Pipe: 8" (Installed)

Lin Ft

$2.52

Corrugated Plastic Pipe: 10" (Installed)

Lin Ft

$4.44

Corrugated Plastic Pipe: 12" (Installed)

Lin Ft

$5.76

Schd 40 PVC Pipe: 4" (installed)

Lin Ft

$4.48

Schd 40 PVC Pipe: 6" (Installed)

Lin Ft

$4.83

Schd 40 PVC Pipe: 8" (Installed)

Lin Ft

$6.93

Schd 40 PVC Pipe: 10" (Installed)

Lin Ft

$8.26

Schd 40 PVC Pipe: 12" (Installed)

Lin Ft

$13.65

Schd 40 PVC Pipe: 15" (Installed)

Lin Ft

$16.07

Schd 40 PVC Pipe: 18" (Installed)

Lin Ft

$17.85

Schd 80 PVC Pipe: 6" (installed)

Lin Ft

$8.30

Schd 80 PVC Pipe: 8" (installed)

Lin Ft

$12.33

Schd 80 PVC Pipe: 10" (Installed)

Lin Ft

$18.54

Schd 80 PVC Pipe: 12" (Installed)

Lin Ft

$24.39

Sheet Metal: (16 Gage)

Sq Ft

$1.47

Small Grain Cover Crop (applied)

Ac

$43.05

Rodent Guard - 6" (Installed)

Ea

$14.65

Rodent Guard - 8" (Installed)

Ea

$15.72

Rodent Guard - 10" (Installed)

Ea

$18.75

Rodent Guard - 12" (Installed)

Ea

$22.89

Rodent Guard - 15" (Installed)

Ea

$32.93

Rodent Guard - 18" (Installed)

Ea

$53.89

Rodent Guard - 21" (Installed)

Ea

$57.02

Rodent Guard - 24" (Installed)

Ea

$70.20

Inline Riser: 6" Perf Plastic Inlet Riser Kit (Inst)

Ea

$68.25

Inline Riser: 8" Perf Plastic Inlet Riser Kit (Inst)

Ea

$89.25

Inline Riser: 10" Perf Plastic Inlet Riser Kit (Inst)

Ea

$115.50

Offset Riser: 6" Plastic Inlet Riser Kit (Inst)

Ea

$115.50

Offset Riser: 8" Plastic Inlet Riser Kit (Inst)

Ea

$13,125.00

Offset Riser: 10" Plastic Inlet Riser Kit (Inst)

Ea

$147.00
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642

Introduced Grasses (applied)

Ac

$237.00

Mulching (2 tons/ac applied)

Ac

$450.00

WELL
Well Drilling: (Each additional foot over 100 including casing)

Lin Ft

$12.60

Ea

$493.75

Road/Trail/Landing Closure and Treatment - Light Grading/Shaping (12hr/Ac), Mulch with Any Approved Grass Mix (same as Critical Area
Planting)

Ac

665.35

Road/Trail/Landing Closure and Treatment - Light Grading/Shaping (12hr/Ac), Mulch with Any Approved Grass Mix (same as Critical Area
Planting)-HU

Ac

798.4204637

Road/Trail/Landing Closure and Treatment - Medium Grading/Shaping
(2-6hr/Ac), Mulch with Any Approved Grass Mix (same as Critical Area
Planting)

Ac

926.35

Road/Trail/Landing Closure and Treatment - Medium Grading/Shaping
(2-6hr/Ac), Mulch with Any Approved Grass Mix (same as Critical Area
Planting)-HU

Ac

1111.63

Road/Trail/Landing Closure and Treatment - Heavy Grading/Shaping (610hr/Ac), Mulch with Any Approved Grass Mix (same as Critical Area
Planting)

Ac

1182.44

Road/Trail/Landing Closure and Treatment - Heavy Grading/Shaping (610hr/Ac), Mulch with Any Approved Grass Mix (same as Critical Area
Planting)-HU

Ac

1418.93

Road/Trail/Landing Closure and Treatment - Light Grading/Shaping (12hr/Ac), ~15% ECB and 85% Mulch, with Any Approved Grass Mix
(same as Critical Area Planting)

Ac

1546.11

Road/Trail/Landing Closure and Treatment - Light Grading/Shaping (12hr/Ac), ~15% ECB and 85% Mulch, with Any Approved Grass Mix
(same as Critical Area Planting)-HU

Ac

1855.33

Road/Trail/Landing Closure and Treatment - Medium Grading/Shaping
(2-6hr/Ac), ~15% ECB and 85% Mulch, with Any Approved Grass Mix
(same as Critical Area Planting)

Ac

1754.92

Road/Trail/Landing Closure and Treatment - Medium Grading/Shaping
(2-6hr/Ac), ~15% ECB and 85% Mulch, with Any Approved Grass Mix
(same as Critical Area Planting)-HU

Ac

2105.90

Road/Trail/Landing Closure and Treatment - Heavy Grading/Shaping (610hr/Ac), ~15% ECB and 85% Mulch, with Any Approved Grass Mix
(same as Critical Area Planting)

Ac

2063.20

Road/Trail/Landing Closure and Treatment - Heavy Grading/Shaping (610hr/Ac), ~15% ECB and 85% Mulch, with Any Approved Grass Mix
(same as Critical Area Planting)-HU

Ac

2475.84

Well Drilling: 1-100' including casing

654

655

ROAD/TRAIL/LANDING CLOSURE AND TREATMENT

FOREST TRAILS AND LANDINGS
Construction of Water Bars

Lin Ft

$2.10

Earthmoving: Light grading/shaping (1-2 hrs/ac)

Ac

$162.50

Earthmoving: Medium grading/shaping (2-6 hrs/ac)

Ac

$493.75

Earthmoving: Heavy grading/shaping (6-10 hrs/ac)

Ac

$818.75

Earthmoving: Very heavy grading/shaping(>10hrs/ac)

Ac

$1,500.00

Equipment Mobilization

Ea

$200.00

Erosion Control Blanket, Type I (Installed)

Sq Yd

$1.13

Erosion Control Blanket, Type II (Installed)

Sq Yd

$1.50

Erosion Control Blanket, Type III (Installed)

Sq Yd

$5.52
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Introduced Grasses (applied)

Ac

$237.00

Mulching (2 tons/ac applied)

Ac

$450.00

Corrugated Metal Pipe: 12" Dia, 16 gage - Galvanized (Inst)

Lin Ft

$9.45

Corrugated Metal Pipe: 15" Dia, 16 gage - Galvanized (Inst)

Lin Ft

$12.60

Corrugated Metal Pipe: 18" Dia, 16 gage - Galvanized (Inst)

Lin Ft

$14.70

Corrugated Plastic, Double Walled Pipe: 4" (Installed)

Lin Ft

$1.84

Corrugated Plastic, Double Walled Pipe: 6" (Installed)

Lin Ft

$3.00

Corrugated Plastic, Double Walled Pipe: 8" (Installed)

Lin Ft

$4.20

Corrugated Plastic, Double Walled Pipe: 10" (Installed)

Lin Ft

$5.86

Corrugated Plastic, Double Walled Pipe: 12" (Installed)

Lin Ft

$6.53

Drainage/Filter Diaphragm (sand collar, installed)

Cu Yd

$36.75

Riprap (In Place)

656

Ton

$22.00

PVC SDR26 Pipe: 6" (Installed)

Lin Ft

$4.25

PVC SDR26 Pipe: 8" (Installed)

Lin Ft

$6.30

PVC SDR26 Pipe: 10" (Installed)

Lin Ft

$9.03

PVC SDR26 Pipe: 12" (Installed)

Lin Ft

$12.44

Schd 40 PVC Pipe: 1 1/4" (Installed)

Lin Ft

$1.72

Schd 40 PVC Pipe: 4" (installed)

Lin Ft

$4.48

Schd 40 PVC Pipe: 6" (Installed)

Lin Ft

$4.83

Schd 40 PVC Pipe: 8" (Installed)

Lin Ft

$6.93

Schd 40 PVC Pipe: 10" (Installed)

Lin Ft

$8.26

Schd 40 PVC Pipe: 12" (Installed)

Lin Ft

$13.65

Schd 80 PVC Pipe: 6" (installed)

Lin Ft

$8.30

Schd 80 PVC Pipe: 8" (installed)

Lin Ft

$12.33

Schd 80 PVC Pipe: 10" (Installed)

Lin Ft

$18.54

Schd 80 PVC Pipe: 12" (Installed)

Lin Ft

$24.39

Steel Pipe: 16" (Installed)

Lin Ft

$10.50

Steel Pipe: 18" (Installed)

Lin Ft

$10.92

Ac

$1,500.00

CONSTRUCTED WETLAND
Wetland Construction

657

WETLAND RESTORATION
Earthmoving: Light Shaping (<0.5' cut/fill)

Ac

687.50

Earthmoving: Medium Shaping (0.5' - 1.0' cut/fill)
Earthmoving: Heavy Shaping (1.0' - 2.0' cut/fill)

Ac
Ac

1,000.00
1,675.00

Ac
Ea
Cu Yd
Lin Ft

2,000.00
200.00
2.61
0.74

Ac

$0.00

Earthmoving: Very Heavy Shaping (>2.0' cut/fill)
Equipment Mobilization
Earthmoving: Excavation-spoil shaped and graded
Tile Blocking

658

WETLAND CREATION
Wetland Creation

COSTS LISTED ABOVE ARE ESTIMATES BASED ON KENTUCKY STATE COST SHARE AND
EQIP REIMBURSEMENT RATES. FOR PRACTICES WHERE KENTUCKY STATE COST SHARE
AND EQIP REIMBURSEMENT RATES WERE UNAVAILABLE, AVERAGE INSTALLATION COSTS
WERE CALCULATED. ACTUAL COSTS WILL VERIFIED BY RECEIPTS WILL BE USED FOR
REIMBURSEMENT THROUGH THIS PROJECT. SOME PRACTICES MAY NOT BE FUNDED
THROUGH THIS GRANT, BUT WILL STILL BE SUGGESTED TO LANDOWNERS.

Clarks River BMP Implementation Plan
Page 36

Appendix E
Standards for Eligible Practices

Clarks River BMP Implementation Plan
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

AGRICHEMICAL HANDLING FACILITY
(No.)
CODE 309

DEFINITION
A facility with an impervious surface to provide
an environmentally safe area for the handling of
on-farm agrichemicals.
PURPOSE
To provide a safe environment on farm and
ranch operations for the storage, mixing, loading
and cleanup of agrichemicals, retain incidental
spillage, retain leakage, and to reduce pollution
to surface water, groundwater, air, and/or soil.
CONDITIONS WHERE PRACTICE APPLIES
This practice applies where:
x

The handling of agrichemicals creates
significant potential for pollution of surface
water, groundwater, air or soil and a facility
is needed to properly manage and handle
the chemical operation;

x

An adequate water supply is available for
filling application equipment tanks, rinsing
application equipment and chemical
containers as needed for the operation;

x

Soils and topography are suitable for
construction.

This standard does not apply to the handling or
storage of fuels. This standard does not apply to
commercial or multi-landowner agrichemical
handling operations.

handling facilities to meet all federal, tribal, state
and local regulations.
The size of the agrichemical storage will be
based on the agrichemical use of the farm
needed for a single growing season averaged
over the last 5 years.
The pad, hoses, pipes, valves, seals,
connectors, filters, tanks, and related plumbing
material must be compatible with the chemicals
being handled and capable of withstanding the
intended use.
Outlet drains are not permitted in the
agrichemical collection, storage or handling
areas.
Posts, pipes, hoses, discharge valves, or other
devices may not pass through the floor,
containment storage walls, or the sump.
When more than 60 gallons of Class I, II, or III
flammable or combustible liquids or a single
storage container larger than 5 gallons of Class
I, II, or III flammable or combustible liquids are
stored in an agrichemical handling facility,
National Fire Protection Association (NFPA) 30,
Flammable and Combustible Liquids Code,
Chapter 4, shall be followed. Storage cabinets
or other remedies must be installed.
When the agrichemical handling facility is also
used for agrichemical storage, provide sufficient
space and designate a separate room or area.
Criteria for Permanent Facilities

CRITERIA

Location. Locate the agrichemical handling
facility as follows:

General Criteria Applies to All Purposes

x

Plan, design and construct agrichemical

Adjacent to or as near the chemical storage
building as practical when chemical storage
is not incorporated into the facility;

NRCS, NHCP
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the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.
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x

As far as practical from streams, ponds,
lakes, wetlands, sinkholes, and water wells,
with a minimum setback distance of 100
feet;

x

Isolated and located downwind from
residences and other buildings used to store
feed, seed, petroleum products, or livestock
with a minimum distance as required by
local regulations;

x

At sites that have not been used as
stationary mixing/loading sites in the past.

Locate the bottom of the facility a minimum of
two feet above the seasonal high water table.
Locate above the 100-year floodplain elevation.
However, if site restrictions require location
within a floodplain, protect from inundation and
damage from the 25-year flood event, or larger if
required by laws, rules, and regulations.
Storage Capacity. Provide a minimum storage
volume on the chemical-handling pad of 250
gallons or 1.25 times the volume of the largest
storage or spray tank on the pad, whichever is
greater.
For unroofed facilities provide storage on the
pad as stated above or the volume of the 25year, 24-hour storm, whichever is greater.
Provide a means of storing or field applying,
according to chemical label directions, the full
storage volume within the 72-hour period
following the storm.
Prevent outside runoff water from entering the
facility.
Rinsate Tanks. Provide rinsate tanks of
adequate number and size as needed for the
type of operation, allowing for separation of noncompatible chemicals. The material type shall
be suitable for the type of chemical to be
contained in the tank.
Manufactured Components. Manufactured
tanks and components shall be structurally
sound, capable of withstanding all anticipated
loads, and constructed of suitable materials for
their intended use. Tanks will be sized based on
a single farm owner or operator agrichemical
need.
Chemical Handling Pad. Size the pad to
accommodate the largest spraying equipment.
Equipment access is allowed from more than

NRCS, NHCP
February 2008

one direction. Provide adequate space for
maneuvering around equipment, a minimum of 2
feet for open facilities and 4 feet for enclosed
facilities. When practical base the minimum
width of the mixing pad on the width of the spray
equipment with the booms retracted.
Slope the pad to allow for drainage to a
collection area or sump.
Flexible Membrane Liners. All flexible
membranes shall be certified by the
manufacturer to be suitable for the intended use.
Design of the flexible membrane shall be in
accordance with manufacturer
recommendations. All flexible membrane
installations shall meet the material and
installation requirements of the plans and
specifications provided for each installation and
shall be certified by the installer.
Minimum Thickness for Membranes
Type

Minimum Thickness

HDPE

40 mil thickness

LLDPE

40 mil thickness

PVC

30 mil thickness

RPR

45 mil thickness

EPDM

45 mil thickness

Concrete Surfaces. To protect the surfaces of
concrete, that are exposed to agrichemicals,
from penetration and contamination all concrete
must have an admixture for concrete meeting
the requirements of ASTM C1240 (micro silica),
ASTM C618 (fly ash) or ASTM C989 (ground
blast furnace slag), be sealed with a chemically
resistant non-vapor barrier forming coating, or
take measures to prevent vapor formation under
the concrete sealed with a chemically resistant
coating. Coatings must be compatible with the
agrichemicals used at the facility and installed in
accordance with the manufacturer’s
recommendations.
Agrichemical Collection. Provide a collection
area or sump with adequate dimensions for
sediment removal and pump operation.
Structural Design. For the structural design,
address all items that will influence the
performance of the structure, including loading
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assumptions, storage tanks, material properties,
and construction quality. Indicate design
assumptions and construction requirements on
the plans.

station and other devices as appropriate, to
ensure the safety of humans. Provide adequate
ventilation at all times for enclosed buildings
using natural or mechanical means.

When using a roof/building to cover the facility,
use minimum snow and wind loads as specified
in ASCE 7, Minimum Design Loads for Buildings
and Other Structures.

Vegetation. Stabilize disturbed areas, as
necessary, to prevent erosion, in accordance
with the conservation practice standard for
Critical Area Planting, Code 342.

Locate footings below the anticipated frost depth
unless measures are designed to accommodate
frost/freeze conditions.
Fabricated structures shall be designed
according to the criteria in the following
references as appropriate:
x

Timber - National Design Specifications for
Wood Construction, American Forest and
Paper Association;

x

Steel – Manual of Steel Construction, AISC,
American Institute of Steel Construction;

x

Concrete - Building Code Requirements for
Reinforced Concrete, ACI 318, American
Concrete Institute;

x

Masonry - Building Code Requirements for
Masonry Structures, ACI 530, American
Concrete Institute;

x

Slabs – Use a five (5) inch minimum
concrete slab thickness. Base the required
area of reinforcing steel on the subgrade
drag theory in accordance with American
Concrete Institute, ACI 360, Design of
Slabs-on-Grade. When heavy loads are to
be resisted and/or where a non-uniform
foundation cannot be avoided, use an
appropriate design such as ASAE EP514
“Design of Concrete Structures for
Secondary Containment of Liquid Pesticides
and Fertilizers”, and procedure incorporating
a subgrade resistance parameter(s) such as
ACI 360.

Water Supply. Provide an adequate water
supply for mixing agrichemicals, rinsing tanks
and containers, and for emergency health and
safety needs as appropriate for the facility.
Provide all pipelines, hoses, backflow prevention
and other hardware as needed.
Safety. Design shall include appropriate safety
features to minimize the hazards of the facility
Provide warning signs, emergency eyewash

Criteria for Portable Facilities
The portable agrichemical handling facility is a
manufactured portable device that can be easily
moved from field to field and will meet the needs
of the user.
Pad. The pad shall be constructed of durable
material that is chemically resistant for the
intended agrichemicals. The minimum
containment capacity of the pad is 1.25 times
the volume of the largest individual agrichemical
container or tank that will be located on the pad.
Include a sump or other provisions for easy
recovery of spilled liquid.
Rinsing Devices. Design rinse devices so that
residual contents of agrichemical containers can
be adequately rinsed directly from the container
to the spray tank. Design the rinse system to
operate from the nurse tank discharge pump or
a separate pump that provides adequate
pressure. Verify with the manufacturer of the
facility that any pump to be used in pressure
rising is compatible with the rinse device.

CONSIDERATIONS
For permanent facilities, the agrichemical
handling facility may cause an increase in water
use at the site from the mixing of agrichemicals
and rinsing of agrichemical sprayers, containers
and agrichemical-handling pad.
Consider providing a roof over permanent
facilities.
Consider installing an apron at the facility
entrance to minimize sediment transport onto
the pad.
Consider providing a mixing platform for filling
agrichemical sprayers.
For portable handling facilities consider using a
top/bottom-loading valve with built-in check

NRCS, NHCP
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valve in the hose from the nurse tank to the
spray tank. This will enable the operator to
remain on the ground while filling the sprayer.

x

An inspection plan of structural components
such as the condition of concrete, curbing,
sump, access roads, building structure, etc.
Note the timing of inspections, conditions
that would cause concern, and required
actions as appropriate.

x

Any weekly, monthly, or annual
maintenance that may be necessary for the
proper functioning of the system
components including, but not limited to,
concrete surfaces, sumps, pumps, hoses,
pipelines, building materials, electrical
equipment, and other materials and
equipment.

x

A schedule of any required written
inspection and maintenance reports.

x

Proper winterization of the facility.

x

Required safety signage.

x

An Emergency Response Plan with safety
procedures in the event of an accidental
spill, exposure, fire, or other hazardous
incident. Provide a list of safety equipment,
contact names, and phone numbers.

PLANS AND SPECIFICATIONS
Prepare plans and specifications for
constructing agrichemical mixing facilities in
accordance with the criteria contained in this
standard, to achieve its intended use.
Portable agrichemical handling facilities are
manufactured items. Review plans and
specifications submitted by the manufacturer to
ensure that the proposed facility meets the
requirements of this standard.
OPERATION AND MAINTENANCE
An operation and maintenance (O&M) plan shall
be developed that is consistent with the purpose
of the practice, the intended design life, safety
requirements, design criteria, and all local, state,
and federal laws and regulations.
The O&M Plan is to address the following:
x

x

x

Brief description of the facility. Define
parameters used to size and design the
facility such as storage tank and equipment
sizes.
The facility shall not be used for purposes
other than the storing, mixing, loading,
cleaning, and maintenance of materials and
equipment used for agrichemical
application.

American Concrete Institute, ACI codes, Detroit,
MI.

An inventory of agrichemicals to be stored
or handled at the facility. Material Safety
Data Sheets may be included in the plan.

American Institute of Steel Construction, AISC,
Manual of Steel Construction, Chicago, IL.

x

The proposed method of handling and
disposing of rinsate, washwater, and spills.

x

A process for handling accumulated rainfall.

x

A process for handling accumulated
sediment.

x

REFERENCES

A strategy for cleaning surfaces between
different agrichemical mixing operations.

American Forest and Paper Association,
National Design Specifications for Wood
Construction, Washington, DC.

American Society of Agricultural Engineers,
ASAE EP514, Design of Concrete Structures for
Secondary Containment of Liquid Pesticides
and Fertilizers, St. Joseph, MI.
American Society of Civil Engineers, ASCE 7,
Minimum Design Loads for Buildings and Other
Structures, Reston, VA.
Daum, D. R., and D. J. Meyer. Pesticide
Storage Building. Pennsylvania State
University, Agricultural Engineering Department.
Doane's Agricultural Report. Chemical
Containment Facilities. Vol. 53, No 36-5.
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Midwest Plan Service, 1995. Designing
Facilities for Pesticide and Fertilizer
Containment MWPS-37, Ames, IA.
Kammel, D. W., 1988. Protective Treatment for
Concrete. Agricultural Engineering Department,
University of Wisconsin.
Noyes, R. I., 1989. Modular Farm Sized
Concrete Agricultural Chemical Handling Pads.
Oklahoma State University, Agricultural
Engineering Department.

Noyes, R. T., and D. W. Kammel, 1989. A
Modular Containment, Mixing/Loading Pad.
ASAE Paper No 891613, American Society of
Agricultural Engineers, Winter Meeting, New
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Service, Critical Area Planting, Code 342,
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Field Office Technical Guide
Section IV
NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

WASTE STORAGE FACILITY
(No.)
CODE 313

DEFINITION
A waste storage impoundment made by
constructing an embankment and/or
excavating a pit or dugout, or by fabricating
a structure.
PURPOSE
To temporarily store wastes such as manure,
wastewater, and contaminated runoff as a
storage function component of an
agricultural waste management system.
CONDITIONS WHERE PRACTICE
APPLIES
x

where the storage facility is a component
of a planned agricultural waste
management system

x

where temporary storage is needed for
organic wastes generated by agricultural
production or processing

x

where the storage facility can be
constructed, operated and maintained
without polluting air or water resources

x

where site conditions are suitable for
construction of the facility

x

to facilities utilizing embankments with
an effective height of 35 feet or less
where damage resulting from failure
would be limited to damage of farm
buildings, agricultural land, or township
and country roads.

x

to fabricated structures including tanks,
stacking facilities, and pond
appurtenances.

CRITERIA
General Criteria Applying to All Waste
Storage Facilities.
Laws and regulations. Waste storage
facilities must be planned, designed, and
constructed to meet all federal, state, and
local laws and regulations. Waste storage
facilities may need to be approved or
permitted by the Kentucky Natural
Resources and Environmental Protection
Cabinet for Environmental Protection. Refer
to KRS 224.10 (19)
Location. To minimize the potential for
contamination of streams, waste storage
facilities should be located outside of
floodplains. However, if site restrictions
require location within a floodplain, they
shall be protected from inundation or
damage from a 25-year flood event, or larger
if required by laws, rules, and regulations.
Waste storage facilities shall be located so
the potential impacts from breach of
embankment, accidental release, and liner
failure are minimized; and separation
distances are such that prevailing winds and
landscape elements such as building
arrangement, landforms, and vegetation
minimize odors and protect aesthetic values.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current version of this standard, contact
the Natural Resources Conservation Service.
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Waste storage facilities shall be located as
close to the source of waste and as far from
neighboring dwellings or other areas of
public use as practical.
Waste storage facilities shall meet the
minimum distance requirements from public
or private facilities as shown in Table 1,
unless a greater distance is required by state
or local laws and regulations.
Exception to these requirements may be
granted where an existing animal feeding
operation, which includes animals, housing,
and structures, etc. is located and currently
operating at a distance closer to one or more
of the public or private use facilities shown
in Table 1. Such existing operations will not
be required to strictly comply with the
minimum distance requirements providing
the following requirements are met:
1. Moving the operation to comply with the
Table 1 distance requirements is not
practical from economic, topographic, or
other site specific limitations.
2. A storage facility is needed and can be
constructed, operated and maintained
without pollution of surface or ground
water resources.
3. The waste storage facility is to be
planned, designed, and constructed to
manage the waste generated from the
current size operation only; it is not to
provide for an increase to the current
number of animals utilizing this sensitive
site.
4. All permit requirements for the waste
storage facility must be met.

NRCS, KY, April 2003

Table 1 – Minimum Distance Requirements
for Waste Storage Facilities
Public or Private
Minimum Distance
Use Facilities
From Waste Storage
Facility
Churches, Schools,
Businesses, and
public use areas

1500 feet

Dwellings

500 feet

Property Lines

75 feet

Potable Water
Wells

300 feet

Natural Water
Courses or
Drainage Ditches

150 feet

Federal & State
Roads

150 feet

County Roads

100 feet

Storage period. The storage period is the
maximum length of time anticipated between
emptying events. The minimum storage
period shall be based on the timing required
for environmentally safe waste utilization
considering the climate, crops, soil,
equipment, and local, state, and federal
regulations. A storage period of 180 days is
recommended for most liquid waste storage
structures. The minimum storage period
criteria for all structures shall be as indicated
in Table 2.
Table 2 – Minimum Storage Periods for
Waste Storage Facilities
Days Method Of Disposal
120

Liquid or solid waste hauled

90

Liquid wastes pumped through
irrigation delivery system

7

Milking parlor waste conveyed /w
sprinkler irrigation, and disposal area
> 200 feet from water conveyance
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Additional Criteria for Liquid and Slurry
Storage
Design storage volume. The design storage
volume equal to the required storage volume,
shall consist of the total of the following as
appropriate:
(a) Manure, wastewater, and other wastes
accumulated during the storage period
(b) Normal precipitation less evaporation on
the surface area (at the design storage
volume level) of the facility during the
storage period
(c) Normal runoff from the facility's
drainage area during the storage period
(d) 25-year, 24-hour precipitation on the
surface (at the required design storage
volume level) of the facility
(e) 25-year, 24-hour runoff from the
facility's drainage area
(f) Residual solids after liquids have been
removed. A minimum of 6 inches shall
be provided for tanks
(g) Additional storage as may be required to
meet management goals or regulatory
requirements
Domestic and industrial waste from
washdown facilities, showers, toilets, sinks,
etc. shall not be discharged into waste
storage facilities.
Inlet. Inlets shall be of any permanent type
designed to resist corrosion, plugging, freeze
damage and ultraviolet ray deterioration
while incorporating erosion protection as
necessary. Inlets from enclosed buildings
shall be provided with a water-sealed trap
and vent or similar device to control gas
entry into the buildings or other confined
spaces.
Emptying Component. Some type of
component shall be provided for emptying
storage facilities. It may be a facility such as
a gate, pipe, dock, wet well, pumping

platform, retaining wall, or ramp. Features to
protect against erosion, tampering, and
accidental release shall be incorporated as
necessary.
Waste removed from storage facilities shall
be utilized in accordance with NRCS
conservation practice standard Waste
Utilization, Code 633.
Accumulated solids removal. Provision
shall be made for periodic removal of
accumulated solids to preserve storage
capacity. The anticipated method for doing
this must be considered in planning,
particularly in determining the configuration
of ponds and type of seal, if any.
Safety. Design shall include appropriate
safety features to minimize the hazards of
the facility. Ramps used to empty liquids
shall have a slope of 4 horizontal to 1
vertical or flatter. Those used to empty
slurry, semi-solid, or solid waste shall have a
slope of 10 horizontal to 1 vertical or flatter
unless special traction surfaces are provided.
Warning signs, fences, ladders, ropes, bars,
rails, and other devices shall be provided, as
appropriate, to ensure the safety of humans
and livestock. Ventilation and warning signs
must be provided for covered waste holding
structures, as necessary, to prevent
explosion, poisoning, or asphyxiation.
Pipelines shall be provided with a watersealed trap and vent, or similar device, if
there is a potential, based on design
configuration, for gases to enter buildings or
other confined spaces. Ponds and uncovered
fabricated structures for liquid or slurry
waste with walls less than 5 feet above
ground surface shall be fenced and warning
signs posted to prevent children and others
from using them for other than their intended
purpose. Fencing shall be constructed in
accordance with NRCS conservation practice
standard Fence, Code 382.
Erosion protection. Embankments and
disturbed areas surrounding the facility shall
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be treated to control erosion. Vegetative
treatment shall be according to NRCS
Practice Standard Critical Area Planting,
Code 342.
Liners. Liners shall meet or exceed the
criteria in NRCS Practice Standard Pond
Sealing or Lining, Code 521.
Additional Criteria for Waste Storage
Ponds
Hazard Classification. The area
downstream of the embankment must be
evaluated to determine the impact of damage
from a sudden breach of the proposed
embankment on both structural and
environmental features. This evaluation must
consider all improvements and those
improvements that may reasonably be
expected to be made during the useful life of
the structure. The result of this examination
provides for the proper hazard approval
classification of the embankment. Only
hazard class (a) embankments are to be
designed under this standard. See National
Engineering Manual Part 520.23 for
guidance in documentation of hazard
classification.
Soil and foundation. The pond shall be
located in soils with an acceptable
permeability that meets all applicable
regulation, or the pond shall be lined.
Information and guidance on controlling
seepage from waste impoundments can be
found in the Agricultural Waste
Management Field Handbook (AWMFH),
Appendix 10D.
Ponds shall have a bottom elevation that is a
minimum of 2 feet above the seasonal high
water table unless features of special design
are incorporated that address buoyant forces,
pond seepage rate and non-encroachment of
the water table by contaminants. The water
table may be lowered by use of perimeter
drains, if feasible, to meet this requirement.
A detailed subsurface investigation with
NRCS, KY, April 2003

special attention to the water table depth,
depth to bedrock, groundwater resources,
and seepage potential must be considered in
each design. The investigation must evaluate
soils to a depth no less than two feet below
the final grade of any excavation. Deeper
investigations may be required depending on
site conditions. A determination as to
whether a liner is needed will be based upon
the site specific subsurface investigation and
information on controlling seepage in
AWMFH Chapter 7.
All earthen manure storage facilities shall be
investigated by a qualified geologist and/or
soil scientist and a written report prepared
that addresses the water table depth, and
potential for groundwater pollution
considering the hydrology, groundwater
gradient, soil permeability, etc.
Considerations of findings in the geology /
soils report shall be included in the design,
construction, and operation plans for the
specific site.
Maximum Operating Level. The
maximum operating level for waste storage
ponds shall be the pond level that provides
for the required volume less the volume
contribution of precipitation and runoff from
the 25-year, 24-hour storm event plus the
volume allowance for residual solids after
liquids have been removed. A permanent
marker or recorder shall be installed at this
maximum operating level to indicate when
drawdown should begin. The marker or
recorder shall be referenced and explained in
the O&M plan.
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32, Structure Concrete.

Liners. The subgrade shall be dense base
regardless of liner method. Liners shall be
constructed at an elevation above the
seasonal high water table unless methods to
maintain the liner integrity are considered in
the design. The storage pond shall be sealed
by one of the liners as described below.

a. For side slopes and bottoms that will
not have any vehicular traffic, use a
minimum 4 inch thick concrete slab.
No joints are required. Wire mesh or
fiber reinforcement is required.

1. Compacted Earth. Earthen liners shall be
designed in accordance with NRCS
AWMFH Appendix 10D, Geotechnical
Design, and Construction Guidelines to
achieve a maximum allowable specific
discharge of 0.0028 ft/day (1 x 10-6
cm/sec).

b. For concrete lined areas such as
approaches, ramps, and bottoms that
will have vehicular traffic of any kind,
use a minimum 4 inch thick concrete
slab placed over a minimum 4 inch
thick layer of compacted gravel base.
Joints and reinforcement shall be
required by design analysis.

Compacted earth liners shall have a
minimum thickness of 1 foot on pond
sides and bottom measured perpendicular
to the finished surface. The final liner
thickness shall be determined using
AWMFH Appendix 10D.

c. Concrete lined side slopes shall be 2
horizontal to 1 vertical (2:1) or flatter,
except for concrete push-off ramps.
Concrete push-off ramp slopes shall be
1 horizontal to 1 vertical (1:1) or flatter
on cut slopes and 2 to 1 on
embankment slopes.

The liner shall be compacted the required
density to ensure the maximum allowable
specific discharge is not exceeded.
Compaction requirements shall be verified
in accordance with ASTM D – 698 or by
methods approved by the engineer.
Compacted earth liners shall have side
slopes of 3 horizontal to 1 vertical (3:1) or
flatter, except where compacted earth
liners are part of (brought up with) an
earthfill.

5. Natural Clay Base. Natural clay base
liners shall have a minimum thickness as
defined in NRCS AWMFH Appendix
10D. The soil shall meet the criteria for a
unified soil classification of CL, CH, MH,
SC, or GC. Natural clay liners shall have
side slopes of 2 horizontal to 1 vertical
(2:1) or flatter.

2. Flexible Membrane. Flexible membrane
liners shall be designed and constructed in
accordance with the NRCS conservation
practice standard Pond Sealing or Lining–
Flexible Membrane, Code 521A.

Paved slopes shall be no flatter than 4
horizontal to 1 vertical (4:1) and will not be
used when appreciable bedding materials are
used.

3. Bentonite. Bentonite liners shall be
designed and constructed in accordance
with the NRCS conservation practice
standard Pond Sealing or Lining–
Bentonite, Code 521C.
4. Concrete. Concrete liners shall be
designed and constructed in accordance
with NRCS Construction Specification

Inlet. Inlets may be pushoff ramps, paved
slopes or pipe inlets.

Pipe inlets may be steel, concrete, aluminum,
or PVC as required in NRCS conservation
practice standard for Pond, Code 378. If
corrugated steel is used, it shall be
adequately protected with an appropriate
coating.
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All pipes shall be designed to carry the
required flow and shall be installed on a
slope of 1 percent or greater and preferably
1.5 percent or greater. Where solids are
being conveyed, the pipe diameter shall be
sized to prevent plugging. Minimum pipe
diameter will be 6 inches.
Pumped inlets shall be sized to meet the
requirements of the pumping equipment.
Gravity flow inlet pipes for liquid only may
outlet at or above the design volume
elevation. The slope of the pond at the pipe
outlet shall be protected from erosion by
paving or by extending the pipe outlet to a
point where the discharge will not fall on the
slope. Pipes shall be supported on pilings of
pressure treated wood, steel, concrete, or
masonry and anchored to prevent dislodging
or flotation.
Large diameter gravity loading pipes for
solids and liquids shall outlet at the bottom
of the pond, and the effective head (vertical
difference between the top of the drop inlet
and the design volume elevations) shall be
no less than 4 feet.
Outlet. No outlet shall automatically release
storage from the required design volume.
Manually operated outlets shall be of
permanent type designed to resist corrosion
and plugging.
Embankments. The minimum elevation of
the top of the settled embankment shall be 1
foot above the waste storage pond’s required
volume. This height shall be increased by the
amount needed to ensure that the top elevation
will be maintained after settlement. This
increase shall be not less than 5 percent. The
minimum top widths are shown in Table 3. The
combined side slopes of the settled
embankment shall not be less than 5 horizontal
to 1 vertical, and neither slope shall be steeper
than 2 horizontal to 1 vertical unless provisions
are made to provide stability.
If the embankment top is to be used as a
road, the minimum width shall be 16 feet for
NRCS, KY, April 2003

one-way traffic and 26 feet for two-way
traffic. Provisions shall be made for
protecting the emergency spillway from
damage. Guard rails or other safety measures
shall be used where necessary.
Table 3 – Minimum Top Widths
Total embankment
Height, ft.
15 or less

Top Width,
ft.
8

15 – 20

10

20 – 25

12

25 – 30

14

30 – 35

15

Compaction of the embankment fill material
shall be in accordance with the specified
design requirements for compaction and
moisture content. As a minimum,
compaction shall be equivalent to, or better
than, the following:
1. Layers of fill shall not exceed 9 inches in
thickness before compaction. Compaction
shall be accomplished by routing the
hauling and spreading equipment over the
fill in such a manner that every point on
the surface will be traversed by not less
than two tread tracks of the loaded
equipment traveling in a direction parallel
to the main axis of the fill.
2. Clayey soils shall be compacted with a
“sheepsfoot” or tamping roller (See
AWMFH Appendix 10D for guidance on
compaction).
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Emergency Spillway. An emergency
spillway, combination of spillways, or
additional storage shall be provided to
protect the waste storage pond from
overtopping the embankment when a 25year, 24-hour storm event is exceeded and
the design volume is filled. The crest of the
emergency spillway shall be located at or
above the same elevation as the top of the
25-year, 24-hour storm storage. The
emergency spillway shall be designed to pass
a 25-year, 24-hour storm without
overtopping the embankment. There shall be
a minimum of 1foot of freeboard above the
designed depth of flow in the emergency
spillway. Emergency spillway requirements
however do not apply to waste storage ponds
without drainage areas and with less than 3
feet of storage above natural ground.
The emergency spillway shall be placed in
undisturbed soil when possible. When it
must be placed in fill material precautions
shall be taken to insure the integrity of the
structure. Where a waste storage pond
empties into another waste storage pond and
the liquid level is positively controlled by an
adequately sized overflow pipe, no
emergency spillway is required for the
primary waste storage pond.
Pipe emergency spillways shall be 6 inch
minimum diameter and meet the requirement
in NRCS conservation practice standard for
Pond, Code 378.
Additional Criteria for Fabricated
Structures
Foundation. The foundations of fabricated
waste storage structures shall be
proportioned to safely support all
superimposed loads without excessive
movement or settlement.
Where a non-uniform foundation cannot be
avoided or applied loads may create highly
variable foundation loads; settlement should
be calculated from site-specific soil test data.
Index tests of site soil may allow correlation

with similar soils for which test data is
available. If no test data is available,
presumptive bearing strength values for
assessing actual bearing pressures may be
obtained from Table 4 or another nationally
recognized building code. In using
presumptive bearing values, adequate
detailing and articulation shall be provided
to avoid distressing movements in the
structure. Foundations consisting of bedrock
with joints, fractures, or solution channels
shall be treated or a separation distance
provided consisting of a minimum of 1 foot
of impermeable soil between the floor slab
and the bedrock or an alternative that will
achieve equal protection.
Table 4 - Presumptive Allowable Bearing Stress
Values1

Foundation Description

Allowable
Stress
12000 psf
6000 psf
5000 psf

Crystalline Bedrock
Sedimentary Rock
Sandy Gravel or Gravel
Sand, Silty Sand, Clayey
Sand, Silty Gravel, Clayey 3000 psf
Gravel
Clay, Sandy Clay, Silty
2000 psf
Clay, Clayey Silt
1
Basic Building Code, 12th Edition, 1993,
Building Officials and Code
Administrators, Inc. (BOCA)
Liquid tightness. Applications such as
tanks, that require liquid tightness shall be
designed and constructed in accordance with
standard engineering and industry practice
appropriate for the construction materials
used to achieve this objective.
Structural loading. Waste storage
structures shall be designed to withstand all
anticipated loads including internal and
external loads, hydrostatic uplift pressure,
concentrated surface and impact loads, water
pressure due to seasonal high water table,
and frost or ice pressure and load
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combinations in compliance with this
standard and applicable local building codes.

tank wagons having more than a 2,000
gallon capacity shall be used.

The lateral earth pressures should be
calculated from soil strength values
determined from the results of appropriate
soil tests. Lateral earth pressures can be
calculated using the procedures in TR-74. If
soil strength tests are not available, the
presumptive lateral earth pressure values
indicated in Table 5 shall be used.

If the facility is to have a roof, snow and
wind loads shall be as specified in ASAE
EP288.5, Agricultural Building Snow and
Wind Loads. If the facility is to serve as part
of a foundation or support for a building, the
total load shall be considered in the
structural design.

Lateral earth pressures based upon
equivalent fluid assumptions shall be
assigned according to the structural stiffness
or wall yielding as follows:
Ridged frame or restrained-wall. Use the
values shown in Table 5 under the column
“Frame Tanks”, which gives pressures
comparable to the at-rest condition.
Flexible or yielding wall. Use the values
shown in Table 5 under the column
“Freestanding Wall”, which gives pressures
comparable to the active condition. Walls in
this category are designed on the basis of
gravity for stability or are designed as
cantilever having a base wall thickness to
height of backfill ratio not more than 0.085.
Internal pressure used for design shall be 65
lbs/ft2 where the stored waste is not
protected from precipitation. A value of 60
lbs/ft2 may be used where the stored waste is
protected from precipitation and will not
become saturated. Lesser values may be used
if supported by measurement of actual
pressures of the waste to be stored. If heavy
equipment will be operated near the wall, an
additional two feet of soil surcharge shall be
considered in the wall analysis.
Tank covers shall be designed to withstand
both dead and live loads. The live load
values for covers contained in ASAE
EP378.3, Floor and Suspended Loads on
Agricultural Structures Due to Use, and in
ASAE EP 393.2, Manure Storages, shall be
the minimum used. The actual axle load for
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Service Life and Durability. Planning
design, and construction shall ensure that the
structure is sound and of durable materials
commensurate with the anticipated service
life, initial and replacement costs,
maintenance and operation costs, and safety
and environmental considerations.
Guidance in evaluating the service life of
various materials is given in Table 6. The
materials indicated meet the requirements of
this standard. The service life of materials
not shown shall be based on performance
data.
Table 6 – Service Life of Various Materials
Service Life

Material1

Short (minimum of
15 years

Wood; masonry, including
concrete staves; flexible
membranes; glass/fiber
reinforced plastics/resins;
steel coated with zinc,
epoxy, vinyl, and asphalt;
reinforced concrete

Medium(minimum
of 20 years)

Reinforced concrete; glass
fused steel

Long (minimum of
50 years)

Reinforced concrete; flexible
membranes with earth
covers

1

The durability and estimated life of reinforced concrete is a
function of the design criteria and the quality of the concrete. A
key aspect affecting durability is corrosion of the reinforcement
which is directly related to cracking (design stress) and the
reinforcement cover. The quality levels of reinforced concrete
are discussed under “Structural Design”.
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TABLE 5 - LATERAL EARTH PRESSURE VALUES1

Soil
Description4

Unified
Classification4

Equivalent fluid pressure (lb/ft2/ft of depth)
Above seasonal high
Below seasonal high water
water table2
table3
FreeFrame
FreeFrame
standing
tanks
standing
tanks
walls
walls

Clean gravel, sand or
30
50
80
90
sand-gravel mixtures GP, GW, SP, SW
(maximum 5% fines)5
Gravel, sand, silt
and clay mixtures
All gravel sand dual
(less than 50%
symbol classifications
35
60
100
fines)
and GM, GC, SC, SM,
Coarse sands with
SC-SM
80
silt and and/or
clay (less than
50% fines)
Low-plasticity
silts and clays
with some sand
and/or gravel
45
75
90
105
(50% or more
CL, ML, CL-ML
fines)
SC, SM, SC-SM
Fine sands with
silt and/or
clay (less than
50% fines)
Low to medium
plasticity silts
and clays with
65
85
95
110
little sand
CL, ML, CL-ML
and/or gravel
(50% or more
fines)
High plasticity
CH, MH
silts and
clays (liquid
limit more than
50)6
1
For lightly compacted soils (85% to 90% maximum standard density.) Includes compaction by use of
typical farm equipment.
2
Also below seasonal high water table if adequate drainage is provided.
3
Includes hydrostatic pressure.
4
All definitions and procedures in accordance with ASTM D 2488 and D 653.
5
Generally, only washed materials are in this category
6
Not recommended. Requires special design if used.
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Structural design. The structural design
shall consider all items that will influence
the performance of the structure, including
loading assumptions, material properties and
construction quality. Design assumptions
and construction requirements shall be
indicated on standard plans.
All structures shall be underlain by free
draining material or shall have a footing
located below the anticipated frost depth.
Fabricated structures shall be designed
according to the criteria in the following
references as appropriate:
x

Steel: “Manual of Steel Construction”,
American Institute of Steel Construction.

x

Timber: “National Design
Specifications for Wood Construction”,
American Forest and Paper Association.

x

Concrete: “Building Code
Requirements for Reinforced Concrete,
ACI 318”, American Concrete Institute.

x

Masonry: “Building Code Requirements
for Masonry Structures, ACI 530”,
American Concrete Institute.

Slabs on grade. Slab design shall consider the
required performance and the critical applied
loads along with both the subgrade material and
material resistance of the concrete slab. Where
applied point loads are minimal and liquidtightness is not required, such as barnyard and
feedlot slabs subject only to precipitation, and
the subgrade is uniform and dense, the
minimum slab thickness shall be 4 inches with a
maximum joint spacing of 10 feet. Joint spacing
can be increased if steel reinforcing is added
based on subgrade drag theory.
For applications where liquid-tightness is
required such as floor slabs of storage tanks,
the minimum thickness for uniform
foundations shall be 5 inches and shall
contain distributed reinforcing steel. The
required area of such reinforcing steel shall
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be based on subgrade drag theory as discussed
in industry guidelines such as American
Concrete Institute, ACI 360, “Design of Slabson-Grade”.
When heavy equipment loads are to be
resisted and/or where a non-uniform
foundation cannot be avoided, an appropriate
design procedure incorporating a subgrade
resistance parameter(s) such as ACI 360 shall
be used.
Additional Criteria for Holding Tanks
Holding tanks are used for liquid and slurry
waste and may be open or covered, within or
outside of enclosed housing, or beneath slotted
floors. Holding tanks shall be essentially
watertight.
Depending on the hazard involved to the
environment, tanks shall be constructed of
reinforced masonry, coated or glass-fused steel
or reinforced concrete. In-ground tanks shall
have exterior drainage or a minimum safety
factor of 1.3 against uplift, when empty.
Holding tanks shall be sufficiently watertight to
retain liquids required for agitating and
pumping and to function as planned. Effluent
seepage in amounts that would pollute surface
or ground water shall be prevented by watertight
construction or collected and utilized in a safe
manner. Influent seepage in amounts that would
infringe on the designed holding capacity shall
be prevented by watertight construction or site
drainage.
Tanks may be designed with or without covers.
Covers, beams, or braces that are integral to
structural performance must be indicated on the
construction drawings. The openings in covered
tanks shall be designed to accommodate
equipment for loading, agitating, and emptying.
These openings shall be equipped with grills or
secure covers for safety, and for odor and vector
control.
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Central loading from an elevation at or
above the top of the sidewall of open
holding tanks allows more complete and
uniform filling, particularly with manure
containing bedding. Steel and other
corrodible materials shall be adequately
protected with concrete, paint, or other
protective coatings to prevent corrosion.
Tank covers shall be designed to withstand
both dead and live loads. The live load
values for covers contained in ASAE
EP378.3, Floor and Suspended Loads on
Agricultural Structure Due to Use, and in
ASAE EP393.2, Manure Storage, shall be
the minimum used. The actual axle load for
tank wagons having more than a 2,000
gallon capacity shall be used.
All structures shall be underlain by free
draining material.
A minimum of 6 inches of residual solids
storage shall be provided for tanks.
Additional Criteria for Stacking Facilities
Solids stacking imply that the manure has a
consistency that does not flow, but remains
in place even during the wettest time of the
storage period. Facilities receiving 100
percent of the manure production, with no
provision for liquid separation, shall not be
designed as stacking facilities.
Stacking facilities may be open or roofed
and are used for wastes which behave
primarily as a solid. The anticipated stacking
angle of the manure must be considered in
determining the wall height.
Stacking facilities shall be constructed of
durable materials such as reinforced
concrete, reinforced concrete block, or
treated lumber. They shall be designed with
adequate safety factors to prevent failure
due to internal or external pressures,
including hydrostatic uplift pressure and
imposed surface loads such as equipment

which may be used within, on, or adjacent to
the structure. Lumber shall not be used for
walls which support moving stacking
elevators or similar loads.
Structural design criteria for stacking
facilities shall be in accordance with the
criteria for the various materials listed in the
section "Structural Design" of this standard.
Floor Slabs. Concrete floors should
normally slope away from the entrance
toward the back of the storage area. The
suggested design grade of the floors for beef
and dairy manure stacking facilities is from
0.2 to 1.0 percent. Floors for poultry litter
storage structures may be designed level.
Timber Walls. All post and lumber in
contact with waste or exposed to moisture
shall be pressure-treated in accordance with
Federal Specification, Wood Preservation:
Treating Practices, TT-W-571i wood. Posts
shall have a minimum size of 6 inch by 6
inch (nominal) and be placed in the ground
from 3 to 6 feet deep, depending on the
design analysis. Side planking shall be
treated lumber with a minimum nominal
thickness of 2 inches.
Seepage. Effluent seepage in amounts that
would pollute surface or ground water shall
be prevented by water tight construction or
collected and disposed of in a safe manner.
Influent seepage in amounts that would
infringe on designed storage capacity shall be
prevented by watertight construction or site
drainage.
Internal Drainage. Drainage of some
liquids, including rainfall from the stacking
area (especially those without a roof), should
be considered. This is best accomplished by
use of a timber wall with the boards installed
vertically, leaving 3/4-inch cracks. The
timber wall drainage section may be included
in a concrete or masonry block wall. Design
criteria shall be the same as for timber walls.
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Seepage shall be collected in a tank or waste
storage pond, or properly treated in a lagoon
or infiltration strip.
Poultry Litter Stacking Facilities. To
prevent spontaneous combustion, poultry
litter in the stacking facility should have less
than 40 percent moisture. Dry and moist
litter should not be layered. In addition, the
height of the litter stack shall not exceed 7
feet, with litter to wood contact limited to 4
feet.
CONSIDERATIONS
Location. Waste storage facilities should be
located as close to the source of waste and
polluted runoff as practicable. In addition,
they should be located considering
prevailing winds and landscape elements
such as building arrangement, landform, and
vegetation to minimize odors and visual
resource problems.
An auxiliary (emergency) spillway and/or
additional embankment height should be
considered to protect the embankment.
Factors such as drainage area, pond size,
precipitation amounts, downstream hazards,
and receiving waters should be evaluated in
this consideration.
Non-polluted runoff should be excluded
from the structure to the fullest extent
possible except where its storage is
advantageous to the operation of the
agricultural waste management system.
Solids Separation. To minimize frequency
of solids removal from waste storage ponds,
route polluted runoff through vegetative
filter strips, low-gradient channels, or debris
basins to remove readily settleable solids.
Settling facilities should have adequate
capacity to store settled solids for a time
period based on climate, equipment, clean
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out frequency, and method of disposal. If
animal manure, such as from dairy cows, is
flushed into a storage pond, a solids separator
may be provided for removing fibrous solids
to facilitate pumping and irrigation. Solid
separators, debris basins, etc., shall be
designed with appropriate liners to prevent
seepage to the groundwater.
Water Quantity. Waste storage facilities
will have an affect on the water budget. The
affect will be dependent upon the size of the
waste storage facility. The waste storage
facility will cause an increase in evaporation
and a decrease in downstream runoff where
drainage is designed to the facility. The waste
storage facility will not increase water
demand at the site.
Water Quality. The waste storage facility
should have an overall positive impact on
water quality by storing animal waste and
polluted runoff until it can be safely applied
to the land. Where ponds are used for waste
storage, there can be a positive effect on
water related wildlife habitat by providing
open water bodies. Water quality can be
adversely impacted during initial
construction due to erosion of the site but
will be minimal using proper construction
pollution prevention measures.
Freeboard for waste storage tanks should be
considered.
Solid/liquid separation of runoff or
wastewater entering pond facilities should be
considered to minimize the frequency of
accumulated solids removal and to facilitate
pumping and application of the stored waste.
Due consideration should be given to
environmental concerns, economics, the
overall waste management system plan, and
safety and health factors.
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Considerations for minimizing the
potential for and impacts of sudden
breach of embankment or accidental
release from the required volume.
Features, safeguards, and/or management
measures to minimize the risk of failure or
accidental release, or to minimize or
mitigate impact of this type of failure should
be considered when any of the categories
listed in Table 7 might be significantly
affected.
Table 7 - Potential Impact Categories from
Breach of Embankment or Accidental
Release
1.

Surface water bodies -- perennial streams,
lakes, wetlands, and estuaries

2.

Critical habitat for threatened and endangered
species.

3.

Riparian areas

4.

Farmstead, or other areas of habitation

5.

Off-farm property

6.

Historical and/or archaeological sites or
structures that meet the eligibility criteria for
listing in the National Register of Historical
Places.

to minimize the potential for accidental
release from the required volume through
gravity outlets when one or more of the
potential impact categories listed in Table 7
may be significantly affected:
1. Outlet gate locks or locked gate housing
2. Secondary containment
3. Alarm system
4. Another means of emptying the required
volume
Considerations for minimizing the
potential of waste storage pond liner
failure.
Sites with categories listed in Table 8 should
be avoided unless no reasonable alternative
exists. Under those circumstances,
consideration should be given to providing an
additional measure of safety from pond
seepage when any of the potential impact
categories listed in Table 8 may be
significantly affected.
Table 8 - Potential Impact Categories for Liner
Failure

1. Any underlying aquifer is at a shallow depth and
The following should be considered either
singly or in combination to minimize the
potential of or the consequences of sudden
breach of embankments when one or more
of the potential impact categories listed in
Table 7 may be significantly affected:

not confined
2.

The vadose zone is rock

3.

The aquifer is a domestic water supply or
ecologically vital water supply

4.

The site is located in an area of solutionized
bedrock such as limestone or gypsum.

1. An auxiliary (emergency) spillway
2. Additional freeboard
3. Storage for wet year rather than normal
year precipitation

Should any of the potential impact categories
listed in Table 8 be affected, consideration
should be given to the following:

5. Secondary containment

1. A clay liner designed in accordance with
procedures of AWMFH Appendix 10D
with a thickness and coefficient of
permeability so that specific discharge is
less than 1 x 10 6 cm/sec

The following options should be considered

2. A flexible membrane liner over a clay

4. Reinforced embankment – such as
additional top width, flattened and/or
armored downstream side slopes
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liner
3. A geosynthetic clay liner (GCL) flexible
membrane liner
4. A concrete liner designed in accordance
with slabs on grade criteria for
fabricated structures requiring water
tightness

Engineering plans, specifications and reports
shall include:
a. Plan view of system layout.
b. Type and number of animals the
structure is designed to serve.
c. Storage period.
d. Structural details of all components.

Considerations for minimizing the impact
of odors.
An anaerobic lagoon instead of a waste
storage pond should be considered for sites
located in rural areas where odors are a
concern. This should be especially
considered where odors would affect
neighboring farms having enterprises that do
not cause odors and/or neighbors who earn a
living off-farm. The recommended loading
rate for anaerobic lagoons at sites where
odors must be minimized is one-half the
values given in AWMFH Figure 10-22.
For sites located near urban areas practices
such as the following should be considered
to reduce odor emissions:
1. Covering the storage facility with a
suitable cover.
2. Using naturally aerated or mechanically
aerated lagoons.
3. Using composting in conjunction with a
solid waste system rather than a liquid or
slurry system.
4. Using a methane digester and capture
system.
PLANS AND SPECIFICATIONS
Plans and specifications shall be prepared in
accordance with the criteria of this standard
and shall describe the requirements for
applying the practice to achieve its intended
use.
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e. References to components supplied
by others (pumps, etc.).
f. Special safety requirements.
g. Vegetative requirements.
h. Quantities.
i. Drainage/Grading plan as needed.
j. Soil and foundation findings,
interpretations, and reports.
OPERATION AND MAINTENANCE
An operation and maintenance plan shall be
developed that is consistent with the purposes
of the practice, it’s intended life, safety
requirements, and the criteria for its design.
The plan shall contain the operational
requirements for emptying the storage
facility. This shall include the requirement
that waste shall be removed from storage and
utilized at locations, times, rates, and volume
in accordance with the overall waste
management system plan. In addition, for
ponds, the plan shall include an explanation
of the permanent marker or recorder installed
to indicate the maximum operating level.
The plan shall include a strategy for removal
and disposition of waste with least
environmental damage during the normal
storage period to the extent necessary to
insure the pond’s safe operation. This
strategy is for the removal of the contribution
of unusual storm events that may cause the
pond to fill to capacity prematurely with
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subsequent design inflow and usual
precipitation prior to the end of the normal
storage period.
Development of an emergency action plan
should be considered for waste storage
facilities where there is a potential for
significant impact from breach or accidental
release. The plan shall include site-specific
provisions for emergency actions that will
minimize these impacts.
REFERENCES
x

ACI 318, 360, 530

x

ASTM D-653, D-698, D-2488

x

ASAE Specifications: EP378.3,
EP393.2, EP288.5, S288

x

AWMFH, Chapter 7, Chapter 10

x

Basic Building Code, 12th Edition

x

Federal Specification, Wood
Preservation: Treating Practices, TTW-571i.

x

"Manual of Steel Construction",
American Institute of Steel
Construction

x

"National Design Specifications for
Wood Construction", American Forest
and Paper Association

x

National Engineering Manual, Part
520

x

NRCS Conservation Practice
Standards:

x



Critical Area Planting, Code 342



Pond, Code 378,



Pond Sealing or Lining, Code 521



Waste Utilization, Code 633

TR-74, “Lateral Earth Pressures”
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

ANIMAL MORTALITY FACILITY
(No.)
CODE 316

DEFINITION

from disease.

An on-farm facility for the treatment or disposal
of livestock and poultry carcasses.

CRITERIA
General Criteria Applicable to All Purposes

PURPOSE
This practice may be applied as part of a
conservation management system to support
one or more of the following purposes:
x

Decrease non-point source pollution of
surface and groundwater resources

x

Reduce the impact of odors that result
from improperly handled animal mortality

x

Decrease the likelihood of the spread of
disease or other pathogens that result
from the interaction of animal mortality and
predators

x

To provide contingencies for normal and
catastrophic mortality events

CONDITIONS WHERE PRACTICE APPLIES
This practice applies where animal carcass
treatment or disposal must be considered as a
component of a waste management system for
livestock or poultry operations. It applies
where on-farm carcass treatment and disposal
are permitted by federal, State, and local laws,
rules, and regulations. It also applies where a
waste management system plan as described
in the National Engineering Handbook (NEH),
Part 651, Agricultural Waste Management
Field Handbook (AWMFH) has been
developed that accounts for the end use of the
product from the mortality facility. This
practice includes disposal of both normal and
catastrophic animal mortality; however, it does
not apply to catastrophic mortality resulting

The facility shall be designed to handle normal
mortality and/or catastrophic mortality.
The planning and design of animal mortality
facilities or processes must conform to all
federal, State and local laws, rules and
regulations. This includes provisions for
closing and/or removing the facility where
required.
All structural components integral to animal
mortality management shall meet the structural
loads and design criteria as described in
NRCS conservation practice standard 313,
Waste Storage Facility, unless otherwise
designated.
Where an animal mortality facility can be
damaged by surface runoff, the runoff shall be
diverted away from the facility.
Location. The location shall minimize the
impact of the facility on odor and other air
quality issues affecting neighboring
residences, as well as minimizing the impact of
the facility on surface and ground water
resources. In addition, the facility, where
practical, shall be generally down gradient
from a spring or well.
The animal mortality facility shall be located
outside the 100 year floodplain; however if site
restrictions require location within a floodplain,
they shall be protected from inundation or
damage.
The location of the animal mortality facility
shall be consistent with the overall site plan for

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.
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the livestock or poultry operation.
Seepage Control. Where seepage from
mortality facilities will create a potential water
quality problem and it is deemed necessary to
reduce seepage, use AWMFH, Appendix 10D,
for clay liner design criteria, or other
acceptable liner technology.
Criteria Applicable to All Purposes –
Normal Mortality
The facility shall be located as close to the
source of mortality as practical, considering
bio-security issues and the need to keep the
facility out of sight of the general public.
Composters.
General. Design of facilities for composting
animal mortality shall conform to conservation
practice standard 317, Composting Facility, or
the guidance in National Engineering
Handbook Part 637, Chapter 2 – Composting
(NEH 637.0211, Dead Animal Composting).
Freezers.
General. Freezer units shall be of the chest
type with a construction compatible with the
mechanism to be used to empty the freezer.
Provisions for protecting the freezer unit from
precipitation and direct sun shall be made as
deemed appropriate.
The freezer unit design, construction, power
source, and unit installation shall be in
accordance with manufacturer's
recommendations. Freezers shall be
constructed of durable material with a life
expectancy compatible with other aspects of
the waste management system. The freezer
container shall be leakproof to minimize odor
and leachate pollution.
Where needed, the freezer will be placed on a
pad of suitable strength to withstand loads
imposed with vehicular traffic consistent with
equipment used to load or remove the box or
tray.
Temperature. The freezers shall be selfcontained units designed to freeze animal
carcasses before decomposition occurs. For
best results, the temperature of the carcasses
0
0
shall be maintained between 22 and 26 F.
Capacity. Freezer units shall be sized to
accommodate the normal maximum volume of
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mortality to be expected in the interval
between emptying. Volume calculations shall
include the expected mortality rate of the
animal, the period of time between emptying
where mortality is given on a per day basis, the
average weight of the animal between
emptying, and a conversion factor for weight to
volume. For broiler operations use a weight to
volume conversion of a minimum of 45 pounds
per cubic foot. Capacity calculations shall be
supported by a removal schedule supplied by
an integrator or approved vendor.
Power Source. An alternative source of
power, where available, shall be used to
maintain the integrity of the freezing process
during power outages. Where an alternative
power source will not be available, the
operation and maintenance plan shall contain
contingencies for disposal of the poultry
mortality.
Disposal Pit.
General. Disposal pits shall not be located on
sites with:
1) highly permeable soils or over fractured or
cavernous bedrock within two feet of the
bottom of the pit unless an approved liner
is used, or
2) soils with a seasonal high water table less
than two feet from the bottom of the pit.
Size and Capacity. Pits shall be sized to
accommodate the normal mortality in
accordance with criteria acceptable to state
and local regulatory agencies. The disposal
pit shall be a minimum of 4 feet wide and 4
feet long. No minimum depth is required, but
the selected depth shall accommodate 2 feet
of cover over the mortality. Multiple pits shall
be separated by a minimum of three feet of
undisturbed or compacted soil.
Structural Loading and Design. Vehicular
traffic shall not be allowed within four feet of
the pit structure. Fences or other barriers shall
be used to exclude vehicles where necessary.
The disposal pit shall be cased with masonry
blocks, treated timber, or a pre-cast concrete
septic tank conforming to American Society of
Testing Materials (ASTM) C1227-00b
Standard Specification for Pre-cast Septic
Tanks. In all cases, the bottom of the pit shall
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remain exposed to the soil. If the pre-cast
septic tank is used, it shall be fabricated with
three 6-inch openings in each end, and five six
inch openings in each side. When masonry
block are used, every fourth block in each
course shall be laid sideways (openings
toward the outside) except the top and bottom
courses. The bottom course shall be on a
reinforced concrete footing of at least one foot
wide and six inches thick. When treated
timbers are used for walls, a one-inch spacing
shall be left between timbers.
For pits that are four to five feet deep, a step or
bench 18 inches wide and one-foot deep shall
be dug around the perimeter of the main pit so
the remaining vertical wall shall not exceed
four feet. For pits greater than five feet deep,
the earthen wall shall be sloped back at 1 1/2
horizontal and 1 vertical or flatter.
The top of a disposal pit shall be covered with
a slab constructed of reinforced concrete or
treated timber having an appropriately sized
hole for a drop chute. A pit over eight feet long
shall have drop chutes every five feet and a
minimum of two drop chutes. The drop chutes
shall be appropriately covered and made of
drainage tile, or concrete, clay, or polyvinyl
chloride (PVC) pipe. A ten-inch opening is
recommended for chickens, and a twelve-inch
opening for turkeys and suckling pigs.
Incinerators.
General. Incinerators shall be dual burning
Type 4 (human and animal remains) approved
for use within the state.
Capacity. Minimum incinerator capacity shall
be based on the average daily weight of
animal mortality and the length of time the
incinerator will be operated each day.
Location. The incinerator shall be located a
minimum of 20 feet from any structure. The
incinerator shall be placed on a concrete pad
with the fuel source as distant as practical. If
the incinerator is covered with a roof, at least
six inches are required between the incinerator
chimney and any combustible roof parts.
Criteria Applicable to All Purposes –
Catastrophic Mortality
General. Processes addressed by this
standard shall be limited to burial and

composting. Catastrophic mortality shall be
collected as soon as practical and moved
away from the production facility.
Location. The facility shall be located as far
away from neighboring dwellings and the
poultry or livestock operation as site conditions
permit. Locate on sites with restricted
percolation and a minimum of two feet
between the bottom of the facility and the
seasonal high water table unless special
design features are incorporated that address
seepage rates and non-encroachment of
contaminants into the water table. Use
AWMFH Appendix 10D for selection of sites
where seepage will be restricted with normal
construction techniques.
Burial Pit
General. Catastrophic mortality resulting from
natural conditions such as temperature
extremes shall be buried on-site or as
otherwise directed by state and local
regulatory agencies. Burial of catastrophic
mortality shall be timed to minimize the effects
of mortality expansion during early stages of
the decay process. Where possible and
permitted by state law, mortality shall remain
uncovered or lightly covered until bloating has
occurred, or methods employed to reduce or
eliminate bloating. Topsoil shall be retained to
re-grade the disposal site after the ground has
settled as the decay process is completed.
Stockpiled soil shall be no closer than 20 feet
from the edge of the burial pit.
Size and Capacity. Pits shall be sized to
accommodate catastrophic mortality using
appropriate weight to volume conversions.
Capacity shall be in accordance with criteria
acceptable to state and local regulatory
agencies. The burial pit shall be a minimum of
4 feet wide with length necessary to
accommodate mortality. Depth shall
accommodate a minimum of 2 feet of cover
over the mortality. Pit bottoms shall be
relatively level. Lengths may be limited by soil
suitability and slope. If more than one pit is
required, they shall be separated by a
minimum of three feet of undisturbed or
compacted soil. The burial site shall be of
sufficient volume to contain the mortality with a
minimum of two feet of soil cover. The burial
site shall be finish graded to slightly above
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natural ground elevation to accommodate
settling.
Structural Loading and Design. Vehicular
traffic shall not be allowed within four feet of
the pit edge.
For pits that are four to five feet deep, a step or
bench 18 inches wide and one foot deep will
be dug around the perimeter of the main pit so
the remaining vertical wall will not exceed four
feet. For pits greater than five feet deep, the
earthen wall shall be sloped back at 1 1/2
horizontal and 1 vertical or flatter.
Composting
General. Catastrophic mortality composting
shall be in either passive piles or windrows as
described in National Engineering Handbook
Part 637, Chapter 2 – Composting (NEH
637.0210 and NEH 637.0211).
Composting mortality shall be protected from
precipitation as necessary, or provisions made
for collecting contaminated runoff. Static piles
or windrows covered with sawdust, finished
compost, or other benign material will not need
further protection.
CONSIDERATIONS
Major considerations in planning animal
mortality management are:
x
x
x
x
x

Available equipment at the operation,
The management capabilities of the
operator,
The degree of pollution control required by
state and local agencies,
The economics of the available
alternatives, and
Effect on neighbors.

Consideration should be given to prevailing
wind direction and neighbors when siting
animal mortality disposal facilities. A minimum
of 900 feet should separate the facility from the
nearest neighboring residence, and the facility
should be 200 feet from a well, spring, or water
course.
Runoff from the livestock or poultry facility, or
from outside areas should be diverted away
from the animal mortality disposal facility.
Composting of poultry mortality will be
hindered if the bird carcasses are allowed to
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freeze. Birds should be kept in a dry, nonfreezing environment until added to the
compost mix.
Facility sizes for composting large animal
carcasses should reflect the longer compost
periods required.
The following table lists factors that could be
used in determining minimum daily weight of
animal mortality when sizing incinerators:
TYPE OF ANIMAL

DAILY LOSS FACTOR
(pounds/day/animal)

Chicken:
Broilers
0.0024
Laying hens
0.0014
Breeding hens
0.0019
Breeder, male
0.0082
Turkeys:
Hen
0.0081
Tom, light
0.0193
Tom, feather production 0.0286
Swine:
Suckling pigs
0.0400
(per sow)
Poultry operations often experience higher
rates of mortality as the birds reach maturity.
The capacity of incinerators should be sized to
insure the mortality of the large birds can be
handled within the time frame allowed for
incineration.
An alternative to prevent bloating of
catastrophic mortality die off could include
opening animal thoracic and abdominal
cavities and viscera prior to placing required
cover.
Incineration produces varying quantities of ash
that will need to be properly handled.
Vegetative screens and topography can be
used to shield the animal disposal facility from
public view, and to minimize visual impact.
State requirements for record keeping vary.
Items such as burial site location, type and
quantity of mortality, burial date, and other
pertinent details should be noted at the time of
burial.
Operators should maintain a list of current
phone numbers for state and local officials to
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aid in notification if disease-related
catastrophic mortality occurs.
Safety devices such as fencing, warning signs,
and freezer locks may be necessary at certain
sites.
Bio-security concerns should be addressed in
all aspects of planning, installation, and
operation and maintenance of an Animal
Mortality Facility.
Ground disturbing activities such as
excavation and site preparation for disposal
facilities have the potential to affect significant
cultural resources.

Burial of catastrophic mortality shall be timed
to minimize the effects of mortality expansion
during early stages of the decay process.
Where possible and permitted by state law,
mortality shall remain uncovered or lightly
covered until bloating has occurred. Some
topsoil shall be retained to re-grade the
disposal site after the ground has settled as
the decay process is largely completed.
Where composting is used for catastrophic
mortality disposal, the operation and
maintenance plan shall identify the most likely
compost medium, possible compost recipes,
operational information, and equipment that
will need to be readily available.

OPERATION AND MAINTENANCE
An operation and maintenance plan applicable
to this practice that includes, but is not limited
to, the items listed below will be developed
with the operator, and will become a part of the
overall waste management system plan. The
requirements in the individual operation and
maintenance plan shall be consistent with the
practice purposes, intended life, and design
criteria. Safety considerations shall be
prominently displayed in the plan.
Normal Mortality
Animal mortality facilities will normally be
operated or used on a daily basis. At each
operation or use, the facility shall be inspected
to note any maintenance needs or indicators of
operation problems.
Catastrophic Mortality
Possible locations for catastrophic animal
mortality facilities shall be located during the
planning process to be operated as needed.

PLANS AND SPECIFICATIONS
Plans and specifications for animal mortality
facilities shall be in keeping with this standard
and shall describe the requirements for
applying this practice to achieve its intended
purpose.
REFERENCES
Agricultural Waste Management Field
Handbook (AWMFH)
National Engineering Handbook, Part 637,
Chapter 2, Composting
NRCS GM 420 Part 401 – Cultural Resources
NRCS National Handbook of Conservation
Practices
ASTM C1227-00b Standard Specification for
Pre-cast Septic Tanks
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Field Office Technical Guide
Section IV

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

COMPOSTING FACILITY
(No.)
CODE 317

DEFINITION
This is a treatment component of an agricultural
management system for the biological
stabilization of organic material.
PURPOSES
This practice may be applied as part of a
resource management system to reduce the
pollution potential of organic agricultural wastes
to surface and ground water.
CONDITIONS WHERE PRACTICE APPLIES
This practice applies where:
1. Organic waste material is generated by
agricultural production or processing;
2. A composting facility is a component of a
planned agricultural waste management
system; and,
3. A composting facility can be constructed,
operated and maintained without polluting air
and/or water resources.
CRITERIA
General Criteria Applicable To All Purposes
Laws and Regulations. The installation and
operation of the composting facility shall comply
with all federal, state, and local laws, rules, and
regulations.
Safety. Safety and personal protection features
and practices shall be incorporated into the
facility and its operation as appropriate to
minimize the occurrence of equipment hazards
and biological agents during the composting
process.

Facility Siting. The bottom elevation of the
composting facility shall be above the seasonal
high water table and on soils with an acceptable
permeability that does not allow materials to
contaminate the ground water, and meets all
applicable regulations, or the facility shall be
installed on concrete slabs or other appropriate
liners.
Ideally, compost facilities should be located
outside of floodplains. However, if site
restrictions require location within a floodplain,
they shall be protected from inundation or
damage from a 25-year flood event, or larger.
The minimum location to waterwells shall be no
closer than 300 feet.
Composting facilities shall be located as near the
source of organic waste as practical. Locate
compost facilities so prevailing winds and
landscape elements such as building
arrangement, landforms, and vegetation
minimize odors and protect the visual resource.
Direct surface runoff away from the compost
facility. Direct contaminated runoff from compost
facilities to an appropriate storage or treatment
facility for further management.
Ponds constructed to collect runoff will require a
Kentucky No Discharge Operational Permit.
Compost Mix. Develop a compost mix that
encourages aerobic microbial decomposition and
avoids nuisance odors.
Carbon-Nitrogen Ratio. The initial compost mix
shall result in a Carbon to Nitrogen ratio between
25:1 and 40:1. See table 10-6 in the AWMFH for
typical C: N ratios of common composting
amendments. Compost with a greater carbon to

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current version of this
standard, contact the Natural Resources Conservation Service.
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nitrogen ratio can be used if nitrogen
immobilization is not a concern.

Handbook (AWMFH), Chapter 10 and NEH Part
637 Chapter 2, Composting.

Carbon Source. A dependable source of
carbonaceous material with a high carbon to
nitrogen ratio (C: N) shall be stored and available
to mix with nitrogen rich waste materials.

Facility structural elements such as permanent
bins, concrete slabs, and roofs shall meet the
requirements of Conservation Practice Standard
313, Waste Storage Facility.

Bulking Materials. Add bulking materials to the
mix as necessary to enhance aeration. The
bulking material may be the carbonaceous
material used in the mix or a non-biodegradable
material that is salvaged at the end of the
compost period. If a non-biodegradable material
is used, provision shall be made for its salvage.
Moisture Level. Provision may be made for
maintaining adequate moisture in the compost
mix throughout the compost period within the
range of 40 to 65 percent (wet basis).

Facility Size. Size the compost facility to
accommodate the amount of raw material
planned for active composting, space required
for curing and space for the maximum length of
time anticipated between emptying events or
storage period. The minimum storage period
shall be based on the timing required for the
composting process and environmentally safe
waste utilization considering the climate, crops,
soil, equipment, and local, state, and Federal
regulations. Composted material shall be
protected from the weather by roofs or other
suitable covers.

In high precipitation climatic regions, care shall
be taken to prevent excess moisture from
accumulating in the compost. Facility covers
may be required to provide for a suitable product.

Dimensions selected for elements of the
compost facility shall accommodate equipment
used for loading, unloading, and aeration.

Temperature of Compost Mix. Manage the
compost to attain and then maintain the internal
temperature for the duration required to meet
management goals.

Sizing of facilities for composting dead animals
shall be based on normal mortality loss records
for the operation. Or, if not available, locally
established mortality rates for the type of
operation shall be used.

When the management goal is to reduce
pathogens, the compost shall attain a
o
temperature greater than 130 F for at least 5
days as an average throughout the compost
mass.
This temperature and time criterion may be
achieved during either primary or secondary
composting stages or as the cumulative time of
greater than 130oF in both stages.
Turning/Aeration. The frequency of
turning/aeration shall be appropriate for the
composting method used, and to attain the
desired amount of moisture removal and
temperature control while maintaining aerobic
degradation.
Facility Type. Selection of the composting
facility/method shall be based on the availability
of raw material, the desired quality of final
compost, equipment, labor, time, and land
available.
The composting method (aerated windrow, static
pile, and in-vessel) shall meet the requirements
of the Agricultural Waste Management Field
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Compost Period. Continue the composting
process long enough for the compost mix to
reach the stability level where it can be safely
stored without undesirable odors. It shall also
possess the desired characteristics for its use,
such as lack of noxious odor, desired moisture
content, level of decomposition of original
components and texture. The compost period
shall involve primary and secondary composting
as required to achieve these characteristics.
Test the finished compost as appropriate to
assure that the required stabilization has been
reached.
Use of Finished Compost. Land application of
finished compost shall be in accordance with
Conservation Practice Standards 590, Nutrient
Management, and 633, Waste Utilization.
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Specification, Wood Preservation:Treating
Practices, TT-W-571i. All metal used in the
structure shall be galvanized or otherwise
protected from corrosion.

Additional Criteria for Dead Bird Composting
All dead bird composters shall have the following
features:
a. Roof – While composting of some materials
may be accomplished in the open, it does
not work well with dead bird composts. A
roof ensures year round operation and
controls rainwater and percolation. The roof
structure shall designed for applicable wind
and dead loads for agricultural buildings
according to local building codes. Wind loads
shall be calculated using ASAE practice
standard ASAE EP288.5. Post and beam
design shall be in accordance with
procedures described in the National Forest
Products Association's National Design
Specification for Wood Construction or the
American Institute of Timber Construction's
Timber Construction Manual. Post
embedment design shall be in accordance
with ASAE practice standard ASAE EP486.

e. Facility Size - The volume required for
composting is dependent upon estimated
mortality rates, market weight, number of
animals, days to reach market weight, and a
volume factor. Volume shall be calculated
using equation 10-22 in the AWMFH. Table
10-7 of the AWMFH provides suggested
mortality rates for various poultry types. A
volume factor of 2.5 is recommended for use
in Kentucky. Composting facilities shall
include a primary composting unit into which
alternate layers of low moisture content
manure, carbon source material (straw is
common), and dead animal carcasses are
placed. A secondary composting unit is
often necessary to complete the composting
process.
f.

b. Walls - All walls shall be constructed of
either treated lumber or reinforced concrete.
Treated wood walls shall be constructed in
accordance with the National Forest
Products Association's National Design
Specification for Wood Construction or the
American Institute of Timber Construction's
Timber Construction Manual. Reinforced
concrete walls shall be constructed in
accordance with “Building Code
Requirements for Reinforced Concrete, ACI
318”, American Concrete Institute.
c. Concrete Floor - This is critical to wet
weather operations, secures the composter
against rodents, dogs, etc., and prevents
contamination of the surrounding area.
Concrete slab design shall consider the
required performance and the critical applied
loads along with both the subgrade material
and material resistance of the concrete slab.
Where applied point loads are minimal and
subgrade is uniform and dense, the minimum
slab thickness shall be 4 inches with a
maximum joint spacing of 15 feet. Joint
spacing can be increased if steel reinforcing
is added based on subgrade drag theory.
d. Building Materials - All lumber in contact
with ground or compost shall be pressuretreated in accordance with Federal

Temperature - A minimum temperature of
130o F shall be reached during the
composting process. (Temperatures of
140oF to 160 o F are ideal.) If this
temperature is not reached, the resulting
compost shall be incorporated immediately
after land application.

Additional Criteria for dead swine composting
All dead swine composting facilities shall have
the following features:
a. Compost Bin Size - The volume required for
the composting is dependent upon estimated
mortality rates, animal weight at death,
number of animals, and a volume factor. Bin
volume shall be calculated using the
procedure in the Kentucky Amendment KY-2
to the AWMFH. Table 10-7a has average
industry values for mortality rates for various
sizes of swine. Volume factors are as follows:
VF = 10; if poultry litter, hog manure, or other
nitrogen source is used to adjust the C:N ratio
to 20:1 to 35:1.
VF = 20; if no nitrogen source is used to
adjust the C:N ratio.
b. Temperature - Same as criteria for dead bird
composting.
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c. Moisture Control - Moisture content should
be maintained at 50 to 55 percent. The
addition of water may be required for the
compost mix to attain this moisture content.
d. Building Materials - Same as criteria for
dead bird composting.
e. Roofed Structure - Construction of a dead
swine composting roofed structure is the
same as that of a dead bird composting
facility. Sawdust and dead animals are
layered in this process. Poultry litter, swine
manure or other nitrogen source may be
added to adjust the C:N ratio; however, these
additions are not requirements. In this type of
facility the C:N ratio generally will be within
the optimum range of 25:1 to 40:1.
CONSIDERATIONS
Develop an initial compost mix with a Carbon to
Nitrogen ratio of at least 30:1 to reduce most
offensive odors.
Minimize odors and nitrogen loss by selecting
carbonaceous material that, when blended with
the nitrogenous material; provides a balance of
nutrients and porous texture for aeration.
Maximize solar warming by aligning piles north to
south configured with moderate side slopes.
In humid areas, do not locate piles (windrows)
across the slope to prevent ponding and
sogginess.
Protect compost facilities from the wind in cold
climates. Wind protection may help prevent
excess drying of the compost in dry climates.
Composting of waste organic materials should
improve water quality by eliminating alternative
methods of disposal that could pollute ground
and surface water. Soil amended with compost
will have an increased available moisture
content, which will result in some additional
storage of water in the soil profile resulting in
less leaching. Caution must be taken to prevent
spreading compost near surface water because
high organic matter content could cause oxygen
depletion problems and other related problems.
Evaluate the effects of changed infiltration
conditions on groundwater recharge, and
evaluate changes in volumes and rates of runoff
caused by the location of the operation. Properly
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manage movement of organic material, soluble
substances, and substances attached to solids
carried by runoff.
Evaluate site paving needs in terms of effects of
equipment operation on trafficability, soil
compaction, and potential for contamination from
compost and petrol products. Special
consideration should be given to designing high
traffic areas in front of the primary bins which
must be used daily in all weather conditions.
Buffer areas, vegetative screens, and natural
landscape features can help minimize the effects
of odors.
Odor - When odor is a concern, select
carbonaceous material that, when blended with
the nitrogenous material, will result in the desired
pH. The blended material should have a pH at or
slightly below neutral for best odor control.
Where odors do not present a problem, pH of 8
to 9 is acceptable, but strong ammonia and
amine related odors will be present for up to the
first 2 weeks.
Moisture - Proper moisture content is critical in
a carcass composting process and varies greatly
with carcass specie and size. Water is also a byproduct of aerobic decomposition of animal and
poultry carcasses. Minor amounts of initial
moisture is important for initiating the composting
process. However, the number one source of
failure in aerobic carcass composting is too
much moisture, either from excess application by
the operator, or failure to exclude outside rainfall.
Learning to control moisture is a trial and error
process for each size and specie of carcass. For
poultry, a good rule of thumb for moisture is to
spray the carcasses with a light mist roughly
equivalent to an autumn morning dew. Further
addition of water is almost never needed in
poultry composting. The composting of large
swine carcasses requires a larger quantity of
water to initiate the process. This is due in part
because it takes a longer period of time before
by-product water is released by the swine
carcass. Initial moisture application for swine
varies from 0.25 to 0.65 pounds of water per
pound of carcass depending on carcass size.
A 350 pound sow requiring approximately 0.5
pounds of water per pound of carcass would
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require an initial addition of 175 pounds or 21
gallons of water.
A good carcass compost should heat up to the
140o F range within a few days. Failure of the
compost material to heat properly normally
results from two causes. First, the nitrogen
source is inadequate (example wet or leached
litter). Commercial fertilizer spread over a
carcass layer will usually solve this problem.
Secondly, the compost fails when too much
water has been added and the compost pile
becomes anaerobic. An anaerobic compost bin
is characterized by temperatures less than 120o
F, offensive odors, and a black oozing
compound flowing from the bottom of the
compost bin.
Increased surface area favorably affects
evaporation and natural aeration. Aligning piles
north to south and maintaining moderate side
slopes maximizes solar warming. Windrows
should be aligned to avoid accumulation of
precipitation.
Temperature - It is possible, though unlikely, for
temperature to rise above the normal range and
create conditions suitable for spontaneous
combustion. If temperature rises above 170o F,
the material should be removed from the bin and
spread in a uniform layer for cooling. If
temperature falls significantly during the
composting period and odors develop, or if
material does not reach operating temperature,
investigate piles for moisture content, porosity,
nitrogen content of litter, and thoroughness of
mixing. Compost managed at the required
temperatures will favor destruction of any
pathogens and weed seeds.
Aeration. Heat generated by the process
causes piles to dehydrate. As the process
proceeds, material consolidates, and the volume
of voids through which air flows decreases.
Materials selected for the composting mix should
provide for adequate air movement throughout
the composting process. Periodically turning the
pile and maintaining proper moisture levels for
windrows and static piles will normally provide
adequate aeration.
Nutrients - Keep compost well aerated to
minimize nitrogen loss by denitrification. Keep
pH at neutral or slightly lower to avoid nitrogen

loss by ammonification. High amounts of
available carbon will aid nitrogen immobilization.
Include compost nutrients in nutrient
management plans and determine the effects of
use and management of nutrients on the quality
of surface water and ground water as related to
human and livestock consumption.
Testing - Test compost materials for carbon,
nitrogen, moisture, and pH if compost fails to
reach desired temperature or if odor problems
develop. The finished compost material should
be periodically tested for constituents that could
cause plant phytotoxicity as the result of
application to crops. Composted materials that
are prepared for the retail market will require
testing for labeling purposes.
Management - Composting operations require
close management. Management capabilities of
the operator and availability of labor should be
assessed as part of the planning implementation
process.
Additional Storage - Consider additional
storage for storing components used in the
composting recipe. Manure storage shall be in
accordance with NRCS Conservation Practice
Standard, Waste Storage Facility, Code 313.
Economics - Benefits associated with the
ultimate use of the composted material should be
compared to the capital expenditures and
operating costs of the composting operations. In
addition to cost return, benefits can include
environmental protection, improved handling,
disposal of dead animal carcasses, odor control,
and the reduced need for storage volume.
PLANS AND SPECIFICATIONS
Plans and specifications shall be prepared in
accordance with the criteria of this standard and
shall describe the requirements for applying the
practice to achieve its intended use.
OPERATION AND MAINTENANCE
Develop an operation and maintenance plan that
is consistent with the purposes of this practice,
and the life of the composting facility. Recipe
ingredients and sequence that they are layered
and mixed shall be given in the plan. The O&M
plan shall include maximum and minimum
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temperature for operation, land application
rates, moisture level, management of odors,
testing, etc. Make adjustments throughout the
composting period to ensure proper composting
processes.
Closely monitor temperatures above 165oF.
Take action immediately to cool piles that have
reached temperatures above 185oF.
The compost facility should be inspected
regularly when the facility is empty. Replace
deteriorated wooden materials or hardware.
Patch concrete floors and curbs as necessary to
assure water tightness. Roof structures should
be examined for structural integrity and repaired
as needed. Exposed metal components should
be inspected for corrosion. Corroded metal
should be wire brushed and painted as
necessary.
Safety requirements for operation of the
composting facility shall be provided.
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The operation and maintenance plan shall state
that composting is a biological process. It
requires a combination of art and science for
success. Hence, the operation may need to
undergo some trial and error in the start-up of a
new composting facility.
REFERENCES
ASAE Standards
EP288.4
EP486
AWMFH
ASTM D 1760-96
“National Design Specification for Wood
Construction,” National Forest Products
Association
NEH, Part 637, Chapter 2, Composting
NRCS Conservation Practice Standards,
Nutrient Management, Code 590
Waste Utilization, Code 633
Waste Storage Facility, Code 313.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CHANNEL BANK VEGETATION
(Ac.)
CODE 322

DEFINITION
Establishing and maintaining vegetative cover
on channel banks, berms, spoil, and
associated areas.
PURPOSE
x

Stabilize channel banks and adjacent
areas and reduce erosion and
sedimentation.

x

Maintain or enhance the quality of the
environment, including visual aspects and
fish and wildlife habitat.

CONDITIONS WHERE PRACTICE APPLIES

Channel side slopes shall be shaped so that
they are stable and allow establishment and
maintenance of desired vegetation.
When slopes are modified for seeding, topsoil
will be stockpiled and spread over areas to be
planted as needed to meet planting and
landscaping needs.
Streambanks to be used for public access
(fishing, swimming and related activities) will
have side slopes no steeper than a ratio of 4
horizontal to 1 vertical (4:1).
Bank Stabilization Techniques. A
combination of vegetative and structural
measures will be used on slopes steeper than
3:1 to insure that they are stable.

This practice applies to establishing vegetation
on channel banks, berms, spoil, and
associated areas. This practice does not apply
to grassed waterways, diversions, areas with
protective linings, areas covered with water for
an extended period of time, or areas where
conditions will not support adequate
vegetation.

Species Selection. Plant material used for
this practice shall:

CRITERIA

x

Typically occur in the hydrologic zone into
which they will be planted. See Figure 1
for hydrologic zone locations and
descriptions.

x

Be adapted, tested and proven cultivars in
the regions in which they will be used.

x

Produce plant communities that are
compatible with those in the area when
mature.

x

Be resistant to diseases or insects
common to the site or location.

x

Protect the channel banks and help
maintain channel capacity.

General Criteria Applicable to All Purposes
Streambank and Shoreline Protection (code
580) shall be used when stabilization of the
Toe and/or Bank Hydrologic Zones is required
before channel vegetation establishment.
Areas to be planted will be cleared of
unwanted materials and smoothed or shaped,
if needed, to meet planting and landscaping
purposes.

Certified seed shall be used, if available, for all
seeded species.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.

NRCS, NHCP
November 2002

322 - 2

Hoag 1999

Figure 1. Location of Hydrologic Zones Along a Channel

Definitions and descriptions of hydrologic zones used for Channel Bank Vegetation:
Bankfull Discharge Elevation - In natural streams, it is the elevation at which water fills the channel without overflowing onto
the flood plain.
Bank Zone - The area above the Toe Zone located between the average water level and the bankfull discharge elevation.
Vegetation may be herbaceous or woody, and is characterized by flexible stems and rhizomatous root systems.
Overbank Zone - The area located above the bankfull discharge elevation continuing upslope to an elevation equal to two
thirds of the flood prone depth. Vegetation is generally small to medium shrub species.
Toe Zone - The portion of the bank that is between the average water level and the bottom of the channel, at the toe of the
bank. Vegetation is generally herbaceous emergent aquatic species, tolerant of long periods of inundation.
Transitional Zone - The area located between the overbank zone, and the flood prone width elevation. Vegetation is usually
larger shrub and tree species.
Upland Zone – The area above the Transitional Zone; this area is seldom if ever saturated.

Note: some channels have fewer than four hydrologic zones because of differences in soils,
topography, entrenchment and/or moisture regime.

Establishment of Vegetation. The species
used, planting rates, spacing, and methods
and dates of planting shall be based on plant
materials program trials or other technical
guidance, such as local planting guides or
technical notes.

Biotechnical slope stabilization practices (a
combination of vegetative and structural
measures using living and inert materials) are
to be used when flow velocities, soils, and
bank stability preclude stabilization by
vegetative establishment alone.

Identify, mark, and protect desirable existing
vegetation during practice installation.

The existing vegetation will be cleared in a
three-foot diameter around each site where

NRCS, NHCP
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container, balled, potted, plug, paper sleeve
and bare root stock plantings are planted.
A suitable seedbed shall be prepared for all
seeded species. Compacted layers will be
ripped and the soil re-firmed prior to seedbed
preparation.
Seeds will be planted using the method or
methods best suited to site and soil conditions.
Sod placement shall be limited to areas that
can naturally supply needed moisture or sites
that can be irrigated during the establishment
year.
Sod will be placed and anchored using
techniques to insure that it remains in place
during the establishment period.
All disturbed areas will be mulched as
necessary. Mulch will be applied and
anchored according to the criteria in practice
standard 484, Mulching.
Fertilization. All fertilizers and soil
amendments will be applied in accordance
with soil analysis and plant requirements,
following the criteria in the Nutrient
Management standard (code 590).
Site Protection and Access Control.
Grazing animal access to planted areas will be
controlled for a minimum of two growing
seasons during the establishment period.
All areas to be grazed will have a grazing plan
that meets the criteria in practice standard 528,
Prescribed Grazing.
Grazing shall be permanently excluded on high
hazard sites, such as cut banks, areas of
seepage or other potentially unstable areas.
Tree guards will be placed around landscaped
areas as needed to protect against animal
damage.
CONSIDERATIONS
Stable, overhanging banks that provide shade
and cover for fish should not be disturbed.
Channel stabilization and streambank
protection practices should be considered to
facilitate establishment of channel vegetation.

A riparian functional assessment should be
completed on live streams to determine
channel condition.
In constructed channels, consider the size of
vegetation at maturity so as not to restrict the
capacity of the channel or conflict with
surrounding uses. Vegetative practices should
be designed to provide effective stability and
cover. Stability will allow for indigenous
vegetation to volunteer on the site.
Filter strips, riparian forest buffers and
conservation cover applied in conjunction with
channel vegetation will improve water quality
and enhance wildlife habitat.
Providing plant species diversity will help
combat disease and the overuse of a single
species.
Where economically feasible and practical,
irrigation of new plantings should be
considered.
Protection of channel vegetation from upland
sediment deposits resulting from wind and
water erosion should be considered.
Provisions for safety and protection of human
life and property should be considered in all
aspects of design, application, and
maintenance.
Consider economic and resource costs of
practice failure or re-establishment.
Effects of vegetation on water budget
components, especially on volumes and peak
flows of runoff, should be considered.
Techniques to minimize sedimentation impacts
from practice installation, such as sediment
barriers, erosion control fabric, and
biodegradable mulches, should be considered.
Effects of woody vegetation on stream
temperatures and invertebrate populations
should be considered.
PLANS AND SPECIFICATIONS
Plans and designs are to be prepared for
specific field sites. The plan will identify site
conditions, required permits, and include
design drawings showing location of planned
measures, cut and fill cross sections,
requirements for site preparation, location of

NRCS, NHCP
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planned species, planting dates, planting
methods, plant spacing, planting depth,
mulching, fertilizer and irrigation requirements.
A management strategy protecting the site will
be in place prior to the installation of Channel
Bank Vegetation improvements.
Specifications will be completed for each
hydrologic zone located within the channel.
OPERATION AND MAINTENANCE
Maintenance for this practice includes the
following:
x

Management of vegetative growth, as
applicable, by mowing, prescribed grazing,
applying approved pesticides and fertilizer,
or other means to maintain the desired
cover. Vegetative removal will be
restricted to periods having the least
impacts on nesting wildlife. All species
shall be allowed adequate time for regrowth in order to provide winter cover.

x

Repair of appurtenances and fences will
be completed as needed.

NRCS, NHCP
November 2002
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CONSERVATION COVER
(Ac.)
CODE 327

DEFINITION
Establishing and maintaining permanent
vegetative cover
PURPOSE
This practice may be applied to accomplish
one or more of the following:
x

Reduce soil erosion and sedimentation.

x

Improve water quality.

x

Improve air quality

x

Enhance wildlife habitat.

x

Improve soil quality

x

Manage plant pests

Kentucky” document located in Section IV of
the FOTG.
Vegetative planting material (e.g. sprigs,
rhizomes, bulbs) shall be from a reliable
supplier.
Site preparation shall be sufficiently adequate
to eliminate weeds for establishment and
growth of selected species.
Timing and use of equipment shall be
appropriate for the site and soil conditions.
All nutrients shall be applied according to soil
test recommendations that are based on the
University of Kentucky’s most current “Lime
and Nutrient Recommendations” publication
(AGR-1). Typically, fertilization is not
recommended for native grass plantings for
conservation cover purposes.

CONDITION WHERE PRACTICE APPLIES
This practice applies on all lands needing
permanent vegetative cover. This practice
does not apply to plantings for forage
production or to critical area plantings.
CRITERA
General Criteria Applicable to All Purposes
Species shall be adapted to soil, ecological
sites, and climatic conditions.
Species planted shall be suitable for the
planned purpose and site conditions.
Plant species, seedbed preparation, seeding
rates, seeding dates, seeding depths, fertility
requirements, and planting methods will be
consistent with appropriate sections and tables
in the “Establishing Vegetative Practices in

Additional Criteria to Reduce Soil Erosion
and Sedimentation
The amount of plant biomass and cover
needed to reduce wind and water erosion to
the planned soil loss objective shall be
determined using the current, approved water
erosion prediction technology.
The minimum seeding rates in the appropriate
tables of the “Establishing Vegetative Practices
in Kentucky” document may be increased by
25% to address erosion concerns when the
site conditions warrant.
Additional Criteria for Improving Air Quality
In perennial crop systems such as orchards,
vineyards, berries and nursery stock,
vegetation established shall provide at least
80% ground cover during the driest period of
the year and/or when the most traffic will be
experienced..

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.
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In perennial crop systems, select vegetation
that requires less frequent mowing operations.
To sequester carbon, plant cover established
will result in a positive CO2 equivalent value
when determined by the current approved
carbon prediction technology.

permanent vegetative cover shall be
established and managed by incorporating the
University of Kentucky’s Integrated Pest
Management (IPM) recommendations for the
target pest species.
CONSIDERATIONS

Additional Criteria for Enhancing Wildlife
Habitat
When an objective is to improve wildlife
habitat, the seeding mixture should not contain
species with a poor wildlife rating from the
appropriate tables in the “Establishing
Vegetative Practices in Kentucky” document.
Select species that create an open structure
that allows increased forb production and
wildlife movement.
Native perennial forbs are important to many
wildlife species. Increasing the number of forb
species improves the wildlife habitat by
increasing stand diversity. Forbs may be
added to the seeding mix according to the
appropriate tables in the “Establishing
Vegetative Practices in Kentucky” document.
To benefit insect food sources for grassland
nesting birds, spraying or other control of
noxious weeds will be done on a spot basis.
Maintenance practices and activities will not
disturb cover during the primary nesting period
th
for grassland species (between May15 and
st
August 1 ).
Annual mowing of the conservation cover for
generic weed control is not recommended
since it greatly reduces cover for next year’s
nesting period. If needed, conduct mowing
and light disking activities outside the nesting
season.
Additional Criteria to Improve Soil Quality
Plants will be selected on the basis of
producing high volumes of organic material
and prolific root systems (preferably deeprooted) to maintain or improve soil organic
matter. The amount of biomass needed will be
determined using the current soil condition
index procedure.
Additional Criteria to Manage Plant Pests
In perennial crop systems such as orchards,
vineyards, berries and nursery stock,

NRCS, KY
August 2008

This practice may be used to promote the
conservation of wildlife species in general,
including threatened and endangered species.
Certified seed and planting stock that is
adapted to the site should be used when it is
available.
Inoculating legume seed with the proper
Rhizobium bacteria should be considered on
sites where the legumes to be planted have
not been previously grown.
Mowing may be needed during the
establishment period to reduce competition
from broadleaf annual weeds.
On sites where annual grasses are an
expected weed problem it may be necessary
to postpone nitrogen fertilizer application until
the planted species are well established.
Where applicable this practice may be used to
conserve and stabilize archeological and
historic sites.
Consider rotating management and
maintenance activities (e.g. mow only onefourth or one-third of the area each year)
throughout the managed area to maximize
spatial and temporal diversity.
Where wildlife management is an objective,
the food and cover value of the planting can be
enhanced by using a habitat evaluation
procedure to aid in selecting plant species and
providing or managing for other habitat
requirements necessary to achieve the
objective.
Use native species that are appropriate for the
identified resource concern and management
objective. Consider trying to re-establish the
native plant community for the site
If a native cover (other than what was planted)
establishes, and this cover meets the intended
purpose and the landowner's objectives, the
cover should be considered adequate.
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PLANS AND SPECIFICATIONS
Specifications for this practice will be prepared
for each site and will include, but are not
limited to:
x

recommended species,

x

seeding rates and dates,

x

establishment procedures,.

x

other management actions needed to
insure and adequate stand

Kentucky Department of Fish and Wildlife
Resources (KDFWR), The Nature
Conservancy (TNC) or qualified Technical
Service Provider. The landowner will be
responsible for adhering to the burn plan and
all local and state laws applicable to open
burning in Kentucky.
Maintenance measures must be adequate to
control the spread of noxious weeds and other
invasive species.

Specifications will be recorded using approved
specifications sheets, job sheets, narrative
statements in the conservation plan, or other
acceptable documentation.

To benefit insect food sources for grassland
nesting birds, spraying or other control of
noxious weeds shall be done on a “spot” basis
to protect forbs and legumes that benefit native
pollinators and other wildlife.

OPERATION AND MAINTENANCE

REFERENCES

Mowing and harvest operations in perennial
crop systems such as orchards, vineyards,
berries and nursery stock shall be done in a
manner which minimizes the generation of
particulate matter.

K. G. Renard, G. R. Foster, G. A. Weesies, K.
D. K. McCool and D. C. Yoder. 1997.
Predicting Soil Erosion by Water: A Guide to
Conservation Planning with the Revised
Universal Soil Loss Equation (RUSLE),
Agricultural Handbook Number 703.

If wildlife habitat enhancement is a purpose,
maintenance practices and activities shall not
disturb cover during the primary nesting period
for grassland species (between May15th and
August 1st). Exceptions should be considered
for periodic burning or mowing when
necessary to maintain the health of the plant
community.
Prescribed burning may be used to manage
native grasses provided that a Prescribed
Burning Plan is prepared in advance by the

Revised Universal Soil Loss Equation Version
2 (RUSLE2) website (checked May 2007):
http://fargo.nserl.purdue.edu/rusle2_dataweb/
RUSLE2_Index.htm
Establishing Vegetative Practices in Kentucky
(A complimentary document to KY FOTG 327,
340, 342, 386, 412, 643 & 645 practice
standards). August 2008. Section IV of the
KY FOTG

NRCS, KY
August 2008
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CONSERVATION CROP ROTATION
(Ac.)
CODE 328

DEFINITION
Growing crops in a recurring sequence on the
same field.
PURPOSES
This practice may be applied as part of a
conservation management system to support
one or more of the following:
·

Reduce sheet and rill erosion.

·

Reduce soil erosion from wind.

·

Maintain or improve soil organic matter
content.

·

Manage the balance of plant nutrients.

·

Improve water use efficiency.

·

Manage saline seeps.

·

Manage plant pests (weeds, insects, and
diseases).

·

Provide food for domestic livestock.

·

Provide food and cover for wildlife.

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to all land where crops
are grown, except:
This standard does not apply to pastureland,
hayland, or other land uses where crops are
grown occasionally only to facilitate renovation
or re-establishment of perennial vegetation.

CRITERIA
General Criteria Applicable To All Purposes
Crops shall be grown in a planned, recurring

sequence as outlined in Plans and
Specifications.
Crops shall be adapted to the climatic region,
the soil resource, and the goals of the
producer. Adapted crops and varieties, listed
in appropriate university publications or other
approved sources, shall be selected.
A conservation crop rotation may include crops
planted for cover or nutrient enhancement.
Crops shall be selected that produce sufficient
quantities of biomass at the appropriate time to
reduce erosion by water or wind to within
acceptable soil loss levels. In those instances
where crops selected do not produce sufficient
biomass to meet this criteria, a cover crop (see
Cover Crop, 340) or other appropriate
practices shall be used. The amount of
biomass needed shall be determined using
current approved erosion prediction technology
such as the Revised Universal Soil Loss
Equation (RUSLE2). Soil loss estimates shall
account for the effects of other practices in the
conservation management system.
Additional Criteria To Maintain Or Improve
Soil Organic Matter Content
Crops shall be selected that produce the
amount of plant biomass needed to maintain or
improve soil organic matter content, as
determined using the current approved Soil
Conditioning Index Procedure or determined by
approved research applicable to Kentucky.
If partial removal of residue by means such as
baling or grazing occurs, enough residue shall
be maintained to achieve the desired soil
organic matter content goal.
Cover and green manure crops planted
specifically for soil improvement may be
grazed, as long as grazing is managed to

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.

NRCS, KY
December 2002
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retain adequate biomass and ground cover.
Additional Criteria To Manage the Balance
of Plant Nutrients
Crop selection and sequence shall be
determined using an approved nutrient balance
procedure.
When crop rotations are designed to add
nitrogen to the system, nitrogen-fixing crops
shall be grown immediately prior to or
interplanted with nitrogen-depleting crops.
To reduce excess nutrients, crops or cover
crops having rooting depths and nutrient
requirements that utilize the excess nutrients
shall be grown.
Additional Criteria To Improve Water Use
Efficiency
Selection of crops and varieties, sequence of
crops, or the annual decision to plant a crop or
to fallow, shall be determined using an
approved water balance procedure.
Additional Criteria To Manage Plant Pests
(Weeds, Insects, Diseases)
Crops shall be alternated to break the pest
cycle and/or allow for the use of a variety of
control methods. Affected crops and alternate
host crops shall be removed from the rotation
for the period of time needed to break the life
cycle of the targeted pest.
Resistant varieties, listed in appropriate
university publications or other approved
sources, shall be selected where there is a
history of a pest problem.
Additional Criteria To Provide Food For
Domestic Livestock
Crops shall be selected to balance the feed
supply with livestock numbers. The needed
amount of selected crops shall be determined
using an approved forage-livestock balance
procedure.
Additional Criteria To Provide Food And
Cover For Wildlife
Crop selection to provide either food or cover
for the targeted wildlife species will be grown,
managed, or left unharvested as per the needs

NRCS, KY
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of the targeted wildlife as determined by an
approved habitat evaluation procedure.
CONSIDERATIONS
When used in combination with
STRIPCROPPING (585), the crop sequence
should be consistent with the stripcropping
design.
When used in combination with RESIDUE
MANAGEMENT practices, selection of high
residue producing crops and varieties, use of
cover crops and adjustment of plant population
and row spacing can enhance production of
the kind, amount, and distribution of residue
needed.
Where maintaining or improving soil organic
matter content is an objective, the effects of
this practice can be enhanced by managing
crop residues, tillage practices, utilizing animal
wastes, or applying mulches to supplement the
biomass produced by crops in the rotation.
Where excess plant nutrients or soil
contaminants are a concern, utilizing deep
rooted crops or cover crops in the rotation can
help recover or remove the nutrient or
contaminant from the soil profile.
Where precipitation is limited, seasonal or
erratic moisture can be conserved for crop use
by maintaining crop residues on the soil
surface to increase infiltration and to reduce
runoff and evaporation. Where winter
precipitation occurs as snow, additional
moisture can be obtained for crop use by
trapping snow with standing residue,
windbreaks, or other barriers.
Where improving water use efficiency on deep
soils is a concern, rotating or combining deeprooted crops with shallow rooted crops can
help utilize all available water in the soil profile.
Where pesticides are used, consider
application methods and the crop rotation to
avoid negative impacts on the following crop
due to residual herbicides in the soil or adverse
affects on aquatic wildlife or habitat through
runoff.
Soil compaction can be reduced by adjusting
crop rotations to include deep rooted crops that
are able to extend to and penetrate the
compacted soil layers, as well as avoiding
crops that require field operations when the
soils are wet.
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Leaving several rows unharvested around the
edges of the field will provide protection and/or
food for overwintering wildlife.
Crop plantings may be developed to benefit
particular communities, species or life stages
of wildlife. Food plots or crops for wildlife could
be provided as part of a habitat restoration
project as an initial food and cover source for
wildlife until food and cover producing
vegetation becomes established.

based on soil moisture at planting time. Fields
shall be fallowed only when soil moisture is not
adequate to produce a crop. If moisture supply
is adequate but limited, short-season shallowrooted crops shall be selected and grown.
Deep-rooted crops shall follow shallow-rooted
crops in subsequent years, if needed, to utilize
all plant available water in the root zone.

Crop residues may be a valuable food source
for wintering wildlife where winter browse is
sparse.
Careful consideration should be given to
pesticide use if applied to crops raised for
wildlife.
This practice has the potential to have either a
positive or negative affect National Register
listed or eligible (significant) cultural resources
(archeological, historic or traditional cultural
properties). Care should be taken, especially
during site preparation and maintenance, to
avoid adverse effects to these resources.
Follow Kentucky NRCS policy for considering
cultural resources during planning and
maintenance.
PLANS AND SPECIFICATIONS
Specifications for establishment and operation
of this practice shall be prepared for each field
or treatment unit according to the Criteria,
Considerations, and Operation and
Maintenance described in this standard.
Specifications should include the sequence of
crops to be grown, length of time each crop will
be grown and total length of rotation.
Specifications shall be recorded using
approved specification sheets, job sheets,
narrative statements in the conservation plan,
or other acceptable documentation.
OPERATION AND MAINTENANCE
Rotations shall provide for acceptable
substitute crops in case of crop failure or shift
in planting intentions for weather related or
economic reasons. Acceptable substitutes are
crops having similar properties that meet the
criteria for all the resource concerns identified
for the field or treatment unit. In areas where
summer fallow is practiced, the decision to
plant a crop or fallow shall be made annually

NRCS, KY
December 2002
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

RESIDUE AND TILLAGE MANAGEMENT
NO TILL/STRIP TILL/DIRECT SEED
(Ac.)
CODE 329

DEFINITION
Managing the amount, orientation and
distribution of crop and other plant residue on
the soil surface year round while limiting soildisturbing activities to only those necessary to
place nutrients, condition residue and plant
crops.
PURPOSE


Reduce sheet and rill erosion.



Reduce wind erosion.



Improve soil organic matter content.



Reduce CO2 losses from the soil.



Reduce soil particulate emissions.



Increase plant-available moisture.



Provide food and escape cover for wildlife.

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to all cropland and other
land where crops are planted.
This practice includes planting methods
commonly referred to as no-till, strip till, direct
seed, zero till, slot till or zone till. Approved
implements are: no-till and strip-till planters;
certain drills and air seeders; strip-type
fertilizer and manure injectors and applicators;
in-row chisels; and similar implements that
only disturb strips and slots. All others are
considered to be full-width or capable of full
disturbance and therefore not compatible.

CRITERIA
General Criteria Applicable to All Purposes
Residue shall not be burned.
All residues shall be uniformly distributed over
the entire field.
No full-width tillage shall be performed
regardless of the depth of the tillage operation.
The Soil Tillage Intensity Rating (STIR) value
shall include all field operations that are
performed during the crop interval between
harvest of the previous crop and harvest or
termination of the current crop (includes fallow
periods). The STIR value shall be no greater
than 30.
Additional Criteria to Reduce Sheet and Rill
Erosion
The amount of randomly distributed surface
residue needed and the amount of surface soil
disturbance allowed to reduce erosion to the
planned soil loss objective shall be determined
using the current approved water erosion
prediction technology. Calculations shall
account for the effects of other practices in the
management system.
Additional Criteria to Reduce Wind Erosion
The amount and orientation of standing and
surface residue needed and the amount of
surface soil disturbance allowed to reduce
erosion to the planned soil loss objective shall
be determined using the current approved
wind erosion prediction technology.
Calculations shall account for the effects of
other practices in the management system.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.
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Additional Criteria to Improve Soil
Condition
An evaluation of the cropping system using the
current approved soil conditioning index
procedure shall result in a positive trend.
Additional Criteria to Reduce CO2 Loss
from the Soil
The Soil Tillage Intensity Rating (STIR) value
shall include all field operations that are
performed during the crop interval between
harvest of the previous crop and harvest or
termination of the current crop and shall be no
more than 20.
An evaluation of the cropping system using the
current approved soil conditioning index
procedure shall result in a positive trend.
Additional Criteria to Reduce Soil
Particulate Emissions
The amount and orientation of residue needed
and the amount of surface soil disturbance
allowed to reduce wind erosion to the tolerable
soil loss value (T) shall be determined using
the current approved wind erosion prediction
technology. Calculations shall account for the
effects of other practices in the conservation
management system.
Additional Criteria to Increase Plantavailable Moisture
Reducing Evaporation from the Soil
Surface. The annual Soil Tillage Intensity
Rating (STIR) value for all soil-disturbing
activities in the cropping system shall be no
more than 20.
Crop stubble height during the time
evaporation losses can be expected to occur
shall be:


at least 10 inches for crops with a row
spacing of less than 15 inches;



at least 15 inches for crops with a row
spacing of 15 inches or greater.

These stubble heights shall be present on at
least 60% of the field.
Trapping Snow. Crop stubble height during
the time significant snowfall is expected to
occur shall be:


at least 10 inches for crops with a row
spacing of less than 15 inches;

NRCS, NHCP
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at least 15 inches for crops with a row
spacing of 15 inches or greater.

These heights shall be present over at least
50% of the field.
Fall field operations that disturb residue shall
be done as close to perpendicular as possible
to the direction of prevailing winds during the
time that significant snowfall is expected to
occur.
Additional Criteria to Provide Food and
Cover for Wildlife
The time that residue is present, the amount
and orientation of residue and the height of
stubble needed to provide adequate food and
cover for the target species shall be
determined using an approved habitat
evaluation procedure.
CONSIDERATIONS
General - Removing of crop residue, such as
by baling or grazing, can have a negative
impact on resources. These activities should
not be performed without full evaluation of
impacts on soil, water, animal, plant and air
resources.
Production of adequate amounts of crop
residues necessary to achieve the purposes of
this practice can be enhanced by selection of
high residue producing crops and crop
varieties in the rotation, use of cover crops,
and adjustment of plant populations and row
spacing.
Using no till/strip till/direct seed for all crops in
the rotation or cropping system can enhance
the positive effects of this practice by:


increasing the rate of soil organic matter
accumulation.



keeping soil in a consolidated condition,
which provides additional resistance to
sheet and rill erosion.



sequestering more carbon in the soil.



further reducing the amount of particulate
matter generated by field operations.



forming root channels and other nearsurface voids that increase infiltration.

A field border planted to permanent vegetation
can:
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allow unobstructed turning for equipment



eliminate unproductive end rows



provide food and escape cover for wildlife



provide travel lanes for farming operations.

Increasing Soil Organic Matter Level and
Reducing CO2 Loss - CO2 loss is directly
related to the volume of soil disturbed, the
intensity of the disturbance and the soil
moisture content and soil temperature at the
time the disturbance occurs. The following
guidelines can make this practice more
effective:


Shallow soil disturbance (1-3 inches)
releases less CO2 than deeper operations.



When deep soil disturbance is performed,
such as by subsoiling or fertilizer injection,
make sure the vertical slot created by
these implements is closed at the surface.



Planting with a single disk opener no-till
drill will release less CO2 than planting with
a wide-point hoe/chisel opener air seeder
drill.



Soil disturbance that occurs when soil
temperatures are below 50° F will release
less CO2 than operations done when the
soil is warmer.

Reducing Soil Particulate Emissions Slower operating speeds generally produce
fewer particulate emissions.
Dry soils will produce more particulates than
moist soils.
Reducing the wind erosion rate below the
tolerable soil loss will help reduce particulate
emissions. This can be done by:


increasing the level of crop residue cover



reducing the number of soil-disturbing
operations



installing other practices to reduce wind
erosion, such as Herbaceous Wind
Barriers (code 603)or Cross Wind Trap
Strips (code 589C).

Managing Soil Moisture and Protecting
Crops from Freeze Damage - The type,
timing and depth of soil-disturbing activities all
influence moisture loss. Shallow operations
(1-2 inches) or operations that do not invert the
soil will reduce moisture loss compared to

deeper operations or those that invert and mix
the soil.
Soil-disturbing operations performed when the
soil surface is moist will result in greater
moisture loss than operations done when the
top two to three inches of soil have dried.
Leaving stubble taller than the minimum
required will increase the relative humidity
close to the soil surface, which reduces the
rate of evaporative loss from the soil.
Leaving stubble taller than the 10-inch
minimum will trap more snow and provide
better protection to plants from freezing or
desiccation.
Variable-height stubble patterns may be
created to further increase snow storage.
Performing all field operations on the contour
will slow overland flow and allow more
opportunity for infiltration.
Wildlife Food and Cover - Leaving rows of
unharvested crop standing at intervals across
the field or adjacent to permanent cover will
enhance the value of residues for wildlife food
and cover. Leaving unharvested crop rows for
two growing seasons will further enhance the
value of these areas for wildlife.
Leave crop residues undisturbed after harvest
(do not shred or roll) to maximize their cover
and food source benefits.
Avoid disturbing standing stubble or heavy
residue during the nesting season for groundnesting species.
PLANS AND SPECIFICATIONS
Specifications for establishment and operation
of this practice shall be prepared for each field
or treatment unit according to the Criteria and
Considerations described in this standard.
Specifications shall be recorded using
approved specification sheets, job sheets,
narrative statements in the conservation plan,
or other acceptable documentation.
OPERATION AND MAINTENANCE
No operation and maintenance requirements,
national in scope, have been identified for this
practice.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CONTOUR FARMING
(Ac.)
CODE 330

DEFINITION
Using ridges and furrows formed by tillage,
planting and other farming operations to
change the direction of runoff from directly
downslope to around the hillslope.
PURPOSE
This practice is applied to achieve one or more
of the following:
i

Reduce sheet and rill erosion.

i

Reduce transport of sediment, other solids
and the contaminants attached to them.

i

Increase water infiltration.

Up to a 25% deviation from the design row
grade is permitted within 150 feet of a stable
outlet.
When the row grade reaches the maximum
allowable design grade, a new baseline shall
be established up or down slope from the last
contour line and used for layout of the next
contour pattern.
Minimum Ridge Height. Minimum ridge
height will vary based on row spacing as
described below.
x

Row spacing greater than 10 inches.
The minimum ridge height shall be 2
inches during the period of the rotation that
is most vulnerable to sheet and rill erosion.
Ridge height will be determined using the
current approved erosion prediction
technology.

x

Row spacing 10 inches or less. The
minimum ridge height shall be one inch for
close-grown crops, such as small grains.
Plant height shall be at least 6 inches high
and the spacing between plants within the
row shall not be greater than 2 inches
during the time most vulnerable to sheet
and rill erosion.

CONDITIONS WHERE PRACTICE APPLIES
This practice applies on sloping land where
annual crops are grown.
CRITERIA
General Criteria Applicable to All Purposes
Minimum Row Grade. The crop rows shall
have sufficient grade to ensure that runoff
water does not pond and cause unacceptable
crop damage.
Maximum Row Grade. The maximum row
grade shall not exceed:
x

one-half of the up-and-down hill slope
percent used for conservation planning, or

x

10 percent actual row grade,

The minimum ridge height criteria are not
required when the practice Residue and
Tillage Management, No Till/Strip Till/Direct
Seed (code 329) is used on the contour and at
least 50 percent surface residue cover is
present between the rows after planting.
Stable Outlets. Surface flow from contoured
fields shall be delivered to stable outlets.

whichever is less.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.

NRCS, KY
January 2009

330 - 2

Additional Criteria to Increase Water
Infiltration
The maximum row grade shall not exceed
0.2%.
CONSIDERATIONS
Several factors influence the effectiveness of
contour farming to reduce soil erosion. These
factors include: 10-year, 24-hour rainfall in
inches; ridge height; row grade; slope
steepness; soil hydrologic group; cover and
roughness; and slope length. Cover and
roughness, row grade, and ridge height can be
influenced by management and provide more
or less benefit depending on design.
Contour farming is most effective on slopes
between 2 and 10 percent. This practice will
be less effective in achieving the stated
purpose(s) on slopes exceeding 10 percent
and in areas with 10-year, 24-hour rainfall of
about 6.5 inches. The practice is not well
suited to rolling topography having a high
degree of slope irregularity because of the
difficulty meeting row grade criteria.
This practice is most effective on slopes
between 100 and 400 feet long. On slopes
longer than 400 feet, the volume and velocity
of overland flow exceeds the capacity of the
contour ridges to contain them. Increasing
residue cover and roughness will change the
vegetative cover-management conditions and
decrease overland flow velocities, thus
increasing the slope length at which this
practice is effective. Increasing roughness
alone is not sufficient to produce this effect.
The closer the row grade is to the true contour,
the greater will be the erosion reduction.
Prior to design and layout, obstruction removal
and changes in field boundaries or shape
should be considered, where feasible, to
improve the effectiveness of the practice and
the ease of performing farming operations.
When the intersection of crop rows with the
field edge is not perpendicular, a Field Border
(code 386) may be needed to allow farm
implements room to turn.
If using Residue and Tillage Management,
Ridge Till on the contour, avoid crossing over
ridged rows at correction areas because this

NRCS, KY
January 2009

will destroy the effectiveness of the ridges.
Sod turn strips may be established if correction
areas are unavoidable.
The width of correction areas, and the distance
between baselines, should be adjusted for
equipment operation widths.
Ridge height is created by the operation of
tillage and planting equipment. The greater
the ridge height, the more effective the
operation is in slowing overland flow. The
RUSLE2 Operations database contains the
ridge height value for each field operation.
Grassed waterways, water and sediment
control basins, underground outlets, or other
suitable practices should be used to protect
areas of existing or potential concentrated flow
erosion.
PLANS AND SPECIFICATIONS
Specifications for establishment and operation
of this practice shall be prepared for each field
according to the Criteria, Considerations, and
Operation and Maintenance described in this
standard. The plans shall include, as a
minimum:
x

Percent land slope used for conservation
planning;

x

The minimum and maximum allowable row
grades for the contour system;

x

A sketch map or photograph of the field
showing:
¡

the approximate location of the
baselines used to establish the
system;

¡

the location of stable outlets for the
system

Specifications shall be recorded using
approved specification sheets, job sheets,
narrative statements in the conservation plan,
or other acceptable documentation.
OPERATION AND MAINTENANCE
Perform all tillage and planting operations
parallel to contour baselines or terraces,
diversions, or contour buffer strip boundaries
where these practices are used, provided the
applicable row grade criteria are met.
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Where terraces, diversions, or contour buffer
strips are not present, maintain contour
markers on grades that, when followed during
establishment of each crop, will maintain crop
rows at designed grades. Contour markers
may be field boundaries, a crop row left
untilled near or on an original contour baseline
or other readily identifiable, continuous, lasting
marker. All tillage and planting operations
shall be parallel to the established marker. If a
marker is lost, re-establish a contour baseline
within the applicable criteria set forth by this
standard prior to seedbed preparation for the
next crop.
Farming operations should begin on the
contour baselines and proceed both up and
down the slope in a parallel pattern until
patterns meet. Where field operations begin to
converge between two non-parallel contour
baselines, establish a correction area that
either is permanently in sod, established to an
annual close-grown crop.

Where contour row curvature becomes too
sharp to keep machinery aligned with rows
during field operations, establish sod turn
strips on sharp ridge points or other odd areas
as needed.
REFERENCES
Foster, G.R. Revised Universal Soil Loss
Equation, Version 2 (RUSLE2) Science
Documentation (In Draft). USDA-ARS,
Washington, DC. 2005.
Renard, K.G., G.R. Foster, G.A. Weesies, D.K.
McCool, and D.C. Yoder, coordinators. 1997.
Predicting soil erosion by water: A guide to
conservation planning with the Revised
Universal Soil Loss Equation (RUSLE).U.S.
Department of Agriculture, Agriculture
Handbook 703.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CONTOUR ORCHARD AND OTHER FRUIT AREAS
(Ac.)
CODE 331

DEFINITION
Planting orchards, vineyards, or small fruits so
that all cultural operations are done on the
contour.
PURPOSE
x

Reduce soil erosion

x

Reduce water loss

CONDITIONS WHERE PRACTICE APPLIES
This practice applies on sloping land where
orchards, vineyards, small fruit or nut crops are
to be established. This practice is most
effective on slopes between 2 and 10 percent.
It will be less effective in achieving the stated
purpose(s) on slopes exceeding 10 percent
and in areas with 10-year EI (EI = total storm
energy times the maximum 30-minute
intensity) values greater than 140. The
practice is not well suited to rolling topography
having a high degree of slope irregularity
because of the difficulty of meeting the row
grade criteria.
CRITERIA
General Criteria Applicable to All Purposes
Temporary erosion control measures shall be
applied as necessary to disturbed or cleared
land until the planting is established.
Any farm roads installed in conjunction with
this practice shall meet the criteria for Access
Road, code 560.
Overland flow from adjacent fields shall be
diverted as necessary to ensure the proper
functioning of this practice.

For sprinkler or trickle-irrigated plantings, the
maximum row length of orchard crops shall not
exceed the maximum allowable lateral line
length.
Row Grade. The row grade will be aligned as
closely as possible to the contour to achieve
the greatest erosion reduction, but shall not
exceed one percent.
The row grade shall not be less than 0.2
percent on soils with slow to very slow
infiltration rates (hydrologic soil group C or D)
or where the crop to be planted will be
damaged by ponded water conditions for
periods of less than 48 hours.
Up to 3 percent row grade is permitted within
150 feet of the approach to a grassed
waterway, field border or other stable outlet.
Critical Slope Length. This practice shall not
be installed on a hill slope that is longer than
the critical slope length.
The critical slope length shall be determined
using approved erosion prediction technology.
Stable Outlets. Stable outlets shall be
established as necessary where runoff results
in concentrated flow erosion. Acceptable
stable outlets include grassed waterways, field
borders, filter strips, water and sediment
control basins, or underground outlets for
terraces and diversions.
CONSIDERATIONS
A topographic survey will usually be needed to
see if the desired planting pattern will fit the
slopes.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.
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Fields that are cut by gullies or have strongly
undulating topography are not well suited for
this practice.
Avoid applying this practice on areas that have
evidence of mass movement or have the
potential for landslides.
Following the level contour may not be
desirable where slow drainage may increase
disease problems or where furrows could fill
with water and overtop.
To minimize the potential for washouts, avoid
driving on farm roads as much as possible
during the rainy season.
Planting orchards and fruit areas on the
contour generally requires a bench or terrace
to be constructed to provide access to the
growing trees or shrubs. The bench or terrace
may reduce surface runoff and increase the
opportunity for infiltration. Either inward
sloping or outward sloping benches may be
appropriate.

Contoured orchards and fruit areas may
reduce erosion, sediment yield, and nutrient
and pesticide concentration in surface runoff.
Where inward sloping benches are used,
potential contaminants will be trapped against
the slope. With some rainfall events, the
bench can provide 100 percent trap efficiency.
The amount of potential contaminants retained
on outward sloping benches depends on the
slope of the bench and the amount of cover.
In addition, outward sloping benches are
subject to erosion caused by runoff from
benches immediately above them.
Contouring improves access to fields and
facilitates maintenance.
PLANS AND SPECIFICATIONS
Plans and specifications are to be prepared for
each field. List the planned grades for tree or
vine rows and the allowable deviation from the
contour for the planting pattern on each field.

Inward sloping benches reduce runoff. The
reduction depends on the amount of surface
storage and the intake rate of the soil.

Specify the location of water disposal
practices.

Where outward sloping benches are
constructed for drainage purposes, runoff may
be more or less than from the unbenched
condition. The degree of runoff reduction will
depend on the angle of the outward slope, the
amount of cover on the bench at the time of
runoff, the amount of storage available, the
intake rate of the surface soil, and the amount
of water received (either rainfall or irrigation).

OPERATION AND MAINTENANCE

Reduced surface runoff may increase the
opportunity for increased infiltration. Soil
moisture may be increased, providing
additional water for transpiration. Where
transpiration is less than available soil water,
excess infiltration may percolate below the
orchard root zone. Excess irrigation water
may increase the percolating water supply.

NRCS, NHCP
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Maintenance needed for this practice includes:
x

Performing all cultural operations on the
contour between tree or vine rows

x

Periodic inspection and repairs to runoff
water outlets

x

Protecting uphill and downhill farm roads
from erosion, and

x

Maintaining adequate vegetative cover to
control erosion.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CONTOUR BUFFER STRIPS
(Ac.)
CODE 332

DEFINITION
Narrow strips of permanent, herbaceous
vegetative cover established around the hill
slope, and alternated down the slope with
wider cropped strips that are farmed on the
contour.
PURPOSE
This practice is applied to achieve one or more
of the following:
x

Reduce sheet and rill erosion.

x

Reduce transport of sediment and other
water-borne contaminants downslope

x

Increase water infiltration

CONDITIONS WHERE PRACTICE APPLIES
This practice applies on all sloping cropland,
including orchards, vineyards and nut crops.
CRITERIA
General Criteria Applicable to All Purposes
Surface flow from contoured crop rows must
be delivered to a stable outlet.
The width of the cropped strip shall be
designed to accommodate some multiple of full
equipment width. Additionally, the width of the
buffer strips must be equal to or less than the
width of the adjoining crop strips.
No plants listed on the noxious weed list of the
state will be established in a buffer strip
cropping system.
Buffer strips shall not be used as travel lanes
for livestock or equipment.

Buffer strips are not a part of the normal crop
rotation, and shall remain in the location they
were originally established until they need to
be renovated or re-established.
Row Grade. When the row grade of any crop
strip reaches the maximum allowable design
grade, a new baseline shall be established up
or down slope from the last buffer strip and
used for the layout of the next crop strip.
Arrangement of Strips. A crop strip shall
occupy the area at the top of the hill, unless
unusually complex topography requires
vegetating this area in order to establish a
farmable system.
When used in combination with terraces,
diversions or water and sediment control
basins, the layout of the buffer strips shall be
coordinated with the grade and spacing of the
terraces so that the buffer strip boundaries will
parallel the terraces as closely as possible.
The buffer strip shall be located immediately
upslope from the terrace channel or the
storage area of the water and sediment control
basin.
Additional Criteria to Reduce Sheet and Rill
Erosion
Minimum Row Grade. The cropped strips
shall have sufficient row grade to ensure that
runoff water does not pond and cause
unacceptable crop damage.
Maximum Row Grade. The maximum row
grade shall not exceed:
x

one-half of the up-and-down hill slope
percent used for conservation planning, or

x

2%,

whichever is less.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.
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Up to 3% row grade is allowed for a maximum
of 150 feet as crop rows approach a stable
outlet.

Up to 3% row grade is allowed for a maximum
of 150 feet as crop rows approach a stable
outlet.

When the row grade reaches the maximum
allowable design grade, a new baseline shall
be established up or down slope from the last
contour line and used for layout of the next
contour pattern.

x

at least than 15 feet wide for strips
planted to grasses or grass-legume
mixtures with at least 50% grass, or

Vegetation. Buffer strips designed for this
purpose shall be established to permanent
sod-forming vegetation with stiff, upright
stems. Plant species, seedbed preparation,
seeding rates, seeding dates, seeding depths,
fertility requirements, and planting methods will
be consistent with appropriate sections and
tables in the “Establishing Vegetative Practices
in Kentucky” document located in Section IV of
the FOTG.

x

at least 30 feet wide when legumes are
used alone or legumes make up more
than 50% of the stand.

Species established shall be adapted to the
site, and tolerant of the anticipated depth of
sediment deposition.

Width of Strips. The minimum width shall be

Buffer strip widths shall be increased as
needed to keep the width of the cropped strips
uniform.

The buffer strips shall have at least 95%
ground cover during periods when erosion is
expected to occur on the cropped strips.

Cropped strips shall be of uniform width
between buffer strips and shall not exceed
50% of the slope length (L), used for the
erosion calculation.

Width of Strips. Buffer strips for this purpose
shall be at least 15 feet wide. The buffer strip
widths shall be increased as needed to keep
the width of the cropped strips uniform.

Vegetation. Buffer strips designed to reduce
sheet and rill erosion shall be established to
permanent vegetation consisting of grasses,
legumes or grass-legume mixtures. Plant
species, seedbed preparation, seeding rates,
seeding dates, seeding depths, fertility
requirements, and planting methods will be
consistent with appropriate sections and tables
in the “Establishing Vegetative Practices in
Kentucky” document located in Section IV of
the FOTG.

The maximum width of cropped strips shall be
one-half of the field slope length or 150 feet,
whichever is less.

Additional Criteria to Reduce the Transport
of Sediment and Other Water-Borne
Contaminants Downslope
Minimum Row Grade. The cropped strips
shall have sufficient row grade to ensure that
runoff water does not pond and cause
unacceptable crop damage.
Maximum Row Grade. The maximum row
grade within the crop strips shall not exceed
x

one-half of the up-and-down-hill field slope
used for conservation planning, or

x

2%,

whichever is less.
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Arrangement of Strips. In addition to the
buffer strips established on the hillside, a
buffer strip will be established at the bottom of
the slope. This strip shall be two times the
width of the narrowest buffer strip in the
system.
Additional Criteria to Increase Water
Infiltration
The grade along the upper edge of the buffer
strip shall not exceed 0.2%
CONSIDERATIONS
General. Several factors influence the
effectiveness of contour farming to reduce soil
erosion. These factors include: 10-year, 24hour rainfall in inches; ridge height; row grade;
slope steepness; soil hydrologic group; cover
and roughness; and slope length. Cover and
roughness, row grade, and ridge height can be
influenced by management and provide more
or less benefit depending on design.
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Contour farming is most effective on slopes
between 2 and 10 percent. This practice will
be less effective in achieving the stated
purpose(s) on slopes exceeding 10 percent
and in areas with 10-year, 24-hour rainfall of
about 6.5 inches. The practice is not well
suited to rolling topography having a high
degree of slope irregularity because of the
difficulty meeting row grade criteria.
This practice is most effective when the slope
length on the cropped strips is between 100
and 400 feet long. On slopes longer than 400
feet, the volume and velocity of overland flow
exceeds the capacity of the contour ridges to
contain them. Increasing residue cover and
roughness will change the vegetative covermanagement conditions and decrease
overland flow velocities, thus increasing the
slope length at which this practice is effective.
Increasing roughness alone is not sufficient to
produce this effect.
Contour buffer strips are more difficult to
establish on undulating to rolling topography
because of the difficulty of maintaining parallel
strip boundaries across the hill slope or staying
within row grade limits.
Areas of existing or potential concentrated flow
erosion should be protected by conservation
practices such as grassed waterways, water
and sediment control basins, or diversion
terraces.
Where contour row curvature becomes too
sharp to keep equipment aligned with rows
during field operations, increasing the buffer
strip width can help avoid sharp ridge points.
In drainage ways, establishing grassed
waterways at least up to the point of sharp
curvature can allow the equipment to be lifted
and/or turned to meet the same rows across
the turn strip.
Prior to design and layout, remove any
obstructions or making changes in field
boundaries or shape, where feasible, to
improve the effectiveness of the practice and
the ease of performing farming operations.
Prior to layout, inspect the field’s position on
the landscape to find key points for starting
layout or getting the width of one set of strips
(one cultivated and one buffer) to pass by an
obstruction or ridge saddle.

Whenever possible, run strip boundaries
parallel with fence lines or other barriers.
Wildlife Food and Cover. The following
management activities may be carried out to
enhance wildlife benefits as long as they do
not compromise the effectiveness of the buffer
strips:
x

Plant native grass species that provide
habitat enhancement for the wildlife
species of concern.

x

Add native forbs to the seeding mixture to
increase habitat diversity.

x

Mow the buffer strips every other year or
every third year depending upon
geographical location. The standing cover
provides early and late season nesting and
escape cover for many species of wildlife
displaced from adjacent disturbed areas.

x

Delay mowing until after the nesting period
of ground-nesting species (between
th
st
May15 and August 1 ), but mow early
enough to allow for regrowth before the
growing season ends.

x

The width of buffer strips should be at least
30ft wide or wider based on the
requirements for nesting and escape cover
of the target wildlife species.

x

The maximum distance between buffer
strips should not exceed 300 feet.

PLANS AND SPECIFICATIONS
Specifications for installation, operation and
maintenance of Contour Buffer Strips shall be
prepared for each field according to the
Criteria, Considerations and Operations and
Maintenance described in this standard. The
plans shall include, as a minimum,
x

Percent land slope used for conservation
planning;

x

The minimum and maximum allowable row
grades for the contour system;

x

The designed width of the buffer strips;

x

The species to be established in the
buffers strips;

x

A sketch map or photograph of the field
showing:

NRCS, KY
January 2009

332 - 4

¡

the approximate location of the
baselines used to establish the
system;

spread evenly upslope over the cultivated strip
when needed to maintain uniform sheet flow
along the buffer/cropped strip boundary.

¡

the location of stable outlets for the
system; and

¡

the location of each buffer strip.

If sediment accumulates just below the
upslope edge of the buffer strip to a depth of 6
inches or more, or stem density falls below
specified amounts in the buffer strip, relocate
the buffer/cropped strip interface location.

This and other pertinent information shall be
recorded on specification sheets, job sheets, in
practice narratives in conservation plans, or
other acceptable documentation.
OPERATION AND MAINTENANCE
Conduct all farming operations parallel to the
strip boundaries except on headlands or end
rows with gradients less than the criteria set
forth in this standard.
Time mowing of buffer strips to maintain
appropriate vegetative density and height for
optimum trapping of sediment from the
upslope cropped strip during the critical
erosion period(s).
Fertilize buffer strips as needed to maintain
stand density.
Mow sod turn strips and waterways at least
once a year.
Spot seed or totally renovate buffer strip
systems damaged by herbicide application
after residual action of the herbicide is
complete.
Redistribute sediment that accumulates along
the upslope edge of the buffer strip/crop strip
interface as needed. This sediment shall be

NRCS, KY
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Cultivated strips and buffer strips shall be
rotated so that a mature stand of protective
cover is achieved in a newly established buffer
strip immediately below or above the old buffer
strip before removing the old buffer to plant an
erosion-prone crop. Alternate repositioning of
buffer strips to maintain their relative position
on the hill slope.
Renovate vegetated headlands or end row
area as needed to keep ground cover above
65 percent.
REFERENCES
Foster, G.R. Revised Universal Soil Loss
Equation, Version 2 (RUSLE2) Science
Documentation (In Draft). USDA-ARS,
Washington, DC. 2005.
Renard, K.G., G.R. Foster, G.A. Weesies, D.K.
McCool, and D.C. Yoder, coordinators. 1997.
Predicting soil erosion by water: A guide to
conservation planning with the Revised
Universal Soil Loss Equation (RUSLE).U.S.
Department of Agriculture, Agriculture
Handbook 703.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

COVER CROP
(Ac.)
CODE 340

DEFINITION
Crops including grasses, legumes and forbs
for seasonal cover and other conservation
purposes.
PURPOSE
x

Reduce erosion from wind and water.

x

Increase soil organic matter content.

x

Capture and recycle or redistribute
nutrients in the soil profile.

x

Promote biological nitrogen fixation.

x

Increase biodiversity.

x

Weed suppression.

x

Provide supplemental forage.

x

Soil moisture management.

x

Reduce particulate emissions into the
atmosphere.

x

Minimize and reduce soil compaction.

The species selected will be compatible with
other components (e.g. nutrient and pest
management) of the cropping system.
Annual cover crops will be terminated by
harvest, frost, mowing, tillage, crimping, and/or
herbicides in preparation for the following crop.
Perennial cover crops (i.e. those used in
orchards, vineyards and similar systems) will
be maintained by mowing, soil fertility
management, reseeding or other acceptable
management activities that produce a uniform,
healthy stand of vegetation.
Herbicides used with cover crops will be
compatible with the current crop (in the case of
perennial crops/vegetation) or following crop
(in the case of annual crops/vegetation).
Avoid using plants that are on the NRCS’s
state noxious weed or invasive species lists.
Cover crop residue will not be burned.
Additional Criteria to Reduce Erosion from
Wind and Water
Cover crop establishment, in conjunction with
other practices, will be timed so that the soil
will be adequately protected during the critical
erosion period(s).
U

CONDITIONS WHERE PRACTICE APPLIES
On all lands requiring vegetative cover for
natural resource protection and or
improvement.
CRITERIA
General Criteria Applicable to All Purposes
Plant species, seedbed preparation, seeding
rates, seeding dates, seeding depths, fertility
requirements, and planting methods will be
consistent with the “Establishing Vegetative
Practices in Kentucky” document located in
Section IV of the eFOTG.
U

Use seeding methods that have minimal soil
disturbance (i.e. low STIR values) whenever
possible.
Plants selected for cover crops will have the
physical characteristics necessary to provide
adequate protection.
The amount of surface and/or canopy cover
needed from the cover crop shall be
determined using current erosion prediction
technology.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.
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Additional Criteria to Increase Soil Organic
Matter Content
Cover crop species will be selected on the
basis of producing high volumes of organic
material and or root mass to maintain or
improve soil organic matter.
The NRCS Soil Conditioning Index (SCI)
procedure will be used to determine the
amount of biomass required to have a positive
trend in the soil organic matter subfactor.
Annual cover crops will be terminated as late
as feasible to maximize plant biomass
production, considering the time needed to
prepare the field for planting the next crop and
soil moisture depletion.
Perennial cover crops will be managed to
maintain healthy and productive stands that
promote soil organic matter enrichment and
microbial activity.
Additional Criteria to Capture and Recycle
Excess Nutrients in the Soil Profile
Cover crops will be established and actively
growing before the expected period(s) of
highest nutrient leaching.
Cover crop species will be selected for their
ability to take up large amounts of nutrients
from the rooting profile of the soil.
When used to redistribute nutrients from
deeper in the profile up to the surface layer,
the cover crop will be killed in relation to the
planting date of the following crop. If the
objective is to best synchronize the use of
cover crop as a green manure to cycle
nutrients, factors such as the carbon/nitrogen
ratios may be considered to kill early and have
a faster mineralization of nutrients to match
release of nutrient with uptake by following
cash crop. A late kill may be used if the
objectives are to use as a biocontrol and
maximize the addition of organic matter. The
right moment to kill the cover crop will depend
on the specific rotation, weather and
objectives.
Additional Criteria to Promote Biological
Nitrogen Fixation
Only legumes or legume-grass mixtures will be
established as cover crops.
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The specific Rhizobium bacteria for the
selected legume will either be present in the
soil or the seed will be inoculated at the time of
planting.
Additional Criteria to Increase Biodiversity
Cover crop species shall be selected that have
different maturity dates, attract beneficial
insects, increase soil biological diversity, serve
as a trap crop for damaging insects, and/or
provide food and cover for wildlife habitat
management.
Additional Criteria for Weed Suppression
Species for the cover crop will be selected for
their chemical or physical characteristics to
suppress or compete with weeds.
Cover crops residues will be left on the soil
surface to maximize allelopathic (chemical)
and mulching (physical) effects.
For long-term weed suppression, reseeding
annual, biennial and/or perennial species can
be used.
Perennial cover crops will be managed to
maintain healthy and productive stands that
out-compete weeds for nutrients, light and
moisture without competing with the crop (i.e.
vines or trees).
Additional Criteria to Provide Supplemental
Forage
Species selected will have desired forage
traits, be palatable to livestock, and not
interfere with the production of the subsequent
crop.
Forage provided by the cover crop may be
hayed or grazed as long as sufficient biomass
is left for resource protection.
Additional Criteria for Soil Moisture
Management
Terminate growth of the cover crop sufficiently
early to conserve soil moisture for the
subsequent crop. Cover crops established for
moisture conservation shall be left on the soil
surface.
In areas of potential excess soil moisture,
allow the cover crop to grow as long as
possible to maximize soil moisture removal.
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Additional Criteria to Reduce Particulate
Emissions into the Atmosphere
Manage annual cover crops and their residues
so that at least 80% ground cover is
maintained during planting operations for the
following crop.
Perennial cover crops will be maintained so
that at least 80% ground cover is maintained
during the driest period of the year and/or
when the most traffic will be experienced.
Additional Criteria to Minimize and Reduce
Soil Compaction
Select and manage cover crop species that
will produce deep roots and large amounts of
surface or root biomass to increase soil
organic matter, improve soil structure and
increase soil moisture through better
infiltration.

PLANS AND SPECIFICATIONS
Plans and specifications will be prepared for
the practice site. Plans for the establishment
of cover crops shall include:
x

Species or species of plants to be
established.

x

Seeding rates.

x

Recommended seeding dates.

x

Establishment procedure.

x

Planned rates and timing of nutrient
application.

x

Planned dates for destroying cover crop (if
applicable).

x

Other information pertinent to establishing
and managing the cover crop.

S

CONSIDERATIONS
Plant cover crop in a timely matter to establish
a good stand.
Maintain an actively growing cover crop as late
as feasible to maximize plant growth, allowing
time to prepare the field for the next crop and
moisture depletion.
Use deep-rooted species to maximize nutrient
recovery.
Use grasses to utilize more residual soil
nitrogen.
Avoid cover crop species that allow potentially
damaging diseases or insects to carryover to
the next cropping year.
For most purposes for which cover crops are
established, the combined canopy and surface
cover is at nearly 60 percent or greater, and
the above ground (dry weight) biomass
production is at least 2,700 lbs/acre.
Cover crops may be used to improve site
conditions for establishment of other perennial
vegetative practices.
Use plant species that enhance bio-fuels
opportunities.
Use plant species that enhance forage
opportunities for pollinators.

Plans and specifications for the establishment
and management of cover crops may be
recorded in narrative form, on job sheets, or on
other forms.
OPERATION AND MAINTENANCE
Control growth of the cover crop to reduce
competition from volunteer plants and shading.
Control weeds in cover crops by mowing or by
using other pest management techniques.
Control soil moisture depletion by selecting
water efficient plant species and terminating
the cover crop before excessive transpiration.
REFERENCES
AGR-1. 2006-2007 Lime and Nutrient
Recommendations. University of Kentucky
Cooperative Extension Service.
Bowman, G., C. Cramer, and C. Shirley. A.
Clark (ed.). 1998. Managing cover crops
profitably. 2nd ed. Sustainable Agriculture
Network Handbook Series; bk 3. National
Agriculture Library. Beltsville, MD.
Brown, G. R., J Strang, C. Chaplin, R. Avertt,
J.R Hartman and R. Stuckey. 1981. HO-57.
Growing Peaches in Kentucky. University of
Kentucky, College of Agriculture.
Brown, G. R., D. E. Wolfe, J Strang, T. Jones,
R. Bessin and J. Hartman. 1997. ID-126.
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Growing Peaches in Kentucky. University of
Kentucky, College of Agriculture.

Growing Grapes in Kentucky. University of
Kentucky Cooperative Extension Service.

Hargrove, W.L., ed. Cover crops for clean
water. SWCS, 1991.

Rasnake, M., J. Henning and D. Stipes. 1998.
AGR-145. Warm Season Perennial Grasses
for Forage in Kentucky. University of Kentucky
Cooperative Extension Service.

Magdoff, F. and H. van Es. Cover Crops. 2000.
p. 87-96 In Building soils for better crops. 2nd
ed. Sustainable Agriculture Network
Handbook Series; bk 4. National Agriculture
Library. Beltsville, MD.
Rasnake, M., W. Dunwell and L. Weston.
1998. ID-113. Winter Cover Crops for

NRCS KY
December 2006

Reeves, D.W. 1994. Cover crops and erosion.
p. 125-172 In J.L. Hatfield and B.A. Stewart
(eds.) Crops Residue Management. CRC
Press, Boca Raton, FL.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CRITICAL AREA PLANTING
(Ac.)
CODE 342

DEFINITION
Establishing permanent vegetation on sites
that have or are expected to have high erosion
rates, and on sites that have physical,
chemical or biological conditions that prevent
the establishment of vegetation with normal
practices.
PURPOSE
x

Stabilize areas with existing or expected
high rates of soil erosion by water.

x

Stabilize areas with existing or expected
high rates of soil erosion by wind.

x

Rehabilitate and revegetate degraded
sites that cannot be stabilized through
normal farming practices.

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to highly disturbed areas
such as active or abandoned mined lands,
urban conservation sites, road construction
areas, conservation practice construction sites,
areas needing stabilization before or after
natural disasters such as floods, hurricanes,
tornados and wildfires and other areas
degraded by human activities or natural
events.
CRITERIA
General Criteria Applicable To All Purposes
A site investigation will be conducted to identify
any physical, chemical or biological conditions
that could affect the successful establishment
of vegetation.

Species selected for seeding or planting will be
suited to current site conditions and intended
uses.
No plants considered noxious weeds by the
Kentucky Department of Agriculture will be
planted.
Selected species will have the capacity to
achieve adequate density and vigor within an
appropriate period to stabilize the site
sufficiently to permit suited uses with ordinary
management activities.
Plant species, seedbed preparation, seeding
rates, seeding dates, seeding depths, fertility
requirements, and planting methods will be
consistent with appropriate sections and tables
in the “Establishing Vegetative Practices in
Kentucky” document located in Section IV of
the FOTG. Only viable, high quality seed or
planting stock will be used.
Seeding or planting will be done at a time and
in a manner that best ensures establishment
and growth of the selected species and is
consistent with appropriate sections and tables
in the “Establishing Vegetative Practices in
Kentucky” document.
Planting dates will be scheduled during
approved dates for the species and to optimize
soil moisture for germination and/or
establishment. What constitutes successful
establishment, e.g. minimum percent
ground/canopy cover, percent survival, stand
density, etc. will be specified before
application.
Apply soil amendments (e.g. lime, fertilizer,
compost) at rates necessary to insure stand
establishment. All nutrients shall be applied
according to the Soil Fertility section in the

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.

NRCS, KY
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“Establishing Vegetative Practices in
Kentucky” document.
Plantings will be protected from pests (e.g.
weeds, insects, diseases, livestock, wildlife) as
necessary to ensure stand establishment..
The amount of plant biomass and cover
needed to reduce wind and water erosion to
the planned soil loss objective will be
determined using the current approved wind
and/or water erosion prediction technology.
All critical area plantings will require the
additional, Mulch companion practice (practice
standard (484) unless seeding is performed
during the dormant seeding period into live
vegetation or vegetation that has recently been
killed and provides adequate residue cover for
establishment.
Livestock and vehicular traffic shall be
excluded at least until the vegetation is well
established
Additional Criteria to Restore Degraded
Sites
If gullies or deep rills are present, they will be
treated, if feasible, to allow equipment
operation and ensure proper site and seedbed
preparation.
Based on a soil test, soil amendments will be
added as necessary to ameliorate or eliminate
physical or chemical conditions that inhibit
plant establishment and growth. Required
amendments, such as compost or manure to
add organic matter and improve soil structure
and water holding capacity; agricultural
limestone to increase the pH of acid soils; or
elemental sulfur to lower the pH of calcareous
soils will be included in the site specification
with amounts, timing, and method of
application.
CONSIDERATIONS
Species or mixes that are adapted to the site
and have multiple values should be
considered. Native species should be
considered when appropriate to site treatment.
Avoid species that may harbor pests. Species
diversity should be considered to avoid loss of
function due to species-specific pests.

NRCS, KY
August 2008

Planning and installation of other conservation
practices such as Diversions, Land Smoothing,
Obstruction Removal, Surface and Subsurface
Drains or Underground Outlets may be
necessary to prepare a critical area for
planting.
For mine spoils, follow the University of
Kentucky’s AGR-40 Lime and Nutrient
Recommendations for Reclamation of SurfaceMined document.

PLANS AND SPECIFICATIONS
Prepare plans and specifications for each field
or management unit according to the criteria
and operation and maintenance sections of
this standard. Specifications will describe the
requirements for applying this practice to meet
the intended purpose.
Record practice specifications using approved
specification sheets, job sheets or other
acceptable documentation.
The following elements will be addressed in
the plan, as applicable, to meet the intended
purpose.
x

Site Preparation

x

Topsoil

x

Fertilizer Application

x

Selection of Species

x

Seedbed/Planting Bed Preparation

x

Methods of Seeding/Planting

x

Time of Seeding/Planting

x

Rates of Seeding

x

Mulching

x

Sod Establishment

x

Supplemental Water for Plant
Establishment

x

Protection of Plantings

x

Mine Spoils

342 - 3

OPERATION AND MAINTENANCE
Use of the area will be managed as long as
necessary to stabilize the site and achieve the
intended purpose. Livestock and vehicular
traffic may need to be excluded not just during
the establishment period but also for the life of
the practice if these activities destabilize the
planted vegetation.
Control or exclude pests that will interfere with
the timely establishment of vegetation.
Inspections, reseeding or replanting,
fertilization, and pest control may be needed to
insure that this practice functions as intended
throughout its expected life. Observation of
establishment progress and success should be
performed at regular intervals until the practice
has met the criteria for successful
establishment and implementation.

impacts of vegetative disturbance upon these
birds and their nests should be considered and
included in operation and maintenance plans.
Maintenance activities that result in
disturbance of vegetation will not be conducted
during the primary nesting season for grassnesting birds where occupied habitat for these
species exists.
REFERENCES
USDA, NRCS. 2006. The PLANTS Database
(http://plants.usda.gov, 19 October 2006).
National Plant Data Center, Baton Rouge, LA
70874-4490 USA.
Establishing Vegetative Practices in Kentucky
(A complimentary document to KY FOTG 327,
340, 342, 386, 412, 643 & 645 practice
standards). August 2008. Section IV of the
KY FOTG

Where establishment of vegetation creates
potential habitat for grass-nesting birds, the

NRCS, KY
August 2008

Technical Guide
Section IV
NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

WASTE TREATMENT LAGOON
(No.)
CODE 359
DEFINITION

CRITERIA

A waste treatment impoundment made by
constructing an embankment and/or
excavating a pit or dugout.

General Criteria for All Lagoons

PURPOSE
To biologically treat waste, such as manure
and wastewater, and thereby reduce
pollution potential by serving as a
treatment component of a waste
management system.
CONDITIONS WHERE PRACTICE
APPLIES
1. Where the lagoon is a component of a
planned agricultural waste
management system.
2. Where treatment is needed for organic
wastes generated by agricultural
production or processing.
3. On any site where the lagoon can be
constructed, operated and maintained
without polluting air or water
resources.
4. To lagoons utilizing embankments with
an effective height of 25 feet or less
where damage resulting from failure
would be limited to damage of farm
buildings, agricultural land, and
country roads.

Laws and Regulations. All Federal, state,
and local laws, rules, and regulations
governing the construction and use of
waste treatment lagoons must be followed.
The owner or operator of the lagoon shall be
responsible for securing a no discharge
operational permit from the Kentucky
Natural Resources And Environmental
Protection Cabinet, Department For Natural
Resources and Environmental Protection,
Division Of Water. Refer to Kentucky
Revised Statute; KRS 224.10-100(19) and
Kentucky Administrative Regulation 401
KAR 5:009.
Location. To minimize the potential for
contamination of streams, lagoons should be
located outside of floodplains. However, if
site restrictions require location within a
floodplain, they shall be protected from
inundation or damage from a 25-year
frequency, 24-hour flood event, or larger if
required by laws, rules, and regulations.
Lagoons shall be located so the potential
impacts from breach of embankment,
accidental release, and liner failure are
minimized; and separation distances are
such that prevailing winds and landscape
elements such as building arrangement,
landforms, and vegetation minimize odors
and protect aesthetic values.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current version of this standard, contact
the Natural Resource Conservation Service.
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Waste treatment lagoons for new facilities
shall be located to meet the minimum
distance requirement from public or private
facilities as shown in Table 1. Existing
facilities will require further investigation
for proper lagoon locations.
Table 1 - Minimum Distance Requirements for
Waste Treatment Lagoons
Public or Private Use
Min. Distance From
Facilities
Lagoon
Dwellings, churches,
schools, businesses, and
500 feet
public use areas
Property Lines
300 feet
Potable Wells,
300 feet
Natural Water Courses,
150 feet
Drainage Ditches,
Milking Parlors,
100 feet
Public Roads
Area specified by state
Greater of state or
or local ordinance
local distance shown
above

Lagoons should be located so they have as
little drainage area as possible. If a lagoon
has a drainage area, the volume of normal
runoff during the treatment period and 25year, 24-hour storm event runoff shall be
included in the required volume of the
lagoon.
Hazard Classification. The area
downstream of the embankment shall be
evaluated to determine the impact of
damage from a sudden breach of the
proposed embankment on both structural
and environmental features. This
evaluation must consider existing and
reasonably anticipated improvements
during the life of the structure. Only NRCS
hazard class (a) embankments are to be
designed under this standard.
Soils and Foundation. The lagoon shall
be located in soils with an acceptable
permeability that meets all applicable
regulations, or the lagoon shall be lined.
Information and guidance on controlling
seepage from waste impoundments can be
NRCS, KY, April 2003

found in the Agricultural Waste
Management Field Handbook (AWMFH),
Appendix 10D.
The lagoon shall have a bottom elevation
that is a minimum of 2 feet above the
seasonal high water table unless special
design features are incorporated that
address buoyant forces, lagoon seepage
rates, and non-encroachment of the water
table by contaminants. The water table
may be lowered by use of perimeter drains
to meet this requirement.
All lagoons shall be investigated by a
geologist and/or soil scientist and a written
report prepared that addresses the water
table depth, and potential for ground water
pollution considering the hydrology,
groundwater gradient, soil permeability,
etc. Evaluate soils to a depth no less than
two feet below the final grade of any
excavation. A determination as to whether
a liner is needed will be based on the soils
or geologic investigation and information
on controlling seepage contained in the
Agricultural Waste Management Field
Handbook (AWMFH), Appendix 10D.
Liners. The subgrade shall be a dense base
regardless of liner method. Liners shall be
constructed at an elevation above the
seasonal high water table unless methods
to maintain the liner integrity are
considered in the design. The lagoon shall
be sealed by one of the liners as described
below.
1. Compacted Earth. Earthen liners shall be
designed in accordance with NRCS
Agricultural Waste Management Field
Handbook Appendix 10D, Geotechnical
Design and Construction Guidelines to
achieve a maximum allowable specific
discharge of 0.0028 ft/day (1 x 10-6 cm/sec).
A compacted earth liner shall have a
minimum thickness of 1 foot on lagoon
sides and bottom measured perpendicular
to the finished surface. The liner material
shall be placed in layers not over 9 inches
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thick before compaction. A minimum of two
compacted layers is required. Compaction
requirements shall be verified in
accordance with ASTM D-698 or as
determined by the engineer. Compacted
earth liners shall have side slopes of 3
horizontal to 1 vertical (3:1) or flatter,
except where compacted earth liners are
part of (brought up with) an earthfill.
2. Flexible Membrane - A flexible membrane
liner designed and constructed in
accordance with the NRCS conservation
practice standard Pond Sealing and Lining Flexible Membrane, Code 521-A.
3. Bentonite - A bentonite liner designed and
constructed in accordance with the NRCS
conservation practice standard Pond
Sealing and Lining - Bentonite or Other
High Swell Clay Material, Code 521-C.
4. Concrete - A concrete liner designed and
constructed in accordance with NRCS
Construction Specification 32, Concrete
and the following criteria:
a. For side slopes and bottoms that will not
have any vehicular traffic, use a
minimum 4-inch thick concrete slab. No
joints are required. Wire mesh or fiber
reinforcement is required.
b. For concrete lined areas such as
approaches, ramps and bottoms that will
have vehicular traffic of any kind, use a
minimum 4 inch thick concrete slab
placed over a minimum 4 inch thick layer
of compacted sand. Joints and
reinforcement shall be as required by
design analysis.
c. Concrete lined side slopes shall be 2
horizontal to 1 vertical (2:1) or flatter,
except for concrete push-off ramps.
Concrete push-off ramp slopes shall be
1 horizontal to 1 vertical (1:1) or flatter
on cut slopes and 2 horizontal to 1
vertical (2:1) or flatter on embankment
slopes.
5. Natural Clay Base - A natural clay base
liner shall have a minimum thickness as
defined in NRCS AWFH Appendix 10D.
The soil shall meet the criteria for a unified
soil classification of CL, CH, MH, SC, or
GC. Subsurface investigations must

demonstrate that suitable natural soil
material exists for the minimum depth
required below the design bottom elevation
of the waste treatment lagoon or the lagoon
shall be lined.
Natural clay based liners shall have side
slopes of 2 horizontal to 1 vertical (2:1) or
flatter.

Required Volume. The lagoon shall have
the capability of storing the following
volumes:
1. Volume of accumulated sludge for the
period between sludge removal events.
2. Minimum treatment volume (anaerobic
lagoons only).
3. Volume of manure, wastewater, and
other wastes accumulated during the
treatment period.
4. Depth of normal precipitation less
evaporation on the lagoon surface (at
the required volume level) of the
lagoon during the treatment period plus
any runoff from drainage areas that
enter the lagoon during the retention
period.
5. Depth of the 25-year, 24-hour storm
precipitation on the surface area (at the
required volume level) of the lagoon
during treatment period plus any
additional runoff from the drainage
areas that enter the lagoon from the
storm event.
Treatment Period. The treatment period
is the detention time between drawdown
events. It shall be the greater of either 60
days; or the time required to provide the
storage that allows environmentally safe
utilization of waste considering the
climate, crops, soil, and equipment
requirements; or as required by local, state,
and Federal regulations. The detention
time should not exceed 1 year.
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Waste Loading. Daily waste loading shall
be based on the maximum daily loading
considering all waste sources that will be
treated by the lagoon. Reliable local
information or laboratory test data should
be used if available. If local information is
not available, Chapter 4 of the AWMFH
may be used for estimating waste loading.
Embankments. The minimum elevation
of the top of the settled embankment shall
be 1 foot above the lagoon’s required
volume. This height shall be increased by
the amount needed to ensure that the top
elevation will be maintained after
settlement. This increase shall be not less
than 5 percent. The minimum top widths
are shown in Table 2. The combined side
slopes of the settled embankment shall not
be less than 5 horizontal to 1 vertical, and
neither slope shall be steeper than 2
horizontal to 1 vertical unless provisions
are made to provide stability. Where
embankments are to be mowed; 3
horizontal to 1 vertical or flatter slopes are
recommended.
Table 2 – Minimum Top Widths
Total embankment
Height, ft.
15 or less
15 – 20
20 – 25
25 – 30

Top Width,
ft.
8
10
12
14

Compaction of the embankment fill
material shall be in accordance with the
specified design requirements for
compaction and moisture content. As a
minimum compaction shall be equivalent
to, or better than, the following:
1. Layers of fill shall not exceed 9 inches
in thickness before compaction.
Compaction requirements shall be
verified in accordance with ASTM D698 or as determined by the engineer.
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2. Clayey soils shall be compacted with a

"sheepsfoot" or tamping roller. (See
AWMFH Appendix 10D for guidance
on compaction.
Excavations. Unless supported by a soil
investigation, excavated side slopes shall
be no steeper than 2 horizontal to 1
vertical. The bottom of aerobic lagoons
shall be approximately level.
Inlet. Inlets shall be of any permanent
type designed to resist corrosion, plugging,
freeze damage, and ultraviolet ray
deterioration, while incorporating erosion
protection as necessary. Inlets shall be
provided with a water-sealed trap and vent,
or similar device if there is a potential,
based on design configuration, for gases to
enter buildings or other confined spaces.
Pipe inlets may be steel, concrete,
aluminum, ductile iron or PVC as required
in NRCS conservation practice standard
for Pond, Code 378. However if
corrugated steel is used, it shall be
adequately protected with an appropriate
coating.
Pipes shall have a minimum diameter of 6
inches. All pipes shall be designed to carry
the required flow and shall be installed on
a slope of 1 percent or greater and
preferably 1.5 percent or greater. Wye or
tee fittings shall be placed at a maximum
spacing of 150 feet to facilitate cleanout of
the pipe in case of blockage. The inlet pipe
should terminate a sufficient distance from
the shoreline to ensure good distribution.
Pipes shall be installed far enough below
the ground surface avoid freezing or be
provided with other protective measures.
Pumped inlets shall be sized to meet the
requirements of the pumping equipment.
Gravity flow inlet pipes for liquids only
may outlet at or above the design volume
elevation. The slope of the lagoon at the
pipe outlet shall be protected from erosion
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by paving or by extending the pipe outlet
to a point where the discharge will not fall
on the slope.
Pipes shall be supported on pilings of
pressure treated wood, steel, concrete, or
masonry and anchored to prevent
dislodging or flotation. Paved slopes shall
be no flatter than 4 horizontal to 1 vertical
(4:1) and will not be used when
appreciable bedding materials are used.
Outlet. Outlets from the required volume
shall be designed to resist corrosion and
plugging. No outlet shall automatically
discharge from the required volume of the
lagoon. Manually operated outlets shall be
of permanent type.
Emergency Spillway. Lagoons having a
maximum design liquid level of 3 feet or
more above natural ground (embankment)
shall have an emergency spillway (earth or
pipe), combination of spillways, or
additional storage shall be provided to
protect the lagoon from over-topping the
embankment when a 25-year, 24-hour
storm event is exceeded and the design
volume is filled. The crest of the
emergency spillway shall be located at or
above the same elevation as the top of the
25-year, 24-hour storm storage. The
emergency spillway shall be designed to
pass a 25-year, 24-hour storm without
over-topping the embankment. There shall
be a minimum of 1 foot of freeboard above
the designed depth of flow in the
emergency spillway. Emergency spillway
requirements, however, do not apply to
lagoons without drainage areas and with
less than 3 feet of storage above natural
ground.
The emergency spillway shall be placed in
undisturbed soil when possible. When it
must be placed in fill material, precautions
shall be taken to insure the integrity of the
structure. Where a lagoon empties into

another waste storage pond and the liquid
level is positively controlled by an
adequately sized overflow pipe, no
emergency spillway is required for the
primary lagoon. Pipe emergency spillways
shall be 6 inch minimum diameter and
equipped with trash racks, antivortex
devices, and antiseep collars as required in
NRCS conservation practice standard for
Pond, Code 378. Pipes may be steel,
concrete, aluminum, or PVC as required in
NRCS conservation practice standard for
Pond, Code 378.
Staff Gage. A staff gage or other
permanent marker shall be placed in the
waste storage pond to clearly indicate the
maximum level of storage allowed to
accumulate before emptying must be
initiated. The marker shall indicate the
level at which sufficient storage remains to
contain the 25-year, 24-hour runoff and
precipitation.
Facility for Drawdown. Measures that
facilitate safe drawdown of the liquid level
in the lagoon shall be provided. Access
areas and ramps used to withdraw waste
shall have slopes that facilitate a safe
operating environment. Docks, wells,
pumping platforms, retaining walls, etc.
shall permit drawdown without causing
erosion or damage to liners.
Sludge Removal. Provision shall be made
for periodic removal of accumulated
sludge to preserve the treatment capacity
of the lagoon.
Erosion Protection. Embankments and
disturbed areas surrounding the lagoon
shall be treated to control erosion. This
includes the inside slopes of the lagoon as
needed to protect the integrity of the liner.
Safety. Design shall include appropriate
safety features to minimize the hazards of
the lagoon. The lagoon shall be fenced
around the perimeter and warning signs
NRCS, KY, April 2003
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posted to prevent children and others from
using it for other than its intended purpose.
Additional Criteria for Anaerobic
Lagoons
Loading Rate. Anaerobic lagoons shall
be designed to have a minimum treatment
volume based on Volatile Solids (VS)
loading per unit of volume. The maximum
loading rate shall be as indicated in
AWMFH Figure 10-22 or according to
state regulatory requirements, whichever is
more stringent.
Operating Levels. The maximum
operating level shall be the lagoon level
that provides the required volume less the
25-year, 24-hour storm event precipitation
on the surface of the lagoon. The
maximum drawdown level shall be the
lagoon level that provides volume for the
required minimum treatment volume plus
the volume of accumulated sludge between
sludge removal events. Permanent markers
shall be installed at these elevations. The
proper operating range of the lagoon is
above the maximum drawdown level and
below the maximum operating level. These
markers shall be referenced and described
in the O&M plan.
Depth Requirements. The minimum
depth at maximum drawdown shall be 6
feet. If subsurface conditions prevent
practicable construction to accommodate
the minimum depth at maximum
drawdown, a lesser depth may be used, if
the volume requirements are met.

lagoon surface. The required minimum
treatment surface area shall be the surface
area at maximum drawdown. The
maximum loading rate shall be as indicated
by AWMFH Figure 10-25 or according to
state regulatory requirements, whichever is
more stringent.
Operating Levels. The maximum
operating level shall be the lagoon level
that provides the required volume less the
25-year, 24-hour storm event on the lagoon
surface. The maximum drawdown level
shall be the lagoon level that provides
volume for the volume of manure,
wastewater, and clean water accumulated
during the treatment period plus the
volume of accumulated sludge between
sludge removal events. Permanent markers
shall be installed at these elevations. The
proper operating range of the lagoon is
above the maximum drawdown level and
below the maximum operating level. These
markers shall be referenced and described
in the O&M plan.
Depth Requirements. The minimum
depth at maximum drawdown shall be 2
feet. The maximum liquid level shall be 5
feet.
Additional Criteria for Mechanically
Aerated Lagoons

Additional Criteria for Naturally
Aerobic Lagoons

Loading Rate. Mechanically aerated
waste treatment lagoons’ treatment
function shall be designed on the basis of
daily BOD5 loading and aeration
equipment manufacturer’s performance
data for oxygen transfer and mixing.
Aeration equipment shall provide a
minimum of 1 pound of oxygen for each
pound of daily BOD5 loading.

Loading Rate. Naturally aerobic lagoons
shall be designed to have a minimum
treatment surface area as determined on the
basis of daily BOD5 loading per unit of

Operating Levels. The maximum
operating level shall be the lagoon level
that provides the required lagoon volume
less the 25-year, 24-hour storm event
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precipitation and shall not exceed the site
and aeration equipment limitations. A
permanent marker or recorder shall be
installed at this elevation. The proper
operating range of the lagoon is below this
elevation and above the minimum
treatment elevation established by the
manufacturer of the aeration equipment.
This marker shall be referenced and
described in the O&M plan.

2. An auxiliary (emergency) spillway
3. Additional freeboard
4. Storage volume for the wet year rather
than normal year precipitation
5. Reinforced embankment -- such as,
additional top width, flattened and/or
armored downstream side slopes
6. Secondary containment
7. Water level indicators or recorders

CONSIDERATIONS
General
Lagoons should be located as close to the
source of waste as possible.
Solid/liquid separation treatment should be
considered between the waste source and
the lagoon to reduce loading.
The configuration of the lagoon should be
based on the method of sludge removal
and method of sealing.
Due consideration should be given to
economics, the overall waste management
system plan, and safety and health factors.
Considerations for minimizing the
potential for and impacts of sudden
breach of embankment or accidental
release from the required volume
Features, safeguards, and/or management
measures to minimize the risk of
embankment failure or accidental release,
or to minimize or mitigate impact of this
type of failure should be considered when
any of the categories listed in Table 3
might be significantly affected.
1. The following should be considered
either singly or in combination to
minimize the potential of or the
consequences of sudden breach of
embankments when one or more of the
potential impact categories listed in
Table 3 may be significantly affected:

Table 3 – Potential Impacts Categories
from Breach of Embankment or
Accidental Release
1. Surface water bodies -- perennial streams,
lakes, wetlands, and estuaries
2. Critical habitat for threatened and
endangered species
3. Riparian areas
4. Farmstead, or other areas of habitation
5. Off-farm property
6. Historical and/or archaeological sites or
structures that meet the eligibility criteria
for listing in the National Register of
Historical Places

The following should be considered to
minimize the potential for accidental
release from the required volume through
gravity outlets when one or more of the
potential impact categories listed in Table
3 may be significantly affected:
1. Outlet gate locks or locked gate
housing
2. Secondary containment
3. Alarm system
4. Another means of emptying the
required volume
Considerations for minimizing the
potential of lagoon liner seepage
Consideration should be given to providing
an additional measure of safety from
lagoon seepage when any of the potential
impact categories listed in Table 4 may be
affected.
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Table 4 - Potential Impact Categories
for Liner Seepage
1. Any underlying aquifer is at a shallow
depth and not confined
2. The vadose zone is rock
3. The aquifer is a domestic water supply
or ecologically vital water supply
4. The site is located in an area of
carbonate rock (limestone or dolomite)
Should any of the potential impact
categories listed in Table 4 be affected,
consideration should be given to the
following:
1. A clay liner designed in accordance
with procedures of AWMFH,
Appendix 10D with a thickness and
coefficient of permeability so that
specific discharge is less than 1 x 10-6
cm/sec.
2. A flexible membrane liner
3. A geosynthetic clay liner (GCL)
flexible membrane liner
4. A concrete liner designed in
accordance with slabs on grade criteria in
NRCS Practice Standard 313, Waste
Storage Facility, for fabricated structures
requiring water tightness.
Considerations for minimizing the
impact of odors
For sites located where odors are a
concern, the following should be
considered:
1. Reduce loading rates of anaerobic
lagoons to at least one half the values
of AWMFH Figure 10-22.
2. Covering the lagoon with a suitable
cover.
3. Using naturally aerated or
mechanically aerated lagoons.
NRCS, KY, April 2003

4. Using composting in conjunction with
a solid waste system rather than a
liquid or slurry system.
5. Using an anaerobic digester and biogas
capture system.
PLANS AND SPECIFICATIONS
Plans and specifications shall be prepared
in accordance with the criteria of this
standard and shall describe the
requirements for applying the practice to
achieve its intended use.
OPERATION AND MAINTENANCE
An operation and maintenance plan shall
be developed that is consistent with the
purposes of the practice, its intended life,
safety requirements, and the criteria for
design. The plan shall contain the
operational requirements for drawdown
and the role of permanent markers. This
shall include the requirement that waste be
removed from the lagoon and utilized at
locations, times, rates, and volume in
accordance with the overall waste
management system plan. In addition, the
plan shall include a strategy for removal
and disposition of waste with least
environmental damage during the normal
treatment period to the extent necessary to
insure the lagoon’s safe operation. This
strategy shall also include the removal of
unusual storm events.
Development of an emergency action plan
should be considered for lagoons where
there is a potential for significant impact
from breach or accidental release. The plan
shall include site-specific provisions for
emergency actions that will minimize these
impacts.
Recommendations for inspection and
maintenance of the embankment,
vegetation, and other structures shall be
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included. Include the statement that waste
be removed from the lagoon and utilized at
locations, times, rates, and volumes in
accordance with the overall waste
management system plan. The lagoon shall
be operated to maintain the maximum
liquid level below the storage required for
the 25- year 24-hour storm.
After 5 years of operation, the waste
treatment lagoon shall be checked for
sludge accumulation annually. If sludge
has encroached into the treatment volume,
the sludge will be removed and applied at
agronomic rates based on analysis of the
sludge.
Include plans for the removal of unusual
storm events. Develop an emergency
action plan including site-specific
provisions for emergency actions that will
reduce impacts from accidental release or
embankment reach.

REFERENCES
x

NRCS National Engineering Handbook
Part 650, Engineering Field Handbook.

x

NRCS National Engineering Handbook
Part 651, Agricultural Waste
Management Field Handbook

x

NRCS Conservation Practice Standards:
 Critical Area Planting, Code 342
 Pond, Code 378
 Pond Sealing or Lining, Code 521
 Nutrient Management, Code 590

x

NRCS National Engineering Manual,
Part 520
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Technical Guide
Section IV
NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CLOSURE OF WASTE IMPOUNDMENTS
(No.)
Code 360

DEFINITION
The safe closure of waste impoundments
(animal waste lagoons and waste storage
ponds) in an environmentally safe manner.
PURPOSE
This practice may be applied as part of a
conservation management system to support
one or more of the following purposes:
·

To protect the quality of surface water and
groundwater resources.

·

To eliminate a safety hazard for humans and
livestock

·

To safeguard public health

CONDITIONS WHERE PRACTICE APPLIES
This standard applies to agricultural waste
treatment lagoons and waste storage ponds that
are no longer needed as part of a waste
management system and are to be permanently
closed or converted.
Where these impoundments are to be converted
to fresh water storage and the original
impoundment was not constructed to NRCS
standards, this practice will only apply where the
investigation, as called for in National
Engineering Manual (NEM) 501.23, shows
structural integrity.
CRITERIA
General criteria applicable to all purposes
All planned work shall comply with all Federal,
state, and local laws and regulations.
All structures used to convey waste to lagoons
or waste storage ponds shall be replaced with

compacted earth material or otherwise rendered
unable to convey waste.
Liquid and slurry wastes shall be agitated and
removed to the fullest extent practical, using
conventional pumping, dredging, or excavating
equipment. Clean water shall be added as
necessary to facilitate the agitation and
pumping. The wastewater shall be utilized in
accordance with NRCS conservation practice
standard, Waste Utilization, Code 633 and/or
Nutrient Management, Code 590. A small
amount of sludge may remain on the bottom and
sides of the waste treatment lagoons or waste
storage ponds if it will not pose a threat to the
environment. When a waste treatment lagoon or
waste storage impoundment Kentucky Pollutant
Discharge Elimination System (KPDES) permit,
or Kentucky No Discharge Operational Permit
(KNDOP) is terminated, any waste in place at
the time is subject to regulation as a solid waste.
Unless the sludge has been removed to the
fullest extent practical using conventional
practices, the closed impoundment may be
considered an unpermitted waste disposal
facility, subjecting the owner or operator to
possible fines.
Land Reclamation. Impoundments with
embankments may be breached so that they will
no longer impound water and excavated
impoundments may be backfilled so that these
areas may be reclaimed for other uses. Waste
impoundments that have water impounded
against the embankment are considered
embankment structures if the depth of water is
three feet or more above natural ground.
(1) Embankment Impoundments. Waste
shall be removed from the site before the
embankment is breached. The slopes and
bottom of the breach shall be stable for the
soil material involved, however the side
slopes shall be no steeper than three
horizontal to one vertical (3:1).

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current version of this
standard, contact the Natural Resources Conservation Service.
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(2) Excavated Impoundments. Excavated
impoundments are to be backfilled with
earth materials. The backfill height shall
exceed the design finished grade by 5
percent to allow for settlement. The bottom
liner of the impoundment should be
disrupted or removed with dredging or
excavating equipment so that the
impoundment does not continue to hold
water after being backfilled, creating a
poorly drained area unable to support
equipment or good vegetative growth. The
finished surface shall be constructed of the
most clayey material available and mounded
to shed rainfall runoff. Incorporate available
topsoil where feasible to aid establishment
of vegetation.
Conversion to Fresh Water Storage. The
converted impoundment shall meet the
requirements of the appropriate NRCS
conservation practice standard for the intended
purpose (e.g. Pond, Code 378; or Irrigation
Storage Reservoir, Code 436). This will require
an investigation of the structural integrity of the
impoundment if not originally constructed with
NRCS technical assistance.
Safety. If sludge is not removed from an
embankment or excavated pond, the KPDES or
KNDOP permit must be maintained, and
precautions (fencing and warning signs) will be
used to ensure that the pond is not used for
incompatible purposes (such as swimming,
livestock watering, fish production, etc.) until
water quality is adequate for these purpose.
Water quality sampling and analysis shall be
used to determine when the pond is safe for
these uses, and the KPDES or KNDOP permit
may be terminated.
Protection. All disturbed areas not returned to
crop production shall be vegetated in
accordance with NRCS conservation practice
standard Critical Area Planting, Code 342.
Measures shall be taken during construction to
minimize site erosion and pollution of
downstream water resources. This may include
details and specifications for such items as silt
fences, hay bale barriers, temporary vegetation,
and mulching.
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CONSIDERATIONS
Reduce pumping effort to empty waste
impoundments where the surface is covered by
a dense mat of floating vegetation by first
applying herbicide to the vegetation and then
burning the residue. Appropriate permits must
be obtained before burning.
Sludge from lagoons and holding ponds can be
difficult to remove by agitation and pumping.
Excavating equipment may be required to
remove excessive soil and other debris.
When converting waste treatment lagoons and
waste storage ponds to fresh water ponds, the
effects on the water budget should be
considered. A pond will reduce surface runoff,
trap sediment, and reduce nutrients and
pesticides leaving the land.
Consideration of climate factors such as
humidity, wind speed, and wind direction should
be considered to determine the timing and
method of applying the wastewater sludge from
the lagoon or waste storage pond.
If livestock will have access to the closed waste
impoundment, consideration should be given to
fencing or installation of watering ramp where
needed for safety when converted to fresh water
ponds.
If the closed or abandoned waste treatment
pond is to be filled with fresh water and used for
fish production, consideration should be given to
the removal of sludge since it will be a source of
biological oxygen demand (BOD).
Minimize the impact of odors associated with
emptying and land applying wastewater and
sludge from a waste impoundment by using an
incorporation application method at a time when
the humidity is low, when winds are calm, and
when wind direction is away from populated
areas.
Sludge, which is allowed to dry, will begin to
break down aerobically. This will result in a
release of nutrients from the sludge, which
can last for years depending on the depth of the
sludge. For this reason, sludge, which is left in
place, should be kept flooded to prevent this
from occurring or other measures taken to
prevent this release of nutrients from becoming
a source of surface or ground water
contamination.
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Maintain a minimum depth of 6 inches of water
above the waste left in place. This will reduce
the chance of occasional exposure in dry or
windy weather leading to odor releases and
disease vector attraction.
PLANS AND SPECIFICATIONS
Plans and specifications for closure of
abandoned waste treatment lagoons and waste
storage ponds shall be in keeping with this
standard and shall describe the requirements for
applying the practice to achieve its intended
purpose. If the waste treatment lagoon or waste
storage pond is converted to a fresh water
pond, the pond shall be required to meet the
NRCS conservation practice for the intended
purpose. The plans and specifications shall also
be in keeping with the requirements of that
standard.

OPERATION AND MAINTENANCE
The proper closure of a waste treatment lagoon
or waste storage pond should require little or no
operation and maintenance; however, if it is
converted to another use, such as a fresh water
pond, operation and maintenance shall be in
accordance with the needs as set forth in NRCS
conservation practice standard for the intended
purpose.
REFERENCES
NRCS Conservation Practice Standards:
Critical Area Planting, Code 342
Irrigation Storage Reservoir, Code 436
Nutrient Management, Code 590
Pond, Code 378
Waste Utilization, Code 633
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CONSTRUCTION SPECIFICATION
INTERIM STANDARD
CLOSURE OF WASTE IMPOUNDMENTS
CODE 360

SCOPE
This item shall consist of the measures necessary
to close out a waste impoundment that is no longer
in service. Construction operations are to be
carried out in such a manner that erosion, air,
water, and noise pollution will be minimized and
held within legal limits established by State
regulations.

recommended rates. After land application of the
dried material, the temporary stockpile area shall
be smoothed and vegetated according to the
vegetation plan. Uncontaminated runoff water from
the area shall be diverted away from the waste
impoundment. If the stockpile area is planned for
future use, the improvements can be maintained
by diverting runoff water from the waste
impoundment and vegetating to prevent erosion of
the area.

Dredging
WASTE IMPOUNDMENT CLOSURE
Sludge that is removed with a dragline or other
similar equipment is to be temporarily stockpiled
near the waste impoundment. If at all possible, the
stockpile area shall slope slightly toward the waste
impoundment. A drainage fence or filtering device
may be necessary to prevent solids from
reentering the waste impoundment. In
topographical locations in which positive drainage
toward the waste impoundment cannot be
obtained, a sump pump system may be required to
return the liquid drainage back to the waste
impoundment. If the sludge has minimum drainage
associated with the dredged material, a grass filter
can be designed to treat the liquid in lieu of the
sump pump system.
If the existing soils at the stockpile location are not
adequate to prevent seepage from entering the
groundwater, a 6-inch, compacted clay pad is
required beneath the stockpile. The perimeter of
the stockpiled material shall be protected as
needed with an earthen berm or other approved
structure to ensure drainage of the dredged
material returns to either the waste impoundment,
a sump pump, or an appropriate grass filter.

Agitate and pump out the waste impoundment
contents as noted in the guidelines of the standard
and as outlined in the Conservation Plan. Remove
the unpumpable material in the bottom of the
waste impoundment according to the closure plan.
If the waste impoundment is to be closed by filling
with soil, the soil shall be placed in maximum
12-inch lifts with each layer being compacted using
two passes of heavy equipment. Soil moisture
content shall be maintained to ensure adequate
compaction of the material. The filling process shall
continue until the waste impoundment is overfilled
5 percent to allow for settlement. The final finished
surface shall have at least a 12 inch compacted
thickness and be made with the most clayey
material on site. The final surface shall be
mounded so that it will not pond any surface water.
Potential rainfall runoff water upslope from the
closed waste impoundment shall be diverted from
the closure. Apply at least 4 inches of topsoil
material, smooth and vegetate the area according
to the vegetation plan.
POLLUTION CONTROL

The dredged material should be allowed to dry,
tested for nutrient content, and then land applied at

Closure of the waste impoundment, land
application of the dry waste or wastewater, and all
construction activities are to be conducted in such
a manner that all pollution is minimized. Best
Management Practices (BMP) shall be utilized
whenever possible.
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Field Office Technical Guide
Section IV
NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

DIVERSION
(Ft.)
CODE 362

runoff.

DEFINITION
A channel constructed across the slope
generally with a supporting ridge on the
lower side.
PURPOSE
This practice may be applied as part of a
resource management system to support
one or more of the following purposes.
x

Break up concentrations of water on
long slopes, on undulating land
surfaces, and on land that is generally
considered too flat or irregular for
terracing.

x

Reduce erosion and runoff on urban or
developing areas and at construction or
mining sites.

x

Divert water away from active gullies
or critically eroding areas.

x

Supplement water management on
conservation cropping or stripcropping
systems.

CONDITIONS WHERE PRACTICE
APPLIES
This applies to all cropland and other land
uses where surface runoff water control
and or management is needed. It also
applies where soils and topography are
such that the diversion can be constructed
and a suitable outlet is available or can be
provided.

x

Divert water away from farmsteads,
agricultural waste systems, and other
improvements.

x

Collect or direct water for waterspreading or water-harvesting systems.

x

Increase or decrease the drainage area
above ponds.

CRITERIA

x

Protect terrace systems by diverting
water from the top terrace where
topography, land use, or land
ownership prevents terracing the land
above.

Capacity. Diversions as temporary
measures, with an expected life span of
less than 2 years, shall have a minimum
capacity for the peak discharge from the 2year frequency, 24-hour duration storm.

x

Intercept surface and shallow
subsurface flow.

Diversions that protect agricultural land
shall have a minimum capacity for the
peak discharge from a 10-year frequency,

x

Reduce runoff damages from upland

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current version of this standard, contact the
Natural Resources Conservation Service.
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24 -hour duration storm.
Diversions designed to protect areas such
as urban areas, buildings, roads, and animal
waste management systems shall have a
minimum capacity for the peak discharge
from a storm frequency consistent with the
hazard involved but not less than a 25-year
frequency, 24-hour duration storm.
Freeboard shall be not less than 0.3 ft.
Design depth is the channel storm flow
depth plus freeboard, where required.

Cross section. The channel may be
parabolic, V-shaped, or trapezoidal. The
diversion shall be designed to have stable
side slopes. The side slopes shall be no
steeper than 2:1.
The ridge shall have a minimum top width
of 4 feet at the design depth. The ridge
height shall include an adequate settlement
factor (minimum of 10 percent).
The ridge top width may be 3 feet at the
design depth for diversions with less than
10 acres drainage area above cropland,
pastureland, or woodland.
The top of the constructed ridge at any
point shall not be lower than the design
depth plus the specified overfill for
settlement.
The design depth at culvert crossings shall
be the culvert headwater depth for the
design storm plus freeboard.
Grade and velocity. Channel grades may
be uniform or variable. Channel velocity
shall not exceed that considered nonerosive for the soil and planned vegetation
or lining.
Maximum channel velocities for
permanently vegetated channels shall not
exceed those recommended in the NRCS
NRCS, KY, April 2003

Engineering Field Handbook (EFH) Part
650, Chapter 9, or Agricultural Research
Service (ARS) Agricultural Handbook
667, Stability Design of Grass-Lined Open
Channels (Sept. 1987).
When the capacity is determined by the
formula Q = A V and the V is calculated
by using Manning's equation, the highest
expected value of "n" shall be used. The
allowable velocity for bare diversion
channels shall be determined using a
Manning’s “n” value of 0.025
Location. The outlet conditions,
topography, land use, cultural operations,
cultural resources, and soil type shall
determine the location of the diversion.
Diversions used to intercept subsurface
flow or seepage should be located based
on information from exploration borings
to determine the location of the water
bearing strata.
Location, spacing, and depth will be based
on the location of the seepage outcrop(s).
Where prolonged seepage will prevent
establishment of vegetation, a subsurface
drain will be installed parallel to the
diversion.
Where a subsurface drain is used along
with the diversion in order to establish and
maintain satisfactory vegetative cover, the
design, materials, and installation
procedures will conform to NRCS
Conservation Practice Standard,
Subsurface Drain, Code 606. The grade of
the subsurface drain shall be at least 1 foot
below the grade of the diversion channel
and offset from the diversion channel
centerline at least 1/4 the design top width.
Protection against sedimentation.
Diversions normally should not be used
below high sediment producing areas.
When they are, a practice or combination
of practices needed to prevent damaging
accumulations of sediment in the channel
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shall be installed. This may include
practices such as land treatment erosion
control practices, cultural or tillage
practices, vegetated filter strip, or structural
measures. Install practices in conjunction
with or before the diversion construction.
If movement of sediment into the channel
is a problem, the design shall include extra
capacity for sediment or periodic removal
as outlined in the operation and
maintenance plan.
Outlets. Each diversion must have a safe
and stable outlet with adequate capacity.
The outlet may be a grassed waterway, a
lined waterway, a vegetated or paved area,
a grade stabilization structure, an
underground outlet, a stable watercourse, a
sediment basin, or a combination of these
practices. The outlet must convey runoff to
a point where outflow will not cause
damage. Vegetative outlets shall be
installed and established before diversion
construction to insure establishment of
vegetative cover in the outlet channel.
The release rate of an under ground outlet,
when combined with storage, shall be such
that the design storm runoff will not
overtop the diversion ridge.
The design depth of the water surface in
the diversion shall not be lower than the
design elevation of the water surface in the
outlet at their junction when both are
operating at design flow.
Temporary diversions. Temporary
diversions may be used where their life
expectancy is less than two years. They
may be used above newly constructed
slopes and across graded right-of-way to
intercept and divert storm runoff.
Temporary diversions must be planned and
installed to be stable through their useful
life and shall meet the following criteria:
1. Drainage areas do not exceed three

acres.
2. The minimum cross section will be as
follows:
Top
Height
Side
Width
Slopes
0
1 ft. Min.
4:1 or flatter
4
1 ft. Min.
2:1 or flatter
Vegetation. Disturbed areas that are not
to be cultivated shall be seeded as soon as
practicable after construction.
Normally, the channel and ridge, including
front and back slopes, shall be seeded and
maintained in good vegetation. Seedbed
preparation, seeding, fertilizing and
mulching shall comply with NRCS
Conservation Practice Standard, Critical
Area Planting, Code 342.
The vegetation shall be maintained and
tree and brush controlled by hand,
machine, or chemicals.
Lining. If the soils or climatic conditions
preclude the use of vegetation for erosion
protection, non-vegetative linings such as
gravel, rock riprap, cellular block, or other
approved manufactured lining systems
may be used.
CONSIDERATIONS
A diversion in a cultivated field should be
aligned and spaced from other structures
or practices to permit use of modern
farming equipment. The side slope lengths
should sized to fit equipment widths when
cropped.
At non-cropland sites, consider planting
native vegetation in areas disturbed due to
construction.
Maximize wetland functions and values
with the diversion design. Minimize
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adverse effects to existing functions and
values. Diversion of upland water to
prevent entry into a wetland may convert a
wetland by changing the hydrology. Any
construction activities should minimize
disturbance to wildlife habitat.
Opportunities should be explored to restore
and improve wildlife habitat, including
habitat for threatened, endangered, and
other species of concern.

if high sediment yielding areas are in
the drainage area above the diversion.
Establish necessary clean-out
requirements.
4. Each inlet for underground outlets
must be kept clean and sediment
buildup redistributed so that the inlet is
at the lowest point. Inlets damaged by
farm machinery must be replaced or
repaired immediately.

On landforms where archeological sites are
likely to occur, use techniques to maximize
identification of such sites prior to
planning, design, and construction.

5. Redistribute sediment as necessary to
maintain the capacity of the diversion.

PLANS AND SPECIFICATIONS

6. Vegetation shall be maintained and
trees and brush controlled by hand,
chemical and/or mechanical means.

Plans and specification for installing
diversions shall be in keeping with this
standard and shall describe the
requirements for applying the practice to
achieve its intended purpose.
OPERATION AND MAINTENANCE
An operation and maintenance plan shall
be prepared for use by the client. The plan
shall include specific instructions for
maintaining diversion capacity, storage,
ridge height, and outlets.
The minimum requirements to be
addressed in the operation and maintenance
plan are:

7. Keep machinery away from steep
sloped ridges. Keep equipment
operators informed of all potential
hazards.
8. Do not graze diversion during
establishment and when soil conditions
are wet.
9. Repair all broken tile lines adjacent to
or in
diversion.
10. If the diversion is a storage type
diversion, keep the riser to an
underground outlet clear and
redistribute sediment buildup so the
riser is in the lowest place.

1. Provide periodic inspections, especially
immediately following significant
storms.
2. Promptly repair or replace damaged
components of the diversion as
necessary.
3. Maintain diversion capacity, ridge
height, and outlet elevations especially
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1. NRCS Engineering Field Handbook
(EFH) Part 650, Chapter 9
2. Agricultural Research Service (ARS)
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Design of Grass-Lined Open Channels
(Sept. 1987).
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4. General Manual, 190, Part 410,
Compliance with NEPA.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

ANAEROBIC DIGESTER – AMBIENT TEMPERATURE
(No.)
CODE 365

DEFINITION

CRITERIA

An unheated waste treatment impoundment.

General Criteria Applicable to All Purposes

PURPOSE
To biologically treat waste as a component of a
waste management system to:
x

produce biogas and capture for energy

x

improve air quality

x

reduce greenhouse gas emissions

CONDITIONS WHERE PRACTICE APPLIES
This practice applies where:
x

Biogas production and capture are
components of a planned animal waste
management system. Suitable geographic
areas for energy recovery are shown in
figure 1.

x

Existing waste impoundment(s) can be
modified to the requirements of this
standard or for new construction.

x

The digester is in conjunction with a
separate waste storage facility or where
the digester and storage are congruent.

x

Manure can be collected fresh and
delivered to the digester with a total solids
(TS) concentration in the influent waste of
less than 2 percent.

x

The operator has the interest and training
to monitor and maintain processes or
contracts with a consultant to provide
these services.

Laws and Regulations. Waste treatment
facilities must be planned, designed, and
constructed to meet all Federal, State, and
local regulations.
Manure Characteristics. This practice is
applicable to manure that is collected fresh,
generally less than 7 days old. Manure shall
be essentially free of soil, sand, stones, or
fibrous bedding material (including clumps of
straw), or processed to remove such material.
Ruminant's manure shall be treated with solid
separation prior to entry into the digester.
Rainfall Runoff. Rainfall runoff shall be
diverted away from the digester.
Anaerobic Digester. The digester shall meet
the General Criteria for All Lagoons given in
Practice Standard 359, Waste Treatment
Lagoon, as appropriate, and the following
additional requirements:
1. Minimum Treatment (Design Operating)
Volume. The design operating volume
shall be based either on the daily volatile
3
solids (VS) loading rate per 1,000 ft or the
minimum hydraulic retention time (HRT)
adequate for methane production,
whichever is greater. The maximum daily
VS loading rate shall be selected from the
values listed on the map in figure 2. The
minimum HRT shall be selected from
values listed on the map in figure 3.
2. Required Total Volume. The required total
volume of the digester shall be equal to
the minimum treatment volume except
where waste storage is included in the
design, in which case the volume shall

Conservation practice standards are reviewed periodically, and updated as needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.
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meet the additional criteria for Design
Storage Volume in Practice Standard 313,
Waste Storage Facility, as appropriate.
The digester storage volume does not
need to account for rainfall except for
partially covered digesters.
3. A minimum of 2 feet of freeboard above
the digester design water surface shall be
provided except when rainfall is included in
determining the operating volume, where
only 1 foot of freeboard is required.
4. Length to Width Ratio. The ratio of length
to width of the digester is limited to 4:1 or
less.
5. Operating Depth. The operating depth of
the digester shall be at least 12 feet over
50 percent or more of the bottom area.
6. Interior Slopes. Interior slopes shall be as
steep as permitted by soil properties and
construction techniques.
7. Waste Inlet and Outlet. The inlet and
outlet devices shall be located as far apart
as practical to minimize “short circuiting.”
8. The inlet shall discharge a minimum of 12
inches below the digester water surface.
9. Outlet. The digester shall be equipped
with an outflow device that maintains the
digester water surface at its operating
level. Except where the digester is
designed to include storage, the outlet
shall release directly to the waste storage
facility without release of trapped gas.
10. Digester Cover. The digester cover,
materials, anchorage, and all
appurtenances, such as weights and
floats, shall be designed to capture and
convey biogas to the gas collection
system. The digester cover and materials
shall meet the requirements of Practice
Standard 367, Waste Facility Cover.
Separate Waste Storage Facility. Separate
waste storage facilities shall meet the
requirements of Practice Standard 313, Waste
Storage Facility. No storage credit shall be
attributed to the digester in meeting the
minimum storage requirements in Practice
Standard 313 except for sludge volume
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reduction based on expected total solids (TS)
removed or destroyed.
Gas Collection, Transfer, and Control
System. The biogas collection, transfer, and
control system shall be designed to convey
captured gas from under the digester cover to
gas utilization equipment or device (flare,
boiler, engine, etc.).
Gas Collection and Transfer
1) Perforated pipe and other components
under the digester cover shall be designed
to exclude floating debris and waste residue
and shall have a service life consistent with
the expected cover life, but not less than 10
years.
2) Pipe and components under the cover
shall be securely anchored to prevent
displacement from normal cover forces.
3) The collection and transfer pipe shall be
designed for wet biogas. In colder climates,
the pipe shall be protected as necessary to
prevent frost buildup. In no case shall the
pipe size be less than 3-inch diameter.
4) Pipe used for transfer of gas can be
buried or installed above ground and must
include provisions for drainage of
condensate, pressure and vacuum relief,
and flame traps.
Gas Control
1) Gas control equipment and components
shall be conveniently located and sheltered
from the elements. A minimum distance of
30 feet (10 m) shall separate the control
facility from the digester.
2) Gas control equipment and components
shall have a service life of not less than 2
years and shall be readily accessible for
replacement or repair.
3) The size of equipment and connecting
pipe shall be based on head loss, cost of
energy, cost of components, and
manufacturers’ recommendations.
4) Where electrical service is required at
the control facility, the installation and all
electrical wire, fixtures and equipment shall
meet the National Electrical Code and local
and state requirements.
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Gas Utilization. Gas utilization equipment
shall be designed and installed in accordance
with standard engineering practice and the
manufacturer recommendations. As a
minimum, the installation will include a flare to
burn off collected gas.
1. The flare shall be equipped with automatic
ignition and powered by battery/solar or
direct connection to electrical service. The
flare shall have a minimum capacity equal
to the anticipated maximum biogas
production.
2. Gas-fired boilers, turbines, and internal
combustion engines, when a component of
the system, shall be designed for burning
biogas directly or shall include equipment
for removing H2S and other contaminants
from the biogas.
Monitoring. When the purpose is to produce
and capture biogas for energy, equipment
needed to properly monitor the digester and
gas production shall be installed as part of the
system. As a minimum, the following
equipment is required:
x

A temperature sensor and readout device
to measure internal temperature of
digester.

x

Gas meter suitable for measuring biogas.

Safety. Methane is a flammable gas. The gas
collection, control, and utilization system shall
be designed to incorporate measures to
prevent undue safety hazards. As a minimum,
“Warning Flammable Gas” and “No Smoking”
signs shall be posted.
Flares shall be located a minimum distance of
95 feet (30 m) from the biogas source and
grounded or otherwise protected to minimize
the chance of lightening strikes.
A flame trap device shall be provided in the
gas line between the digester and points of
use (flare, boiler, engine, etc.).
The location of underground gas pipe shall be
marked with signs to prevent accidental
disturbance or rupture. Mark exposed pipe to
indicate whether gas line or other.

CONSIDERATIONS
Location. In determining the location of the
waste storage facility, consider elevation and
distance from the covered digester to take
advantage of gravity flow.
The covered digester should be located as
near the source of manure as practicable and
as far from neighboring dwellings or public
areas (minimum distance of 300 ft (100 m)) as
possible. Proper location should consider
slope, distance of manure transmission,
vehicle access, wind direction, neighboring
dwellings, proximity of streams and flood
plains, and visibility.
Using available gas to heat the digester can
improve total solids destruction and further
reduce greenhouse gas emissions. In
geographic areas north of the 40th parallel
(figure 1), heat is required to maintain year
around anaerobic digestion.
The covered digester should be located near a
suitable site for energy utilization equipment.
Short distances for the transmission of
methane through buried pipe are preferable.
Waste Transfer Pipe. The standard practice
is to locate a cleanout immediately upstream of
the digester. Influent from the waste collection
pit discharges below the digester operating
level, and depending on the installation, solids
tend to build up in the inlet pipe. The cleanout
is also a good location for venting any gas that
builds up in the transfer pipe.
Visual Screening. Analyze the visual impact
of the digester within the overall landscape
context or viewshed. Screening with
vegetative plantings, landforms, or other
measures may be implemented to alleviate a
negative impact or enhance the view.
Depth of Digester. Improved digester
performance and reduced cover cost (less
area for given volume) can be realized with
deeper digesters.
Rainfall. Rainfall on the digester cover can
result in increased effluent discharge into the
storage facility. For normal rainfall events this
is probably not a problem. In locations subject
to high rainfall events (thunderstorms and
hurricanes), a ported riser on the outflow pipe
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should be considered to provide temporary
storage and reduce outflow rate.

maintenance instructions, and certify that the
cover is properly installed.

Gas Transfer Pipe. Exposed pipe conveying
flammable gas is generally painted orange.

OPERATION AND MAINTENANCE

PLANS AND SPECIFICATIONS
Plans and specifications shall be prepared in
accordance with the criteria of this standard
and good engineering practice. The plans and
specifications shall include all details
necessary for construction and completion of
the work.
As a minimum, the plans and specifications
shall provide the following:
1. Layout of livestock facilities, waste
collection points, waste transfer pipe,
digester, and storage pond.
2. Location of all digester influent pipes and
devices.
3. Details of pipe material, size, and grade.
4. All digester and storage pond dimensions,
type of lining material, and other
parameters as appropriate.
5. Digester cover material and dimensions of
covered surface. Means of rainfall
removal or details of drainage.
6. Details of digester cover anchorage (ex:
location and width of trench, depth, backfill
material, and compaction of fill).
7. Details of the gas collection system,
including type of pipe, devices, sizes,
location, material, and grades.
8. Details of gas control facility, piping layout,
components, electrical service if required,
and protection from the elements.
9. Appropriate gas safety equipment or
protective measures.
Warranties. The cover manufacturer and/or
installer shall warrant the cover for the
intended use and design life, provide
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An operation and maintenance (O&M) plan
shall be developed and reviewed with the
owner prior to construction. The O&M plan
shall be consistent with the purposes of the
practice, its intended life, safety requirements,
and the criteria for its design. The plan shall
list operation and maintenance requirements
including but not limited to:
1. Proper loading rate of the digester and
total solids content of influent.
2. Proper operating level of the digester.
3. Estimates of biogas production, methane
content, and potential energy recovery.
4. A description of the planned startup
procedures, normal operation, safety
issues, and normal maintenance items.
5. Alternative operation procedures in the
event of equipment failure.
6. Instructions for safe use and/or flaring of
biogas.
7. Cover and gas collection system
maintenance.
8. Daily inspection of the following:
- Cover material – check for cracks, tears,
or points of distress around perimeter.
- Check for excessive ballooning of cover
or presence of odor.
- Check for excess rainwater on cover.
- Check gas control panel, regulators,
pressure gages, electrical power,
flowmeter, flare igniter, and flare operation.
9. Frequency of measuring and recording
digester inflow, operating temperatures,
biogas yield, and/or other information as
appropriate.
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Figure 1. Ambient temperature digester. Locations suitable for energy production generally fall below
the 40th parallel.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

WASTE FACILITY COVER
(No.)
CODE 367

DEFINITION

state and local regulations.

A fabricated rigid, semi-rigid, or flexible
membrane over a waste treatment or storage
facility.

Service Life. The cover and appurtenances
shall be designed to provide a service life of
not less than 10 years.

PURPOSE
To cover a waste facility for:
x

water quality improvement

x

air quality improvement

x

capture of biogas for energy production

CONDITIONS WHERE PRACTICE APPLIES
This practice applies where:
x

Exclusion of precipitation from an animal
waste storage or treatment facility will
improve management of an existing or
planned system.

x

Capture and controlled release or flaring of
emissions from an existing or planned
agricultural waste storage will improve air
quality.

x

Bio-treatment of emissions from an
existing or planned waste storage or
treatment facility will improve air quality

x

Biogas production and capture for energy
are components of an existing or planned
animal waste system.

CRITERIA
General Criteria Applicable to All Purposes
Laws and Regulations. Cover systems for
animal waste facilities must be planned,
designed, and constructed to meet all federal,

Materials. The type, thickness and material
properties of the cover and any supporting
members shall account for all loads and
stresses due to operational, environmental,
and climatic conditions.
Flexible membrane materials, used for
fabrication of inflated and floating covers, shall
be certified by the manufacturer as suitable for
the intended application.
Loads. Where applicable, the membrane
cover and support system shall be designed to
resist snow and wind loads as specified in
ASAE EP288.5, Agricultural Building Snow
and Wind Loads.
Biogas Emissions. The cover system shall
provide for capture and control of biogas, bioreduction and direct release of gaseous
emissions, or contain and release of gaseous
emissions, as appropriate.
Capture and Control
The cover system shall be designed to
capture biogas emissions and transfer to
point of discharge without mixing with air.
The point of discharge shall be equipped
with a flare or utilization equipment as
appropriate.
Bio-reduction and Direct Release
The cover shall be fabricated of a
permeable composite membrane designed
to promote biological treatment of gaseous
emissions. Gaseous emissions pass
through the membrane for direct release to

Conservation practice standards are reviewed periodically, and updated as needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.
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the atmosphere.
Contain and Release
The cover system is designed for rainfall
exclusion and not to specifically capture
biogas. Therefore special handling or
treatment of biogas emissions is not
required except as necessary to prevent
undue safety hazards.

The location of underground gas lines shall be
marked with signs to prevent accidental
disturbance or rupture.
Additional Criteria for Rigid Covers
Rigid covers shall meet the structural
requirements of Practice Standard 313, Waste
Storage Facility.

Anchorage. The cover anchorage system
shall be designed in a manner to resist internal
gas pressures, corrosive environment, wind
loads or other forces as appropriate to the
cover system.

The cover or cover vessel design shall include
provisions for fail safe pressure relief.
Maximum pressure shall not exceed 12 inches
water column.

Repair. New and aged flexible cover
materials shall be readily repairable by solvent,
adhesive, or thermoplastic welding. Semi-rigid
cover material shall be repairable by sectional
replacement.

Covers inflated and supported by forced air
from mechanical means shall be:

Precipitation. Impermeable covers shall
direct precipitation to collection points for
removal by pumping or by controlled release to
suitable grassed or otherwise stabilized areas
for discharge.
Access. Covers shall be removable or
otherwise provided with suitable equipment
access as necessary for normal operation and
maintenance of the waste facility.
Safety. The cover shall include safety
features, including fences and warning signs
as appropriate to prevent undue hazards.
As a minimum all covers shall include the
following:
x

“Warning Flammable Gas” and “No
Smoking” signs shall be posted.

Where biogas is captured, the gas collection
and control system shall be designed in
accordance with standard engineering practice
for safely handling a flammable gas.
Flares shall be grounded or otherwise
protected to minimize the chance of lightening
strikes.
A flame trap device shall be provided in the
gas line between the flare and the waste
facility.

Additional Criteria for Inflated Covers

x

Equipped with a warning system to notify
operator of blower failure.

x

Provided with a support system to limit
cover collapse in the event the blower fails
and for access of equipment.

x

Provided with a suitable access port for
normal maintenance equipment.

Additional Criteria for Floating Covers
Floating membrane covers shall be
supplemented with floatation materials as
necessary for proper function, operation, and
maintenance.
Minimum membrane or composite membrane
thickness shall be 40 mils.
Additional Criteria for Energy Production
The cover materials and all appurtenances
such as weights and floats shall be designed
to capture and convey biogas to the gas
collection system. The cover design shall
provide for the following:
1. Air Infiltration. The cover system and
appurtenances, including perimeter soil
slopes above the water line for in-ground
digesters, shall be designed to exclude the
entrance of air under all operating
conditions.
2. Material. The minimum material thickness
for flexible geomembrane covers shall be:
x
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40 mils for non reinforced material
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x

36 mils for reinforced materials

3. Gas Collection, Control, and Utilization.
The collection of biogas and flaring or
other end use shall meet appropriate
criteria in Practice Standard 365,
Anaerobic Digester – Ambient
Temperature.

and shall describe the requirements for
applying the practice to achieve its intended
use.
OPERATION AND MAINTENANCE

CONSIDERATIONS

An operation and maintenance plan shall be
developed that is consistent with the purposes
of the practice, its intended life, safety
requirements, and the criteria used for its
design.

Animal waste storage facilities can release
large amounts of biogas at certain times of the
year. The cover and gas collection system
should be designed for release of this gas.

When gas storage is included in the system
design, the plan shall contain instructions as to
limits of cover ballooning and emergency
procedures if control equipment fails.

Storage of biogas should be considered when
installing flexible covers over storage
impoundments (lagoons) to attenuate gas
supply for end use or controlled release.

Warranties. The cover manufacturer and or
installer shall warrant the cover for the
intended use and design life, provide
maintenance instructions, and certify that the
cover is properly installed.

PLANS AND SPECIFICATIONS
Plans and specifications shall be prepared in
accordance with the criteria of this standard
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Technical Guide
Section IV

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

POND
(N0.)
CODE 378
DEFINITION
A water impoundment made by constructing a
dam or an embankment or by excavating a pit or
dugout.
In this standard, ponds constructed by the first
method are referred to as embankment ponds,
and those constructed by the second method are
referred to as excavated ponds. Ponds
constructed by both the excavation and the
embankment methods are classified as
embankment ponds if the depth of water
impounded against the embankment at the
auxiliary spillway elevation is 3 feet or more.

auxiliary spillway, the top of the dam is the
upper limit.
3. The total height of the dam measured from
the natural bed of the stream at the
downstream toe is less than 25 feet and the
dam is hazard class (a).
4. The impoundment capacity at maximum water
storage elevation is less than 50 acre-feet.
Ponds with dams that exceed the height and/or
impoundment capacity as defined in 3 and 4
above will be designed in accordance with criteria
contained in NRCS Technical Release No. 60,
“Earth Dams and Reservoirs”.

PURPOSE
To provide water for livestock, fish and wildlife,
recreation, fire control, and other related uses,
and to maintain or improve water quality.
CONDITIONS WHERE PRACTICE APPLIES
This standard establishes the minimum
acceptable quality for the design and construction
of low-hazard ponds where:
1. Failure of the dam will not result in loss of life;
in damage to homes, commercial or industrial
buildings, main highways, or railroads; or in
interruption of the use or service of public
utilities.
2. The product of the storage times the effective
height of the dam is less than 3,000. Storage
is the volume, in acre-feet, in the reservoir
below the elevation of the crest of the
auxiliary spillway. The effective height of the
dam is the difference in elevation, in feet,
between the auxiliary spillway crest and the
lowest point in the cross section taken along
the centerline of the dam. If there is no

GENERAL CRITERIA APPLICABLE TO ALL
PONDS
Site conditions. Site conditions shall be such
that runoff from the design storm can be safely
passed through (1) a natural or constructed
auxiliary spillway, (2) a combination of a principal
spillway and an auxiliary spillway, or (3) a
principal spillway.
Drainage area. The drainage area above the
pond must be protected against erosion to the
extent that expected sedimentation will not
shorten the planned effective life of the structure.
The drainage area shall be large enough so that
surface runoff and groundwater flow will maintain
an adequate supply of water in the pond. The
quality shall be suitable for the water's intended
use.
Reservoir area. The topography and geology of
the site shall permit storage of water at a depth
and volume that will ensure a dependable supply,
considering beneficial use, sedimentation, season
of use, and evaporation and seepage losses. If
surface runoff is the primary source of water for a

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current
version of this standard, contact the Natural Resources Conservation Service.
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pond, the soils shall be impervious enough to
prevent excessive seepage losses or shall be of a
type that sealing is practicable.
Ponds primarily for fish production. For best
management, minimum surface area should be
1.0 acre. Ponds shall be at least eight (8) feet
deep over an area of approximately 1,000 square
feet.
CRITERIA

General Criteria Applicable to All Purposes
All planned work shall comply with all Federal,
state, and local laws and regulations. Ponds may
need to be approved or permitted by the Kentucky
Natural Resources and Environmental Protection
Cabinet, Department for Environmental
Protection, Division of Water.
Protection. The exposed surfaces of the
embankment, earth spillway, borrow area, and
other areas disturbed during construction shall be
seeded or sodded as necessary to prevent
erosion. Areas shall be vegetated in accordance
with NRCS, KY conservation practice standard for
Critical Area Planting, Code 342.
Visual resource design. The visual design of
ponds shall be carefully considered in areas of
high public visibility and those associated with
recreation. The underlying criterion for all visual
design is appropriateness. The shape and form
of ponds, excavated material, and plantings are to
relate visually to their surroundings and to their
function.
DESIGN CRITIERIA FOR EMBANKMENT
PONDS
Geological Investigations. Pits, trenches,
borings, review of existing data or other suitable
means of investigation shall be conducted to
characterize materials within the embankment
foundation, auxiliary spillway, and borrow areas.
Soil materials shall be classified using the Unified
Soil Classification System.
Foundation Cutoff. A cutoff of relatively
impervious material shall be provided under the
dam if necessary to reduce seepage through the
foundation. The cutoff shall be located at or
upstream from the centerline of the dam. It shall
extend up the abutments as required and be deep
enough to extend into a relatively impervious layer
or provide for a stable dam when combined with
seepage control. The cutoff trench shall have a
NRCS, KY, April 2003

bottom width adequate to accommodate the
equipment used for excavation, backfill, and
compaction operations. Side slopes shall not be
steeper than one horizontal to one vertical.
Seepage Control. Seepage control is to be
included if (1) pervious layers are not intercepted
by the cutoff, (2) seepage could create swamping
downstream, (3) such control is needed to ensure
a stable embankment, or (4) special problems
require drainage for a stable dam. Seepage may
be controlled by (1) foundation, abutment, or
embankment filters and drains; (2) reservoir
blanketing; or (3) a combination of these
measures.
Earth embankment. The minimum top width for
a dam is shown in Table 1. If the embankment top
is to be used as a public road, the minimum width
shall be 16 feet for one-way traffic and 26 feet for
two-way traffic. Guardrails or other safety
measures shall be used where necessary and
shall meet the requirements of the responsible
road authority. For dams less than 20 feet in
height, maintenance considerations or
construction equipment limitations may require
increased top widths from the minimum shown in
Table 1.
Table 1. - Minimum top width for dams
Total height of
Top width
embankment
ft
10 or less
10 - 15
15 - 20
20 - 25

ft
8
9
10
12

Side Slopes. The combined upstream and
downstream side slopes of the settled
embankments shall not be less than five
horizontal to one vertical, and neither slope shall
be steeper than two horizontal to one vertical. All
slopes must be designed to be stable, even if
flatter side slopes are required. Downstream or
upstream berms can be used to help achieve
stable embankment sections.
Slope Protection. If needed to protect the slopes
of the dam from erosion, special measures, such
as berms, rock riprap, sand-gravel, soil cement, or
special vegetation, shall be provided. Technical
Release 56, “A Guide for Design and Layout of
Vegetative Wave Protection for Earth Dam
Embankments” and Technical Release 69,
“Riprap for Slope Protection Against Wave Action”
contain design guidance. Potential wave erosion
factors such as orientation, exposure, and fetch
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length should be considered for all ponds to
determine if protection is needed. Wave erosion
protection shall be provided on the dam of all
reservoirs exceeding 5-acre surface area unless
otherwise evaluated and approved by the
responsible engineer. Minimum wave protection
to be used: (1) an eight foot berm at principal
spillway elevation or (2) construct upstream slope
4 (horizontal) to 1 (vertical) or flatter. For pool
sizes of 10 acres or more, compute the wave
height by Technical Release 56 (TR-56) or
Technical Release 69 (TR-69). Wave heights over
1 foot may require sloping berms or rock riprap.
Freeboard. The minimum elevation of the top of
the settled embankment shall be 1 foot above the
water surface in the reservoir with the auxiliary
spillway flowing at design depth. The minimum
difference in elevation between the crest of the
auxiliary spillway and the settled top of the dam
shall be 2 feet for all dams having more than a 20acre drainage area or more than 20 feet in
effective height.
Settlement. The design height of the dam shall
be increased by the amount needed to ensure
that after settlement the height of the dam equals
or exceeds the design height. This increase shall
not be less than 5 percent, except where detailed
soil testing and laboratory analyses or experience
in the area show that a lesser amount is
adequate.
Principal Spillway. A pipe conduit, with needed
appurtenances, shall be placed under or through
the dam, except where rock, concrete, or other
types of lined spillways are used, or where the
rate and duration of flow can be safely handled by
a vegetated or earth spillway. Vegetated or earth
spillways will not be adequate without a pipe
spillway if long duration, continuous, or frequent
flows are expected. All ponds with a drainage
area of 15 acres or more shall have a principle
spillway.
The crest elevation shall be no less than 0.5 feet
below the crest of the auxiliary spillway for dams
having a drainage area of 20 acres or less, and
no less than 1 foot for those having a drainage
area of more than 20 acres.
When design discharge of the principal spillway is
considered in calculating peak outflow through the
auxiliary spillway, the crest elevation of the inlet
shall be such that the design discharge will be
generated in the conduit before there is discharge
through the auxiliary spillway.

Pipe conduits designed for pressure flow must
have adequate antivortex devices. The inlets and
outlets shall be designed to function satisfactorily
for the full range of flow and hydraulic head
anticipated.
The capacity of the pipe conduit shall be
adequate to discharge long-duration, continuous,
or frequent flows without flow through the auxiliary
spillway(s). The diameter of the pipe shall not be
less than 6 inches. Pipe conduits used solely as a
supply pipe through the dam for watering troughs
and other appurtenances shall not be less than 11/4 inches in diameter.
If the pipe conduit diameter is 10 inches or
greater, its design discharge may be considered
when calculating the peak outflow rate through
the auxiliary spillway.
Pipe conduits shall be ductile iron, welded steel,
corrugated steel, corrugated aluminum, reinforced
concrete (precast or sitecast), or plastic. Pipe
conduits through dams of less than 20 feet total
height may also be cast iron or unreinforced
concrete.
Pipe conduits shall be designed and installed to
withstand all external and internal loads without
yielding, buckling, or cracking. Rigid pipe shall be
designed for a positive projecting condition.
Flexible pipe shall be designed for a maximum
deflection of 5 percent. The modulus of elasticity
for PVC pipe shall be assumed as one-third of the
amount designated by the compound cell
classification to account for long-term reduction in
modulus of elasticity. Different reductions in
modulus may appropriate for other plastic pipe
materials.
The minimum thickness of flexible pipe shall be
SDR 26, Schedule 40, Class 100, or 16 gage as
appropriate for the particular pipe material.
Connections of flexible pipe to rigid pipe or other
structures shall be designed to accommodate
differential movements and stress concentrations.
Specifications in tables 2 and 3 are to be followed
for PVC, HDPE, steel, and aluminum pipe.
The maximum height of fill over any principal
spillway steel or aluminum pipe must not exceed
25 ft.
Connections of flexible pipe to rigid pipe or other
structures shall be designed to accommodate
differential movements and stress concentrations.
All pipe conduits shall be designed and installed
to be water tight by means of couplings, gaskets,
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caulking, waterstops, or welding. Joints shall be
designed to remain watertight under all internal
and external loading including pipe elongation due
to foundation settlement.
Pipe conduits shall have a concrete cradle or
bedding if needed to provide improved support for
the pipe to reduce or limit structural loading on
pipe to allowable levels.
Cantilever outlet sections, if used, shall be
designed to withstand the cantilever load. Pipe
supports shall be provided when needed. Other
suitable devices such as a Saint Anthony Falls
stilling basin or an impact basin may be used to
provide a safe outlet.
All steel pipe and couplings shall have protective
coatings in areas that have traditionally
experienced pipe corrosion, or in embankments
with saturated soil resistivity less than 4000 ohmcm or soil pH less than 5. Protective coatings
shall be asphalt, polymer over galvanizing,
aluminized coating or coal tar enamel as
appropriate for the pipe type. Plastic pipe that will
be exposed to direct sunlight shall be ultravioletresistant and protected with a coating or shielding,
or provisions provided for replacement as
necessary.
Cathodic Protection. Cathodic protection is to be
provided for coated welded steel and galvanized
corrugated metal pipe where soil and resistivity
studies indicate that the pipe needs a protective
coating, and where the need and importance of
the structure warrant additional protection and
longevity. If cathodic protection is not provided for
in the original design and installation, electrical
continuity in the form of joint-bridging straps
should be considered on pipes that have
protective coatings. Cathodic protection should be
added later if monitoring indicates the need.
NRCS Conservation Practice Standard 430-FF
provides criteria for cathodic protection of welded
steel pipe.
Table 2.- Acceptable plastic pipe for use in
earth dams1
Nominal pipe Schedule or standard
Maximum
size
dimension ratio
depth of fill
(SDR)
over pipe
in
ft
4 or less
Schedule 40
15
Schedule 80
20
SDR 26
10
6,8,10,12
Schedule 40
10
Schedule 80
15
SDR 26
10
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1Polyvinyl chloride pipe, PVC 1120 or PVC 1220, conforming
to ATSM-D-1785 or ATSM-D-2241.

Table 3. - Minimum gage for corrugated metal
pipe [2-2/3-in x ½-in corrugations]1
Minimum gauge for steel pipe with
Fill
diameter (in) of ___
height
(ft)
1 - 15
15 - 20
20 - 25
Fill
height
(ft)
1 - 15
15 - 20
20 - 25

21 and 24 30 36 42 48
less
16
16 16 14 12 10
16
16 16 14 12 10
16
16 14 12 10 10
Minimum thickness (in) of aluminum
pipe2 with diameter (in) of ___
21 and 24
30
36
less
0.06
0.06
0.075
0.075
0.06
0.075
0.105
0.105
0.06
0.105
0.105
----3

1 Pipe with 6-, 8-, and 10-in diameters has 1-1/2 in x ¼-in
corrugations.
2 Riveted or helical fabrication.
3 Not permitted.

Seepage Control. Seepage control along a pipe
conduit spillway shall be provided if any of the
following conditions exist:
1. The effective height of dam is greater than 15
feet.
2. The conduit is of smooth pipe larger than 8
inches in diameter.
3. The conduit is of corrugated pipe larger than
12 inches in diameter.
Seepage along pipes extending through the
embankment shall be controlled by use of a
drainage diaphragm, unless it is determined that
antiseep collars will adequately serve the
purpose.
Drainage Diaphragm. The drainage diaphragm
shall function both as a filter for adjacent base
soils and a drain for seepage that it intercepts.
The drainage diaphragm shall consist of sand
meeting the requirements of ASTM C-33, for fine
aggregate. If unusual soil conditions exist such
that this material may not meet the required filter
or capacity requirements, a special design
analysis shall be made.
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The drainage diaphragm shall be a minimum of 2
feet thick and extend vertically upward and
horizontally at least three times the outside pipe
diameter, and vertically downward at least 18
inches beneath the conduit invert. The drainage
diaphragm shall be located immediately
downstream of the cutoff trench, but downstream
of the centerline of the dam if the cutoff is
upstream of the centerline.
The drainage diaphragm shall be outletted at the
embankment downstream toe using a drain
backfill envelope continuously along the pipe to
where it exits the embankment. Drain fill shall be
protected from surface erosion.
Antiseep Collars. When antiseep collars are
used in lieu of a drainage diaphragm, they shall
have a watertight connection to the pipe.
Maximum spacing shall be approximately 14
times the minimum projection of the collar
measured perpendicular to the pipe but not more
than 25 feet. The minimum spacing shall be 10
feet. Collar material shall be compatible with pipe
materials. The antiseep collar(s) shall increase by
15% the seepage path along the pipe.
Antivortex devices. Closed conduit spillways
designed for pressure flow must have adequate
antivortex devices. Antivortex devices shall be
designed in accordance with ARS-NC-33,
Hydraulics of Closed Conduit Spillways, Part XIV.
Trash Guard. To prevent clogging of the conduit,
an appropriate trash guard shall be installed at the
inlet or riser unless the watershed does not
contain trash or debris that could clog the conduit.
Other Outlets. A pipe with a suitable valve shall
be provided to drain the pool area if needed for
proper pond management or if required by State
law. The principal spillway conduit may be used
as a pond drain if it is located where it can
perform this function.
Auxiliary Spillways. Auxiliary spillways convey
large flood flows safely past earth embankments
and have historically been referred to as
emergency spillway.
An auxiliary spillway must be provided for each
dam, unless the principal spillway is large enough
to pass the peak discharge from the routed design
hydrograph and the trash that comes to it without
overtopping the dam. The following are minimum
criteria for acceptable use of a closed conduit
principal spillway without an auxiliary spillway: a
2
conduit with a cross-sectional area of 3 feet or
more, an inlet that will not clog, and an elbow

designed to facilitate the passage of trash.
The minimum capacity of a natural or constructed
auxiliary spillway shall be that required to pass the
peak flow expected from a design storm of the
frequency and duration shown in Table 4, less
any reduction creditable to conduit discharge and
detention storage.
The auxiliary spillway shall safely pass the peak
flow, or the storm runoff shall be routed through
the reservoir. The routing shall start either with the
water surface at the elevation of the crest of the
principal spillway or at the water surface after 10
days' drawdown, whichever is higher. The 10-day
drawdown shall be computed from the crest of the
auxiliary spillway or from the elevation that would
be attained if the entire design storm were
impounded, whichever is lower. Auxiliary
spillways shall provide for passing the design flow
at a safe velocity to a point downstream where the
dam will not be endangered.”
Table 4. Minimum auxiliary spillway capacity
Minimum design storm
Drainage Effective
Storage
Freq. Minimum
area
ht. of
duration
1
dam
acre
ft
ac-ft
yr
hr
20 or less 20 or less < than 50
10
24
20 or less > than 20
< than 50 25
24
> than 20
< than 50 25
24
All others
50
24
1/
as defined under “Conditions”
Constructed auxiliary spillways are open channels
that usually consist of an inlet channel, a control
section, and an exit channel. They shall be
trapezoidal and shall be located in undisturbed or
compacted earth. The side slopes shall be stable
for the material in which the spillway is to be
constructed. For dams having an effective height
exceeding 20 feet, the auxiliary spillway shall
have a bottom width of not less than 10 feet.
Upstream from the control section, the inlet
channel shall be level for the distance needed to
protect and maintain the crest elevation of the
spillway. The inlet channel may be curved to fit
existing topography. The grade of the exit channel
of a constructed auxiliary spillway shall fall within
the range established by discharge requirements
and permissible velocities.
Structural Auxiliary Spillways. If chutes or
drops are used for principal spillways or auxiliary
spillways, they shall be designed according to the
principles set forth in Part 650, Engineering Field
NRCS, KY, April 2003
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Handbook and the National Engineering
Handbook, Section 5, Hydraulics; Section 11,
Drop Spillways; and Section 14, Chute Spillways.
The minimum capacity of a structural spillway
shall be that required to pass the peak flow
expected from a design storm of the frequency
and duration shown in Table 4, less any reduction
creditable to conduit discharge and detention
storage.

DESIGN CRITERIA FOR EXCAVATED PONDS
Site investigation. Site suitability and design
shall be based on adequate investigations and
surveys as described in Part 650, Engineering
Field Handbook, Chapter 11, Ponds and
Reservoirs.
Runoff. Provisions shall be made for a pipe and
auxiliary spillway, if necessary, that will meet the
capacity requirements of Table 4. Runoff flow
patterns shall be considered when locating the pit
and placing the spoil.
Side Slopes. Side slopes of excavated ponds
shall be stable and shall not be steeper than one
horizontal to one vertical. If livestock will water
directly from the pond, a watering ramp of ample
width shall be provided. The ramp shall extend to
the anticipated low water elevation at a slope no
steeper than three horizontal to one vertical.
Inlet Protection. If surface water enter the pond
in a natural or excavated channel, the side slope
of the pond shall be protected against erosion.

4. Used for low embankment construction and
leveling of surrounding landscape.
5. Hauled away.
Additional Criteria for Providing Livestock Water
The required storage shall be calculated using 1.5
times the sum of the following:
1. The specified minimum gallons per animal per
day as stated in NRCS conservation practice
standard Watering Facility, Code 614 for the
estimated number of days to be used.
2. The net evaporation for the design days of
storage.
3. Seepage loss based on the best available
data.
Additional Criteria for Fish and Wildlife
The reservoir shall be designed for a maximum
amount of water in excess of three feet in depth.
Management of ponds for fish production shall be
in accordance with NRCS conservation practice
standard Fish Pond Management, Code 399.
Additional Criteria for Recreation
The volume of water should be sufficient to
exceed evaporation and seepage losses and
maintain a desirable water level. The water must
be free of pollution, especially where it is to be
used for swimming.
Additional Criteria for Fire Protection

Excavated Material. The material excavated
from the pond shall be placed so that its weight
will not endanger the stability of the pond side
slopes and so that it will not be washed back into
the pond by rainfall. It shall be disposed of in one
of the following ways:

Fire protection can be incorporated into the
structure design by installing an underground
piping system, which connects the reservoir to a
dry hydrant. Minimum water storage shall meet
the requirements of NRCS Conservation Practice
Standard Dry Hydrant, Code 432.

1. Uniformly spread to a height that does not
exceed 3 feet, with the top graded to a
continuous slope away from the pond.

Additional Criteria for Irrigation

2. Uniformly placed or shaped reasonably well,
with side slopes assuming a natural angle of
repose. The excavated material will be
placed at a distance equal to the depth of the
pond but not less than 12 feet from the edge
of the pond.

The capacity of the pond shall be adequate to
meet the irrigation requirement of the planned
crop(s). The capacity shall be based on the water
requirement of the plants, the effective rainfall
expected during the growing season, the
application efficiency of the method of irrigation
used, the losses due to evaporation and seepage,
and the expected inflow into the pond.

3. Shaped to a designed form that blends
visually with the landscape.
NRCS, KY, April 2003
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Visual resource design. The visual design of
ponds shall be carefully considered in areas of
high public visibility and those associated with
recreation. The underlying criterion for all visual
design is appropriateness. The shape and form of
ponds, excavated material, and plantings are to
relate visually to their surroundings and to their
function.
The embankment may be shaped to blend with
the natural topography. The edge of the pond may
be shaped so that it is generally curvilinear rather
than rectangular. Excavated material can be
shaped so that the final form is smooth, flowing,
and fitting to the adjacent landscape rather than
angular geometric mounds. If feasible, islands
may be added for visual interest and to attract
wildlife.
Cultural resources. Consider existence of
cultural resources in the project area and any
project impacts on such resources. Consider
conservation and stabilization of archeological,
historic, structural, and traditional cultural
properties when appropriate.
Fish and Wildlife. Project location and
construction should minimize the impacts to
existing fish and wildlife habitat.
When feasible, structure should be retained, such
as trees in the upper reaches of the pond and
stumps in the pool area. Upper reaches of the
pond can be shaped to provide shallow areas and
wetland habitat.
If fish are to be stocked, consider criteria and
guidance in conservation practice standard 399,
Fishpond Management.
Vegetation. Stockpiling topsoil for placement on
disturbed areas can facilitate revegetation.
Consider placement and selection of vegetation to
improve fish and wildlife habitat and species
diversity.
Water Quantity. Consider effects upon
components of the water budget, especially:


Effects on volumes and rates of runoff,
infiltration, evaporation, transpiration, deep
percolation, and ground water recharge.



Variability of effects caused by seasonal or
climatic changes.



Effects on downstream flows and impacts to
environment such as wetlands, aquifers, and;
social and economic impacts to downstream
uses or users.



Potential for multiple purposes.

Water Quality. Consider effects on:
1. Erosion and the movement of sediment,
pathogens, and soluble and sedimentattached substances that are carried by
runoff.
2. Effects on the visual quality of onsite and
downstream water resources.
3. Short-term and construction-related effects of
this practice on the quality of downstream
water courses.
4. Effects of water level control on the
temperatures of downstream water to prevent
undesired effects on aquatic and wildlife
communities.
5. Effects on wetlands and water-related wildlife
habitats.
6. Effects of water levels on soil nutrient
processes such as plant nitrogen use or
denitrification.
7. Effects of soil water level control on the
salinity of soils, soil water, or downstream
water.
8. Potential for earth moving to uncover or
redistribute toxic materials such as saline
soils.
PLANS AND SPECIFICATIONS
Plans and specifications for installing ponds shall
be in keeping with this standard and shall
describe the requirements for applying the
practice to achieve its intended purpose.
Plans and specifications shall be prepared to
show site specifics. The drawings and
specifications shall show location, cross sections
of excavations and embankments, applicable
piping and spillway details and applicable seeding
requirements.
OPERATION AND MAINTENANCE
A site specific operation and maintenance plan
shall be developed and reviewed with the
landowner or individual responsible for operation
and maintenance. All ponds must be adequately
maintained if their purposes are to be realized
through the expected life. Special considerations
NRCS, KY, April 2003
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shall be given for maintenance needs during the
planning, design and construction of the pond.
The pond should be inspected periodically and
especially after heavy rains to determine whether
it is functioning properly or if repairs are needed.
Appurtenances such as trash racks, outlet
structures and gates shall be kept free of trash
and replaced when needed.
Erosion on the slopes of the dam and in the earth
auxiliary spillway shall be filled with suitable
material, compacted, seeded and fertilized as
needed. Should the upstream face of the dam
erode due to wave action, protection such as
riprap may be needed. If seepage through or
under the dam occurs, proper corrective
measures shall be taken immediately.
The vegetative cover of the dam and earth
spillway shall be maintained by mowing and
fertilizing when needed. Trees can cause leaks
and safety hazards and should not be permitted
on the embankment or in the auxiliary spillway.

NRCS, KY, April 2003

When needed, fencing and water troughs will be
provided to protect the pond and vegetation from
livestock.
REFERENCES
NRCS, National Engineering Handbook Part 650,
Engineering Field Handbook, Chapters 2, 5 and
11.
NRCS, Technical Releases 56, 59, 60 and 69.
NRCS, General Manual 190, Part 410
KY Revised Statues Chapter 151
NRCS Conservation Practice Standards 342, 399,
430-FF, 432, 590, 595, 614.
ARS-NC-33, Hydraulics of Closed Conduit
Spillways, Part XIV
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NATURAL RESOURCES CONSERVATION SERVICE
KENTUCKY CONSERVATION PRACTICE STANDARD

FENCE
(Feet)
Code 382

DEFINITION
A constructed barrier to animals or people.

PURPOSE
This practice is applied to facilitate the
accomplishment of conservation objectives by
providing a means to control movement of
animals and people, including vehicles [sic].

CONDITIONS WHERE PRACTICE APPLIES
This practice may be applied on any area where
management of animal or human movement is
needed. Fences are not needed where natural
barriers will serve the purpose.

CRITERIA
General Criteria Applicable to All Purposes
Fencing materials and type and design of fence
installed shall be of high quality and durability.
The type and design of fence installed will meet
the management objectives and topographic
challenges of the site. Based on management
and site location needs, fences may be:
Permanent containment fence (contain all target
livestock classes), Permanent deterrent fence
(principal barrier for select livestock classes), or
Temporary portable fence (feasible to re-locate
when needed).

For permanent containment fence construction,
refer to Table 1 of this standard. For permanent
deterrent fence refer to Table 2. For temporary
(portable) fence systems see Table 3.
Fences shall be positioned to facilitate
management requirements. Boundary and
roadside fence design and installation shall follow
federal, state, and local laws and regulations.
Height, size, spacing, and type of materials used
will provide the desired control and management
of people and animals of concern. Gates installed
or constructed must equal or exceed the fence
construction materials and workmanship with
regard to livestock control and durability.

Additional Criteria To Improve Grazing Mgt.
Improve resource management by locating fences
to separate areas with differences in forage
seasons of growth and palatability, use,
topography, or production potential.
Pasture/paddock divisions shall be consistent with
grazing needs as projected by a grazing plan
developed under Kentucky Conservation Practice
Standard Prescribed Grazing, (Code 528A).
Locate fences to allow livestock access to water
and handling facilities.

CONSIDERATIONS
The fence design will consider topography, soil
properties, aesthetics, human access type, safety,
management of livestock, moisture conditions,

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current
version of this standard, contact the Natural Resources Conservation Service.
NRCS, KY
Jan 2009
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wildlife movement, durability of materials, flooding,
and stream crossings.
Fences across gullies or streams require special
braces and designs. Breakaway fences or
swinging water gaps allow debris and water to
flow past the fence line without destroying the
fence adjacent to the stream or gully. Swinging or
floating water gaps should span running streams.

When planning and constructing a fence in flood
prone areas, consider using high tensile electric
fence. Construct the fence with the fewest posts
and wires as needed to control the animals of
concern. Place the bottom wire as high as
practical.
Consider wildlife movement needs when locating
fences.

Post spacing in shallow soils may vary with
additional stays installed to maintain wire spacing.
Use a probe to locate desirable post sites.

When using trees in lieu of fence posts, anchor a
pressure treated 2X6 to the tree with galvanized
screws or nails. Attach wire to the 2X6 instead of
directly to the tree so the tree will not grow around
the wire. Do not utilize high-value trees planned
for harvest. Utilize trees for no more than 20% of
line post needs in any fence.

A double-brace assembly may be required at
ends and corners for fences in poorly drained
soils.

PLANS AND SPECIFICATIONS

Place wood line posts in dips and on rises, then
follow recommended spacing for different fence
types.

Electric fences must be grounded to ensure
proper flow of electricity. Lightning arrestors or
spark gap shall be installed as needed to limit
damages to energizer; and avoid causing injury or
death to animals and people.
Electric fences must have access to a dependable
power supply, main line, solar power panel, or
easily exchanged and properly sized deep cycle
batteries. Electric fences must have adequate
voltage, at all points along the fence, to repel the
animals being controlled. A ground rod should be
installed at electric company’s transformer pole
(primary ground) and another ground rod installed
at the electrical circuit breaker box (secondary
ground), if they do not already exist. Contact the
electric company for service.
Where applicable, cleared rights-of-way may be
established that would facilitate fence construction
and maintenance. All necessary erosion control
measures will be applied to any cleared areas.
When possible, install fences in locations that will
minimize maintenance, avoiding floodprone
areas, irregular terrain such as gullies and/or
water crossings, and locations susceptible to
damage from tree or limb fall.
When planning and constructing a fence on steep
slopes, locate fence where soil erosion from
livestock trailing will be minimized.

NRCS, KY
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Plans and specifications are to be prepared for
specific sites. Plans and specifications for
installing fences shall be in keeping with this
standard and shall describe the requirements for
applying the practice to achieve all of its intended
purposes. See attached Construction
Specifications for: Containment Woven Wire
Fence, Containment Barbed Wire Fence,
Containment High Tensile Smooth Fence
(electric), Containment High Tensile Smooth
Fence (non-electric), and Alternatives to
Conventional Wire Fencing.

DOCUMENTATION AND VARIATIONS
The completed work is to be checked and
documented to verify that the practice is complete
according to NRCS standards and specifications.
Supporting data for documentation included those
features of this practice that can be measured and
observed such as: length of fence installed, type
of fence and materials installed and signature of
the performance checker
Variations from the above materials and
installation specifications may be approved by the
responsible technician provided it is determined
that such variation would result in an installation
that would equal or exceed a fence installed
according to this specification.
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Such variations will be recorded with the reasons
why it will result in an installation that will meet or
exceed one installed in accordance with the
specifications.

OPERATION AND MAINTENANCE
Regular inspection of fences should be part of an
on-going management program. Inspection of
fences after storm events is needed to facilitate
the function of the intended use of the fence. For
electrified fence, use a voltage tester to ensure
adequate charge is being discharged along the
entire fence span. Keep heavy vegetation away
from fences, especially electric fences to avoid
loss of charge. Installation of cut-off switches will
assist in maintenance and repair of electric
fences.
Maintenance and repairs will be performed as
needed. Retain and properly discard all broken
fencing material and hardware to prevent
ingestion by animals or injury to equipment,
people, or animals. Precautions should be taken
to ensure the safety of construction and
maintenance crews.
REFERENCES
Gallagher Power Fence Systems, Quality Down
the Line.
Gerrish, James R. Missouri Agronomy Technical
Note MO-19, Installation of Electrified Hi-Tensile
Fence Systems.
Northeast Pasture Management Coordinating
Committee. Pasture Profit Prophet, Vol. 1 No. 4,
Chester PA 19013, May 1992.
Premier Fence Systems, A Guide to Fencing that
Works.
USDA Forest Service. Fences. Technology and
Development Program. USDI Bureau of Land
Management.
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TABLE 1: CONTAINMENT FENCE (PERMANENT)
TYPE

TYPICAL WIRE

TYPICAL TYPE

MAXIMUM DISTANCE

MAXIMUM LINE

MINIMUM LINE POST

FENCE

SPACING 1/

OF WIRE

BETWEEN

POST SPACING 3/

DIAMETER (D) POST
LENGTH (L) AND

PULL ASSEMBLIES 2/
Barbed Wire

Woven Wire

DEPTH (d)

5 or More

15.5 Gauge Type

<= 1,320’ Apart

14’ Apart

Wood 3-4” D, 6’ L, 24” d

Wires, Min. 42”

III Galvanized

3 1/2” Horizontal Brace

18’ with Stays on

Steel 5.5’ L, 18” D

high (8, 14, 22,

6-8” Brace and Corner

9’ Spacing

32, 42)

Posts, 8' L

>=32” High

12.5 Top and

<= 330’ Apart

14’ Apart

Wood 3-4” D, 6’ L, 24” d

Woven + (1 or 2

Bottom with 14.5

3 1/2” Horizontal Brace

Conventional w.w.

Steel 5.5’ L, 18” D

Barbed Wires

Gauge for Other

6-8” Brace and Corner

25' Apart High

or Electric High

or

Posts, 8’ L

Tensile w. w.

Tensile Min.42”

H.T. Woven

High (37, 42)
High Tensile

4 or More

12.5 Gauge

<= 2,000’ Apart

75’ Apart with

Wood 3-4” D, 6’ L, 24” d

Electric

Wires, 42” High

170,000 psi

3 1/2” Horizontal Brace

battens every 35’

Steel, High Density

(12, 22, 32, 42)

6-8” Brace and Corner

Wood, Fiberglass

Posts, 8' L

5.5’ L, 18” D

High Tensile

7 or More

12.5 Gauge

<= 2,000’ Apart

12’ Apart or

Wood 3-4”D, 6’ L, 24” d

Non-electric

Wires,

170,000 psi

3 1/2” Horizontal Brace

15’ with Light Post

Steel, High Density wood,

42” High (6, 12,

6-8” Brace and Corner

or Stays Between

Fiberglass

18,24,30,36,42)

Posts, 8' L

5.5’ L, 18” D

1/ Actual installed wire spacing will be as needed to contain the livestock. 2/ Corner and brace posts
shall be 6” minimum and driven or set in the ground and tamped around 36” deep or set in 30” of
concrete. 3/ Closer post spacing may be needed to accommodate certain situations such as steep
landscapes, fragile soils, deer crossings and other concerns.

TABLE 2: DETERRENT FENCE (PERMANENT)
TYPE

TYPICAL WIRE

TYPICAL TYPE

MAXIMUM DISTANCE

MAXIMUM LINE

MINIMUM LINE POST

FENCE

SPACING 1/

OF WIRE

BETWEEN

POST SPACING 2/

DIAMETER (D) POST

PULL ASSEMBLIES 1/

LENGTH (L) AND
DEPTH (d)

Barbed Wire

3-4 Wires, 42”

15.5 Gauge Type

<= 1,320’ Apart

14’ apart / 18’ apart

Wood 3-4”D, 6’ L, 24” D

High (22, 32,

III Galvanized

3 1/2” Horizontal Brace

w/ stays for

Steel 5.5’ L, 18” D

6-8” Brace and Corner

conventional wire.

Posts, 7' L

30’ w/ stays for h.t.
75’ Apart

42)
High Tensile
Electric

1-3 Wires, Min.

12.5 Gauge

<= 4,000’ Apart

Ht. of Animal’s

170,000 psi

3 1/2” Horizontal Brace

Steel, High Density wood,

nose at rest

6-8” Brace and Corner

Fiberglass 5.5’ L, 18” D

(Cows26” to

Posts, 8’ L

Wood 3-4”D, 6’ L, 24” d

32”)

1/ Actual installed wire spacing will be as needed to control the livestock. 2/ Corner and brace posts shall
be 6” minimum and driven or set in the ground and tamped around 36” deep or set in 30” of concrete. 3/
Closer post spacing may be needed to accommodate certain situations such as steep landscapes, fragile
soils, deer crossings and other concerns.

NRCS, KY
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TABLE 3: TEMPORARY FENCE (PORTABLE)
TYPE

TYPICAL WIRE

TYPICAL TYPE

MAXIMUM DISTANCE

MAXIMUM LINE

MINIMUM LINE POST

FENCE

SPACING

OF WIRE

BETWEEN

POST SPACING

DIAMETER (D) POST

PULL ASSEMBLIES

LENGTH (L) AND
DEPTH (d)

Polytape or
Polywire

High Tensile
Electric

1-3 wires/tapes,

Poly and wire

No brace assemblies or

Tread-in posts or

Tread-in posts or

Ht. of Animal’s

braided strands or

permanent posts required

permanent as

permanent as terrain

nose at rest

tape. Must carry

unless site conditions

terrain dictates.

dictates.

(Cows 26” to

sufficient charge

warrant.
75’ Apart

Wood 3-4”D, 6’ L, 24” d

32”)

to deter animals.

1 Wire, Ht. of

12.5 Gauge

No Brace Required

Animal’s nose at

170,000 psi

Unless Site Conditions

Steel, High Density wood,

rest (Cows26” to

Warrant, However, Tie off

Fiberglass 5.5’ L, 18” D

32”)

Wire Every 4,000’ or less.

NRCS, KY
Jan 2009
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

FIELD BORDER
(Ac.)
CODE 386

DEFINITION
A strip of permanent vegetation established at
the edge or around the perimeter of a field.
PURPOSE
x

Reduce erosion from water

x

Protect soil and water quality

x

Manage pest populations

x

Provide wildlife food and cover

x

Increase carbon storage

x

Improve air quality

CONDITIONS WHERE PRACTICE APPLIES

The field borders shall be established to
adapted species of permanent grass, legumes,
forbs and/or shrubs that accomplish the design
objective and do not function as host for
diseases of the field crop. Plants selected for
field borders will have the physical
characteristics necessary to control wind and
water erosion to tolerable levels on the field
border area. Wildlife-friendly species should
be utilized whenever possible.
Plant species, seedbed preparation, seeding
rates, seeding dates, seeding depths, fertility
requirements, and planting methods will be
consistent with the “Establishing Vegetative
Practices in Kentucky” document located in
Section IV of the eFOTG. Where erosion is
not a concern, field borders can be established
by abandoning the field edge

This practice is applied around the perimeter
of fields. Its use can support or connect other
buffer practices within and between fields.
This practice may also apply to recreation land
or other land uses where agronomic crops
including forages are grown.

Ephemeral gullies and rills present in the
planned border area will be eliminated as part
of seedbed preparation. If present, ephemeral
gullies and rills located immediately upslope
from the planned border area need to be
treated to ensure more of a sheet flow into the
planned border area.

CRITERIA

Additional Criteria to Reduce Erosion from
Water
Field border establishment, in conjunction with
other practices, will be timed so that the soil
will be adequately protected during the critical
erosion period(s).

General Criteria Applicable to All Purposes
Field borders shall be established around the
field edges to the extent needed to meet the
resource needs and producer objectives.
Minimum field border widths shall be between
20 and 120 feet and must be based on local
design criteria specific to the purpose or
purposes for installing the practice while taking
into consideration the size of the farm
equipment that will pass over the field border.

Establish stiff-stemmed, upright grasses,
grass/legumes or forbs to trap water-borne soil
particles.
The amount of surface and/or canopy cover
needed from the field border shall be
determined using current approved water

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.

NRCS, KY
June 2007
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erosion prediction technology (currently
RULSE2). Calculations shall account for the
effects of other practices in the management
system.
Locate borders to eliminate sloping end rows,
headlands, and other areas where
concentrated water flows will enter or exit the
field.
Orient plant rows as closely as possible to
perpendicular to sheet flow direction.
Additional Criteria to Protect Soil and Water
Quality
If protection of soil and water quality is the
main field border goals, a burn plan should
only be used if it is shown to have no
detrimental effect on long term soil and water
quality. The timing and frequency of the burns
are critical in determining if burning is an
appropriate technique for this resource
concern.
Reducing Runoff and Increasing Infiltration.
Locate borders around the perimeter of the
field, or as a minimum, install borders to
eliminate sloping end rows, headlands and
other areas where concentrated water flows
will enter or exit the field.
Water Quality – Adsorbed, Dissolved and
Suspended Contaminants. As a minimum,
locate field borders along the edge(s) of the
field where runoff enters or leaves the field.
The minimum width for this purpose shall be
30 feet and have a vegetation stem
density/retardance of moderate to high (e.g. a
good stand of wheat).
Design border widths to comply with all
applicable State and local regulations
regarding manure and chemical application
setbacks.
Reducing Soil Compaction from Equipment
Parking and Traffic. Border widths will be
designed to accommodate equipment turning,
parking, loading/unloading equipment, grain
harvest operations, etc.
Additional Criteria to Manage Pest
Populations
Provide a Harbor for Beneficial organisms
(e.g. insects, mites, etc.). Include

NRCS, KY
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appropriate plants that attract beneficial
organisms that prey on target pests.
Mowing, harvesting, pesticide applications and
other disturbance activities will be scheduled
to accommodate life cycle requirements of the
beneficial organisms.
Provide a Habitat to Cause Pests to
Congregate. Select plants for the field border
that attract pests (e.g. timothy grass or native
valerian planted to lure aphids away from
susceptible crops such as vegetables).
Additional Criteria to Provide Wildlife Food
and Cover
Establish plant species that provide wildlife
food and cover for the target wildlife species.
Herbaceous field borders for this purpose must
include at least two grasses and at least one
legume or forb. Specific species, planting
rates and establishment information are found
in the appropriate sections and tables within
the “Establishing Vegetative Practices in
Kentucky” document located in Section IV of
the eFOTG.
Shrub plantings in field borders shall be
accomplished according to the Additional
Criteria To Provide Wildlife Habitat in the
NRCS Tree/Shrub Establishment (612)
practice standard. Herbaceous nurse crops
for shrub plantings will be established
according to the Establishing Trees/Shrubs
with Herbaceous Cover section of the
“Establishing Vegetative Practices in
Kentucky” document located in Section IV of
the eFOTG.
Naturally regenerated field borders cannot
have fescue (festuca arundinacea), bermuda
grass (cynodon dactylon), brome grass
(Bromus inermis) or old-world bluestems (e.g.
Bothriochloa sp.) in excess of 20% of the total
plant composition. If population is in excess of
20% these species must be suppressed to
below 20%.
Schedule mowing, harvest, weed control, and
other management activities within the field
border to accommodate reproduction and
other life cycle requirements of target wildlife
species.
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Vegetative successional state shall be
maintained to accommodate target wildlife
species requirements.

Include native plants that provide diverse
pollen and nectar sources to encourage local
pollinator populations.

When wildlife is a concern, a lower percent
groundcover than would be needed if
protecting soil and water quality was the only
goal is acceptable as long as the soil resource
concern is also adequately addressed (i.e. no
excessive soil loss). This may be achieved by
simply increasing the field border width.

Use field borders as corridors to connect
existing or planned habitat blocks.

Additional Criteria to Increase Carbon
Storage
Establish plant species that will produce
adequate above- and below-ground biomass
for the site (i.e. has the greatest SCI).

Prescribed burning, strip disking, or selective
herbicide applications are management tools
that can be used to maintain suitable habitat
for specifically desired wildlife species.
Overseed the field border with legumes for
increased plant diversity, soil quality, and
wildlife benefits.
Waterbars or berms may be needed to
breakup or redirect concentrated water flow
within the borders.

Maximize the width and length of the
herbaceous border to fit the site and increase
total biomass production.

In selecting plant species to establish in the
field border, among other items, consider the
plant’s tolerance to:

Do not burn if the main goal of the field border
is carbon storage.

x

Sediment deposition and chemicals
planned for application

Do not disturb the roots of the established
vegetation with tillage.

x

Drought in arid areas or where
evapotranspiration can potentially exceed
precipitation during the field border’s active
growing period(s).

x

Equipment traffic.

Additional Criteria to Improve Air Quality
Establish plant species with morphological
characteristics that optimize interception and
adhesion of airborne particulates. Select
plants with persistent roots and residue that
stabilize soil aggregates and capture airborne
soil particles.
Establish species resistant to damage from
equipment traffic.
CONSIDERATIONS
Consider planting field borders around the
entire field, not just on the field edges where
water enters or leaves the field, for maximizing
multiple resource protection.
Establishing a narrow strip of stiff-stemmed
upright grass at the crop/field border interface
can increase soil particle trapping efficiency of
the field border.
Native plants are best suited for wildlife habitat
enhancement and provide other ecological
benefits where adapted to site conditions and
when consistent with producer objectives.

Design border widths to match the required
field application setback widths for easier
management (i.e. land-use and management
changes occur in the same location).
Establish plant species that will have the
desired visual effects and that will not interfere
with field operations or field border
maintenance.
Consider the amount of shading that the field
border or portions of the field border may
experience and select species for those
locations accordingly.
The use of native perennial plant species as
opposed to annual species provides a longer
period of resource protection.
Consider installing a contour buffer system, No
Till practice or other conservation practices on
adjacent upland areas to reduce surface runoff
and excessive sedimentation of field borders.

NRCS, KY
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Consider marking the field border boundary to
aid in maintenance and prevent unintended
tillage or traffic damage.

mowing, disking, or burning and controlling
noxious weeds to sustain effectiveness of
the border.
x

Repair and reseed ephemeral gullies and
rills that develop in the border.

x

Minimally invasive tillage (e.g.
paraplowing) may be performed in rare
cases where compaction and vehicle
traffic have degraded the field border
function. The purpose of the tillage is
strictly to decrease bulk density and
increase infiltration rates so as to provide a
better media for reestablishment of
vegetation and field border function.

x

Maintenance activities that result in
disturbance of vegetation should not be
conducted during the nesting season of
grass nesting birds.

x

Avoid vehicle traffic when soil moisture
conditions are saturated.

PLANS AND SPECIFICATIONS
Prepare plans and specifications for each field
or treatment unit according to the Criteria
included in this Standard. Specifications shall
describe the requirements for applying this
practice to meet the intended purpose.
Record practice specifications on the
appropriate Field Border 386, Conservation
Practice Job Sheet. The following
components shall be included for recording
this specification:
x

Field Border widths and lengths based on
local design criteria.

x

Field Border location(s) within the field(s)
or farm boundary.

x

Species to be used and the location and
planting density of the species used.

x

Site preparation requirements.

x

Timing of planting and planting method.

x

Liming or fertilizer requirements.

x

Operation and maintenance requirements.

When the purpose of the field border is to
provide wildlife food and cover, these
additional maintenance requirements apply:
x

Mowing, disking or prescribed burning
shall be used to maintain field borders in
an early sucessional state. Prescribed
burning may only be done every three
years. Prescribed burning must be done
according to a KY Dept. of Fish and
Wildlife Resources, The Nature
Conservancy, or qualified TSP prescribed
burning plan.

x

Annual mowing of the entire field border
for generic weed control should be
avoided when possible since it greatly
reduces habitat quality

x

Any mowing, disking and other
disturbance activities must occur before
th
st
May 15 or after August 1 to avoid the
primary nesting season.

OPERATION AND MAINTENANCE
Field borders require careful management and
maintenance for performance and longevity.
The following O&M activities will be planned
and applied as needed:
x

Repair storm damage.

x

Remove sediment from above or within the
field border when accumulated sediment
either alters the function of the field border
or threatens the degradation of the planted
species’ survival.

x

Shut off sprayers and raise tillage
equipment to avoid damage to field
borders.

x

Shape and reseed border areas damaged
by animals, chemicals, tillage or
equipment traffic.

x

Maintain desired vegetative communities
and plant vigor by liming, fertilizing,

NRCS, KY
June 2007

REFERENCES
K. G. Renard, G. R. Foster, G. A. Weesies, K.
D. K. McCool and D. C. Yoder. 1997.
Predicting Soil Erosion by Water: A Guide to
Conservation Planning with the Revised
Universal Soil Loss Equation (RUSLE),
Agricultural Handbook Number 703.
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Revised Universal Soil Loss Equation Version
2 (RUSLE2) website:
http://fargo.nserl.purdue.edu/rusle2_dataweb/
RUSLE2_Index.htm.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

RIPARIAN HERBACEOUS COVER
(Ac.)
CODE 390

DEFINITION

x

Grasses, grass-like plants and forbs that are
tolerant of intermittent flooding or saturated
soils and that are established or managed in
the transitional zone between terrestrial and
aquatic habitats.

Where the riparian area has been altered
and the potential natural plant community
has changed or converted to cropland,
pastureland, rangeland or other
commercial/agricultural uses.

x

Where channel and stream bank stability
is adequate to support this practice.

PURPOSE
To provide the following functions:
x

x

Provision of food, shelter, shading
substrate, access to adjacent habitats,
nursery habitat and pathways for
movement by resident and nonresident
aquatic, semi-aquatic and terrestrial
organisms.
Improve and protect water quality by
reducing the amount of sediment and
other pollutants, such as pesticides,
organic materials, and nutrients in surface
runoff as well as nutrients and chemicals
in shallow ground water flow.

x

Help stabilize stream bank and shorelines.

x

Increase net carbon storage in the
biomass and soil.

CONDITIONS WHERE PRACTICE APPLIES
x

Areas adjacent to perennial and
intermittent watercourses or water bodies
where the natural plant community is
dominated by herbaceous vegetation that
is tolerant of periodic flooding or saturated
soils. For seasonal or ephemeral
watercourses and waterbodies, this zone
extends to the center of the channel or
basin.

CRITERIA
General Criteria Applicable to All Purposes
Select perennial plants that are adapted to site
and hydrologic conditions and provide the
structural and functional diversity preferred by
fish and wildlife.
Protect riparian vegetation and water quality by
reducing or excluding the use of that
vegetation for haying and grazing until the
desired plant community is well established.
Site hydrology must be considered. Plant
species selected must be adapted to the
projected duration of saturation and inundation
of the site.
Harmful pests present on the site will be
controlled or eliminated as necessary to
achieve and maintain the intended purpose.
Management systems applied will be designed
to maintain or improve the vigor and
reproduction of the desired plant community.
Timing of haying or grazing periods will avoid
periods when streambanks are vulnerable to
livestock or mechanical damage
Necessary site preparation and planting shall
be done at a time and manner to insure
survival and growth of selected species. Only
viable, high quality and site-adapted planting
stock will be used. Site preparation shall be

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.

NRCS, NHCP
August 2005
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sufficient for establishment and growth of
selected species and be done in a manner that
does not compromise the intended purpose.
Riparian widths will vary depending on the
requirements of wildlife species and
associated environmental concerns. Minimum
width per side shall include the first bench of
the floodplain or be at least 1.5-times the
stream width (based on the horizontal distance
between bankfull elevations or 15 feet for
water bodies.
Existing underground functional drains shall be
replaced with rigid, non perforated pipe
through the buffer or equipped with a
management regulating structure to allow
control of overflow.
Additional Criteria to Protect or Improve
Water Quality
Minimum width shall be increased to 2.5 times
the stream width (based on the horizontal
distance between bankfull elevations) or 35
feet for waterbodies. Concentrated flow
erosion or mass soil movement shall be
controlled in the up gradient area prior to
establishment of the riparian herbaceous
cover.
Species selected shall have stiff stems and
high stem density near the ground surface.
Additional Criteria to Stabilize Streambanks
and Shorelines
Select native or accepted, introduced species
that provide a deep, binding root mass to
strengthen streambanks and improve soil
health.
Additional Criteria for Increasing Net
Carbon Storage in Biomass and Soils
Maximize width and length of the herbaceous
riparian buffer to fit the site.
Plant species used will have the highest rates
biomass production for the soil and other site
conditions, consistent with meeting fish and
wildlife habitat requirements for the site.
Additional Criteria for Terrestrial Wildlife
Select native species adapted to the site.
Density of the vegetative stand established for
this purpose shall consider targeted wildlife

NRCS, NHCP
August 2005

habitat requirements and encourage plant
diversity.
If mowing is necessary to maintain herbaceous
cover it will occurs outside the nesting season
and allow for adequate re-growth for winter
cover.
CONSIDERATIONS
Preference should be give to native, locally
adapted species of plants.
Other conservation practices that may facilitate
the establishment of Riparian Herbaceous
Cover or enhance its performance include:
x

Streambank and Shoreline Protection –
(580)

x

Stream Channel Stabilization – (584)

x

Fence – (382)

x

Riparian Forest Buffer – (391)

x

Pasture and Hayland Planting – (512)

x

Range Planting – (550)

x

Filter Strip – (393)

x

Use Exclusion – (472)

x

Prescribed Grazing – (528A)

x

Brush Management – (314)

Considerations should be given to how this
practice will complement the functions of
adjacent riparian, terrestrial and aquatic
habitats.
Control of trees and shrubs may be required to
prevent dominance of the riparian zone by
woody plants and maintain openness in
riparian system.
The management plan shall consider habitat
and wildlife objectives such as habitat
diversity, habitat linkages, daily and seasonal
habitat ranges, limiting factors and native plant
communities.
Establish alternative water sources or
controlled access stream crossings to manage
livestock access to the stream and riparian
area.
Selection of native plant species is
recommended but tame, introduced species
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may be used. All selected species should have
multiple values such as those suited for
biomass, wintering and nesting cover,
aesthetics, forage value for aquatic
invertebrates, and tolerance to locally used
herbicides.
Avoid plant species which may be alternate
hosts to undesirable pests. Species diversity
should be considered to avoid loss of function
due to species-specific pests.
The location, layout and vegetative structure
and composition of the buffer should
complement natural features.
Corridor configuration, establishment
procedures and management should enhance
habitats for threatened, endangered and other
plant or animal species of concern, where
applicable.
Use plant species that provide full ground
coverage to reduce particulate matter
generation during establishment and
maintenance operations.

sheets, job sheets, narrative statements in the
conservation plan, or other acceptable
documentation.
OPERATION AND MAINTENANCE
The purpose of operation, maintenance and
management is to insure that the practice
functions as intended over time.
The riparian area will be inspected periodically
and protected to maintain the intended
purpose from adverse impacts such as
excessive vehicular and pedestrian traffic, pest
infestations, pesticide use on adjacent lands,
livestock damage and fire.
Control of concentrated flow erosion or mass
soil movement shall be continued in the upgradient area to maintain riparian function.
Any use of fertilizers, pesticides and other
chemicals to assure riparian area function
shall not compromise the intended purpose.
REFERENCES

PLANS AND SPECIFICATIONS
Specifications for this practice shall be
prepared for each site. Specification shall be
recorded using approved specifications

Schultz, R.C., J.P. Colletti, T.M. Isenhart,
W.W. Simpkings, C.W. Mize, and M. L.
Thompson. 1995. Design and placement of a
multi-species riparian buffer strip. Agroforestry
Systems 29:201-225.ts.

NRCS, NHCP
August 2005
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

RIPARIAN FOREST BUFFER
(Ac.)
CODE 391

DEFINITION
An area predominantly trees and/or shrubs
located adjacent to and up-gradient from
watercourses or water bodies.
PURPOSE
x

Create shade to lower or maintain water
temperatures to improve habitat for
aquatic organisms.

x

Create or improve riparian habitat and
provide a source of detritus and large
woody debris.

x

Reduce excess amounts of sediment,
organic material, nutrients and pesticides
in surface runoff and reduce excess
nutrients and other chemicals in shallow
ground water flow.

x

Reduce pesticide drift entering the water
body.

x

Restore riparian plant communities.

x

Increase carbon storage in plant biomass
and soils.

CONDITIONS WHERE PRACTICE APPLIES

structure/density and connectivity to
accomplish the intended purpose(s).
Dominant vegetation will consist of existing,
naturally regenerated, or seeded/planted trees
and shrubs suited to the soil and hydrology of
the site and the intended purpose(s).
The vegetation will extend a minimum width to
achieve the purpose(s). Measurement shall
begin at and perpendicular to the normal water
line, bank-full elevation, or the top of the bank
as determined locally.
Overland flow through the riparian area will be
maintained as sheet flow.
For sites to be regenerated or planted,
excessive sheet-rill and concentrated-flow
erosion will be controlled.
Excessive sheet-rill and concentrated-flow
erosion will be controlled in the areas
immediately adjacent and up-gradient of the
buffer site.
Use tree and shrub species that are native and
non-invasive. Substitution with improved and
locally accepted cultivars or purpose-specific
species is allowed. For plantings and seeding,
only viable, high-quality and adapted plant
materials will be used.

Riparian forest buffers are applied on areas
adjacent to permanent or intermittent streams,
lakes, ponds, and wetlands. They are not
applied to stabilize stream banks or shorelines.

Favor tree and shrub species that have
multiple values such as those suited for timber,
biomass, nuts, fruit, browse, nesting,
aesthetics and tolerance to locally used
herbicides.

CRITERIA

Periodic removal of some forest products such
as high value trees, medicinal herbs, nuts, and
fruits is permitted provided the intended
purpose is not compromised by the loss of
vegetation or harvesting disturbance.

General Criteria Applicable to All Purposes
The riparian forest buffer shall be positioned
appropriately and designed to achieve
sufficient width, length, vertical

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.

NRCS, NHCP
January 2006
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Necessary site preparation and planting shall
be done at a time and manner to insure
survival and growth of selected species for
achieving the intended purpose(s).
Livestock shall be controlled or excluded as
necessary to achieve the intended purpose.
Refer to the standards Prescribed Grazing,
528, and/or Use Exclusion, 472, as applicable.
Harmful plant and animal pests present on the
site will be controlled or eliminated as
necessary to achieve and maintain the
intended purpose. If pesticides are used, refer
to the standard Pest Management, 595.
Additional Criteria to Reduce Excess
Amounts of Sediment, Organic Material,
Nutrients and Pesticides in Surface Runoff
and Reduce Excess Nutrients and Other
Chemicals in Shallow Ground Water Flow

regulating valve or structure may be installed
on the drain to control drain outflow.
Establish plant communities that address the
target aquatic and terrestrial wildlife needs and
have multiple values such as habitat, nutrient
uptake and shading.
Additional Criteria for Increasing Carbon
Storage in Biomass and Soils
Maximize width and length of the riparian
forest buffer.
Select plants that have higher rates of carbon
sequestration in soils and plant biomass and
are adapted to the site to assure strong health
and vigor. Plant the appropriate stocking rate
for the site.
CONSIDERATIONS

The minimum width shall be at least 35 feet
measured horizontally on a line perpendicular
to the water body beginning at the normal
water line, bank-full elevation, or the top of the
bank as determined locally.

Tree and shrub species, which may be
alternate hosts to undesirable pests, should be
avoided. Species diversity should be
considered to avoid loss of function due to
species-specific pests.

The width will be extended in high nutrient,
sediment, and animal waste application areas,
where the contributing area is not adequately
treated or where an additional level of
protection is needed.

Allelopathic impacts of plants should be
considered.

Existing, functional underground drains
through the riparian area will pass pollutants
directly to the outlet. To filter such pollutants,
drains can be plugged, removed or replaced
with perforated pipe/end plugs to allow
passage and filtration of drain water through
the riparian forest root zone. Caution is
advised that saturated conditions in the
riparian and adjacent areas may limit existing
land use and management.
Additional Criteria to Create or improve
riparian habitat and provide a source of
detritus and large woody debris.
The width will be extended to meet the
minimum habitat requirements of the wildlife or
aquatic species of concern.
Existing functional underground drains shall be
replaced with non-perforated pipe under the
buffer area to alleviate root intrusion and to
sustain the drains functionality. Alternatively, a

NRCS, NHCP
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The location, layout and density of the buffer
should complement natural features, and
mimic natural riparian forests.
For sites where continued function of drains is
desired, woody root penetration may
eventually plug the underground structure. In
these cases, a setback of woody vegetation
planted over the drain maintained in
herbaceous cover or using rigid, nonperforated pipe will minimize woody root
penetration.
Maximize widths, lengths, and connectivity of
riparian forest buffers.
The species and plant communities that attain
biomass more quickly will sequester carbon
faster. The rate of carbon sequestration is
enhanced as riparian plants mature and soil
organic matter increases.
PLANS AND SPECIFICATIONS
Specifications for applying this practice shall
be prepared for each site and recorded using
approved specification sheets, job sheets,
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technical notes, and narrative statements in
the conservation plan, or other acceptable
documentation.
OPERATION AND MAINTENANCE
The riparian forest buffer will be inspected
periodically and protected from adverse
impacts such as excessive vehicular and
pedestrian traffic, pest infestations,
concentrated flows, pesticides, livestock or
wildlife damage and fire.
Replacement of dead trees or shrubs and
control of undesirable vegetative competition
will be continued until the buffer is, or will
progress to, a fully functional condition.

Any manipulation of species composition,
stand structure and stocking by cutting or
killing selected trees and understory
vegetation shall sustain the intended
purpose(s). Refer to the standard Forest Stand
Improvement, 666.
Control or exclusion of livestock and harmful
wildlife shall continue. Refer to the standards
Prescribed Grazing, 528, and/or Use
Exclusion, 472, as applicable.
Fertilizers, pesticides and other chemicals
used to maintain buffer function shall not
impact water quality.

NRCS, NHCP
January 2006
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

FILTER STRIP
(Ac.)
CODE 393

DEFINITION
A strip or area of herbaceous vegetation that
removes contaminants from overland flow.
PURPOSE
x
x
x

Reduce suspended solids and associated
contaminants in runoff.
Reduce dissolved contaminant loadings in
runoff.
Reduce suspended solids and associated
contaminants in irrigation tailwater.

CONDITIONS WHERE PRACTICE APPLIES
Filter strips are established where
environmentally-sensitive areas need to be
protected from sediment, other suspended
solids and dissolved contaminants in runoff.
CRITERIA
General Criteria Applicable to All Purposes
Overland flow entering the filter strip shall be
uniform sheet flow.
Concentrated flow shall be dispersed before it
enters the filter strip.
The filter strip shall be located immediately
downslope from the source area of
contaminants.
The maximum gradient along the leading edge
of the filter strip shall not exceed one-half of
the up-and-down hill slope percent,
immediately upslope from the filter strip, up to
a maximum of 5%.
No plants considered noxious weeds by the
Kentucky Department of Agriculture will be

planted. Filter strips shall not be used as a
travel lane for equipment or livestock.
Vegetation. The filter strip shall be
established to permanent herbaceous
vegetation.
Species selected shall be:
x

able to withstand partial burial from
sediment deposition and

x

tolerant of herbicides used on the area that
contributes runoff to the filter strip.

Species selected shall have stiff stems and a
high stem density near the ground surface.
Species selected for seeding or planting shall
be suited to current site conditions and
intended uses. Selected species will have the
capacity to achieve adequate density and vigor
within an appropriate period to stabilize the
site sufficiently to permit suited uses with
ordinary management activities.
Plant species, seedbed preparation, seeding
rates, seeding dates, seeding depths, fertility
requirements, and planting methods will be
consistent with appropriate sections and tables
in the “Establishing Vegetative Practices in
Kentucky” document located in Section IV of
the FOTG. Only viable, high quality seed or
planting stock will be used.
Site preparation and seeding or planting shall
be done at a time and in a manner that best
ensures survival and growth of the selected
species and be consistent with appropriate
sections and tables in the “Establishing
Vegetative Practices in Kentucky” document.
What constitutes successful establishment,
e.g. minimum percent ground/canopy cover,
percent survival, stand density, etc. shall be
specified before application.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office, or visit the electronic Field Office Technical Guide.
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August 2008
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Planting dates shall be scheduled during
periods when soil moisture is adequate for
germination and/or establishment.
Additional Criteria to Reduce Suspended
Solids and Associated Contaminants in
Runoff
The filter strip will be designed to have a 10year life span, following the procedure in the
Agronomy Technical Note No. 2 (Using
RUSLE2 for the Design and Predicted
Effectiveness of Vegetative Filter Strips (VFS)
for Sediment), based on the sediment delivery
in RUSLE2 to the upper edge of the filter strip
and ratio of the filter strip flow length to the
length of the flow path from the contributing
area. The minimum flow length through the
filter strip shall be 20 feet.
The drainage area above the filter strip shall
have a slope of 1% or greater.
The minimum seeding and stem density shall
be equivalent to a high quality grass hay
seeding rate for the climate area or the density
of vegetation selected in RUSLE2 to determine
trapping efficiency, whichever is the higher
seeding rate.

Filter strips with the leading edge on the
contour will function better than those with a
gradient along the leading edge.
Seeding rates that establish a higher stem
density than the normal density for a high
quality grass hay crop will be more effective in
trapping and treating contaminants.
Reducing Suspended Solids and
Associated Contaminants in Runoff.
Increasing the width of the filter strip beyond
the minimum required will increase the
potential for capturing contaminants in runoff.
Creating, Restoring or Enhancing
Herbaceous Habitat for Wildlife and
Beneficial Insects. Filter strips are often the
only break in the monotony of intensivelycropped areas. The wildlife benefits of this
herbaceous cover can be enhanced by:
x

Increasing the width beyond the minimum
required, and planting this additional area
to species that can provide food and cover
for wildlife. This additional width should be
added on the downslope side of the filter
strip.

x

Adding herbaceous plant species to the
filter strip seeding mix that are beneficial to
wildlife and compatible for one of the listed
purposes. Changing the seeding mix
should not detract from the purpose for
which the filter strip was established.

x

th
Avoid mowing between May 15 and
st
August 1 which is the primary nesting
season for ground-nesting birds and
animals.

Additional Criteria to Reduce Dissolved
Contaminants in Runoff
The minimum flow length for this purpose shall
be 30 feet.
Additional Criteria to Reduce Suspended
Solids and Associated Contaminants in
Irrigation Tailwater
The seeding rate shall be sufficient to ensure
that the plant spacing does not exceed 4
inches.

Maintain or Enhance Watershed Functions
and Values. Filter strips can:

Filter strips shall be established early enough
prior to the irrigation season so that the
vegetation is mature enough to filter sediment
from the first irrigation.

x

enhance connectivity of corridors and noncultivated patches of vegetation within the
watershed.

x

enhance the aesthetics of a watershed.

The minimum flow length for this purpose shall
be 20 feet.

x

be strategically located to reduce runoff,
and increase infiltration and ground water
recharge throughout the watershed.

CONSIDERATIONS

Air Quality. Increasing the width of a filter
strip beyond the minimum required will
increase the potential for carbon
sequestration.

General. Filter strip width (flow length) can be
increased as necessary to accommodate
harvest and maintenance equipment.

NRCS, KY
Ausust 2008
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PLANS AND SPECIFICATIONS
Plans and specifications shall be prepared for
each field site where a filter strip will be
installed. A plan includes information about
the location, construction sequence,
vegetation establishment, and management
and maintenance requirements.
As a minimum, the plans shall include:
a) Length, width (flow path), and slope of the
filter strip to accomplish the planned
purpose (width refers to flow length
through the filter strip)
b) Species selection and seeding or sprigging
rates to accomplish the planned purpose
c) Planting dates, care and handling of the
seed to ensure that planted materials have
an acceptable rate of survival
d) A statement that only viable, high quality
and regionally adapted seed will be used
e) Site preparation sufficient to establish and
grow selected species
OPERATION AND MAINTENANCE
For the purposes of filtering contaminants,
permanent filter strip vegetative plantings shall
be harvested as appropriate to encourage
dense growth, maintain an upright growth habit
and remove nutrients and other contaminants
that are contained in the plant tissue.
Control undesired weed species, especially
state-listed noxious weeds.
If prescribed burning is used to manage and
maintain the filter strip, an approved burn plan
must be developed.

Periodically re-grade and re-establish the filter
strip area when sediment deposition at the
filter strip-field interface jeopardizes its
function. Re-establish the filter strip vegetation
in these regraded areas, if needed.
If grazing is used to harvest vegetation from
the filter strip, the grazing plan must insure that
the integrity and function of the filter strip is not
adversely affected.
REFERENCES
Foster, G.R. Revised Universal Soil Loss
Equation, Version 2 (RUSLE2) Science
Documentation (In Draft). USDA-ARS,
Washington, DC. 2005.
Renard, K.G., G.R. Foster, G.A. Weesies, D.K.
McCool, and D.C. Yoder, coordinators. 1997.
Predicting Soil Erosion by Water: A Guide to
Conservation Planning with the Revised
Universal Soil Loss Equation (RUSLE). U.S.
Department of Agriculture. Agriculture
Handbook 703.
Dillaha, T.A., J.H Sherrard, and D. Lee. 1986.
Long-Term Effectiveness and Maintenance of
Vegetative Filter Strips. VPI-VWRRC Bulletin
153.
Dillaha, T.A., and J.C. Hayes. 1991. A
Procedure for the Design of Vegetative Filter
Strips: Final Report Prepared for U.S. Soil
Conservation Service.
Establishing Vegetative Practices in Kentucky
(A complimentary document to KY FOTG 327,
340, 342, 386, 412, 643 & 645 practice
standards). August 2008. Section IV of the
KY FOTG

Inspect the filter strip after storm events and
repair any gullies that have formed, remove
unevenly deposited sediment accumulation
that will disrupt sheet flow, reseed disturbed
areas and take other measures to prevent
concentrated flow through the filter strip.
Apply supplemental nutrients as needed to
maintain the desired species composition and
stand density of the filter strip and consistent
with the Soil Fertility section in the
“Establishing Vegetative Practices in
Kentucky” document.

NRCS, KY
August 2008
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

STREAM HABITAT IMPROVEMENT AND MANAGEMENT
(Acre)
CODE 395

DEFINITION
Maintain, improve, or restore physical,
chemical and biological functions of a stream.
PURPOSES
1.

Provide suitable habitat for desired
aquatic species and diverse aquatic
communities

2.

Provide channel morphology and
associated riparian characteristics
important to desired aquatic species

3.

Provide aesthetic values and recreation
opportunities associated with stream
habitats such as angling and fish viewing

CONDITIONS WHERE PRACTICE APPLIES
Streams where habitat deficiencies limit
survival, growth, reproduction, and/or diversity
of aquatic species in relation to the potential of
the stream.
CRITERIA
General Criteria Applicable To All Purposes
All measures implemented under this practice
shall comply with all applicable federal, state
and local laws, rules and regulations.
Adjoining riparian corridors will be managed
with diverse vegetation suitable for the site
conditions and desired ecological benefits such
as stream temperature moderation;
recruitment of instream large wood and fine
organic debris; input of riparian nutrients and
terrestrial insects; stream bank stability; and
flood attenuation.

No action shall have long-term adverse
impacts on endangered, threatened, or
candidate species or species of concern.
All required permits will be obtained prior to
installation of any stream improvement
measures.
All activities will occur within the respective
state's guidelines on timing with regard to
breeding and nesting seasons of aquatic and
terrestrial organisms.
Structures installed using this standard for any
of the purposes will not reduce channel
capacity to the extent that excessive bank
erosion or unintentional lateral migration of flow
is induced.
Where practical, stream habitat and channel
forming processes such as natural meandering
and floodplain functions will be restored or
maintained.
Stream Habitat Management options when
implemented should be ecologically integrated.
Instream structure design should be
compatible with the dynamic nature of rivers
and recreational and other uses of the stream
corridor.
When present, livestock will be managed to
prevent streambank erosion, bank trampling,
over-grazing, and contamination of the stream
from livestock waste.
Planned stream habitat improvements will:
·

Be based on an assessment of watershed
conditions that affect the physical,
biological, and chemical conditions of the
stream and its riparian area (see
reference).

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.
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·

·

Be based on an assessment of current
stream and riparian conditions. The
assessment shall evaluate channel
morphology, geomorphic setting, aquatic
species, riparian and/or floodplain
conditions, and any habitat limitations
including restriction of upstream and
downstream movement of aquatic species
(see reference).
Emphasize the establishment of an
ecologically self-sustaining stream-ripariansystem consistent with the watershed
conditions and geomorphic setting.

·

List the aquatic species and life history
stage for which the stream is being
managed.

·

Provide fish passage upstream and
downstream and allow movement of other
aquatic species and stream organic matter
to the extent possible.

Additional Criteria Applicable To Purposes
1 and 2
Instream structures will be designed to
facilitate establishment and viability of riparian
plants.
Structural stream improvement measures
applied will be compatible with the stream’s
geomorphology.
The stream channel being managed under this
practice should:
·

Be hydrologically connected to its
floodplain and associated wetlands where
physically possible and geomorphically
appropriate.

·

Reflect sediment transport processes
characteristic of the designed stable
channel.

·

Have well vegetated banks and a healthy
riparian root zone.

·

Have stream bottom substrates suitable for
spawning and/or rearing of desired aquatic
species.

Incorporation of these stream channel criteria
will generally involve restoration of an
appropriate channel width-to-depth ratio,
suitable riffle-pool complexes, well-vegetated

NRCS, KY
January 2003

banks, and/or stream length-gradient
relationships in a meandering stream
consistent with local conditions and stream
geomorphology (see reference).
Additional Criteria Applicable To Purpose 3
Recreational and other land use activities will
be managed to minimize impacts on stream
corridor vegetation and water quality.
CONSIDERATIONS
Stream habitat management provisions should
be planned in relation to other land uses that
may impact stream habitat. Before designing
and implementing stream habitat
improvements, consider the known or
expected problems within the watershed, such
as: point and non-point source pollution, land
management activities, and other watershedrelated concerns. Any stream habitat
management project is most effective when
applied within the context of overall watershed
conditions and with clear objectives for stream
management goals.
Instream structures such as flow deflectors,
rock vanes, etc., may be considered to provide
stream stability and/or habitat elements until
the channel and adjacent riparian area can
function as a habitat of complex stream
structure in dynamic equilibrium. There are
several options that can be used singularly or
in combination to improve stream habitat:
1. Through watershed planning, establish soil
conservation, nutrient management, and
pesticide management practices and other
management techniques for non-point
sources of pollution.
2. Reduce or manage excessive runoff due to
watershed development.
3. Restore or protect riparian and floodplain
vegetation and associated riverine
wetlands.
4. Maintain suitable flows for aquatic species
and channel maintenance.
5. Provide physical habitat components
important to aquatic species such as
sediment-free spawning gravel, boulders,
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large wood, resting pools, overhead cover,
and stable banks.
6. Eliminate fish migration barriers such as
improperly installed culverts.
7. Provide barriers/screens to exclude fish
and other aquatic species from water
pumps, diversion ditches, or any area
where unintentional entrapment could
occur.
8. Improve floodplain-to-channel connectivity
including off-channel habitats.
9. Provide alternative streamside access for
recreational use, livestock, and equipment.
10. Restore natural surface water and ground
water interactions by managing ground
water withdrawals.
Environmental Impact Concerns - Stream
Habitat Management will improve aquatic
habitats and subsequently benefit endangered
or threatened species or species of concern
and other native aquatic species dependent on
this environment. There may be short-term
negative impacts when instream construction
activities occur, i.e. sedimentation and turbidity.
Therefore, timing of project activity is extremely
important to reduce negative impacts.
Consider threatened and endangered species
when planning. This practice may impact
species during implementation and shall
comply with GM 190 part 410.22 and the
National Planning Procedures Handbook
section 600.45.

Consider cultural resources when planning.
This practice may adversely affect cultural
resources and should comply with GM 420,
Part 401, during planning, installation and
maintenance.
PLANS AND SPECIFICATIONS
Plans and specifications shall be in keeping
with this standard and shall describe the details
adequately to apply the practice to achieve its
intended purpose.
OPERATION AND MAINTENANCE
An operation and maintenance plan shall be
developed for all applications. The plan shall
provide for periodic inspection and prompt
repair should the application of practices cause
streambank or streambed instability. All
instream structural measures shall be
evaluated on an annual basis.
REFERENCES
NEH-653 - Stream Corridor Restoration:
Principles, Processes, and Practices. Federal
Interagency Stream Restoration Working
Group (FISRWG)(15 Federal agencies of the
US Government). Stream Corridor Restoration
Handbook. October 1998.

NRCS, KY
January 2003
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

GRASSED WATERWAY
(Ac.)
CODE 412

DEFINITION

are damaged.

A shaped or graded channel that is
established with suitable vegetation to carry
surface water at a non-erosive velocity to a
stable outlet.

Stability. Determine the minimum depth and
width requirements for stability of the grassed
waterway using the procedures in the NRCS
National Engineering Handbook, Part 650,
Engineering Field Handbook, Chapter 7,
Grassed Waterways; Agricultural Research
Service (ARS) Agriculture Handbook 667,
Stability Design of Grass-Lined Open
Channels; or other equivalent method.

PURPOSE
x

To convey runoff from terraces, diversions,
or other water concentrations without
causing erosion or flooding.

x

To reduce gully erosion.

x

To protect/improve water quality.

CONDITIONS WHERE PRACTICE APPLIES
In areas where added water conveyance
capacity and vegetative protection are needed
to control erosion resulting from concentrated
runoff.
CRITERIA
General Criteria Applicable to All Purposes
Plan, design, and construct grassed
waterways to comply with all Federal, State,
and local laws and regulations.
Capacity. The minimum capacity shall convey
the peak runoff expected from the 10-year
frequency, 24-hour duration storm. Capacity
shall be increased as needed to account for
potential volume of sediment expected to
accumulate in the waterway between planned
maintenance activities. When the waterway
slope is less than 1 percent, out-of-bank flow
may be permitted if such flow will not cause
excessive erosion. At a minimum, the design
capacity shall remove the water before crops

When used as an outlet for other conservation
practices, establish a stable waterway prior to
constructing the other practices.
Width. Keep the bottom width of trapezoidal
waterways less than 100 feet unless multiple
or divided waterways or other means are
provided to control meandering of low flows.
Design the waterway width to accommodate
the maintenance and tillage/harvesting
equipment crossing it.
Side slopes. Keep the side slopes flatter than
or equal to a ratio of two horizontal to one
vertical. Design the waterway side slopes to
accommodate the maintenance and
tillage/harvesting equipment crossing it.
Depth. The capacity of the waterway must be
large enough so that the water surface of the
waterway is below the water surface of the
tributary channel, terrace, or diversion that
flows into the waterway at design flow.
Provide freeboard above the designed depth
when flow must be contained to prevent
damage. Provide freeboard above the
designed depth when the vegetation has the
maximum expected retardance.
Drainage. When needed to help or keep
vegetation established on sites having

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.
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prolonged flows, high water tables, or seepage
problems, include Subsurface Drains (606),
Underground Outlets (620), Lined Waterway or
Outlet (468), stone center waterways or other
suitable measures in waterway designs.
Water tolerant vegetation may be an
alternative on some wet sites.
Outlets. Provide a stable outlet with adequate
capacity. The outlet can be another vegetated
channel, an earthen ditch, a grade-stabilization
structure, filter strip or other suitable outlet.
Waterways shall be designed and constructed
on a constant slope for a minimum of 300 ft.
form the outlet unless the waterway has rock
or appropriate geosynthetics to control grade,
or a grade stabilization structure. The bottom
elevation of the waterway at its confluence with
the outlet shall not be higher than the outlet,
unless stable rock bottom is present to prevent
headcuts.
Vegetative Establishment. Upon completion
of the Grassed Waterway the companion
Critical Area Planting practice (342) will be
applied to all areas needing vegetative cover.
Plant species, seedbed preparation, seeding
rates, seeding dates, seeding depths, fertility
requirements, and planting methods will be
consistent with appropriate sections and tables
in the “Establishing Vegetative Practices in
Kentucky” document located in Section IV of
the FOTG.
Establish vegetation as soon as conditions
permit. Use mulch anchoring, nurse crop, rock,
straw or hay bale dikes, fabric checks, filter
fences, or runoff diversion to protect the
vegetation until it is established. Planting of a
close growing crop, e.g. small grains or millet,
on the contributing watershed prior to
construction of the grassed waterway can also
significantly reduce the flow through the
waterway during establishment.
CONSIDERATIONS
Establish an appropriate width of vegetation on
one or both sides of the waterway or add other
sediment control measures above the
waterway such as residue management to
improve water quality and reduce sediment
deposition in the waterway. Consider
increasing the channel depth and/or designing

NRCS, KY
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areas of increased width or decreased slope to
trap and store sediment to reduce the amount
of sediment that leaves a field. Be sure to
provide for regular cleaning out the waterway
when trapping sediment in this manner.
Avoid areas where unsuitable subsurface,
subsoil, substratum material that limits plant
growth such as salts, acidity, root restrictions,
etc., may be exposed during implementation of
the practice. Where areas can not be avoided,
seek recommendations from a soil scientist for
ameliorating the condition or, if not feasible
consider over-cutting the waterway and add
topsoil over the cut area to facilitate vegetative
establishment.
Avoid or protect if possible important wildlife
habitat, such as woody cover or wetlands
when determining the location of the grassed
waterway. If trees and shrubs are
incorporated, they should be retained or
planted in the periphery of grassed waterways
so they do not interfere with hydraulic
functions. Medium or tall bunch grasses and
perennial forbs may also be planted along
waterway margins to improve wildlife habitat.
Waterways with these wildlife features are
more beneficial when connecting other habitat
types; e.g., riparian areas, wooded tracts and
wetlands. When possible, select species of
vegetation that can serve multiple purposes,
such as benefiting wildlife, while still meeting
the basic criteria needed for providing a stable
conveyance for runoff.
Water-tolerant vegetation may be an
alternative to subsurface drains or stone
center waterways on some wet sites.
Use irrigation in dry regions or supplemental
irrigation as necessary to promote germination
and vegetation establishment.
Provide livestock and vehicular crossings as
necessary to prevent damage to the waterway
and its vegetation.
Add width of appropriate vegetation to the
sides of the waterway for wildlife habitat.
Consider establishing filter strips or field
borders on each side of the waterway to
improve water quality or wildlife habitat,
respectfully.
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Consider including diverse legumes or other
forbs that provide pollen and nectar for native
bees. In dry regions, these sites may be able
to support flowering forbs with higher water
requirements and thus provide bloom later in
the summer
The construction of a grassed waterway can
disturb large areas and potentially affect
cultural resources. Be sure to follow state
cultural resource protection policies before
construction begins.

damaged by machinery, herbicides, or
erosion must be repaired promptly.
x

Maintain the waterway to its established
width. Do not narrow the waterway when
tilling or spraying the adjacent field. Cut
spray equipment off when crossing
waterways.

x

Protect waterway from concentrated flow
by using diversion of runoff or mechanical
means of stabilization such as silt fences,
mulching, haybale barriers and etc. to
stabilize grade during vegetation
establishment.

x

Minimize damage to vegetation by
excluding vehicles and livestock whenever
possible, especially during wet periods.
Permit grazing in the waterway only when
a controlled grazing system is being
implemented.

x

Inspect grassed waterways regularly,
especially following heavy rains. Fill,
compact, and reseed damaged areas
immediately. Remove sediment deposits
to maintain capacity of grassed waterway.

x

Avoid use of herbicides that would be
harmful to the vegetation in and adjacent
to the waterway area.

x

Avoid using waterways as turn-rows during
tillage and cultivation operations.

x

Mow or periodically graze vegetation to
maintain capacity and reduce sediment
deposition. Mowing may be appropriate to
enhance wildlife values, but must be
conducted to avoid peak nesting season
th
st
(May 15 – August 1 ).

x

Control noxious weeds.

x

Do not use waterways as a field road.
Avoid crossing with heavy equipment
when wet.

x

Hay can be harvested from waterways but
must be harvested early enough during the
growing season so that vegetation can
partially grow back out before frost and
freezing. If hay is not harvested, mow or
clip to control weeds and undesirable
vegetation.

Consider fencing the waterway to protect the
vegetation during the establishment period.
PLANS AND SPECIFICATIONS
Prepare plans and specifications for grassed
waterways that describe the requirements for
applying the practice according to this
standard. As a minimum the plans and
specifications shall include:
x

A plan view of the layout of the grassed
waterway.

x

Typical cross sections of the grassed
waterway(s).

x

Profile(s) of the grassed waterway(s).

x

Disposal requirements for excess soil
material.

x

x

Site specific construction specifications
that describe in writing the installation of
the grassed waterway. Include
specification for control of concentrated
flow during construction and vegetative
establishment.
Vegetative establishment requirements will
be part of the accompanying Critical Area
Planting practice (342).

OPERATION AND MAINTENANCE
Provide an operation and maintenance plan to
review with the landowner. Include the
following items and others as appropriate in
the plan.
x

Establish a maintenance program to
maintain waterway capacity, vegetative
cover, and outlet stability. Vegetation

NRCS, KY
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x

Do not allow the edges of the waterway to
become higher than the adjacent area and
exclude runoff from entering into the
waterway. High places should be
removed and reseeded to enhance
drainage into the waterway. Spoil can be
spread into adjacent areas as long as it
does not interfere with surface drainage.

REFERENCES
Agricultural Research Service, Agriculture
Handbook 667, Stability Design of Grass-Lined
Open Channels.
National Engineering Handbook, Part 650,
Engineering Field Handbook, Chapter 7,
Grassed Waterways.

NRCS, KY
September 2008

Establishing Vegetative Practices in Kentucky
(A complimentary document to KY FOTG 327,
340, 342, 386, 412, 643 & 645 practice
standards). August 2008. Section IV of the
KY FOTG

NRCS Practice Standards:
x

Critical Area Planting (342)

x

Lined Waterway or Outlet (468)

x

Filter Strip (393)

x

Subsurface Drainage (606)

x

Underground Outlet (620)

Technical Guide
Section IV

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

LINED WATERWAY OR OUTLET
(Ft.)
Code 468
DEFINITION
A waterway or outlet having an erosion-resistant
lining of concrete, stone, or other permanent
material. The lined section extends up the side
slopes to a designed depth. The earth above the
permanent lining may be vegetated or otherwise
protected.
This standard applies to waterways or outlets
having linings of nonreinforced, cast in-place
concrete; flagstone mortared in place; rock
riprap; or similar permanent linings. It does not
apply to irrigation water conveyance, grassed
waterways with stone centers or small lined
sections to carry prolonged low flows. The
maximum capacity of the waterway flowing at
designed depth shall not exceed 200 ft3/s.
PURPOSE
To provide for safe disposal of runoff from other
conservation structures or from natural
concentrations of flow, without damage by
erosion or flooding, where unlined or grassed
waterways would be inadequate. Properly
designed linings may also control seepage,
piping, and sloughing or slides.
CONDITIONS WHERE PRACTICE APPLIES
This practice applies if the following or similar
conditions exist:
1. Concentrated runoff is of such that a lining is
needed to control erosion.
2. Steep grades, wetness, prolonged base
flow, seepage, or piping would cause
erosion.
3. The location is of such that use by people or
animals preclude use of vegetated

waterways or outlets.
4. High-value property or adjacent facilities
warrant the extra cost to contain design
runoff in a limited space.
5. Soils are highly erosive or other soil or
climatic conditions preclude using
vegetation.
6. Installation of nonreinforced concrete or
mortared flagstone linings shall be made
only on low shrink-swell soils that are well
drained or where subgrade drainage
facilities are installed.
CRITERIA
Capacity. The minimum capacity shall be
adequate to carry the peak rate of runoff from a
10-year frequency storm. Velocity shall be
computed by using Manning’s Formula with a
coefficient of roughness “n” as follows:
Lining

“n” Value

Concrete
Trowel finish…………..
Float finish…………….
Gunite………………….
Flagstone…………………
Riprap…………………….

0.012 - .014
.013 - .017
.016 - .022
.020 - .025
Determine
from Figure 1

Velocity. Maximum design velocity shall be as
shown in Figure 2. Except for short transition
sections, flow in the range of 0.7 to 1.3 of the
critical slope must be avoided unless the
channel is straight. Velocities exceed critical
shall be restricted to straight reaches.
Waterways or outlets with velocities exceeding

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current
version of this standard, contact the Natural Resources Conservation Service.
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critical shall discharge into an energy dissipater
to reduce velocity to less than critical.
Cross Section. The cross section shall be
triangular, parabolic, or trapezoidal. Cross
section made of monolithic concrete may be
rectangular.

Height of lining, more than 2 ft.

2 to 1

Slip form concrete:
Height of lining, less than 3 ft……..1 to 1
Rock riprap………………………………2 to 1
Concrete grouted rock riprap…………. 1 to 1

Freeboard. The minimum freeboard for lined
waterways or outlets shall be 0.25 feet above
design high water in areas where erosionresistant vegetation cannot be grown adjacent to
the paved side slopes. No freeboard is required
if vegetation can be grown and maintained.
Side Slope. The steepest permissible side
slopes, horizontal to vertical, shall be:
Nonreinforced concrete:
Hand-placed, formed concrete
Height of lining, 1.5 ft. or less…..Vertical
Hand-placed screened concrete or mortared in
place flagstone
Height of lining, less than 2 ft……..1 to 1

NRCS, KY, April 2003

LINING THICKNESS
Minimum lining thickness shall be:
Concrete………4 in. (In most problem areas,
minimum thickness shall be
5 in. with welded wire fabric
reinforcing.)
Rock Riprap….Maximum stone size plus
thickness of filter or bedding
Flagstone……..4 in., including mortar bed

468-3

Figure 1 – Values of n for riprap-lined channels, d50 size vs depth of flow.
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Mortar. Mortar used for mortared in-place
flagstone shall consist of a workable mix of
cement, sand, and water with a water-cement
ratio of not more than 6 gallons of water per
bag of cement.
Contraction Joints. Contraction joints in
concrete linings, if required, shall be formed
transversely to a depth of about one-third the
thickness of the lining at a uniform spacing in
the range of 10 to 15 feet. Provide for uniform
support to the joint to prevent unequal
settlement.

Figure 2 – Maximum velocity vs depth of flow.
Related Structures. Side inlets, drop structures, and
energy dissipaters shall meet the hydraulic and
structural requirements for the site.
Filters or Bedding. Filters or bedding shall be used
to prevent piping. Drains shall be used to reduce
uplift pressure and to collect water, as required. Nonwoven geotextile used as an underliner shall have a
minimum tensile strength of 120 pounds, puncture
strength of 90 pounds, permeability coefficient of
0.2cm/sec. and accelerated weathering strength
retained of 70 percent. Filters, bedding, and drains
shall be designed according to NRCS standards.
Weep holes may be used with drains if needed.
Concrete. Concrete used for lining shall be
proportioned so that it is plastic enough for thorough
consolidation and stiff enough to stay in place on side
slopes. A dense durable product shall be required.
Specify a mix that can be certified as suitable to
2
produce a minimum strength of at least 3,000 lb/in. .
Cement used shall be Portland cement, Types I, II, or
if required, Types IV and V. Aggregate used shall
have a maximum size of 1 ½ inches.

NRCS, KY, April 2003

Rock Riprap or Flagstone. Stone used for
riprap shall be dense and hard enough to
withstand exposure to air, water, freezing, and
thawing. Flagstone shall be flat for ease of
placement and have the strength to resist
exposure and breaking.
CONSIDERATIONS
Consider the effects upon components of the
water budget, especially effects on volumes
and rates of runoff, infiltration, evaporation,
transpiration, deep percolation, and
groundwater recharge.
Variability of the practice’s effect caused by
seasonal and climatic changes should be
assessed.
Filtering effects of vegetation on the movement
of sediment and dissolved and sedimentattached substances will be evaluated.
Effects on the visual quality of the water
resources should be considered.
Short-term and construction-related effects on
the quality of water resources should be
assessed.
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PLANS AND SPECIFICATIONS

REFERENCES

Plans and specifications for constructing a lined
waterway or outlet shall be in keeping with this
standard and shall adequately describe the
requirements for properly installing this practice to
achieve its’ intended purpose.

NRCS National Engineering Handbook Part
650, Engineering Field Handbook, Chapter 7
Appropriate Technical Releases and Design
Notes, USDA, NRCS.

Lined Waterway or Outlet Specifications. The
foundation area shall be cleared of trees, stumps,
roots, sod, loose rock, or other objectionable material.
The cross section shall be excavated to the neat lines
and grades as shown on the plans. Over-excavated
areas shall be backfilled with moist soil compacted to
the density of the surrounding material.
No abrupt deviations from design grade or horizontal
alignment shall be permitted.
Concrete linings shall be placed to the thickness
shown on the plans and shall be finished in a
workmanlike manner. Provisions shall be made to
protect freshly placed concrete and to ensure proper
curing.
Filter, bedding, and rock riprap shall be placed to line
and grade and in the manner specified. Riprap shall
be placed so that it does not reduce the design
section more than 10 percent.
Construction operations shall be done in such a
manner that erosion and air and water pollution are
minimized and held within reasonable and legal limits.
The completed job shall be workmanlike and present
a good appearance. All disturbed areas shall be
vegetated or otherwise provided with a cover to
protect the areas against soil erosion.
OPERATION AND MAINTENANCE
The applied practice shall be inspected after all
significant runoff events. Any discovered damage
shall be repaired as soon as practical, vegetal scour
or rock displacement, etc.

NRCS, KY, April 2003
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

USE EXCLUSION
(Ac.)
CODE 472

DEFINITION
The temporary or permanent exclusion of
animals, people or vehicles from an area.
PURPOSE
x

Prevent, restrict, or control access to an
area

x

Maintain or improve the quantity and
quality of natural resources

x

Minimize liability and human health
concerns.

CONDITIONS WHERE PRACTICE APPLIES
This practice can be applicable on all land
uses.
CRITERIA
Barriers must be adequate to prevent, restrict,
or control use by targeted vehicles, animals or
people and not be a safety hazard.
Barrier life expectancy must be adequate for
the intended purpose.
Adequate warnings or markings will be
displayed where there is potential danger with
the use of a barrier.
CONSIDERATIONS
Barriers may consist of either natural and/or
artificial structures such as, earth-fill, boulders,
fences, gates, or signs. Fences constructed
for use exclusion will be containment fences
except in situations where flooding is a
concern (see NRCS Fence Standard, code
382).

Barrier type and design should minimize
impacts to non-targeted wildlife, animal
movement and human health.
Minimize barriers impacts on public safety
activities such as fire control.
Consider the effects of installation of barriers
and fences on the integrity of subsurface
cultural resources (including compaction).
Also consider the benefits installation may
have on cultural resources by reducing the
potential for erosion due to changes in
livestock and vehicle traffic.
PLANS AND SPECIFICATIONS
For permanent exclusion, a narrative
statement in the conservation plan serves as
the specifications for use exclusion. When
temporary exclusion is planned, the dates of
exclusion periods must be described.
OPERATION AND MAINTENANCE
Barriers will be periodically inspected and
repairs performed as needed.
If maintenance for the plant community, soil
quality or landscape integrity are needed, then
a maintenance event plan will be developed by
NRCS prior to implementation. Examples of
maintenance practices might be strategic
prescribed fire, flash grazing, pasture planting
or mechanical forage harvest management to
effectively manage invasive species. For such
practices, see the applicable NRCS practice
standard. The results of the maintenance
practice application will be documented in the
conservation planning and assistance notes.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service State
Office, or download it from the electronic Field Office Technical Guide for your state.

NRCS, KY
Feb 2007
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Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service State
Office, or download it from the electronic Field Office Technical Guide for your state.
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Feb 2007
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

MULCHING
(Ac.)
CODE 484

DEFINITION
Applying plant residues or other suitable materials
produced off site, to the land surface.
PURPOSE


Conserve soil moisture



Moderate soil temperature



Provide erosion control



Suppress weed growth



Facilitate the establishment of vegetative
cover



Improve soil condition



Reduce airborne particulates

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to all lands where mulches
are needed. This practice may be used alone or
in combination with other practices.
CRITERIA
General Criteria Applicable to All Purposes
The selection of mulching materials will depend
on economics, material availability, time of year
and site conditions, including soil type percent
slope and landscape position. Mulch materials
shall consist of natural and/or artificial materials
that are environmentally safe such as plant
residue, wood bark or chips, gravel, plastic, fabric,
rice hulls, or other equivalent materials of
sufficient dimension (depth or thickness) and
durability to achieve the intended purpose for the
required time period.
Prior to mulching, the soil surface shall be
prepared in order to achieve the desired purpose.
If the area being mulched is to be seeded, refer to

the Critical Area Planting Standard (342) and the
accompanying “Establishing Vegetative Practices
in Kentucky” document located in section IV of the
FOTG for seeding, fertility and seedbed
preparation information.
The mulch material shall be evenly applied and, if
necessary, anchored to the soil. Tackifiers,
emulsions, pinning, netting, crimping or other
acceptable methods of anchoring will be used if
needed to hold the mulch in place for specified
periods.
As a minimum, manufactured mulches shall be
applied according to the manufacturer’s
specifications.
Mulching operations shall comply with federal,
state and/or local laws and regulations during the
installation, operation and maintenance of this
practice.
Mulch material shall be relatively free of disease,
pesticides, chemicals, noxious weed seeds, and
other pests and pathogens.
Site Preparation
Soil surface shall be prepared prior to the
application of the mulch material in order to
achieve desired purpose and to ensure optimum
contact between soil and mulch. All areas to be
mulched shall be reasonable smooth and free of
rills, gullies, and debris. Where mulch is to be
placed around trees and shrubs, remove all
competing vegetation and shape watering
saucers as needed so they have an effective
depth of four inches.
Materials
Refer to Table 1 in this standard for information
about the mulch material, quality, rate, depth of
application or percent cover, and anchoring
methods.
Application
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Mulch may be applied to both seeded and
unseeded areas. When applied to seeded areas,
mulch shall be applied immediately after the area
is seeded or seed may be broadcast over the
mulch for dormant seeded species (see the
appropriate section in the “Establishing Vegetative
Practices in Kentucky” document)
When temporary erosion control is needed, mulch
may be applied any time soil and site conditions
are suitable for spreading and anchoring.
Disturbed areas that will not have additional
construction activity for 60 days or completed
sites that will not be permanently seeded for
periods of 60 days or longer should be mulched.
Shorter time periods may be used depending on
site conditions.
General Instructions: On slopes, mulch mats and
nets may be run either up and down or cross
slope. In areas of concentrated flow, mats and
nets shall be laid parallel to the direction of flow.
Spread evenly without stretching to allow
maximum contact with the soil. Adjacent edges
should be overlapped a minimum of three inches
with the upgrade mat or net on top. Staples of11
gauge or heavier will be used to hold the mats
and nets in place. Staples shall be U-shaped with
a one-inch crown. Staple length shall be
determined by soil condition as follows:
x

highly compacted soils – six inches;

x

friable soils – eight inches; and

x

loose or Sandy soils – ten inches.

Outside edges of mats and nets shall be buried in
a trench six inches deep. Mat and net edges and
middles will be stapled according to
manufacturer’s recommendations. Note: This
information may be superseded by manufacturer’s
recommendations.
Mulch Anchoring Methods
x Mulch-anchoring tool or disk: Equipment with
serrated straight disks for straw and hay type
mulches is recommended. Apply mulch and
pull a mulch-anchoring tool over mulch as
close to the contour as possible. Use
equipment with disks spaced six to ten inches
or with other suitable spacing. Mulch material
should be tucked into the soil surface two to
three inches. Use on areas where
concentrated flow velocity is less than four
feet per second.

NRCS, KY
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x

Wood Cellulose Fiber: Types, application
methods and rates of application will be
based on manufacturers recommendations.
Apply with a hydromulcher immediately after
mulching. Use on areas without concentrated
flow.

x

Asphalt Spray (emulsion): Types, application
methods and rates of application will be
based on manufacturers recommendations.
Apply with suitable equipment to spray
asphalt into the mulch as it is applied. Material
shall conform to the requirements of ASTM
Specification D977. Material shall be nontoxic to plant life. Use on areas without
concentrated flow.

x

Tackifier or Binder: Types, application
methods and rates of application will be
based on manufacturers recommendations.
Method and rate of application shall be
according to manufacturer’s recommendation.

x

Polypropylene Plastic Netting: Types,
application methods and rates of application
will be based on manufacturer’s
recommendations. Apply plastic netting over
mulch and anchor according to
manufacturer’s recommendations. Use on
areas without concentrated flow or when
concentrated flow velocity is less thanfour feet
per second.

x

Soil, Stones, and Plastic: Bury edge of plastic
in a trench six inches deep; replace soil into
trench and firm over the plastic. Use stones to
hold plastic down in other places as needed.

Additional Criteria to Conserve Soil Moisture
Mulch materials applied to the soil surface shall
provide at least 60 percent surface cover to
reduce potential evaporation.
Additional Criteria to Moderate Soil
Temperature
Mulch materials shall be selected and applied to
obtain 100 percent coverage over the area
treated. The material shall be of a significant
thickness to persist for the period required for the
temperature modification.
Refer to Table 1 to select the mulch that will
achieve the intended soil temperature
modification.
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Additional Criteria to Provide Erosion Control
For Critical Areas: when mulching with straw, use
at least 4,000 pounds of cereal grain straw or
grass hay per acre. The straw shall be evenly
distributed over the area to be treated and
anchored sufficiently to hold it on the site. NOTE:
If flow velocities are above four feet per second,
erosion control blankets/mats or other protection
should be considered.
When mulching with wood or bonded fiber
material, use at least 2,000 pounds of mulch per
acre.
When mulching with wood products such as wood
chips, bark, or shavings or other wood materials,
apply a minimum 2-inch thickness.
When mulching with gravel or other inorganic
material apply a minimum 2 inch thickness and
shall consist of pieces 0.75 to 2 inches in
diameter.
Additional Criteria to Suppress Weed Growth
The thickness of mulch will be determined by the
size of the plant being mulched. Mulches shall be
kept clear of the stems of plants where disease is
likely to occur. Mulches applied around growing
plants or prior to weed seedling development shall
have 100 percent ground cover. Thickness of the
mulch shall be adequate to prevent emergence of
targeted weeds. Plastic mulches may be used.
Additional Criteria to Establish Vegetative
Cover
Mulch shall be applied at a rate that achieves a
minimum of 70 percent ground cover to provide
protection from erosion and runoff and yet allow
adequate light and air penetration to the seedbed
to ensure proper germination and emergence.
Additional Criteria to Improve Soil Condition
Apply mulch materials with a carbon to nitrogen
ratio (C:N) less than 30 to 1 so that soil nitrogen is
not immobilized by soil biota. Do not apply mulch
with C:N less than 20:1 to an area of designed
flow in watercourses.
Use the Soil Conditioning Index to assess soil
quality impacts and to determine the type and rate
of the mulching material.

Additional Criteria to Reduce Airborne
Particulate Matter from Wind Erosion
Mulch rate shall be determined using current wind
erosion prediction technology to reach the soil
erosion (movement of particulates offsite)
objective.
CONSIDERATIONS
Evaluate the effects of mulching on evaporation,
infiltration and runoff. Mulch material may affect
microbial activity in the soil surface, increase
infiltration, and decrease runoff, erosion and
evaporation. The temperature of the surface
runoff may also be lowered.
Prior to mulching, ensure soil under shallow
rooted crops is moist, as these crops require a
constant supply of moisture.
Mulch materials with a high water holding capacity
and/or high impermeability to water droplets may
adversely affect the water needs of plants.
Fine textured mulches (e.g. rice hulls) which allow
less oxygen penetration than coarser materials
should be no thicker than 1 or 2 inches.
Organic fiber mats composed of wood fiber or
straw covered with biodegradable polypropylene
netting are effective on critical sites and in areas
of concentrated runoff. Other mat type materials
manufactured from paper or similar materials are
suitable to provide erosion control while
vegetation grows through the mat.
Using straw or corncobs to control competing
vegetation, i.e., around newly planted trees for
weed control, may attract mice and increase the
possibility of plant damage.
Consider the carbon and nitrogen ratio (C:N)
when selecting mulch materials in relation to
nitrogen immobilization and decomposition.
Mulches with a high C:N ratio such as corncobs,
sawdust and wood mulches can temporarily
deprive soil nitrogen from the plants being
established or maintained.
Organic materials with C:N ratios of less than 20:1
will release nitrate-nitrogen which could cause
water quality impairments.
Mulch material may improve microbial activity in
the soil surface, increase infiltration, and reduce
runoff, erosion, and evaporation. Mulches with
composted municipal sludge or manure (with
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disease suppressing organisms) may decrease
disease pressure with plants. Consider impacts
that mulch material may have on other organisms.

Documentation shall include:
x

Purpose of the Mulch

x

Type of mulch material used

x

The percent cover and/or thickness of mulch
material

x

Timing of application

x

Site preparation

x

Listing of netting, tackifiers, or method of
anchoring, and

Clear mulches allow profuse weed growth and
may negate the benefits of soil warming if the soil
has not been treated (e.g. fumigated). Black
mulches provide effective weed control.
Wavelength selective (IRT) plastic provides the
soil warming characteristics of clear mulch with
the weed control ability of black mulch.

x

Operation and maintenance.

Low permeability mulches (e.g. Plastic) may
increase concentrated flow and erosion on unmulched areas.

Removal or incorporation of mulch materials shall
be consistent with the intended purpose and site
conditions.

Consider potential toxic alleleopathic effects that
mulch material may have on other organisms.
Animal and plant pest species may be
incompatible with the site.

Operation of equipment near and on the site shall
not compromise the intended purpose of the
mulch.

Mulching may also provide habitat for beneficial
insect and provide pest suppression.
Clear and infra-red transmissible (IRT) plastics
have the greatest warming potential. They are
transparent to incoming radiation and trap the
longer wavelengths radiating from the soil. Black
mulches are limited to warming soils by
conduction only and are less effective.

Consider the potential for increased pathogenic
activity within the applied mulch material.
Keep mulch 3 to 6 inches away from plant stems
and crowns to prevent disease and pest
problems. Additional weed control may be
needed around the plant base area.

OPERATION AND MAINTENANCE
Mulched areas will be periodically inspected, and
mulch shall be reinstalled or repaired as needed
to accomplish the intended purpose.

Prevent or repair any fire damage to the mulch
material.
Properly collect and dispose of artificial mulch
material after intended use.
Monitor and control undesirable weeds in
mulched areas.

Deep mulch provides nesting habitat for groundburrowing rodents that can chew extensively on
tree trunks and/or tree roots. Light mulch applied
after the first cold weather may prevent rodents
from nesting.

REFERENCES

Some mulch material may adversely affect
aquatic environments through changes in water
chemistry or as waterborne debris. Consider
placing mulch in locations that minimizes these
risks.

Herms, D., Gleason, M., Iles, J., Lewis, D.,
Hoitink, H. and Hartman, J. 2001. Using Mulches
in Managed Landscapes. Iowa State Univeristy
Extension Publication SUL 12/The Ohio State
University Extension Bulletin 894/University of
Kentucky Publication PPA-45.

PLANS AND SPECIFICATIONS
Specifications shall be prepared for each site and
purpose and recorded using approved
specification sheets, job sheets, technical notes,
narrative statements in the conservation plan, or
other acceptable documentation.
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TABLE 1 – GUIDE TO MULCH MATERIAL, RATES & USES
Application Rates
Mulch Materials Quality Standards

per 1000 ft2

per Acre

Depth of
1
Application or % Anchoring Methods
Cover

Comments

Organic Mulches

Grass hay or
cereal grain straw

Air dried, free of
undesirable seeds
coarse material, and
moldy chunks. Grass
hay should be 2/3’s
grass species

Cornstalks,
shredded or
chopped

Air dried, 8-18” lengths 150-300 lbs

Green or composted.
Free of objectionable
Sawdust or ground material. Hardwood
sawdust is preferred.
corncobs
Corncobs should be
free of grain.

Compost or
manure

Well shredded, free of
excessive coarse
material

100-120 lbs
3-4 bales

200-300 cu ft

400-600 lbs

2-2.5 Tons
100-125
bales

80-90%

y Mulch anchoring tool
or disk
y Wood cellulose fiber
y Asphalt spray
y Tackifiers
y Polypropylene plastic
netting
y See footnote 2

4-6 Tons

70-90%

Not required

Effective for erosion control. Slow to
decompose. Excellent for mulch on
crop fields. Resistant to blowing.

5 Tons

1-7 inches
Special rates:
y Fruit trees 5-7”
y Vegetables &
flower 2-3”
y Black & red
raspberries 4-7”
y Strawberries 3”
y Blueberries 6”

Not required

Most effective as mulch around
ornamentals, small fruits, and other
nursery stock. Resistant to blowing.
Requires 30-35 lbs. Of N/ton to
prevent N deficiency during decay.
One cu ft weighs approximately 24
lbs.

Not required

Use manure high in straw content.
Raw manure may create problems
due to unwanted weed seed
germination. Properly composted
materials are usually free of viable
seeds and diseases. Resistant to
blowing. Do not use in a concentrated
flow area.

8-10 Tons

Good to use where mulch is needed
for up to three months. Subject to
blowing unless kept moist and
anchored. Most common mulching
material. Good for erosion control.
Excellent for grassed waterways and
concentrated flow areas to establish
seedlings.
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TABLE 1 – GUIDE TO MULCH MATERIAL, RATES & USES
Application Rates
Mulch Materials Quality Standards

per 1000 ft2

per Acre

Depth of
1
Application or % Anchoring Methods
Cover

Comments

Organic Mulches (continued)
Hydromulch Wood
fiber
cellulose(partly
digested wood
fiber)

Made from natural
wood fiber, usually with
green dye and
50-100 lbs
dispersing agent
added.

Hydromulch Wood Blend of natural wood
fibers and paper.
fiber/paper blend

50-100 lbs

Wood chips or
bark shavings

Green or air dried.
Free of objectionable
material. Chips or
shavings form
hardwood species are
preferred.

500-900 lbs

Peat moss

Dried, compressed,
free of coarse
materials.

200-400 lbs.

1-2 Tons

80-90%

Not required

Use maximum rate when applied to
critical areas. Apply with a
hydromulcher.

1-2 Tons

80-90%

Not required

Use maximum rate when applied to
critical areas. Apply with a
hydromulcher.

10-20 Tons

2-7inches
Special rates:
y Fruit trees 5-7”
y Vegetables and
flower 2-3”
y Black and red
raspberries 4-7”
y Strawberries 3”
y Blueberries 6”
2-4inches

Most effect as mulch around
ornaments, small fruits, and other
nursery stock. Resistant to blowing.
Requires 30-35 lbs. Of N/ton to
prevent N deficiency during decay.
One cu ft weighs approximately 24
lbs.

(Optional) Wood
Cellulose fiber

Effective around ornamentals. Keep
moist to prevent blowing.

Fiber Blankets, Mats and Nettings

Excelsior wood
fiber blanket

Interlocking web of
excelsior wood fibers
with netting on one or
both sides. 80% of the
fibers are 6” or longer.

Depends on
Depends on
the
the properties
properties of 100%
of the material
the material
being used.
being used.

See footnote 2

Use without additional mulch.
Effective for erosion control on steep
slopes. Excellent for grassed
waterways and concentrated flow
areas to establish seedings. Effective
around tree and shrub plantings to
suppress weed growth.
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TABLE 1 – GUIDE TO MULCH MATERIAL, RATES & USES
Application Rates
Mulch Materials Quality Standards

per 1000 ft2

per Acre

Depth of
1
Application or % Anchoring Methods
Cover

Comments

Fiber Blankets, Mats and Nettings (continued)

Chopped straw
mat

Paper mat

½” layer of chopped
straw knitted into
polypropylene netting.

Depends on
Depends on
the
the properties
properties of 100%
of the material
the material
being used.
being used.

See footnote 2

Use without additional mulch.
Effective for erosion control on steep
slopes. Excellent for grassed
waterways and concentrated flow
areas to establish seedings.

Plastic netting
interwoven with paper.

Depends on
Depends on
the
the properties
properties of 100%
of the material
the material
being used.
being used.

See footnote 2

Use without additional mulch.
Effective for erosion control on steep
slopes.

Inorganic Mulches

Plastic

2-4 mil

Depends on
Depends on
roll length and roll length
and width.
width.

Percent coverage
depends on
purpose.

Soil or stone

Use black for weed control and/or soil
warming. Clear plastic is the best
choice for soil solarization. Use white
or clear for seed establishment
without organic mulch. Remove
plastic after seeding is established.
Effective for moisture conservation
and weed control. Large areas should
have holes or slits to allow rainwater
to percolate.

Gravel, crushed
stone, or slag

Washed

9 cu yd

2-4inches

Not required

Use on short slopes and around
woody plants and ornamentals. Use
gravel where subject to foot traffic.

Footnotes:
1
This column refers to the different types of mulch anchoring methods found under General Criteria.
2
Follow Manufacturer’s recommendation or see Placement and Anchoring of netting and matting located in Anchoring methods found in General Criteria.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

OBSTRUCTION REMOVAL
(Ac.)
CODE 500

DEFINITION
Removal and disposal of unwanted, unsightly
or hazardous buildings, structures,
vegetation, landscape features, and other
materials.
PURPOSE
To safely remove and dispose of unwanted
obstructions and materials in order to apply
conservation practices or facilitate planned
use of abandoned mine lands, farms,
ranches, construction sites, and recreation
areas.

structures, trash, and similar obstructions that
would interfere with planned use and
development shall be removed. All debris such
as broken concrete and masonry, structural
steel and wood, stones, stumps, slash, and
sterile or toxic soil shall be disposed of so that
they will not impede subsequent work or cause
damage to offsite or other areas.
Disposal shall be by burning, burying, or
removing to an approved landfill in an
environmentally acceptable manner.

CONDITIONS WHERE PRACTICE
APPLIES

All required gully shaping shall be performed to
specified dimensions and grades. Fills shall be
compacted as appropriate. The cover over
buried materials shall be designed to be
adequate for the planned use, treatment, and
vegetation.

On land where existing obstructions interfere
with planned use and development.

Appropriate erosion control practices shall be
applied on disturbed areas.

CRITERIA

PLANS AND SPECIFICATIONS

Obstruction removal shall be planned,
designed, and carried out to meet all federal,
state, and local laws and regulations.

Plans and specifications shall be prepared in
accordance with the criteria of this standard and
shall describe the requirements for applying the
practice to achieve its intended use.

Rock piles, boulders, stones, fences,
hedgerows, abandoned buildings and

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

FORAGE HARVEST MANAGEMENT
(Ac.)
CODE 511

DEFINITION
The timely cutting and removal of forages from
the field as hay, green-chop or ensilage.
PURPOSE
x

Optimize yield and quality of forage at the
desired levels

x

Promote vigorous plant re-growth

x

Maintain stand life

x

Manage for the desired species
composition

x

Use forage plant biomass as a soil nutrient
uptake tool

x

Control insects, diseases and weeds

x

Maintain and/or improve wildlife habitat

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to all land uses where
machine harvested forage crops are grown.
CRITERIA
General Criteria Applicable to All Purposes
Forage will be harvested at a frequency and
height that will maintain a desired healthy plant
community. State Cooperative Extension
Service (CES) forage harvest
recommendations based on state of maturity,
moisture content, length of cut, stubble height
and harvest interval should be used to meet
the following criteria.

Delay harvest if prolonged or heavy
precipitation is forecast that would seriously
damage cut forage.
Moisture Content. Harvest silage/haylage
crops within the optimum moisture range for
the type of storage structure(s) being utilized.
State Cooperative Extension Service
recommendations for optimum moisture
content and levels as well as methods and
techniques to monitor and/or determine
moisture content and levels will be used.
Treat direct cut hay crop silage (moisture
content >70%) with chemical preservatives or
add dry feedstuffs to avoid fermentation and
seepage losses of digestible dry matter.
For optimal dry hay quality, rake hay at 30 to
40 percent moisture and ted or invert swaths
when moisture is above 40 percent.
To preserve forage quality and quantity, bale
field cured hay at 15 – 20 percent moisture
and bale force air-dried hay and 20 – 35
percent moisture.
Length of Cut. When harvested for ensilage
forage will be chopped to a size appropriate for
type of storage structure (high moisture
wrapped or tubed bales) that allows adequate
packing to produce the anaerobic conditions
necessary to ensure the proper ensiling
process.
Contaminants. Forage shall not contain
contaminants that can cause illness or death
to the animal being fed or rejection of the
offered forage.

Stage of Maturity. Harvest forage at the
stage of maturity that provides the desired
quality and quantity.
Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.
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Additional Criteria to Improve or Maintain
Stand Life, Plant Vigor and Forage Species
Mix
Stage of Maturity and Harvest Interval. Cut
forage plants at a stage of maturity or harvest
interval range that will provide adequate food
reserves and/or basal or auxiliary tillers or
buds for regrowth and/or reproduction to occur
without loss of plant vigor.
Cut reseeding annuals at a stage of maturity
and frequency that ensures the production of
viable seed or ample carryover of hard seed to
maintain desired stand density.
If plants show signs of short-term
environmental stress, management will be
applied in a manner that encourages the
continued health and vigor of the stand.
Stubble Height. Cut forage plants at a height
that will promote the vigor and health of the
desired species. Cutting heights will provide
adequate residual leaf area; adequate
numbers of terminal, basal or auxiliary tillers or
buds; insulation from extreme heat or cold;
and/or unsevered stem bases that store food
reserves needed for full, vigorous recovery.
Manipulate timing and cutting heights of
harvest to ensure germination and
establishment of reseeding or seeded annuals.
Additional Criteria for Use as a Nutrient
Uptake Tool
Employ a harvest regime that utilizes the
maximum amount of available or targeted
nutrients.
Additional Criteria to Control Disease,
Insect, Weed and Invasive Plant
Infestations
Schedule harvest periods to control disease,
insect, and weed infestations. When a
pesticide is used to control disease, insects or
weeds, adhere to the specified days to harvest
period stated on the pesticide label. Evaluate
pest management options by planning
conservation practice standard Pest
Management (595).
Lessen incidence of disease, insect damage,
and weed infestation by managing for
desirable plant vigor. Plan and schedule
removal of invasive plants.

NRCS, NHCP
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Additional Criteria to Improve Wildlife
Habitat Values
If client objectives include providing suitable
habitat for desired wildlife specie(s) then
appropriate harvest schedule(s), cover
patterns, and plant height to provide suitable
habitat for the desired specie(s) should be
maintained.
CONSIDERATIONS
Where applicable coordinate this practice with
the current NRCS practice standard for
Prescribed Grazing (528).
When nutrients or other soil amendments are
applied coordinate this practice with the
current NRCS conservation practice standard
for Nutrient Management (590) or Waste
Utilization (633) as appropriate. An excess or
improper balance of nutrients such as nitrogen
can produce plant material that causes toxicity
in some animals.
To control forage plant diseases, insects, and
movement of weeds, clean harvesting
equipment after harvest and before storing.
Cut forages after dew, rain, or irrigation water
on leaves has evaporated.
Care should be taken to produce stored
forages of the quality needed for optimum
performance of the animal being fed. For
instance, immature legume forages can be too
low in fiber and lead to metabolic disorders in
ruminants and an economic loss to the
producer due to lowered animal performance.
Direct cut grass and legume silage can create
silage leachate (seepage). Consider the
collection, storage, and disposal of this
leachate as part of an agricultural waste
management system.
In conjunction with harvest options, explore
storage and feeding options that will retain
acceptable forage quality and minimize
digestible dry matter loss. Also consider
storage location for large square or round
bales/balage with regards to inside vs. outside,
along hedgerows, winter/mud considerations
etc.
Where weather conditions make it difficult to
harvest the desired quality of forage, use
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mechanical or chemical conditioners and/or
ensile.
In regions where rainfall and/or humidity levels
cause unacceptable forage quality losses
consider green chopping or ensiling the forage
to reduce or eliminate field drying time. Other
options are: the use of desiccants,
preservatives, conditioners, macerating
implements, or barn curing techniques to
reduce field-drying time. These techniques can
improve the timeliness of harvest and preserve
forage quality.

not use re-cutters or screens unless forage
moisture levels fall below recommended levels
for optimum chopping action.
Regardless of silage/haylage storage method,
ensure good compaction and an airtight seal to
exclude oxygen and mold formation.
REFERENCES:
Ball, D. M., C. S. Hoveland, & G. D. Lacefield.
Southern Forages. 1991. Potash &
Phosphate Institute, Norcross, GA.

To reduce safety hazards, avoid operating
harvesting and hauling equipment on field
slopes over 25 percent, particularly on cross
slope traffic patterns.

Barnes, R. F., D. A. Miller, & C. J. Nelson.
Forages, The Science of Grassland
Agriculture, Fifth Edition. 1995. Iowa State
University Press, Ames, IA.

PLANS AND SPECIFICATIONS

Hanson, A. A., D. K. Barnes, & R. R. Hill, Jr.
Alfalfa and Alfalfa Improvement. 1988.
American Society of Agronomy, Madison, WI.

Place the detailed specifications in a sitespecific job or design sheet or in the practice
narrative in the conservation plan.
These plans and specifications shall be
consistent with this standard and shall
describe the requirement for applying the
practice to achieve its intended purpose.
OPERATION AND MAINTENANCE
Before forage harvest, clear fields of debris
that could damage machinery or if ingested by
livestock, lead to sickness (for example,
hardware disease) or death.

Ishler, V. A. Et al. Harvesting and Utilizing
Silage. 1991. Penn State University Circular
396. University Park, PA.
Matches, A. G. Anti-Quality Components of
Forages. 1973. Crop Science Society of
America Special Pub. No. 4, Madison, WI
Pitt, R. E. Silage and Hay Preservation. 1990.
Northeast Regional Agricultural Engineering
Service. Ithaca, NY.
Serotkin, N., Ed. The Penn State Agronomy
Guide, 1995-1996. Pennsylvania State
University. 1994. University Park, PA.

Operate all forage harvesting equipment at the
optimum settings and speeds to minimize loss
of leaves.

Smith, D. Forage Management in the North,
Third Edition. 1975. Kendall/Hunt Publishing
Company, Dubuque, IA.

Set shear-plate on forage chopper to the
proper theoretical cut for the crop being
harvested. Keep knives well sharpened. Do

Taylor, N. L. Clover Science and Technology.
1985. American Society of Agronomy,
Madison, WI.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

PASTURE AND HAY PLANTING
(Ac.)
CODE 512

DEFINITION

x

Establishing introduced or native forage
species.

Resistance to disease and insects
common to the site or location.

x

Plant compatibility with other forage
species in their rate of establishment,
maturity, and growth habit when seeded
together as a forage mixture.

PURPOSE
x

Establish adapted and compatible species,
varieties, or cultivars.

x

Improve or maintain livestock nutrition
and/or health.

x

Extend the length of the grazing season.

x

Provide emergency forage production.

x

Reduce runoff, soil erosion and improve
water quality.

CONDITIONS WHERE PRACTICE APPLIES
This practice may be applied on cropland,
hayland, pastureland, and other agricultural
lands where forage production is needed and
feasible.
CRITERIA
General Criteria Applicable to All Purposes
Plant species and their cultivars shall be
selected based upon:
x

x

Climatic conditions, such as annual
rainfall, seasonal rainfall patterns, growing
season length, humidity levels,
temperature extremes and the USDA Plant
Hardiness Zones.

Specified seeding/plant material rates,
methods of planting and date of planting shall
be consistent with documented guidance cited
by research institutions and/or agency
demonstration trials for achieving satisfactory
establishment.
Planting by conventional or no-till methods are
acceptable. Planting methods shall provide a
firm weed-free seedbed that ensures good
seed to soil contact.
All seed and planting materials shall meet
Kentucky quality standards.
Fertilizer and soil amendments shall be based
on University of Kentucky lime and fertilizer
recommendations. Application shall be
appropriately placed and timed to be effective.
Livestock shall be excluded until the plants are
well established.

Additional Criteria for Improving or
Maintaining Livestock Nutrition and/or
Health
Forage species must be capable of meeting
minimum daily requirements for the kind and
class of the animal being fed or sheltered.

Soil condition and position attributes such
as pH, available water holding capacity,
aspect, slope, drainage class, fertility level,
salinity, depth, flooding and ponding.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resource Conservation Service.

NRCS, KY
JUNE 2004
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Additional Criteria for Balancing the Forage
Supply and Demand during Low Forage
Production Periods
Select plants that will produce forage for use
during periods when other on-farm forage
does not meet livestock needs. Forage
species selected shall help balance the daily
nutritional needs of the animals for the desired
period of time.
Additional Criteria to provide emergency
forage production.
Plants should have the ability to provide
grazeable growth during a period when current
on-farm forages are unavailable to meet
livestock needs.
Additional Criteria for Reducing Erosion
and Improving Water Quality.
Plants shall provide adequate ground cover,
canopy cover, root mass and vegetative
retardance to protect soil against erosion.
CONSIDERATIONS
In areas frequented by high density of animals,
establish persistent species that can tolerate
close grazing and trampling.
Where wildlife management is an objective
use plant species beneficial to the desired
wildlife species. Consider converting between
20 and 30% of the pasture and hayland to
native warm season grass. Use an approved
habitat evaluation procedure to aid in selecting
plant species and providing for other habitat
requirements.
PLANS AND SPECIFICATIONS
Specifications for the establishment of pasture
and hay planting shall be prepared for each
site or management unit according to the
Criteria and Considerations described in this
standard, and shall be recorded on
specification sheets, job sheets, in narrative
statements in the conservation plan, or other
acceptable documentation.

GENERAL SPECIFICATIONS
Procedures, technical details and other
information listed in this section provides

NRCS, KY
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guidance for carrying out the Pasture and Hay
planting.
Soil Fertility Requirement
Cool season grasses and legumes apply lime
and fertilizer according to University of
Kentucky lime and fertilizer recommendations.
The per acre soil test requirements for N, P &
K may be waived when the soil test calls for a
total per acre requirement of less than 25 lbs
and/or the total amount of fertilizer to be
applied is less than 50 pounds. Lime
requirements may be waived when the soil test
calls for per acre requirements of less than 2
tons and/or the total amount of lime to be
applied is less than 4 tons.
Warm Season Grasses and legumes; the
application of lime and fertilizer is not required
on warm season grasses during the establishment phase. Based on field experience in
Kentucky, the application of fertilizer at or prior
to seeding tends to stimulate weed
competition. For forage production purposes,
after establishment, apply lime and fertilizer
according to University of Kentucky lime and
fertilizer recommendations.
Seed Bed Preparation
Conventional Tillage: Where erosion is not a
concern conventional tillage may be performed
to prepare a firm seedbed. The seedbed will
be made firm by rolling or cultipacking prior to
seeding. The seedbed is firm if you can walk
on it without sinking more than ½ inch.
On soils with an EI greater than 8, particular
attention to seed bed preparation and/or use of
companion crops for protection during the
relatively short erosive short establishment
period is encouraged.
Mulch Tillage & No-till: Where erosion is of
primary concern no-till establishment
procedure should be used. When using any
reduced tillage system a burndown herbicide
application is required to reduce weed
competition.
A winter annual small grain should be used as
a companion or nurse crop where erosion is a
major concern and the seeding will be
performed later than the optimum planting
dates.
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Approved Forage Species

Cool-Season Grasses and Legumes:

Forage species shall be used that best
address the resource concerns and meet
clients plan objectives selected from Table 1–
KY Forage Use and suitability guide. A
specie or use will not be recommended for use
with a rating of P= Poor.

Western & Southern KY – MLRA 120, 122,
131, & 134
Optimum: 02/15 – 03/15 & 08/20 – 09/20
Acceptable: 02/01 -- 04/15 & 08/10 -- 10/01
Dormant: 01/01 – 03/01 ( Legumes only )

Species Selection and Site Suitability
Select combinations of plant species that are
adapted to site conditions. Adaptation is
based on KY FOTG Section II – K-1 Soils
Information Pasture and Hayland Suitability
groups. For guidance in determining species
suitability refer to TABLE 1 – KY Use and
suitability guide.

Cool-Season Grasses and Legumes:
Northern & Eastern KY – MLRA 121, 124, 125,
& 126
Optimum: 02/15 -- 03/15 & 08/20 – 09/20
Acceptable: 02/01 – 05/01 & 08/01 -- 10/01
Dormant: 12/15 -- 03/15 ( Legumes only )

Droughty and Severely Eroded Soils:
Pasture and Hayland Suitability Groups 6, 8, 9,
10, 13 & 14
Moderately Well to Well Drained Soils:
Pasture and Hayland Suitability Groups 1, 5, 7
& 11
Somewhat Poorly to Poorly Drained Soils:

Warm Season grasses:
Western & Southern KY – MLRA 120,
122,131, & 134
Optimum: 04/15 -- 05/15
Acceptable: 04/01 -- 06/30
Dormant: 12/15 -- 02/15 (Eastern Gama only)

Pasture and Hayland Suitability Groups 2, 3, 4,
& 12
Seeding Rates
Seeding rates are based on the optimum
amount of seed necessary to provide
vegetative cover in a reasonable amount of
time. The seeding rates for pure and mixed
stands may be developed from Table 2 KY
Seeding rates for Pasture and Hayland
planting.

Warm Season grasses:
Northern & Eastern KY – MLRA 121, 124, 125,
& 126
Optimum: 04/15 -- 0 6/1
Acceptable: 04/15 -- 06/30
Dormant: 11/15 -- 03/01 (Eastern Gama only)

Weed Control during establishment
Seeding Dates
Seeding dates vary slightly in Kentucky from
North to South due to latitude and West to
East based on elevation and weather patterns.
The following dates are based on weather
records averaging 50 percent probability that
temperatures will fall to 32 degrees in spring
and fall.

Weed control during the establishment year
shall be performed to ensure survival of the
new seeding. Weed control will be addressed
according to Pest Management (595) standard
and specifications.
To manage severe weed competition, warm
season grass species may be mowed no
closer than 8 inches and cool season
grasses/legumes species not closer than 4
inches. Mowing will both reduce weed canopy
and stimulate grasses to tiller resulting in
improved forage stand.

NRCS, KY
JUNE 2004
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Approved herbicides may be used on both
cool and warm season grass planting to
control weed species. Read and follow label
carefully to assure that all grass and legumes
species are resistant to selected herbicide.

OPERATION AND MAINTENANCE
The operator will inspect and calibrate
equipment prior to use to insure proper rate,
distribution and depth of planting material.
Invasion by undesirable plants shall be
controlled by mowing and/or using a selective
herbicide according to Label.
Insects and diseases shall be controlled when
an infestation threatens stand survival.
Evaluate forage stands each season or as
needed to determine management inputs
needed to achieve the desired purpose(s).
Prescribed Grazing (528A), Forage Harvest
Management(511), Nutrient Management
590), and Pest Management (590) as
appropriate will be planned to protect and
achieve the intended life span of the seeding
practice.
REFERENCES
Ball, D.M., C.S. Hoveland, and G.D. Lacefield,
Southern Forages, Third Edition. Potash and
Phosphate Institute, Norcross, GA.
University of Kentucky Department of
Agronomy publications: AGR-1 Lime &
Fertilizer recommendations for Field Crops.
University of Kentucky Department of
Agronomy Publcation AGR-18 Grain and
Forage Crop Guide for Kentucky.
University of Kentucky Department of
Agronomy Publication AGR-145 Warm Season
Perennial Grasses for Forage in Kentucky.
University of Kentucky Department of
Agronomy publication 172 Weed Management
in Grass Pastures, Hayfields, and Fencerows.

NRCS, KY
JUNE 2004
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TABLE 1. KY Forage Use and Suitability Guide ( E= Excellent, G= Good, F=fair, P=poor).
Forage Species

Plant Type

Use Suitability
Continuous
Grazing

Prescribed
Grazing

Site Suitability
Hayland

Droughty

Mod to

Somewhat to

and/or

Well

Poorly

Grasses – Cool Season Introduced Species
Perennial
F
G
P
P
G
P
KY Bluegrass 1/
Orchardgrass
Perennial
F
E
E
F
E
F
Redtop
Short lived Perennial
P
F
F
F
G
P
Tall Fescue
Perennial
G-E
E
G
G
E
G
Timothy
Perennial
P
G
E
P
G
P
Legmues
Alfalfa
Perennial
P
G
E
F
E
P
Alsike Clover
Short lived Perennial
P
F
F
P
F
G
Annual Lespedeza 2/
Perennial
F
G
F
F
G
F
Ladino Clover
Perennial
F
G
E
F
G
F
Red Clover
Short lived Perennial
F
G
E
F
G
F
White Clover (common) Perennial
F
G
F
F
G
F
Warm Season Grasses
Bermudagrass
Perennial
G
E
G
F
G
F
Big Bluestem
Perennial
P
G
F
G
G
P
Eastern Gama Grass
Perennial
P
G
F
G
G
E
Indiangrass
Perennial
P
G
F
G
G
P
Switchgrass
Perennial
P
G
F
G
G
F
Annual Forages & Companion Species
Annual Ryegrass
Winter Annual
F
G
G
G
G
F
Millet (Pearl)
Summer Annual
F
F
G
F
G
F
Sorghum/Sudangrass
Summer Annual
F
F
G
F
G
F
Small grains 4/
Winter Annual
F
F
G
G
G
F
1/ Applicable to MLRA 121 & 124 2/ Kobe and/or Korean 3/ Applicable to MLRA 120, 122, 131 & 134 4/ Barley, rye or

NRCS, KY
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Table2. KY Seeding Rates for Pasture and Hayland Planting. Mixtures of introduced
grasses must include a minimum of ten (10) pounds grass per acre. Mixtures of native
grasses must include a minimum of eight (8) pounds PLS.
Forage Species

Single Species
Seeding Rate
Minimum lbs/ac

Multiple Species
Seeding Rate
Minimum lbs/ac

Optimum Seeding
Dates

Spring

Fall

GRASSES – Cool Season Introduces Species
Ky Bluegrass

15

10

2/15-3/15

8/20 - 9/20

Orchardgrass

15

10

2/15–3/15

8/20 - 9/20

Redtop
Tall Fescue
Timothy

8

4

2/15–3/15

8/20 –9/20

25

15

2/15–3/15

8/20 - 9/20

10

5

2/15–3/15

8/20 -9/20

Legumes
Alfalfa

20

15

2/15–3/15

8/20– 9/20

Alsike Clover
Annual Lespedeza
Ladino Clover
Red Clover
White Clover

4

2

2/15–3/15

8/20- 9/20

10

5

2/15–3/15

3

1

2/15–3/15

8/20- 9/20

10

5

2/15–3/15

8/20- 9/20

3

1

2/15–3/15

8/20 - 9/20

Warm Season Grasses
Bermudagrass

40 bu/ac

n/a

4/14–5/15

Big Bluestem
Eastern Gama Grass
Indiangrass
Switchgrass

8

2

4/15–6/01

8

3

4/15–6/01

8

2

4/15–6/01

8

1

4/15–6/01

Annual Forages
Annual Ryegrass

30

15

2/15–3/15

Millet, (Pearl)
Sorghum-Sudangrass

30

n/a

4/15–5/15

30

n/a

4/15–5/15

Small Grains

90

30

9/20-10/10

Bold dates indicates primary Optimum seeding dates

8/20 - 9/20

See 512 page 3 for acceptable and dormant seeding dates. * When

wildlife is a primary concern and erosion is moderate/slight risk all seeding rates for grasses may be reduced by 50%.

NRCS, KY
JUNE 2004
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NATURAL RESOURCES CONSERVATION SERVICE
CONSTRUCTION SPECIFICATION

PIPELINE
SCOPE
This item shall consist of the installation of the
pipeline. Construction shall be carried out in such
a manner that erosion, water, air, and noise
pollution will be minimized and held within legal
limits as established by state regulations. The
construction operations shall be performed in a
workmanlike manner and the job site shall have a
neat appearance when finished.
LOCATION
The tank or trough shall be installed at the
location shown on the drawings, or at the location
designated by the NRCS technicians.

2. Pressure test at the working pressure for 2
hours. The allowable leakage shall not be
greater than one gallon per diameter inch per
mile. If leakage exceeds this rate, the defect
must be repaired, until retest show that the
leakage is within the allowable limits, but all
visible leaks must be repaired.
BACKFILLING
All backfilling shall be completed before the line is
placed in service. For plastic or copper pipe, the
initial backfill shall be of selected material that is
free of rocks or other sharp-edged material that
can damage the pipe. Deformation or
displacement of the pipe must not occur during
backfilling.

PLACEMENT
Pipelines shall be placed so that they are
protected against hazards imposed by traffic, farm
operations, freezing temperatures, or soil
cracking. Other means of protection must be
provided if the depth required for protection is
impracticable because of shallow soils over rock
or for other reasons. Abrupt changes in grade
must be avoided to prevent rupture of the pipe.
The minimum depth for freeze protection shall be
18 inches.
Trenches for plastic pipelines shall be free of
rocks and other sharp-edged materials, and the
pipe shall be carefully placed to prevent damage.
Plastic pipelines may be placed by plow-in
equipment if soils are suitable and rocks and
boulders will not damage the pipe.

Plastic pipelines installed by the plow-in method
require surface compaction and shaping in
addition to the normal plow-in operations.
Provisions shall be made for stabilizing disturbed
areas and controlling erosion.
INSTALLATION
The foundation area shall be cleared of all
material not suitable for subgrade and be leveled
to allow the trough or tank to be placed on firm
ground. The area surrounding the trough or tank
shall be smoothed and graded to permit free
drainage of surface water away from it, yet allow
access by the animals for which it is being
installed. All backfill for underground pipes shall
be compacted to the degree required to prevent
caving after construction is completed.
HEAVY USE AREA

TESTING
Pipelines shall be pressure tested by one of the
following methods:

The trough or tank shall be located so that a dry
surface is maintained around the base, extending
10 feet from all sides of the trough or tank. The
minimum gravel mat thickness shall be 6 inches.

1. Before backfilling, fill the pipe with water and
test at the design working head or at a head
of 10 feet whichever is greater. All leaks must
be repaired, and the test must be repeated
before backfilling.

NRCS, KY, April 2003
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

PRESCRIBED GRAZING
(Ac.)
CODE 528
CRITERIA
DEFINITION
The controlled harvest of vegetation with
grazing or browsing animals.
PURPOSE
This practice may be applied as part of a
conservation management system to
accomplish one or more of the following
purposes. If multiple purposes are desired,
apply the strictest criteria outlined for the
desired purposes.
• Maintain

a stable and desired plant
community, or improve or maintain
the health and vigor of selected
plant(s).

• Improve

or maintain quantity and
quality of forage for livestock health
and productivity.

• Maintain

or improve water quality
and/or quantity.

• Reduce

accelerated soil erosion and
maintain or improve soil condition
for resource sustainability.

• Improve

or maintain the quantity and
quality of food and/or
cover/structure needed by wildlife.

CONDITIONS WHERE PRACTICE
APPLIES
This practice may be applied on all lands
where grazing and/or browsing animals are
managed.

General Criteria Applicable for All the
Purposes Stated Above.
Removal of plant material will be in
accordance with production potential, rate of
plant growth, management goals, and the
physiological needs of forage plants. Refer
to tables 1, 2, and 3 of this standard, and
chapter 5 section 2 of the National Range
and Pasture Handbook for guidance and
determinations.
Manage kind of animal, animal number,
grazing distribution, length of grazing
periods, and timing of use to provide
sufficient deferment from grazing to maintain
a desirable, productive plant community.
Refer to Kentucky NRCS “graze.xls”
spreadsheet for detailed guidance.
Protect soil, water, air, plant, and animal
resources when locating livestock feeding,
handling, and watering facilities.
Manage grazing animals to maintain
adequate vegetative cover on
environmentally sensitive areas such as
riparian areas, wetlands, habitats of
concern, and karst areas. Move livestock
before the most sensitive resource is
impacted.
Prescribed grazing schedules will be
developed to serve as initial guides.
Grazing cycles should be adjusted so as to
ensure that enough pastures are available in
grazing system to allow for adequate forage
regrowth periods. The regrowth period is
usually 15-21 days in early summer and 3042 days in the late summer and fall.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
Kentucky State Office or visit the electronic Field Office Technical Guide.

NRCS, KY
February 2007
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TABLE 1: DRY MATTER (Pounds per acre inch) Based on Levels of Management
1/

Avg Mgt Level
(Lbs)

Key Species

2/

Low to High Mgt Level (Range)
(Lbs)

Alfalfa/Alfalfa & Grass
Bermudagrass

200
250

75-300
100-300

Kentucky Bluegrass
Native Warm Season Grasses

160
100

100-275
50-250

Orchardgrass
Orchardgrass/certified Red Clover

180
225

75-300
100-400

Orchardgrass/legumes
Red Clover

200
220

100-325
100-300

Tall Fescue
Tall Fescue/certified Red Clover

210
210

100-350
100-375

Tall Fescue/legumes
Tall Fescue + 90 N (split)

200
210

80-325
100-350

T Fescue/Orchardgrass/Bluegrass/legume
Small Grain

200
150

100-400
75-250

Ryegrass

250

75-400

1/
The values should only be used as guides. They represent estimated average values taken from many sources across the region from
thick, well fertilized, actively growing plant stands that typically result from an average level of management.
2/

These values should only be used as guides. They represent an estimated average range of values taken from many sources across the
region. The range (spectrum) begins with plant stands resulting from low management levels which are typically characterized by thin, not
fertilized, often overgrazed stands to the highly intensive management level which represents thick stands with rapid growth and high yield.

TABLE 2: Harvest Efficiency of Pastures with Different Grazing Strategies
Method

1/

% Utilization

Strip grazing

75-80

Rotation two times/day
Daily rotation

75-80
65-75

Rotation every two days

60-70

Rotation every three days
3 to 7 day rotation
3 to 5 week rotation

50-55
30-50

Continuous grazing

20-40

55-60

1/
These values should be used only as a guide. Considerable variation can exist within and among categories. The terms "harvest
efficiency" and "utilization rate" are often used interchangeably.

NRCS, KY
February 2007
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TABLE 3: Forage Crops and Prescribed Grazing Heights
Height to Begin Grazing (inches) Height to End Grazing (inches)
Forage Crop
COOL SEASON GRASSES
Annual Ryegrass
6 to 12
2 to 3
Bluegrass
4 to 6
1.5 to 2
Oats
8 to 12
3 to 4
Orchardgrass
8 to 10
3 to 4
Timothy
6 to 8
3 to 4
Reed Canarygrass
8 to 10
3 to 4
Tall Fescue
4 to 10
2 to 3
WARM SEASON GRASSES
Bermudagrass
4 to 8
1 to 2
Big Bluestem
15 to 20
10 to 12
Caucasian Bluestem
10 to 20
4 to 6
Indiangrass
12 to 16
6 to 10
Johnsongrass
16 to 20
8 to 12
Pearl Millet
12 to 24
8 to 10
Sudangrass
20 to 24
8 to 12
Eastern gamagrass
18 to 22
10 to12
Switchgrass
18 to 22
8 to 12
LEGUMES
Alfalfa
10 to 16
3 to 4
Alsike Clover
8 to 10
3 to 4
Birdsfoot Trefoil
6 to 8
3 to 4
Crimson Clover
8 to 10
3 to 4
Hairy Vetch
6 to 8
3 to 4
Ladino Clover
6 to 8
3 to 4
Kobe Lespedeza
6 to 8
3 to 4
Korean Lespedeza
6 to 8
3 to 4
Sericea Lespedeza
8 to 15
3 to 4
Red Clover
8 to 10
3 to 4
Sweet Clover
6 to 8
3 to 4
Common White clover
4 to 6
1 to 2
Note: Grass/Legume mixes will be grazed according to the height prescribed for the dominant
species. At outset of the grazing season, begin grazing perennial grasses at slightly shorter
heights than the lowest one listed under Height to Begin Grazing column to stage pasture growth.
Upper values of Height to Begin Grazing are the maximum for good forage quality. If height is
exceeded, a haycrop cutting is a better option. In any case, if grass is in the boot stage or
legume is in full bloom regardless of height, a haycrop cutting is a better option unless acreage in
that stage of maturity is too small to be worth the effort.
Note: Information for tables 1, 2, and 3 was compiled from Kentucky GLA software, Southern
Forages Handbook, and University of Kentucky College of Agriculture sources and publications.

NRCS, KY
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Additional Criteria to maintain a stable
and desired plant community, or improve
or maintain the health and vigor of
selected plants.
Grazing periods and stocking rates will be
adjusted to meet the desired objectives for
the plant community and associated
resources. Livestock will be rotated among
pastures based on rate of plant growth,
available forage, and minimum proper
grazing height for the forage species, and
not on a fixed time schedule or by calendar
dates.
Fragile or sensitive plant communities or
soils will receive particular attention in order
to avoid overgrazing, soil compaction, or
animal traffic induced erosion (for example,
a new or renovated pasture planting on a
steep slope will require shorter grazing
periods and longer recovery periods).
Non-scheduled rest from grazing may be
needed to restore the desired plant
community following episodic events such
as severe drought.
Additional Criteria to improve or maintain
quantity and quality of forage for
livestock health and productivity.
Grazing management should be applied in
accordance with forage quality criteria that
best meets the production requirement of
the kind and/or class of animal. Refer to
USDA Natural Resources Conservation
Service computer program “NUTBAL” and
the GANLAB for more detailed information.
Refer to U.K. Extension Publication ASC162 “Managing Body Condition to Improve
Reproductive Efficiency in Beef Cows” for
evaluation.
Plan grazing to match forage quantity with
goals of the livestock producer. Use
Kentucky Graze (graze.xls spreadsheet) to
achieve forage production and livestock
demand balance.

Additional Criteria to maintain or improve
water quality and/or quantity.
Maintain adequate ground cover and plant
density to maintain or improve filtering

NRCS, KY
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capacity of the vegetation and hydrologic
functioning of the pasture.
Minimize concentrated livestock areas to
enhance nutrient distribution and improve or
maintain ground cover. Locate loafing
areas, feeding locations, and sacrifice areas
away from watercourses, and maintain
adequate, vegetated buffers between these
concentration locations and water courses.
(See NRCS practice standard #393-Filter
Strip)
Manage livestock for uniform deposition of
urine and fecal material in areas away from
sensitive water areas. Place other facilities
away from sensitive areas.
Minimize shade around limited access
points. Do not graze riparian areas when
soils are saturated. Graze only in times
when vegetation will recover. Using riparian
vegetation for creep grazing of lighter weight
calves causes the least impact on
vegetation.
Exclude livestock or practice short duration
grazing of paddocks adjacent to or
straddling streams. Rotate livestock before
significant paths develop. Move livestock off
of introduced forages when a residual
stubble height is three to four inches.
Ensure optimum water infiltration and
minimize runoff by minimizing soil
compaction and reduce evaporation by
maintaining plant cover.
Additional Criteria to reduce accelerated
soil erosion and maintain or improve soil
condition for resource sustainability.
Maintain adequate ground cover, litter, and
canopy to maintain or improve infiltration
and soil condition.
Minimize concentrated livestock areas,
trailing, and trampling to reduce soil
compaction, excess runoff, and erosion.
If crop residue is to be grazed, highest
quality and lowest toxicity (e.g., aflatoxin)
will be encountered right after harvest of
grain. Leave adequate residue on the
surface for soil protection. Typically, 50
percent or more of the soil surface should be
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covered with residue after grazing.

CONSIDERATIONS

Locate fences to discourage erosion on
slopes. Manage cattle to prevent paths
through rotational grazing, vegetation
management, and proper location of fences,
gates, and facilities (hay feeding, mineral,
water points, etc.).

When needed, rest areas for a period of
time to ensure the success of seeding,
brush management, prescribed fire, or other
conservation practices.

When needed, install dips or diversions to
decrease concentrated flow on erosionprone areas. Protect streambanks from
erosion.
Additional Criteria to improve or maintain
the quantity and quality of food and/or
structure needed by wildlife.
Manage for diverse plant communities
and/or a diversity of pasture “functional
groups.” A diverse forage management
operation with cool season grasses, native
warm season grasses, legumes and forbs
will help in providing needed habitat types
throughout the year. Manage grazing
heights, structure, and plant density for the
desired wildlife habitat type.
Deferment of grazing in bunch-type and tall
grasses (big bluestem, johnsongrass, etc)
during the critical nesting period (generally
falls between May 15 and August 1) can
provide excellent nesting habitat for turkey,
quail, and other ground nesting birds, as
well as cover for eastern cottontail rabbits.
Maintaining a winter stubble height of 3-5
inches on cool season pastures can be
valuable for ground dwelling songbirds and
small mammals.

Resting overgrazed forages and using them
for hay will expedite their recovery.
Typically, a 30 day rest is needed to
produce enough forage to justify the cost of
harvesting hay. Where practical, start the
grazing sequence in a different management
unit each growing season.
When weeds are a significant problem,
prescribed grazing should be implemented
in conjunction with pest management to
protect desired plant communities. Control
weeds before harvesting fields for hay or
feed hay in the same fields the hay was
harvested from.
Design and install livestock feeding,
handling, and watering facilities in a manner
that improves and/or maintains even grazing
distribution. Design and install these
facilities to minimize stress, the spread of
disease, parasites, and toxic plants.
Balance supplemental feed and/or mineral
requirements with the grazed forage
consumption to meet the desired nutritional
level for the kind and class of grazing
livestock.
Single trees for shade can be lightning
attractants that can be hazardous to
livestock.

Maintaining or establishing critical cover and
wildlife food source vegetation in pastures
will require a deferment period or temporary
fencing to exclude grazing from these
locations. Distances between wildlife
escape cover <600 feet encourage wildlife
use of the pastures.

Use of natural or artificial shelter will be
included as part of this practice when
conditions demand.

Guidance on the habitat requirement of
wildlife may be referenced in NRCS
Technical Standard No. 645 “Wildlife Upland
Habitat Management.” Additional guidance
can be obtained from the local Agricultural
Extension Agent, and the Kentucky
Department of Fish and Wildlife Resources.

Prescribed grazing schedules should be
designed to account for variations in the
growth and amount of forage available due
to variations in temperatures, precipitation,
land resources, and stocking rate.

Animal husbandry requirements which may
affect the design of the grazing prescription
will be considered.

PLANS AND SPECIFICATIONS
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Prepare a prescribed grazing plan for all
management units where grazing will occur.
This practice can be applied on the whole
operating unit or a portion of it. The plan will
incorporate any additional feed
supplementation for the operating unit or
portion of the operating unit being
addressed. Grazing schedules will be
recorded in a manner that is readily
understood and useable by the decision
maker in their daily operations.
Guidelines for developing a prescribed
grazing plan include:
1. Resource Inventory. Condition of
pastures, existing structures,
facilities, and soil mapping
unit/forage suitability group.
2. Forage Inventory. The expected
forage species/plant community,
and the quantity of forage expected
in each pasture during the grazing
period (Kentucky graze excel
spreadsheet).
3. Forage-Animal Balance. This
ensures that the available forage
meets the forage demand for
livestock and/or wildlife of concern.
Balance the monthly livestock
demand with the cumulative quantity
of forage produced or acquired
(Kentucky graze excel
spreadsheet).
4. Grazing Plan. Identifies the number
of days grazing and rest for all of the
pastures or paddocks (Kentucky
graze excel spreadsheet).
5. Contingency Narrative Detail
potential problems (severe drought,
flooding, wet and warm winters, etc)
that serves as a guide for adjusting
the grazing prescription to avoid
resource degradation and economic
collapse. See Operation and
Maintenance section of this
standard for additional information
addressing contingencies.
6. Record Keeping / Monitoring
Narrative. Statements of how to
record prescribed grazing data, and
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assessments as to whether the
grazing strategy is meeting the
producer’s goals. Identify the key
areas that the manager should
evaluate in making grazing
management decisions. An
example of key areas would be
riparian areas, or livestock
concentration areas that the
manager should evaluate in making
management decisions.
7. Wildlife Habitat Narrative. Outlines
the considerations made for wildlife
species of concern.
The prescribed grazing plan shall conform to
all applicable federal, state, and local laws.
Seek measures to avoid adverse effects to
endangered, threatened, candidate species,
and their habitats.
OPERATION AND MAINTENANCE
Operation: Adequate stubble heights for
maintaining a productive and desirable
forage plant community will be utilized on
the majority of all pastureland throughout the
occupation period of grazing units.
A producer may need to graze one pasture
close (sacrifice one paddock) to protect
other pastures from being overgrazed, to aid
in maintenance of legumes, to control
weeds, or provide high quality forage at a
later date. However, at any one time, no
more than 20 percent of the total grazing
acreage should be grazed lower than the
heights listed to end grazing (table 3).
Management adjustments will be made as
needed to ensure that the goals and
objectives of the prescribed grazing strategy
are met.
Options to protect forage heights include,
but are not limited to:
A) Move or rotate livestock to another
pasture or paddock.
B) Feeding hay or other supplemental feed.
C) Reducing the number of animals.
D) Leasing additional pasture
E) Fertilizing when moisture is available or
seeding annuals, etc.
F) Strategic confinement
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Maintenance: All facilitating practices (fence,
water facilities, pest management, etc)
needed to affect adequate grazing
distribution as planned by this practice
standard will be maintained in good working
order.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

PUMPING PLANT FOR WATER CONTROL
(No.)
Code 533
DEFINITION
A pumping facility installed to transfer water for a
conservation need, including removing excess
surface or groundwater; filling ponds, ditches, or
wetlands; or pumping from wells, ponds, streams,
and other sources.
PURPOSE
To provide a dependable water source or disposal
facility for water management on wetlands or to
provide a water supply for such purposes as
irrigation, recreation, livestock, or wildlife.
CONDITIONS WHERE PRACTICE APPLIES
Wherever water must be pumped to accomplish a
conservation objective, which may include but is not
limited to one of the following:



To provide a water supply for such
purposes as irrigation, recreation, livestock, or
wildlife.
To maintain critical water levels in swamps,
marshes, open water, or for newly constructed
wetlands and ponds.



To transfer wastewater for utilization as part
of a waste management system



To provide drainage by the removal of
surface runoff water or groundwater.

CRITERIA
Design, installation, and operation of a pumping
plant shall comply with all federal, state, and local
laws, rules and regulations.
The efficiency of units, type of power, quality of
building, automation, and accessories installed

shall be in keeping with the value and
importance of the system and shall accomplish
the conservation and environmental objectives.
Pump requirements. Capabilities, range of
operating lifts, and general class and efficiency
of equipment shall be determined from
appropriate technical means. Size and number
of pumps and their performance requirements
shall be determined on the basis of system
conservation requirements in order to meet the
intended purpose. Total head shall be
determined for critical operating conditions,
taking into account all hydraulic losses.
Automatic controls shall be included in the plans
as required.
Pumps utilized for the transfer of wastewater or
manure shall be sized to transfer material at the
required system head and flow rate determined
by the waste management plan. The pump type
shall be based on the consistency of material
being pumped and manufacturer's
recommendations.
Power units. Power units shall be selected on
the basis of availability of fuel or power costs,
operating conditions, conservation needs, and
objectives, including need for automation. The
power unit shall be matched to the pump and be
capable of operating the pump effectively within
the range of operating conditions. The
horsepower requirements, pump efficiency, and
total head on the pump shall be computed.
Suction and discharge pipes. The size of
suction and discharge pipes shall be based on a
hydraulic analysis, operating cost, and
compatibility with other system components. The
arrangement and length of discharge pipe shall
be based on the need for recovery of head
through siphoning action, and for delivery of

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current
version of this standard, contact the Natural Resources Conservation Service.
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water in keeping with conservation and
environmental objectives. Gates, valves, pipe
connections, discharge bays, and other protective
works shall be installed, as needed, for satisfactory
plant operation.
Federal, State, and local laws and regulations
concerning backflow prevention shall be followed
when pumping from wells or when chernigating.
Building and accessories. The design of the plant
and associated housing, if required, shall consider
accessibility for equipment maintenance and
repairs, and the need for protecting equipment from
the elements, vandalism, and fire. The appearance
of the plant shall be compatible with the
surrounding environment as applicable.
Foundations shall be designed to safely support the
loads imposed. Sheet piling or other measures
shall be used, as required, to prevent piping
beneath the foundation.
Pumps may be mounted in the open, on piling or
concrete foundations, or in a well or pit or by other
appropriate means.
Suction bays (or sumps) shall be designed to
conform to the hydraulic characteristics established
by the pump manufacturer.
The discharge bay or connection with distribution
system shall be ample to meet hydraulic and
structural requirements. Provisions for repair or
removal of pumps and engines shall be provided.
Trash racks shall be provided, as needed, to
exclude debris and trash from the pump.
All structural features and equipment shall provide
adequate safety features to protect workers and
public against injury.



Secondary containment of spilled fuel for
water quality as may be required by federal
and state laws or regulations.



Protection of system components from “
natural" events such as floods.

PLANS AND SPECIFICATIONS
Plans and specifications for constructing
pumping plants for water control shall be in
keeping with this standard and shall describe
the requirements for properly installing the
practice to achieve its intended purpose.
OPERATION AND MAINTENANCE
An Operation and Maintenance plan specific to
the facilities installed shall be prepared for use
by the landowner or responsible operator. The
plan shall provide specific instructions for
operating and maintaining facilities to ensure the
pumping plant functions properly. The plan shall
include provisions to address the following, as a
minimum:
x

Inspection or testing of all pumping plant
components and appurtenances, as
applicable.

x

Proper start-up procedures for the operation
of the pumping plant.

x

Routine maintenance of all mechanical
components (power unit, pump, drive train,
etc.) in accordance with the manufacturer's
recommendations.

x

When applicable, the power unit, fuel
storage facilities and fuel lines should be
frequently checked for fuel or lubricant leaks
and repaired as needed.

x

Periodic checks and removal of debris as
necessary from trash racks and structures to
assure adequate capacity reaches the
pumping plant.

x

Periodic removal of sediment in suction
bays to maintain design capacity and
efficiency.

x

Inspect and maintain anti-siphon devices, if
applicable.

x

Routinely test and inspect all automation

CONSIDERATIONS


When planning this practice the following items
should be considered, as applicable:



Effects on downstream flows or aquifer
recharge volumes.



Effects on existing wetland hydrology.



Effects on surface and ground water by leaked
or spilled fuels and lubricants.
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x

components of the pumping plant to assure
they are functioning as designed.

REFERENCES

x

Inspect and maintain secondary containment
facilities, if applicable.

1. Midwest Plan Service Structures and
Environment Handbook, MWPS-1.

x

Periodic inspection of all safety features to
ensure they are in place and functional.

2. USDA, NRCS, NEH Part 650 Engineering
Field Handbook.

x

Prior to retrofitting any electrically powered
equipment, electrical service must be
disconnected and the absence of stray
electrical current verified.
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ROOF RUNOFF STRUCTURE
(No.)
CODE 558

DEFINITION
Structures that collect, control, and transport
precipitation from roofs.
PURPOSES
This practice may be applied as a part of a
resource management system to support one
or more of the following purposes:
x

Improve water quality

x

Reduce soil erosion

x

Increase infiltration

x

Protect structures

x

Increase water quantity

CONDITIONS WHERE PRACTICE
APPLIES
This practice applies where:
x

Roof runoff structures are a component
of an overall resource management
system.

x

Roof runoff needs to be diverted away
from structures or contaminated areas.

x

There is a need to collect, control, and
transport runoff from roofs to a stable
outlet.

x

Roof runoff is collected and used for
other purposes.

CRITERIA
General Criteria Applicable
To All Purposes
Design Capacity. At minimum, a 10-year
frequency, 5-minute rainfall precipitation
event shall be used to design roof runoff
structures, except where excluding roof
runoff from manure management systems.
In that case, a 25-year frequency, 5-minute
precipitation event shall be used to design
roof runoff structures (Refer to Agricultural
Waste Management Field Handbook, NEH
Part 651, Appendix 10B). When gutters are
used, the capacity of the downspout(s) must
equal or exceed the gutter flow rate.
Outlets. Runoff may empty into surface or
underground outlets, or onto the ground
surface. Surface and underground outlets
shall be sized to ensure adequate design
capacity and shall provide for clean-out as
appropriate. When runoff from roofs
empties onto the ground surface, a stable
outlet shall be provided. When runoff is
conveyed through a gutter and downspout
system, an elbow and energy dissipation
device shall be placed at the end of the
downspout to provide a stable outlet and
direct water away from the building.
Underground collection pipes at the end of
downspouts shall be non-perforated
corrugated polyethylene tubing, PVC pipe,

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current version of this standard, contact the
Natural Resources Conservation Service.
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or corrugated metal pipe. Underground
outlet standard (620) shall apply to the
portion of the outlet that is underground.
Surface or ground outlets such as rock pads,
rock filled trenches with subsurface drains,
concrete and other erosion-resistant pads, or
preformed channels may be used,
particularly where snow and ice are a
significant load component on roofs.
Supports. In regions where snow and ice
will accumulate on roofs, guards and
sufficient supports to withstand the
anticipated design load shall be included.
They shall have a maximum spacing of 48 in
for galvanized steel and 32 in for aluminum
or plastic. Wood gutters shall be mounted on
fascia boards using furring blocks that are a
maximum of 24 in apart. Downspouts shall
be securely fastened at the top and bottom
with intermediate supports that are a
maximum of 10 apart.
Materials. Roof runoff structures shall be
made of durable materials with a minimum
design life of ten years. Roof gutters and
downspouts may be made of aluminum,
galvanized steel, wood, or plastic.
Aluminum gutters and downspouts shall
have a nominal thickness of 0.027 inches
and 0.020 inches, respectively. Galvanized
steel gutters and downspouts shall be at least
28 gauge. Wood shall be clear and free of
knots. Wood may be redwood, cedar, or
cypress. Plastics shall contain ultraviolet
stabilizers. Dissimilar metals shall not be in
contact with each other.
Rock-filled trenches and pads shall consist
of poorly graded rock (all rock fragments
approximately the same size) and be free of
appreciable amounts of sand and/or soil
particles. Crushed limestone shall not be
used for backfill material unless it has been
washed. Subsurface drains or outlets shall
meet the material requirements of the
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applicable NRCS conservation practice
standard.
Concrete appurtenances used shall meet the
requirements of NRCS Construction
Specification 32, Concrete for Minor
Structures.
Protection. Roof runoff structures shall be
protected from damage by livestock and
equipment. Where appropriate, snow and ice
guards may be installed on roofs to protect
gutters and reduce the hazard to humans and
animals below. Gutters may be installed
below the projection of the roofline to
further reduce gutter damage from snow and
ice. “Gutter Guards” should be installed to
reduce the potential for the gutter being
clogged by leaves and the like.
Additional Criteria For Roof Runoff
Management
For the 10 year frequency storm, the values
of 0.54 in/5 min or 0.16 cfs per 1000 ft2 of
roof area may be used to size gutters and
downspouts. For the 25-year frequency
storm, 0.64 in/5 min or 0.20 cfs per 1000 ft2
of roof area may be used.
Chapter 10, pages 10-2 and 10-3, of
Agricultural Waste Management Field
Handbook (NEH, part 561) provides details
of the procedure to size gutters and
downspouts.
CAUTION - Downspout size may limit the
design capacity of the system. The capacity
of the system is the lesser of the gutter or the
downspout flow rate.
Additional Criteria To
Increase Infiltration
Runoff shall be routed onto pervious
landscaped areas (e.g., lawns, mass planting
areas, infiltration trenches, and natural
areas) to increase infiltration of runoff.
These areas shall be capable of infiltrating
the runoff in such a way that replenishes soil
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moisture without adversely affecting the
desired plant species.
Additional Criteria To
Protect Structures
Runoff shall be directed away from structure
foundations to avoid wetness and hydraulic
loading on the foundation.
On expansive soils or bedrock, downspout
extensions shall be used to discharge runoff
a minimum of five (5) feet from the
structure.

this standard and shall describe the
requirements for applying the practice to
achieve its intended purpose. The plans and
specifications shall show the location,
spacing, size, and grade of all gutters and
downspouts and type and quality of material
to be used. Plans and specifications for other
practices essential to the proper functioning
of the roof runoff structure, such as
underground outlet, shall be included.

The discharge area for runoff must slope
away from the protected structure.
Additional Criteria To
Increase Water Quantity
Structures needed to collect and store water
from roofs for potable and non-potable
purposes shall be designed and installed in
accordance with sound engineering
principles. Storage structures for nonpotable purposes such as irrigation water
should be designed in accordance with
NRCS conservation practice standards, as
appropriate.
Potable water storage structures should be
constructed of materials and in a manner
that will not increase the contamination of
the stored water. Roof runoff collected and
stored for potable uses must be treated prior
to consumption and should be tested
periodically to assure that adequate quality
is maintained for human consumption.
CONSIDERATIONS
Avoid discharging outlets near wells or into
structures that discharge directly into
surface waters.

OPERATION AND MAINTENANCE
An operation and maintenance plan shall be
developed that is consistent with the
purposes of the practice, intended life, safety
requirements, and the criteria for the design.
The plan shall contain, but not be limited to,
the following provisions:
x

Keep roof runoff structures clean and
free of obstructions that reduce flow.

x

Make regular inspections and perform
repair maintenance as needed to ensure
proper functioning of the roof runoff
structures.

REFERENCES

NRCS - Agricultural Waste Management
Field Handbook, NEH Part 651, Chapter
10 and Appendix 10B
NRCS - Conservation Practice Standard
Code 620 - Underground
Outlet

PLANS AND SPECIFICATIONS
Plans and specifications for installing roof
runoff structures shall be in keeping with
NRCS, KY, April 2003
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

ACCESS ROAD
(Feet)
CODE 560
DEFINITION
A travelway for equipment and vehicles
constructed as part of a conservation plan.
PURPOSE
To provide a fixed route for vehicular travel for
resource activities involving the management of
timber, livestock, agriculture, wildlife habitat, and
other conservation enterprises while protecting
the soil, water, fish, wildlife, and other adjacent
natural resources.
CONDITIONS WHERE PRACTICE APPLIES
Where access is needed from a private or public
road or highway to a landuse enterprise or
conservation measure, or where travelways are
needed in a planned landuse area.
Access roads range from seasonal use roads,
designed for low speed and rough driving
conditions, to all-weather roads heavily used by
the public and designed with safety as a high
priority. Some roads are only constructed for a
single purpose; i.e., control of forest fires,
logging and forest management activities,
access to remote recreation areas, or access for
maintenance of facilities.
CRITERIA
Access roads shall be designed to serve the
enterprise or planned use with the expected
vehicular or equipment traffic. The type of
vehicle or equipment, speed, loads, soil,
climatic, and other conditions under which
vehicles and equipment are expected to operate
need to be considered. Planned work shall
comply with all federal, state, and local laws and
regulations.

Where general public use is anticipated, roads
shall be designed to meet applicable federal,
state, and local criteria.
Sound engineering practices shall be followed to
ensure that the road meets the requirements of
its intended use and that maintenance
requirements are acceptable.
Location. Roads shall be located to serve the
purpose intended, to facilitate the control and
disposal of surface and subsurface water, to
control or reduce erosion, to make the best use
of topographic features, and to include scenic
vistas where possible. The roads should
generally follow natural contours and slopes to
minimize disturbance of drainage patterns.
Roads shall be located where they can be
maintained and where water management
problems are not created. To reduce potential
pollution, roads shall be located away from
watercourses where possible. Where roads
must be located adjacent to waterbodies, buffers
shall be utilized to the extent practicable.
Alignment. The gradient and horizontal
alignment shall be adapted to the intensity of
use, mode of travel, the type of equipment and
load weights, and the level of development.
Grades normally should not exceed 10 percent
except for short lengths, but maximum grades of
18 percent or more may be used if necessary for
special uses such as logging roads, field access
roads, fire protection roads, or other roads not
intended for public access.
For stream crossings, the road should be
aligned so that it crosses perpendicular to the
channel as much as possible.
Width. The minimum width of the roadbed is 14
feet for one-way traffic and 20 feet for two-way
traffic. The roadbed width includes a tread-width
of 10 feet for one-way traffic or 16 feet for two-
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way traffic. Each type of road also requires 2
feet of shoulder width on each side. Single-lane
logging or special-purpose roads can have a
minimum width of 10 feet, with greater widths at
curves and turnouts. The two-way traffic width
shall be increased approximately 4 feet for
trailer traffic. The shoulder width may be either
gravel or grass.
Turnouts shall be used on single lane roads
where vehicles travel in both directions on a
limited basis. Where turnouts are used, road
width shall be increased to a minimum of 20 feet
for a distance of at least 30 feet.
Side Slopes. All cuts and fills shall be designed
to have stable slopes of a minimum of 2
horizontal to 1 vertical on heights of less than 4
feet. For short lengths, rock areas, or very steep
hillsides, steeper slopes may be permitted, if soil
conditions warrant and special stabilization
measures are installed.
Areas with geological conditions and soils
subject to slides shall be avoided or treated to
prevent slides.
Drainage. The type of drainage structure used
will depend on the intended use and runoff
conditions. Culverts, bridges, fords, or grade
dips for water management shall be provided at
all natural drainageways. The capacity and
design shall be consistent with sound
engineering principles and shall be adequate for
the class of vehicle, type of road, development,
or use. When a culvert or bridge is installed in a
drainage way, its minimum capacity shall convey
the design storm runoff without causing erosion
or road overtopping. Table 1 lists minimum
design storm frequencies for various road types.
Table 1. Minimum Design Storm
Frequencies
Road Type
Forest Access
Roads, Farm Field
Access Roads
Farm Driveways,
Recreation Facility
Access Roads
Public Access
Roads,
Campgrounds, etc.
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Storm Frequency
2 year – 24 Hour

10 year – 24 Hour

25 year – 24 Hour

An erosion resistant low point or overflow area
may be constructed across the access road to
supplement culvert capacity on non-public use
roads. Culverts, bridges, fords and hardened
overflow areas should be installed so the road
crossing does not significantly impact fish
migration.
Roadside ditches shall be adequate to provide
surface drainage for the roadway and deep
enough, as needed, to serve as outlets for
subsurface drainage. At a minimum, the
roadside ditch shall be 1.0 foot below the top of
road surface to provide internal drainage. Ditch
channels shall be designed to be on stable
grades or protected with structures or linings for
stability.
Roadbed drainage shall be provided at all seeps
and in areas of high water table. The size,
depth, spacing, and outlets of roadbed drains
shall be such as to keep the water table a
minimum of 24 inches below the surface.
Water-breaks or water-bars may be used to
control surface runoff on low-intensity use forest,
farm, or similar roads. On steep grades where
runoff and erosion is anticipated down the road,
water bars should be considered. Water bars
must be constructed of materials that are
compatible with the use and maintenance of the
road surface. Water bar discharge areas must
be well vegetated or have other erosion
resistant materials. See Table 2 for
recommended spacing of water bars.
Table 2. Recommended Water-Bar Spacing
Road Grade (%)
Spacing (Ft.) *
2-4
200
4-6
135
6-9
100
9-12
80
12-18
60
* (Recommended spacing based on average
soil conditions and precipitation amounts)
Surface crowning can also help direct road
runoff into the side drainage ditches.
Unobstructed flow into the ditches must be
maintained to prevent flows from causing
roadside erosion. Provide a turnaround at the
end of dead end roads. In some areas,
turnarounds may also be desirable for stream,
lake, recreation, or other access purposes.
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Provide parking space as needed to keep
vehicles off the road or from being parked in
undesirable locations.

visibility and a safe sight distance. The clear
sight distance to each side shall not be less than
300 feet or as required by local regulations.

Surfacing. Access roads shall be given a
wearing course or surface treatment if required
by traffic needs, soils, climate conditions, or
erosion and/or dust control needs. The type of
treatment depends on local conditions, available
materials, and the existing road base. On weak
bearing capacity soils such as silts, organics,
and clays, the surface treatment should be
underlain with a geotextile material specifically
designed for road stabilization applications when
the road is used on a regular basis. If these
factors or the volume of traffic is not a problem,
no special treatment of the surface is required.

Erosion Control. If soil and climatic conditions
are favorable, roadbanks and disturbed areas
shall be vegetated as soon as possible, and skid
trails, landings, logging, and similar roads shall
be vegetated after harvesting or seasonal use is
completed. Vegetated treatment shall be in
conformance with NRCS Conservation Practice
Standard Critical Area Planting (Code 342). If
the use of vegetation is precluded and
protection against erosion is needed, protection
shall be provided by non-vegetative materials,
such as gravel or other organic or inorganic
material, or in accordance with local regulations.

Unsurfaced roads may require controlled access
to prevent damage or hazardous conditions
during adverse climatic conditions.

Roadside channels, cross drains, and drainage
structure inlets and outlets shall be designed to
be stable (see NRCS Conservation Practice
Standard Structure for Water Control (Code
587)). If protection is needed, riprap or other
similar materials shall be used.

Toxic and acid-forming materials shall not be
used on roads. This should not be construed to
prohibit use of chemicals for dust control and
snow and ice removal after considering potential
impacts on stabilizing vegetation.
Construction Operations. Construction
operations should be carried out in such a
manner that erosion and air and water pollution
are minimized and held within legal limits.
Construction shall include the following
requirements as necessary for the job:
1. Trees, stumps, roots, brush, weeds, and
other objectionable material shall be
removed from the work area.
2. Unsuitable material shall be removed from
the roadbed area.
3. Grading, sub-grade preparation, and
compaction shall be done as needed.
4. Surfacing shall be done as needed.
Traffic Safety. Passing lands, turnouts,
guardrails, signs, and other facilities as needed
for safe traffic flow shall be provided. Traffic
safety shall be a prime factor in selecting the
angle and grade of the intersection with public
highways. Preferably, the angles shall be not
less than 85 degrees. The public highway shall
be entered either at the top of a hill or far
enough from the top or a curve to provide

Watercourses and water quality shall be
protected during and after construction by
erosion-control facilities and maintenance.
Filter strips, water and sediment control basins,
and other conservation practices shall be used
and maintained as needed.
CONSIDERATIONS
Provide a turnaround at the end of dead end
roads. In some areas turnarounds may also be
desirable for stream, lake, recreation, or other
access purposes.
Provide parking space as needed to keep
vehicles off road or from being parked in
undesirable locations.
Consider visual resources and environmental
values during the planning and designing of the
road system.
Access roads should be located where minimal
adverse impacts will affect wetlands,
waterbodies and wildlife habitat. Consideration
should be given to the following:
x

Effects on downstream flows or aquifers that
would effect other water uses or users.
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x

Effects on the volume and timing of
downstream flow to prohibit undesirable
environmental, social, or economic effects.

3. Dimensions and elevations of drainage
structures.
4. Any deviations from design.

x

x

x

x

Short-term and construction-related effects
of this practice on the quality of on-site
downstream water courses.
Overall effects on erosion and the
movement of sediment, pathogens, and
soluble and sediment-attached substances
that would be carried by runoff from
construction activities.
Effects on wetlands and water-related
wildlife habitats that would be associated
with the practice.
Effects on upland wildlife habitat, such as
hedgerows and other food and cover
elements.

PLANS AND SPECIFICATIONS
Plans and specifications for constructing access
roads shall be in keeping with this standard and
shall describe the requirements for applying the
practice to achieve its intended purpose.
DESIGN DATA
1. Record site investigation data on SCS-538
or other suitable format.
2. Include sketches showing location, grade,
cross-section, drainage structures, erosion
control measures, treadway surface, etc.
3. Show computations for drainage structures
and erosion control measures.
4. Record all engineering survey data used in
design and construction layout and
checkout.
5. Identify planned use of road.
CHECK DATA
1. Gradient of road.
2. At least one cross-section.
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5. Statement that adequate vegetation has
been established.

OPERATION AND MAINTENANCE
An operation and maintenance plan will be
developed and carried out for the life of the
practice:
Inspect culverts, roadside ditches, water bars,
and outlets after each major runoff event and
restore flow capacity as needed.
Maintain vegetated areas in adequate cover.
Re-seed and mow as needed.
Fill low areas in travel treads and re-grade, as
needed, to maintain road cross section.
Inspect roads with water-bars periodically to
ensure proper cross section is available and
outlets are stable.
REFERENCES
Engineering Field Manual, Chapters 1, 2, 3, 4, 5,
6, 9 & 17, USDA, NRCS.
KY, NRCS, Field Office Technical Guide
(FOTG), Section IV.
General Manual, Section 190, Part 410, NRCS
(Kentucky Amendments).
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CONSTRUCTION PRACTICE STANDARD

ACCESS ROAD
(Feet)
CODE 560
SCOPE
This item shall include all plans, specifications,
and construction operations required for the
installation of access roads. Construction
operations shall be carried out in such a manner
that erosion, air, water, noise pollution, will be
minimized within legal limits as established by
state regulations.
The completed job shall present a workmanlike
finish.
Roads shall be planned and laid out according to
good landscape management principles.
CLEARING AND GRUBBING
All trees, stumps, roots, brush, weeds, and other
objectionable materials shall be removed from
the area that will be required for the roadway
including shoulders and ditches. All such
material will be disposed of by burning, burying
at approved locations, or otherwise removed
from the site and stacked. All burning shall
conform to Kentucky laws and regulations.
DRAINAGE STRUCTURES
Materials – pipe, steel, aggregates, cement,
timbers, or other – shall be inspected by the
technician before installation. Written
certifications of conformance to specifications
will be required if physical inspection is not
conclusive.
Structures shall be on a firm foundation and
installed to the neat lines and grades shown on
the plans. Selected backfill shall be placed
around rigid structures in four (4) inch layers and
thoroughly compacted.

Joints of pipe will be sealed in accordance with
the manufacturers’ specifications. Pipes shall not
be laid directly on rock; there must be a soil
cushion of at least 6 inches between the pipe
and rock.
Concrete must be of the quality specified.
Batching, placing, and curing will conform to
procedures recommended by the Portland
Cement Association. Mixes shall be in
accordance to those specified.
Diversions and side ditches shall conform to the
line, grade, and section as specified on the
plans.
The outlet end of the culverts shall terminate on
natural ground unless protective outlet structures
are installed.
CONSTRUCTION
The roadbed shall be graded to the required
elevations for subgrade preparation and that
portion of the roadbed on which subgrade is to
be prepared shall be loosed to a depth of 6
inches and all stones, roots and other
objectionable material removed and disposed of.
The subgrade shall then be thoroughly
compacted with a pneumatic tired or sheepsfoot
roller. Soft spots discovered will be removed and
replaced.
After completion of the subgrade, the base
course will be laid; mixed as necessary to
provide a homogeneous mixture; and thoroughly
compacted, first with a sheepsfoot roller and
then with a general purpose roller. Compaction
of embankment, subgrade or base course, shall
be undertaken only when the soil moisture level
is adequate to permit the required degree of
compaction.
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Fill material for roadbeds and embankments
shall be deposited in thin layers (maximum of 9
inches) and compacted with the controlled
movement of the earth moving equipment.
Placement of the surface course shall be in
accordance with sound highway construction
practice for the surface material used.
Road shoulders and cut and fill slopes shall be
stabilized in accordance with NRCS
conservation practice standard Critical Area
Planting, Code 342.

NRCS, KY, April 2003
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Section IV
NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

HEAVY USE AREA PROTECTION
(Acre)
CODE 561
CRITERIA
DEFINITION
The stabilization of areas frequently and
intensively used by people, animals or
vehicles by establishing vegetative cover,
by surfacing with suitable materials, and/or
by installing needed structures.
PURPOSES
This practice may be used as a part of a
conservation management system to
support one or more of the following
purposes.
x

Reduce soil erosion

x

Improve water quantity and quality

x

Improve air quality

x

Improve aesthetics

x

Improve livestock health

CONDITIONS WHERE PRACTICE
APPLIES
This practice applies to urban, agricultural,
recreational or other frequently and
intensively used areas requiring treatment
to address one or more resource concerns.
This practice applies to animal feeding
operations where applied as a component
of a planned waste management system.

General Criteria Applicable to All
Purposes
All planned work shall comply with
Federal, state, and local laws and
regulations.
Safety of the users shall be incorporated
into the design of the heavy use area
protection.
Design Load. The design load will be
based on the type of traffic, (vehicular,
animal, or human) anticipated on the heavy
use area. The minimum design load for
areas that support vehicular traffic will be
a wheel load of 4000 lbs.
Foundation. All site foundations shall be
evaluated for soil moisture, permeability,
texture and bearing strength in
combination with the design load and
anticipated frequency of use.
A base course of gravel, crushed stone,
other suitable material and/or geotextile
shall be provided on all sites with a need
for increased load bearing strength,
drainage, separation of material and soil
reinforcement. Natural Resources
Conservation Service (NRCS), National
Engineering Handbook (NEH), Parts 642
and 643 (formerly, NEH, Section 20) and
AASHTO M-288 (latest edition) provide
guidance in quality specification and

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current version of this standard, contact
the Natural Resources Conservation Service.
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geotextile selection.
An impervious barrier shall be provided on
sites with a porous foundation (high
permeability rate), where there is a need to
protect ground water from contamination.
Foundation preparation shall consist of
removal and disposal of soil and other
material that are not adequate to support
the design loads.
Surface treatment. The surface treatment
shall meet the following criteria:
Bituminous Pavement. The thickness of
the pavement course, the kind and size of
aggregate, the type of proportioning of
bituminous materials, and the mixing and
placing of these materials shall be in
accordance with Department of
Transportation criteria for the expected
loading.
Concrete. The quality and thickness of
concrete and the spacing and size of
reinforcing steel shall be appropriate for
the expected loading.
Other Cementitious Materials. Soil
cement, roller compacted concrete, and
coal combustion by-products (flue gas
desulfurization sludge and fly ash) may be
used as surface material if designed and
installed to withstand the anticipated loads
and surface abrasion.

manufactured mulches, and similar
materials, the manufacturer’s
recommendations for application shall be
incorporated into the design.
Drainage and erosion control. Provision
shall be made for surface and subsurface
drainage, as needed, and for disposal of
runoff without causing erosion or water
quality impairment. Provision shall be
made to exclude unpolluted run-on water
from the treatment area. All treatment
areas shall be shaped to prevent ponding of
water.
Vegetative Measures. Liming, fertilizing,
soil preparation, seeding, mulching,
sodding and vegetation management shall
be according to the planned use and NRCS
Conservation Practice Standard, Critical
Area Planting, Code 342. If vegetation is
not appropriate, other measures shall be
used to accomplish the intended purpose.

Structures. All structures shall be
designed according to appropriate NRCS
standards and specifications or
Engineering Handbook recommendations.

Additional Criteria for Areas Utilized by
Livestock
The treated area shall extend an
appropriate distance from facilities such as
portable hay rings, water troughs, feeding
troughs, mineral boxes and other facilities
where livestock concentrations cause
resource concerns.
NRCS conservation practice standards
Animal Trails and Walkways. Code 575;
Critical Area Planting, Code 342; Fencing,
Code 382; Prescribed Grazing, Code
528A; Filter Strip, Code 393; or Use
Exclusion, Code 472 shall be used as
companion practices, when needed, to
meet the intended purpose of the heavy use
area protection.

Sprays and artificial mulches. When
utilizing sprays of asphalt, oil, plastic,

Because of the manure deposits and
buildup associated with animal feeding and

Aggregate. A fine or coarse aggregate
surface shall be a minimum 2-inches thick.
Other. Surfacing materials, such as
cinders, tanbark, bark mulch, brick chips,
shredded rubber and/or sawdust, shall have
a minimum layer thickness of 2 inches.
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loafing areas, all Heavy Use Area
Protection treatment areas utilized for
these purposes shall only be planned and
installed as part of an approved waste
management system
Solid waste materials shall be periodically
removed from the treatment area by
scraping, storing, and/or land applying the
solid waste materials in accordance with
Conservation Practice Standards, Nutrient
Management, Code (590), Waste
Utilization, Code (633).
Provisions shall be made to collect, store,
utilize and/or treat manure accumulations
and contaminated runoff in accordance
with NRCS Conservation Practice
Standards, Waste Storage Facility, Code
313 or Waste Treatment Lagoon, Code
359.
Base Treatment. All unpaved areas shall
have a minimum 6 inch base of KYDOH
DGA (dense grade aggregate), #8, #610,
#57, or #4 stone, or other suitable quarried
stone as defined in the construction
specifications. All paved areas (concrete
or asphalt) shall have a minimum 4-inch
base of KYDOH DGA; or if covered with
plastic (6-mil minimum thickness),
KYDOH #8, #610, or #57 stone.
Surface Treatment. Surface materials for
treatment areas shall be a minimum
compacted layer of 2 inches KYDOH
#610, #57, #8, class I sand, or DGA (dense
grade aggregate).

Geotextile. A non-woven, non-heat
bonded and needle-punched geotextile
fabric shall be installed under all treatment
areas unless the foundation is on rock or
concrete is used as the surface treatment.
The fabric shall have the minimum
material requirements as specified in

Table 1 of the Heavy Use Area
Construction Specifications. Use of other
geotextiles, (woven) must be approved by
the engineer on a case by case basis.
Siting Requirements. Heavy use areas for
the purpose of feeding livestock shall not be
located less than 150 feet from any blue line
or intermittent stream as defined by the
U.S.G.S. 7.5-minute topographic
quadrangle. Heavy use areas shall not be
located within 150 feet of any impounded
body of water, or open swallow sinkhole, as
determined from onsite investigation by
NRCS personnel.
Additional Criteria for Areas Utilized for
Recreation
The treated area shall be conducive to the
overall recreation area and aesthetically
blend with the general landscape and
surroundings.
Plants, landscaping timbers, traffic control
measures, wooden walkways, etc. shall be
evaluated for effectiveness, aesthetics and
accessibility as covered by the Americans
with Disabilities Act.
Base Treatment. All unpaved areas shall
have a minimum 6 inch base of KYDOH
DGA (dense grade aggregate), #8, #610,
#57, or #4 stone, or other suitable quarried
stone as defined in the construction
specifications. All paved areas (concrete
or asphalt) shall have a minimum 4-inch
base of KYDOH DGA; or if covered with
plastic (6-mil minimum thickness),
KYDOH #8, #610, or #57 stone.
Surface Treatment. Surface materials for
treatment areas shall be a minimum
compacted layer of 2 inches KYDOH
#610, #57, #8, class I sand, or DGA (dense
grade aggregate).
Geotextile. A woven or non-woven
geotextile fabric may be required under
treatment areas unless the foundation is on
rock. The fabric shall have the minimum
NRCS, KY, April 2003
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material requirements as specified in Tables
1 and 2 of the Heavy Use Area
Construction Specifications.
CONSIDERATIONS
When stabilizing heavily used areas
consider adjoining land uses and the
proximity to residences, utilities, cultural
resource areas, wetlands or other
environmentally sensitive areas, and areas
of special scenic value.
For heavy use areas conducive to
protection by vegetation, consideration
must be given to the effect(s) of treading
and/or miring. The vegetative species
selected should tolerate and persist under
heavy use conditions. If practicable,
consider increasing the size of the area
and/or establishing a rest/non-use period to
allow plant recovery and increase vigor.
Heavy use area protection effects on the
water budget, especially on volumes and
rates of runoff, infiltration, and
transpiration due to the installation of less
pervious surfaces should be considered in
the selection of surfacing materials.
The transport of sediments, nutrients,
bacteria, organic matter from animal
manures, oils and chemicals associated
with vehicular traffic, and soluble and
sediment-attached substances carried by
runoff should be considered in selection of
companion conservation practices.
If the purpose of the heavy use area
protection is improvement of water quality,
the heavy use area should be (re)located as
far away from the waterbody or
watercourse as possible. Any work in
and/or discharges near streams, wetlands
or waterbodies may require a permit from
the US Army Corps of Engineers,
Kentucky Department For Environmental
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Protection Division of Water, or local
authority.
The size of heavy use areas utilized by
livestock is dependent on the landowner’s
operation including type and number of
animal, confinement periods, and/or the
intended use. The size of treatment areas
can range from 30 square feet per animal
in partial-confinement to 400 square feet
per animal in total confinement to 4000 or
more square feet for animal exercise areas.
Heavy use protection areas should be kept
as small as practicable.
The recommended treatment areas for
loafing are as follows:
Animal 1
Treatment
Treatment
Area / au
Area /
(ft.2)
animal
(ft.2)
Dairy Cattle 50
70
(1.4 au/cow)
Beef Cattle
w/calves
50
75
(1.5 au/pair)
Horses
35
70
(2.0
au/horse)
Sheep
50
5
(0.1
au/sheep)
1

Animal unit values taken from 40 CFR Part 122
Appendix B.

When surface treatments such as bark
mulch, wood-fiber or other non-durable
materials are used for short-term livestock
containment areas, consideration should be
given to vegetation of the affected area
with a cover crop.
For areas with aggregate surfaces that will
be frequently scraped, consideration
should be given to the use of concrete or
cementitious materials to lessen the
recurring cost of aggregate replacement.
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PLANS AND SPECIFICATIONS
Plans and specifications for heavy use area
protection shall be in keeping with this
standard and shall describe the
requirements for applying the practice to
achieve its intended purpose. Plans and
specifications shall include construction
plans, drawings, job sheets or other similar
documents. These documents shall specify
the requirements for installing the practice,
including the kind, amount and quality of
materials to be used.

OPERATION AND MAINTENANCE
An Operation and Maintenance (O&M)
plan shall be prepared for and reviewed
with the landowner or operator. The plan
shall specify that the treated areas and
associated practices are inspected annually
and after significant storm events to
identify repair and maintenance needs. The
O&M plan shall detail the level of repairs
needed to maintain the effectiveness and
useful life of the practice.
For livestock operations, the O&M plan

for heavy use areas may be included as a
part of the overall waste management plan.
Periodic removal and management of
manure accumulations will be addressed in
the O&M plan.
REFERENCES
1. KY Transportation Cabinet, Department
of Highways, Standard Specifications
for Road and Bridge Construction
2. American Concrete Institute, ACI 360
3. NRCS Conservation Practice Standards
Animal Trails and Walkways, Code 575
Critical Area Planting, Code 342
Fence, Code 382
Filter Strip, Code 393
Prescribed Grazing, Code 528A
Nutrient Management, Code 590,
Waste Utilization, Code (633).
4. NRCS, NEH Part 642, Material
Specification 592
5. 40 CFR, PART 122, APPENDIX B

6. General Manual, 190, Part 410,
Compliance with NEPA.
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N A TU R A L R E S O U R C E S C O N S E R V A TIO N S E R V IC E
C O N S E R V A TIO N P R A C TIC E S TA N D A R D

R U N O FF M A N A G E M E N T S Y S TE M
(N o.and acre)
C O D E 570

D E FIN ITIO N

P LA N N IN G C O N S ID E R A TIO N S

A system forcontrolling excess runoffcaused
by construction operations atdevelopm ent
sites,changes in land use,orotherland
disturbances.

W ater Q uantity

SC O PE
This standard applies to the planning,design,
installation,operation,and m aintenance of
runoffm anagem entsystem s,including
adequate outletfacilities and com ponents
required foradequate m anagem entofstorm
runoff,as determ ined by site conditions.

PU R PO SE
M ainly to regulate the rate and am ountof
runoffand sedim entfrom developm entsites
during and afterconstruction operations to
m inim ize such undesirable effects as flooding,
erosion,and sedim entation.

C O N D ITIO N S W H E R E P R A C TIC E
A P P LIE S
The practice applies ifthere is a need to
controlrunoff,erosion,and sedim entation to
com pensate forincreased peak discharges
and erosion resulting from construction
operations atdevelopm ent sites orfrom other
changes in land use. The discharges m ay be
caused by such factors as increased runoff,
reduced tim e ofconcentration,reduced natural
storage.

1. Effects ofonsite detention on
decreased runoffvolum e and peak flow ,
potentially increased infiltration,and the
effectiveness ofinfiltration devices and
controlled outlets.
2. Potentialchanges in evapotranspiration
ofvegetation in the infiltration areas and
changes in soilm oisture storage and
volum e ofdeep percolation.

W ater Q uality
1. Effects ofreduction in erosion and
sedim entyield,w ith reductions in
construction related pollutants adsorbed
on sedim ents,such as fields and oils.
2. Effects ofincreases in dissolved
nutrients and otherchem icals through
increased infiltration and deep percolation.
3. Effects on the visualquality of
decreased sedim entin dow nstream w ater
resources.

D E S IG N C R ITE R IA
O verall. A runoffm anagem entsystem m ust
be com patible w ith the flood plain
m anagem entprogram ofthe localjurisdiction
and w ith localregulations forcontrolling
sedim ent,erosion,and runoff. The system ,a
single com ponentora com bination of
com ponents,m ustproperly regulate storm
discharges from a site to a safe,adequate
outlet. C onsideration shallbe given to the
duration offlow as w ellas the peak discharge.

C onservation practice standards are review ed periodically,and updated ifneeded. To obtain
the currentversion ofthis standard,contactthe N aturalR esources C onservation Service.
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Adequate erosion-controlm easure and other
w ater-quality practices m ustbe provided. The
com ponents m ustbe planned and designed to
insure m inim alim pacton visualquality and
hum an enjoym entofthe landscape.
Structures and m aterials m ustharm onize w ith
surrounding areas.
The peak discharge from the 2-yearand 100year,24-hourstorm s shallbe analyzed. N o
increase in peak from these storm s shallbe
allow ed unless dow nstream increases are
com patible w ith the overallflood plain
m anagem entsystem .
C om ponents. C om ponents include butare
notlim ited to dam s,excavated ponds,
infiltration trenches,parking lotstorage,
rooftop storage,and underground tanks.
Each com ponentshallbe designed according
to sound engineering principles to insure that
the system achieves its intended purpose.
D esign criteria forindividualcom ponents shall
be based on the follow ing:
1. D am s shallm eetthe requirem ents,
specified in 40 -part520,subpartC ofthe
N ationalEngineering M anual
2. Excavated ponds shallm eetthe
requirem ents specified forPonds (378).
3. The design ofinfiltration trenches shallbe
based on such factors as soilperm eability,soil
depth,seepage,quality ofw aterto be
tem porarily stored,foundations foradjacent
buildings and structures,drainage conditions,
and vegetation. O therconsiderations are:
a. O nly relatively clean w atershallenter
the trench to insure thatoils,grease,and
sedim ents do notsealtrench w alls and
bottom and thus reduce the effectiveness
ofthe practice. Atparking lots and at
otherareas having a sim ilarcontam ination
potential,filterstrips;sedim enttraps;
grease traps orfiltertraps,orboth,shall
be installed to rem ove objectionable
m aterials from the w aterbefore itreaches
the infiltration device. A strip ofclose
grow ing grasses atleast25 ftw ide m ust
be properly placed and m aintained to
insure the effectiveness ofthe trench.

N H C P ,N R C S
O ctober,1978

W aterm ustm ove through the grass as
sheetflow . Iflocalsite conditions w arrant,
a w iderfilterstrip can be used.
b. Trenches shallbe located above the
seasonally high w atertable.
c. The size ofthe trench shalldepend on
the volum e ofstorage required and the
void ratio ofthe stones in the excavation.
The volum e ofw aterinfiltrating the w alls
and bottom ofthe trench during a storm
shallbe assum ed to be zero in calculating
the required volum e. The perm eability
rate ofthe soilis used in determ ining the
dew atering tim e,w hich shallnotexceed 5
days.
d. The soils used forinstalling an
infiltration trench m ustbe w elldrained. If
perm eability ofthe surrounding soils is less
than about0.6 in./h,suitability ofthe site
foran infiltration trench m ay notbe
practicable.
e. An infiltration trench m ustnotadversely
affectnearby foundations forbuildings,
roads,and parking lots and m ustnot
im pairthe grow th ofsignificantw oody
vegetation.
f. Stone used in the excavation m ustbe
poorly graded and about1 to 2 in.in size.
g. In areas w here spring runofffrom
snow m eltis likely to occurbefore the
trench thaw s,provisions shallbe m ade for
rem oving the excess w ater.
h. Provisions shallbe m ade to insure that
salts orothersoluble pollutants entering
the trench do notcontam inate localw ater
supplies.
i. The trench bottom and the stone
surface m ustbe levelto insure adequate
storage capacity and uniform infiltration.
4. Parking lotstorage areas can be used to
help controlrunofffrom im pervious paving.
M ostparking lotstorage area include sm all
ponding areas thathave an increased curb
heightand an outletcontrolstructure. The
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follow ing factors shallbe considered in
designing these areas:
a. The practice generally used to control
runofffrom areas less than 3 acres in size.
b. The parking lotdesign and installation
grades m ustinsure positive flow to the
storage area. The storage area m ustbe
nearly level,butthe slope m ustbe steep
enough to facilitate drainage.
c. Trash guards m ustbe provided to
preventclogging ofthe outletcontrol
device.
d. G enerally,ponding on the parking lot
m ustnotexceed 6 in.in areas w here cars
and lighttrucks are to be parked or10 in.
w here heavy trucks are to be parked.
e. Em ergency overflow outlets m ustbe
provided.
f. Such auxiliary practices as porous
pavem entand vegetative strips m ay be
used in oradjacentto parking lots to
perm itinfiltration.
5. Forrooftop storage,the follow ing
requirem ents are applicable:
a. The roofshallbe structurally capable of
holding detained storm w aterand of
w ithstanding the effects ofhigh w inds and
snow . R equirem ents forstructuralstability
are outside the scope ofthis standard and
shallbe determ ined by the building
designer.
b. An adequate num berofroofdrains
shallbe provided.
c. Em ergency overflow m easures shallbe
provided to preventoverloading ifroof
drains becom e plugged.
d. D etention rings shallbe placed around
allroofdrains in areas to be used for
storage. The required num berofholes or
the size ofopenings in the rings shallbe
com puted on the basis ofthe area ofroof
drainage perdetention ring and the runoff
criteria.

e. M axim um tim e ofstorage on the roof
shallnotexceed 24 hours.
6. The design ofunderground tanks shallbe
based on the follow ing criteria:
a. The tank m ustbe structurally capable
ofhandling the anticipated loadings and be
suited to the soils. R equirem ents for
structuralstability are outside the scope of
this standards and m ustbe based on
sound engineering principles.
b. The outletfrom the tank shallnotbe
less than 5 in.in diam eter. Provisions
shallbe m ade to preventdebris from
entering the tank. D ebris collectors shall
be placed so thatthe need for
m aintenance can be readily detected and
cleaning operations easily perform ed.
c. The bottom ofthe tank shallbe on a
slightgrade to insure com plete drainage of
the tank.
d. Access m ustbe provided to the tank to
perm itrem ovalofsedim ent and other
debris.
e. The m axim um tim e ofstorage shallnot
exceed 5 days.
S equence of installation. C om ponents
shallbe designed and installed in a sequence
thatperm its each to function as intended
w ithoutcausing a hazard. Single com ponents
shallnotbe installed untilplans forthe entire
runoffm anagem entsystem are com pleted.
S afety. Appropriate safety features and
devices shallbe installed to protecthum ans
and anim als from such accidents as falling or
drow ning. Tem porary fencing can be used
untilbarrierplantings are established. Such
protective m easures as guard-rails and fences
shallbe used on spillw ays and im poundm ents
as needed.
Visualresource. Landscape architectural
practices m ustinsure thatallm easures are
visually com patible w ith the surrounding
landscape.

N H C P ,N R C S
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P rotection. A protective coverofgrasses
shallbe established on exposed surfaces and
otherdisturbed areas. O therprotective
m easures,such as m ulches,also can be used.
Seedbed preparation,seeding,fertilizing,and
m ulching shallcom ply w ith recom m endations
in technicalguides forthe area.

and m aintenance ofindividualcom ponents,
including outlets. Itshallbe prepared before
the system is installed and shallspecify w ho is
responsible form aintenance. Adequate rightsof-w ay m ustbe provided form aintenance
access.

P LA N S A N D S P E C IFIC A TIO N S
O P E R A TIO N A N D M A IN TE N A N C E .
A plan ofoperation and m aintenance shallbe
prepared foruse by the ow nerorothers
responsible forthe system to insure thateach
com ponentfunctions properly. This plan shall
provide requirem ents forinspection,operation,

N H C P ,N R C S
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Plans and specifications forrunoff
m anagem entsystem s shallbe in keeping w ith
this standard and shalldescribe the
requirem ents forapplying the practice to
achieve its intended purpose.

Field Office Technical Guide
Section IV
NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

STREAM CROSSING
(No.)
CODE 578

Permits. Stream crossings for normal farming
and silviculture activities are permitted by the
U.S. Army Corps of Engineers Section 404
Nationwide permit no.14 as long as construction
and maintenance is in accordance with Best
Management Practices. If impact to wetlands
cannot be avoided, consult the local Corps of
Engineers and/or State Agency representatives
for permit requirements.

DEFINITION
U

A stabilized area or structure constructed across
a stream to provide a travel way for people,
livestock, equipment, or vehicles.

U

PURPOSE
x

Improve water quality by reducing
sediment, nutrient, organic, and
inorganic loading of the stream.

x

Reduce streambank and streambed
erosion.

x

Provide crossing for access to another
land unit.

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to all land uses where an
intermittent or perennial watercourse exists and
a ford, bridge, or culvert type crossing is desired
for livestock, people, and/or equipment.
CRITERIA
Location. Stream crossings shall be located in
areas where the streambed is stable or where
grade control can be provided to create a stable
condition. Avoid sites where channel grade or
alignment changes abruptly, excessive seepage
or instability is evident, overfalls exist, or large
tributaries enter the stream. Wetland areas shall
be avoided if at all possible.
U

U

Locate crossings, were possible out of shady
riparian areas to discourage cattle loafing time in
the stream. Stream crossings shall provide a
way for normal passage of water, fish, and other
aquatic animals within the channel during all
seasons of the year.

Individual Water Quality Certification is required
for road culverts or bridges that exceed 200
linear feet in width. Individual Water Quality
Certification is required for those waters the
Kentucky Division of Water has identified as
Outstanding Resource Waters, Exceptional
Waters, or Cold Water Aquatic Habitat Waters.
U

Access Roads. Where high rates of erosion of
the adjacent roadways that slope towards the
crossing threaten to deliver an excessive
amount of sediment to the drainage, install
measures to minimize erosion of the roadside
ditch, road surface, and/or cut slopes. Where
the stream crossing is installed as part of the
roadway, the crossing shall be in accordance
with NRCS Conservation Practice Standard, 560
Access Road.
U

U

Width. The stream crossing shall provide an
adequate travel-way width for the intended use.
A multi-use stream crossing shall have a travelway no less than 10 feet and no more than 20
feet wide. “Livestock only” crossings shall be no
less than 6 feet wide. Width shall be measured
from the upstream end to the downstream end
of the stream crossing and shall not include the
side slopes.
U

U

Side Slopes. All cuts and fills for the stream
crossing shall have side slopes that are stable
for the soil involved. Side slopes of earth cuts or
U

U

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current version of this standard,
contact the Natural Resources Conservation Service.
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fills shall be no steeper than 2.5 horizontal (H) to
1 vertical (V). Rock cuts or fills shall be no
steeper than 1.5 H to 1 V.
Stream Approaches. Approaches to the
stream crossing shall blend with existing site
conditions where possible, and shall not be
steeper than 4 horizontal to 1 vertical. Unless
foundation geology is otherwise acceptable, the
approaches shall be stable, have a gradual
ascent or decent grade, and be underlain with
suitable material, as necessary to withstand
repeated and long term use. The minimum width
of the approaches shall be equal to the width of
the crossing surface.
Surface runoff shall be diverted around the
approaches to prevent erosion of the
approaches. Roadside ditches shall be directed
into a diversion or away from the crossing
surface.
Rock. All rock shall be chosen to withstand
exposure to air, water, freezing, and thawing.
When rock is used, it shall be sufficiently large
and dense so that it is not mobilized by design
flood flows.
Fencing. Areas adjacent to the stream crossing
shall be permanently fenced or otherwise
excluded as needed to manage livestock access
to the crossing. Cross-stream fencing at fords
shall be accomplished with breakaway wire,
swinging floodgates, hanging electrified chain or
wire, or other devices to allow the passage of
debris during high flows.
Fencing shall be built to meet the Field Office
Technical Guide (FOTG) standard Fence, Code
382.
Fencing may not be necessary at all sites. For
livestock exclusion, fencing of stream bank
areas on both sides of the stream will be
necessary.
Shading. Limbs should be pruned at ford
crossings and livestock watering access points
to minimize shade and thereby reduce cattle
loafing time in the stream.
Vegetation. All areas to be vegetated shall be
planted as soon as practical after construction.
Seedbed preparation, fertilizing, liming, seeding,
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and mulching shall be in accordance with FOTG
standard Critical Area Seeding, Code 342.
Types. Stream crossings may be a ford or
culvert type crossing. A bridge might be more
appropriate at some sites.
Criteria for Culvert and Bridge Crossings
Design of culverts and bridges shall be
consistent with sound engineering principles and
shall be adequate for the use, type of road, or
class of vehicle. Culverts and bridges shall have
sufficient capacity to convey the design flow
without appreciably altering the stream flow
characteristics.
Culverts shall be sized to handle at least the
bankfull flow or peak runoff from the 2-year, 24hour peak discharge, whichever is greater,
without appreciably altering the stream flow
characteristics. Crossings shall be adequately
protected so that out-of-bank flows safely bypass without structure or stream bank damage,
or erosion of the crossing fill. Additional culverts
may be used at various elevations to maintain
terrace or floodplain hydraulics.
The length of the culvert shall be adequate to
extend the full width of the crossing, including
side slopes. At least one culvert pipe shall be
placed on or below grade with the existing
stream bottom.
Acceptable culvert materials include concrete,
corrugated metal, corrugated plastic, and new or
used high quality steel or other materials as
approved by the engineer.
Compacted fill will be used to form the crossing
over the culverts. The minimum depth of
compacted fill over the culvert shall be equal to
one-half the diameter of the culvert, or 24
inches, whichever is greater. The high point of
the compacted fill shall be a minimum of 2 feet
above the high existing ground on either side of
the crossing.
Base and surfacing material shall be as
designated in Ford Crossings section.
If protection of the sides of the fill from erosion is
needed, Kentucky DOT Class III riprap shall be
used. The total thickness of the riprap shall be at
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least 18 inches.
Acceptable bridge materials include concrete,
steel, and wood.
Criteria for Ford Crossings
When ford crossings are used, the crosssectional area of the crossing shall not be less
than the natural channel cross-sectional area. A
portion of the crossing shall be depressed at or
below the average stream bottom elevation
when needed to keep base flow or low flows
concentrated.
Cutoff walls shall be provided at the upstream
and downstream edges of ford-type stream
crossings when needed to protect against
undercutting.
The finished top surface of the ford type stream
crossing in the bottom of the watercourse shall
be no higher than the original stream bottom at
the upstream edge of the ford crossing. If the
downstream edge of the ford crossing is above
the original stream bottom, the ford crossing
shall be stabilized in accordance with NRCS
Conservation Practice Standard 584, Stream
Channel Stabilization.
Where rock is used for ford type stream
crossings for livestock, use a hoof contact zone
or alternative surfacing method over the
surfacing rock.

Where heavy equipment loads are anticipated,
the concrete slab shall be designated using
appropriate procedures as described in
American Concrete Institute, ACI 360, Design of
Slabs on Grade.
Geocell and/or Rock Ford Crossings
Rock ford crossings with geotextile shall be
used when the site has a soft or unstable
subgrade. Ford crossings made of stabilizing
material such as rock riprap are often used in
steep areas subject to flash flooding, where
normal flow is shallow or intermittent.
The bed of the channel shall be excavated to the
necessary depth and width and covered with
geotextile material. The geotextile material shall
be installed on the excavated surface of the ford
and shall extend across the bottom of the
stream and at least up to the 10-year, 24-hour
peak discharge elevation.
The geotextile material shall be covered with at
least 6 inches of crushed rock. If using geocells,
the cells shall be at least 6 inches deep. All
geosynthetic material shall be suitably durable
and shall be installed in accordance with the
manufacturer’s recommendations, including the
use of staples, clips, and anchor pins.
At minimum, all rock ford stream crossings, shall
be designed to remain stable during the 10-year,
24-hour peak discharge.

Concrete Fords
Concrete ford crossings shall be used only
where the foundation of the stream crossing is
determined to have adequate bearing strength.
Concrete shall have a minimum compressive
strength of 3,000 psi at 28 days. Concrete ford
crossings shall have a minimum thickness of
placed concrete of 5 inches with minimum
reinforcement of 6-inch by 6-inch, 6 gauge
welded wire fabric. The concrete slab shall be
poured on a minimum 4-inch thick rock base,
unless the foundation is otherwise acceptable.
Precast panels may be used in lieu of cast-inplace concrete slabs. Precast concrete units
shall comply with ACI 525 or 533, or as
otherwise acceptable for local conditions.

Foundation Excavation. All material shall be
removed from the foundation of the stream
crossing to the depths, widths, and lengths
required by the design.
Excavation may be limited to one side of the
stream at a time in order to facilitate diversion of
the stream. It may be advantageous to divert the
stream flows around the site using a pipe or
ditch or to temporarily impound the stream
during construction. Trenches shall be
excavated in the upstream and downstream
sides of the ford stream crossing. The minimum
depth of the trenches shall be 1.5 feet from the
excavated crossing bottom. The minimum width
of the trench shall be 1 foot. Geotextile shall be
toed into these trenches and the trenches
backfilled with the same size and kind of
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aggregate used on the surface of the crossing.
The trenches may be omitted at the grade
where rock is encountered.
Where stream channels are composed of stable
coarse rocky material or solid bedrock, the
requirement to extend the geotextile and surface
aggregate across the channel bottom may be
waived.
Base and Surfacing Material. Acceptable
material consisting of coarse sands and/or
gravel, if present in the foundation excavation,
may be stockpiled for later use as surfacing
material of the roadway portion of the crossing.
Base material used as a subgrade filler between
the geotextile and surfacing material shall
consist of a minimum 6 inch layer of Kentucky
DOT Class II riprap A minimum 4 inch
compacted layer of surfacing material as
designated in the Construction Specification of
this standard shall be placed on top of the base
material.
U

clamshell type bucket and a rubber tired
backhoe provide the best installation if a
hydraulic excavator is not available.
* Smaller, lighter dump trucks to deliver
surfacing material will cause less damage to
approaches than large trucks.
* Tracked equipment is superior to rubber tired
equipment.

U

In lieu of riprap as base material, 8 inches of
compacted surfacing material may be used in
the crossing.
Surveys. Surveys to determine the stability of
the stream shall be recorded. As a minimum,
cross sections shall be taken at the centerline
and 100 feet upstream and downstream of the
crossing.
U

U

Livestock Water Access. Ford stream
crossing criteria may be used to install watering
access points along the stream provided an
alternate watering source is not readily
available.
U

U

Construction Equipment. Experience has
shown that certain types of construction
equipment are more suitable for installation of
stream crossings. Where crossings are on small
drains with stable subsoils, equipment choice
may not be critical. Where non-plastic silts and
clays or unstable fines are anticipated in the
subgrade material, the following observations
should be noted:
U

U

* Track mounted hydraulic excavators (track
hoe) with reaches of 25 feet or more provide
the best and fastest installation.
* Attached front end loader with a 4 in 1
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* Crawler tractors with angle dozer or bulldozer
blades and fixed bucket front end loaders
should be avoided.
Landowners and contractors should be advised
of the use of proper equipment. Improper
equipment will result in an inability to properly
construct the crossing possibly resulting in
excessive cost of construction.
CONSIDERATIONS
Avoid or minimize stream crossings, when
possible, through evaluation of alternative trail or
travel-way locations.
Ford crossings have the least detrimental impact
on water quality when crossing is infrequent.
Ford crossings are adapted for crossing wide,
shallow watercourses with firm streambeds.
Stream crossings should be located where
adverse environmental impacts will be
minimized and considering the following:
x

x

Effects on up-stream and down-stream
flow conditions that could result in
increases in erosion, deposition, or
flooding.
Short term and construction-related
effects on water quality.

x

Effects on fish passage and wildlife
habitats.

x

Effects on cultural resources.

x

Overall effect on erosion and
sedimentation that will be caused by the
installation of the crossing and any
necessary stream diversion.
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PLANS AND SPECIFICATIONS
Plans and specifications for stream crossings
shall be in keeping with this standard and shall
describe the requirements for applying the
practice to achieve its intended purpose.
OPERATION AND MAINTENANCE
The stream crossing will be inspected on a
frequent basis and surfacing material will be
replaced as needed. The stream crossing and
associated fence should be inspected after each
major storm and all repairs made as needed.
Construction Notes. As a minimum, the
following data will be recorded:
1. Slope of approaches
2. Profile on stream channel to show crossing
and stream are on a uniform grade
3. Type and quantity of geotextile used
4. Gradation, quantity, and type of gravel
5. Adequacy of vegetation
6. Other pertinent data
7. Statement to the effect that practice meets
plans and specifications
8. Signature and date of person making
certification
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Field Office Technical Guide
Section IV

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

STREAMBANK AND SHORELINE PROTECTION
(Ft)
CODE 580

CRITERIA
DEFINITION
Treatment(s) used to stabilize and protect banks
of streams or constructed channels, and
shorelines of lakes, reservoirs, or estuaries.

General Criteria Applicable to All Purposes
Measures must be installed according to a sitespecific plan and in accordance with all
applicable local, state, and federal laws and
regulations.

PURPOSE
·

To prevent the loss of land or damage to
land uses, or other facilities adjacent to the
banks, including the protection of known
historical, archeological, and traditional
cultural properties.

·

To maintain the flow or storage capacity of
the water body or to reduce the offsite or
downstream effects of sediment resulting
from bank erosion.

Permits or approval of the proposed work may
be required from local, state, or federal
agencies. These permits may include Kentucky
Division of Water 401 Clean Water Certification,
Floodplain Construction Permit, nationwide or
individual permit under Section 404 of the Clean
Water Act from the Corps. of Eng., and
authorization or approval from Kentucky
Department of Fish and Wildlife Resources.
There may be local requirements that must be
incorporated into the proposed plans.

·

To improve or enhance the stream corridor
for fish and wildlife habitat, aesthetics,
recreation.

Protective measures to be applied shall be
compatible with improvements planned or being
carried out by others.

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to streambanks of natural
or constructed channels and shorelines of lakes,
reservoirs, or estuaries where they are
susceptible to erosion. It applies to controlling
erosion where the problem can be solved with
relatively simple structural measures,
vegetation, or upland erosion control practices.
It does not apply to erosion problems on main
oceanfronts and similar areas of complexity not
normally within the scope of NRCS authority or
expertise.

Protective measures shall be compatible with
the bank or shoreline materials, water
chemistry, channel or lake hydraulics, and slope
characteristics both above and below the water
line.
End sections shall be adequately bonded to
existing measures, terminate in stable areas, or
be otherwise stabilized.
Protective measures shall be installed on stable
slopes. Bank or shoreline materials and type of
measure installed shall determine maximum
slopes.
Designs will provide for protection from upslope
runoff.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current version of this
standard, contact the Natural Resource Conservation Service.

NRCS, KY, MARCH 2000

580 - 2
Internal drainage for bank seepage shall be
provided when needed. Geotextiles or properly
designed filter bedding shall be used on
structural measures where there is the potential
for migration of material from behind the
measure.
Measures applied shall not adversely affect
threatened and endangered species nor species
of special concern as defined by the appropriate
state and federal agencies.
Measures shall be designed for anticipated ice
action and fluctuating water levels.
All disturbed areas around protective measures
shall be protected from erosion. Disturbed areas
that are not to be cultivated shall be protected
as soon as practical after construction.
Vegetation shall be selected that is best suited
for the soil/moisture regime.
Additional Criteria for Streambanks
The channel grade shall be stable based on a
field assessment before any permanent type of
bank protection can be considered feasible,
unless the protection can be constructed to a
depth below the anticipated lowest depth of
streambed scour.
A protective toe shall be provided based on an
evaluation of stream bed and bank stability.
Channel clearing to remove stumps, fallen
trees, debris, and bars shall only be done when
they are causing or could cause detrimental
bank erosion or structural failure. Habitat
forming elements that provide cover, food, and
pools, and water turbulence shall be retained or
replaced to the extent possible.
Changes in channel alignment shall not be
made unless the changes are based on an
evaluation that includes an assessment of both
upstream and downstream fluvial
geomorphology. The current and future
discharge-sediment regime shall be based on
an assessment of the watershed above the
proposed channel alignment.
Measures shall be functional for the design flow
and sustainable for higher flow conditions based
on acceptable risk.
Vegetative protection shall be considered on the
upper parts of eroding banks, especially on
areas that are susceptible to infrequent
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inundation. When the 10-year frequency flow or
the bank full flow has a velocity of 5 ft. per
second or less, riprap or other nonerosive
material to stabilize only the toe of the slope
may be placed if all of the following conditions
are met: (a) the upper edge or line of stabilizing
material is 1 foot or more above the zone of
saturation for base flow conditions on the bank
slope, (b) banks have a slope of 2:1 or flatter,
(c) the watershed or drainage area upstream
from the area being protected is less than 100
square miles in size.
Scrap materials such as junked auto bodies will
not be used for streambank or shoreline
protection.
Streambank protection measures. The
following is a partial list of elements that may be
included in a plan for streambank protection:
·

Removal of fallen trees, stumps, debris,
minor ledge outcroppings, and sand and
gravel bars that may cause local current
turbulence and deflection.

·

Removal of trees and brush that adversely
affect the growth of desirable bank
vegetation.

·

Reduction of the slope of streambanks to
provide a suitable condition for vegetative
protection or for the installation of structural
bank protection.

·

Placed or dumped heavy stone, properly
underlain with a filter blanket, if necessary,
to provide armor protection for
streambanks.

·

Vanes and weirs constructed of posts,
piling, fencing, rock, brush, or the materials
that project into the stream to protect banks
at curves and reaches subjected to
impingement by high velocity currents.

·

Pervious or impervious structures built on or
parallel to the stream to prevent scouring
streamflow velocities adjacent to the
streambank.

·

Artificial obstructions, such as fences, to
protect vegetation needed for streambank
protection or to protect critical areas from
damage from stock trails or vehicular traffic.

Measures shall be designed to avoid an
increase in natural erosion downstream.
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or along the waterline.
Measures planned shall not limit stream flow
access to the floodplain.
Stream segments to be protected shall be
classified according to a system deemed
appropriate by the state. Segments that are
incised or contain the 5-year return period (20
percent probability) or greater flows shall be
evaluated for further degradation or
aggradation.
When water surface elevations are a concern,
the effects of protective measures shall not
increase flow levels above those that existed
prior to installation.
Additional Criteria for Shorelines
All revetments, bulkheads, or groins are to be
no higher than 3 feet above mean high water.
Structural shoreline protective measures shall
be keyed to a depth to prevent scour during low
water.
For the design of structural measures, the site
characteristics below the waterline shall be
evaluated for a minimum of 50 ft horizontal
distance from the shoreline measured at the
design water surface.
The height of the protection shall be based on
the design water surface plus the computed
wave height and freeboard. The design water
surface in tidal areas shall be mean high tide.
When vegetation is selected as the protective
treatment, a temporary breakwater shall be
used during establishment when wave run up
would damage the vegetation.
Shoreline protection measures. The following
is a partial list of protection measures that may
be used:
·

Bulkheads (timber, concrete, concrete
block).

·

Revetments (prefabricated slope protection
blocks, riprap, soil cement).
Groin systems (timber or concrete).

·

· Vegetation of the type that will grow across
When designing protective measures, consider
the changes that may occur in the watershed
hydrology and sedimentation over the design life
of the measure.

Additional Criteria for Stream Corridor
Improvement
Stream corridor vegetative components shall be
established as necessary for ecosystem
functioning and stability. The appropriate
composition of vegetative components is a key
element in preventing excess long-term channel
migration in re-established stream corridors.
Measures shall be designed to achieve any
habitat and population objectives for fish and
wildlife species or communities of concern as
determined by a site-specific assessment or
management plan. Objectives are based on the
survival and reproductive needs of populations
and communities, which include habitat
diversity, habitat linkages, daily and seasonal
habitat ranges, limiting factors and native plant
communities. The type, amount, and distribution
of vegetation shall be based on the
requirements of the fish and wildlife species or
communities of concern to the extent possible.
Measures shall be designed to meet any
aesthetic objectives as determined by a sitespecific assessment or management plan.
Aesthetic objectives are based on human
needs, including visual quality, noise control,
and microclimate control. Construction
materials, grading practices, and other site
development elements shall be selected and
designed to be compatible with adjacent land
uses.
Measures shall be designed to achieve any
recreation objectives as determined by a sitespecific assessment or management
plan. Recreation objectives are based on type of
human use and safety requirements.
CONSIDERATIONS
An assessment of streambank or shoreline
protection needs should be made in sufficient
detail to identify the causes contributing to the
instability (e.g. watershed alterations resulting in
significant modifications of discharge or
sediment production). Due to the complexity of
such an assessment an interdisciplinary team
should be utilized.
The following list although not exhaustive,
includes data commonly needed for planning
and selecting streambank protection measures:
·

watershed data

NRCS, KY, MARCH 2000

580 - 4
·
·
·
·
·
·
·
·
·
·

causes and extent of erosion problems
hydrologic/hydraulic data
stream reach characteristics
stream classification
soils
hydrologic, climatic and vegetative
conditions
hydraulic data
habitat characteristics
environmental data
social and economic factors

The following are common design
considerations for streambank protection:
·
·
·
·
·
·
·
·
·
·
·
·

channel grade
discharge frequency
discharge velocities
freeboard
alignment
stream type and hydraulic geometry
sediment load and bed material
protection against failure
undermining
ends of revetment
debris removal
vegetative systems

For further explanation of the items listed above,
refer to NEH Part 650, Engineering Field
Handbook, Chapter 16, Streambank and
Shoreline Protection.
Listed below are treatment measures commonly
used alone or in combination to protect
streambanks:
A. Vegetative plantings
B. Soil bioengineering systems
1. live stakes
2. live fascines
3. branch packing
4. vegetated geogrids
5. live crib wall
6. joint planting
7. brush mattress
C. Structural measures
Measures that promote beneficial sediment
deposition and the filtering of sediment,
sediment-attached, and dissolved substances
should be considered.
Consider maintaining or improving the habitat
value for fish and wildlife, including lowering or
moderating water temperature, and improving
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1.
2.
3.
4.

tree revetment
log, rootwad and boulder revetment
dormant post planting
piling revetment with wire or
geotextile fencing
5. piling revetment with slotted board
fencing
6. jacks or jack fields
7. rock rip rap
8. coconut fiberolls
9. stream jetties
10. stream barbs
11. rock gabions
12. concrete cellular block systems
Consider utilizing debris removed from the
channel or streambank into the treatment
design.
Use construction materials, grading practices,
vegetation, and other site development
elements that minimize visual impacts and
maintain or complement existing landscape
uses such as pedestrian paths, climate controls,
buffers, etc. Avoid excessive disturbance and
compaction of the site during installation.
Utilize vegetative species that are native and/or
compatible with local ecosystems. Avoid
introduced or exotic species that could become
nuisances. Consider species that have multiple
values such as those suited for biomass, nuts,
fruit, browse, nesting, aesthetics and tolerance
to locally used herbicides. Avoid species that
may be alternate hosts to disease or
undesirable pests. Species diversity should be
considered to avoid loss of function due to
species-specific pests. Species on noxious plant
lists should not be used.
Livestock exclusion should be considered during
establishment of vegetative measures and
appropriate grazing practices applied after
establishment to maintain plant community
integrity. Wildlife may also need to be controlled
during establishment of vegetative measures.
Temporary and local population control methods
should be used with caution and within state and
local regulations.
water quality.
Consideration should be given to protecting side
channel inlets and outlets from erosion.
Toe rock should be large enough to provide a
stable base and graded to provide aquatic
habitat.
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establishment and when soil conditions are wet.
Consider maximizing adjacent wetland functions
and values with the project design and minimize
adverse effects to existing wetland functions
and values.
When appropriate, establish a buffer strip and/or
diversion at the top of the bank or shoreline
protection zone to help maintain and protect
installed measures, improve their function, filter
out sediments, nutrients, and pollutants from
runoff, and provide additional wildlife habitat.
Consider conservation and stabilization of
archeological, historic, structural and traditional
cultural properties when applicable.

2. Fertilize to maintain a vigorous vegetative cover.
Caution should be used in fertilization to
maintain water quality.
3. Control tree and brush growth as needed by
hand, mechanical or chemical means.
4. Promptly repair eroded areas in or adjacent to
the protected area.
5. Reestablish vegetative cover immediately where
scour erosion has removed established seeding.

REFERENCES
Measures should be designed to minimize
safety hazards to boaters, swimmers, or people
using the shoreline or streambank.

NRCS, NEH Part 650, Engineering Field
Handbook, Chapter 16

Protective measures should be self-sustaining
or require minimum maintenance.

NRCS Conservation Practice Standard:
Critical Area Planting (Code 342)

PLANS AND SPECIFICATIONS
Plans and specifications for streambank and
shoreline protection shall be prepared for
specific field sites and based on this standard
and shall describe the requirements for applying
the practice to achieve its intended purpose.
OPERATION AND MAINTENANCE
An operation and maintenance plan shall be
prepared for use by the owner or others
responsible for operating and maintaining the
system. The plan shall provide specific
instructions for operating and maintaining the
system to insure that it functions properly. It
shall also provide for periodic inspections and
prompt repair or replacement of damaged
components or erosion.
Items to consider are:
1. Do not graze protected area during vegetative

CONSTRUCTION SPECIFICATION FOR

STREAMBANK AND SHORELINE PROTECTION
(Ft)
CODE 580
General. Construction operations shall be
carried out in such a manner and sequence that
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erosion and air and water pollution will be
minimized and held within acceptable limits.
Construction methods that enhance fish and
wildlife will be used where practical. Trees,
stumps, and brush removed from the
construction area may be piled for fish and
wildlife habitat when approved by the
landowner/user.
The completed job shall present a workmanlike
appearance and conform to the line, grades, and
elevations shown on the drawings or as staked
in the field.
All operations shall be carried out in a safe and
skillful manner. Safety and health regulations
shall be observed and appropriate safety
measures used.
Site preparation. Special attention shall be
given to protecting and maintaining key shade,
food, den trees, and visual resources. Removal
of any trees and brush shall be done in such a
manner as to avoid damage to other trees and
property.
All trees, stumps, brush, and similar materials
are to be removed from the site or disposed of in
such a way as to have the least detrimental
effect on the environment.
Excavation. To the extent needed, all suitable
materials removed from the specified excavation
shall be used in the construction of the earth fill
areas of the protection. All surplus or unsuitable
materials shall be disposed of in a manner that
will not interfere with the functioning of the
protection.
Fill placement. Material placed in the fill areas
of the protection shall be free of detrimental

amounts of sod, roots, frozen soil, stones over 6
inches in diameter and other objectionable
material. To the extent they are suitable,
excavated materials are to be used as fill. The
distribution and gradation of materials shall be
such that there will be no lenses, pockets,

streaks, or layers of material differing
substantially in texture or gradation from the
surrounding material.
Moisture control. The minimum moisture
content of the fill material and foundation shall
be such that, when kneaded in the hand, the fill
material will form a ball, which does not readily
separate. The maximum moisture content is
when conditions are too wet for efficient use of
the hauling and compaction equipment.
Topsoiling. Topsoil shall be removed and
stockpiled on areas where establishment of
vegetation is a problem on exposed subsoils (all
subsoils except loam, silt loam and sandy loam,
except where dense till is present). Topsoil shall
be respread to provide a seedbed.
Where subsoil is exposed or is used in
construction, topsoil will be placed in accordance
with the following criteria.
- A minimum of four inches of topsoil (“A”
horizon) will be placed where six or more inches
of friable soil material with good moisture holding
properties (more than 0.15 inches per inch) lies
below the surface of the constructed surface.
- A minimum of eight inches of topsoil (“A”
horizon) will be placed where less than six
inches of friable soil materials with good
moisture holding properties (more than 0.15
inches per inch) lies below the surface of the
constructed surface.
- Topsoil will be placed in final shaping
operations. The underlying soil, if needed, will be
chiseled or scarified to permit proper bonding of
topsoil.
Materials. The riprap material shall conform to
the gradation shown on the drawings and be a
durable rock. Riprap shall be dumped or placed
in the manner consistent with good construction
procedures and to the lines and grades shown
on the drawings.
The area to be covered with a filter fabric or filter
blanket shall be reasonably smooth. An even
thickness of filter material shall be placed on the
prepared surface. Care shall be exercised when
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placing the riprap to insure that the blanket is not
ruptured or displaced.
Wire mesh baskets, when used for gabions,
shall be fabricated from corrosion-resistant
material to contain the rock material. Durable
rock shall be used to fill gabions. The maximum
dimension of individual rock particles shall not
exceed one-half the minimum basket dimension.
Minimum rock dimensions shall exceed the
mesh size used in the basket construction. Soft
materials such as sandstone and shale shall not
be used. The foundation shall be smoothed and
filter material, if required, shall be properly
placed under and behind the gabions. The
baskets shall be assembled in accordance with
the manufacturer’s recommendations.
Finish and cleanup. Construction areas will be
finished in a relatively smooth condition ready for
seeding. All rocks 3” in diameter or larger and
roots shall be removed from the areas.
Vegetative establishment.
Vegetation will be established on all disturbed
areas such as channel and shoreline slopes,
berms, spoil and other areas except where the
slopes are permanently covered with water or
when bank materials or land use conditions are
such that vegetation is impractical. Trees and
shrubs should be established where practical.
Disturbed areas are to be seeded or planted to
trees as soon as possible after exposure. Use
daily seeding whenever possible. Vegetation
shall be established according to Technical
Guide Specification 342, Critical Area Planting.
Planned trees and shrubs shall be established
according to Technical Guide Specification 612,
Tree/Shrub Establishment.
Gullied and uneven areas should be smoothed
before attempting to prepare seedbed.
If needed, apply lime to raise the pH to the level
desired for species of vegetation being seeded.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CHANNEL STABILIZATION
(Ft.)
CODE 584

DEFINITION
Measure(s) used to stabilize the bed or bottom
of a channel
PURPOSE
This practice may be applied as part of a
conservation management system to support
one or more of the following:
x

Maintain or alter channel bed elevation or
gradient

x

Modify sediment transport or deposition

x

Manage surface water and ground water
levels in floodplains, riparian areas, and
wetlands.

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to the beds of existing or
newly constructed channels, alluvial or nonalluvial, undergoing damaging aggradation or
degradation that cannot be feasibly controlled
by clearing or snagging, by the establishment
of vegetative protection, by the installation of
bank protection, or by the installation of
upstream water control measures.
CRITERIA
Measures shall be designed and installed
according to a site-specific plan.
Measures to be applied shall be compatible
with improvements planned or being carried
out by others.
Sufficient depth shall be maintained to provide
adequate outlets for subsurface drains,
tributary streams or ditches, or other channels.

Effect of channel work on existing structures
such as culverts, bridges, buried cables,
pipelines, and irrigation flumes shall be
evaluated to determine impact on their
intended functions.
Measures shall be designed for flow duration,
depth of inundation, buoyancy, uplift, scour,
angle of attack, and stream velocity.
Measures shall be compatible with the bank or
shoreline materials, water chemistry, channel
hydraulics, and slope characteristics, both
above and below the water line.
Measures shall be designed for anticipated ice
action, debris impact and fluctuating water
levels.
Spoil material from clearing, grubbing, and
channel excavation shall be disposed of in a
manner that will not interfere with the function
of the channel and in accordance with all
local, state, and federal laws and regulations.
All disturbed areas around measures shall be
protected from erosion. Vegetation shall be
selected that is best suited for the anticipated
site conditions.
Measures applied shall seek to avoid adverse
effects to endangered, threatened, and
candidate species and their habitats,
whenever possible.
Measures applied shall seek to avoid adverse
effects to archaeological, historic, structural,
and traditional cultural properties, whenever
possible.
Channel clearing to remove stumps, fallen
trees, debris, and bars shall only be done
when they are causing or could cause
detrimental bank erosion or structural failure.
Habitat forming elements that provide cover,

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
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food, pools, and water turbulence shall be
retained or replaced to the extent possible.
Measures shall be functional for the design
flow and sustainable for higher flow conditions
based on acceptable risk.
Measures shall be designed to maintain the
appropriate sediment transport regime in order
to avoid detrimental erosion or sedimentation
upstream and downstream.
Measures shall not impair the floodplain
function.
Measures shall not result in adverse affects on
the function of the stream or the stream
corridor.
When water surface elevations are a concern,
the effects of protective measures shall not
cause detrimental changes in water surface
elevations.
The quantity and character of the sediments
entering the reach of channel under
consideration shall be analyzed on the basis of
both present conditions and projected
conditions caused by changes in land use or
land treatment and upstream improvements or
structural measures.

Consider maintaining or improving the habitat
value for fish and wildlife, which includes
lowering or moderating water temperature, and
improving water quality.
Consider opportunities to improve habitat for
threatened, endangered, and other species of
concern, where applicable.
Consider maximizing adjacent wetland
functions and values with the project design
and minimizing adverse effects to existing
wetland functions and values.
Consider protecting side channel inlets and
outlets from erosion or sedimentation.
Consider the type of human use and the social
and safety aspects when designing the
protective measures. Use construction
materials, grading practices, vegetation, and
other site development elements that enhance
aesthetics, recreational use, and maintain or
complement existing landscape uses such as
pedestrian paths, climate controls, and buffers.
Avoid excessive disturbance and compaction
of the site during installation.
Measures should be designed to minimize
safety hazards to boaters, swimmers, or
people using the channel.

CONSIDERATIONS
Consider areawide planning for proper design,
function and management of protective
measures where the design reach involves by
multiple stakeholders.
An assessment of channel stabilization needs
should be considered in sufficient detail to
identify the causes contributing to the
instability (e.g. watershed alterations resulting
in significant modifications of discharge or
sediment production). Due to the complexity
of such an assessment, use of an
interdisciplinary team should be considered.
When designing protective measures, consider
the changes that may occur in the watershed
hydrology and sedimentation over the design
life of the measure.
Consider utilizing woody debris removed
during construction in the overall practice
design.
Measures should consider habitat and
migration needs of aquatic species.

NRCS, NHCP
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PLANS AND SPECIFICATIONS
Plans and specifications for this practice shall
be prepared for specific channel reaches and
field sites and shall describe the requirements
for applying the practice to achieve its intended
purpose(s).
OPERATION AND MAINTENANCE
The owner or others responsible for operating
and maintaining the system shall prepare an
operation and maintenance plan. The plan
shall provide specific instructions for operating
and maintaining the system to insure that it
functions properly. It shall also provide for
periodic inspections and prompt repair or
replacement of damaged components.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

STRIPCROPPING
(Ac.)
CODE 585

DEFINITION
Growing planned rotations of row crops,
forages, small grains, or fallow in a systematic
arrangement of equal width strips across a
field.
PURPOSE
x

Reduce soil erosion from water and
transport of sediment and other waterborne contaminants

x

Reduce soil erosion from wind

x

Protect growing crops from damage by
wind-borne soil particles

CONDITIONS WHERE PRACTICE APPLIES
This practice applies on cropland or other land
where crops are grown.
CRITERIA
General Criteria Applicable to All Purposes
Arrangement and Vegetative Condition of
Strips. Strips of crops susceptible to erosion
shall be alternated with strips of erosionresistant crops or cover. The orientation shall
be at angles as close to perpendicular to water
and wind erosion forces as practical.
Strip Width The erosion-resistant and
erosion-susceptible strips shall be of
approximately equal width. Strip widths shall
be multiples of the width of the planting
equipment.
Vegetative Cover. Vegetation in a strip
cropping arrangement shall consist of crops
and/or forages grown in a planned rotation. At

least 50% of the rotation shall consist of
erosion resistant crops or sediment trapping
cover. Erosion resistant strips shall consist of
dense grasses or legumes, hay crops nearing
the end of their first growing season, fallow
untilled small grain residue, or close grown
crops that provide the needed protective cover
during the target erosion period. No two
adjacent strips shall be in an erosionsusceptible condition at the same time during
the year. However, two adjacent strips may be
in erosion-resistant cover at the same time.
The same crop rotation shall be followed on
each adjacent strip while the point or year in
the sequence of the rotation is staggered or
offset to gain the sediment trapping effect. A
vegetative cover shall be selected that is
tolerant of the anticipated depth of sediment
deposition.
When the erosion-resistant strip is in living
vegetation, the species established shall either
be tolerant to herbicides used on the cropped
strips or protected from damage by herbicides
used on the cropped strips.
Acceptable cover is specified by each specific
purpose as stated below.
Additional Criteria to Reduce Soil Erosion
from Water and Transport of Sediment and
Other Water-borne Contaminants
Number of Strips. A strip cropping system
shall consist of two or more strips within the
conservation planning slope length or “L”.
Alignment of Strips. Strip boundaries shall
run parallel to each other and as close to the
contour as practical.
Strip Width. Strip widths shall be based on
the planning objective and the approved

Conservation practice standards are reviewed periodically and updated if needed. To obtain
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erosion prediction technology. The width of a
strip shall not exceed the critical slope length
for contouring.
If a correction strip is required, that strip may
vary in width but shall be no narrower than the
widest working field implement used to
traverse the strip.
Where field contours become too sharp to
keep machinery aligned with the contour
during field operations, establish sod turnstrips on sharp ridge points and or valleys.
These strips shall be wide enough to allow the
equipment to be lifted and/or turned and meet
the same rows across the turn strip.
Minimum Row Grade. Row grades for soils
with slow to very slow infiltration rates (soil
hydrologic groups C or D), or for crops
sensitive to ponded water conditions for
periods of less than 48 hours, shall be
designed with positive row drainage of not less
than 0.2 percent on slopes where ponding is a
concern.
Maximum Row Grade. The maximum row
grade shall not exceed:
One-half of the up-and-down hill slope percent
used for conservation planning, or 10 percent,
whichever is less.
Up to a 25% deviation from the design row
grade is permitted within 150 feet of a stable
outlet.
When the row grade reaches the maximum
allowable design grade, a new baseline (key
line) shall be established up or down slope
from the last contour line and used for layout of
the next contour pattern.
Headlands/End Rows:
On fields where row crops and tillage are a
part of the rotation, headlands/end rows with a
slope steeper than the maximum allowable
row grade for that field shall be maintained in
permanent sod or planted using residue
management, no-till/strip-till.
Additional Criteria to Reduce Soil Erosion
from Wind
Number of Strips. A strip cropping system
shall consist of two or more strips within the
wind erosion simulation area.

NRCS, NHCP
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Alignment of Strips. Strip boundaries shall
run parallel to each other.
Orientation. Strips shall be oriented as close
to perpendicular to the prevailing wind erosion
direction as practical.
Width of Strips. The width of strips shall be
determined using the currently approved wind
erosion prediction technology to meet the soil
loss objective. Calculation shall account for
the effects of other practices in the
conservation management system.
The effective width of strips shall be measured
along the prevailing wind erosion direction for
those periods when wind erosion is expected
to occur and for which the system is designed.
When the orientation of erosion-susceptible
strips deviates from perpendicular to the
prevailing wind erosion direction, the width of
these strips shall be correspondingly adjusted
using current wind erosion prediction
technology.
Additional Criteria to Protect Growing
Crops from Damage by Wind-borne Soil
Particles
Strip width. The effective width shall be
measured along the prevailing wind erosion
direction during those periods when sensitive
crops are susceptible to damage by windborne soil particles.
The width of strips shall not exceed the width
permitted by the crop tolerance to wind erosion
during specific crop stage periods, using
current wind erosion prediction technology.
Refer to the crop tolerances as specified in the
National Agronomy Manual, other accepted
technical references, or other planned crop
protection objectives.
When the orientation of erosion-susceptible
strips deviates from perpendicular to the
prevailing wind erosion direction, the width of
these strips shall be correspondingly adjusted
using current wind erosion prediction
technology.
Number of Strips. A strip cropping system
shall consist of two or more strips within the
wind erosion simulation area.
Alignment of Strips. Strip boundaries shall
run parallel to each other.
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Orientation of Strips: Strips shall be oriented
as close to perpendicular to the prevailing wind
erosion direction as practical.

base terraces are used, allow for the
uncropped width along the terrace so that the
same strip width is maintained for all strips in
the field.

CONSIDERATIONS

Stable outlets may be necessary where runoff
results in concentrated flow erosion.
Acceptable stable outlets include grassed
waterways, field borders, filter strips, water
and sediment control basins, or underground
outlets for terraces and diversions.

Strip cropping may need to be used in
combination with other conservation practices
to meet the goals of the resource management
system.
Wildlife benefits can be enhanced by delaying
mowing on sod turn-strips until after the
nesting season.
Stripcropping can reduce airborne particulate
matter (PM) emissions.
The conservation crop rotation on stripcropped
fields should be consistent with the farm
enterprise crop mix and/or associated livestock
operation. These will influence the proportion
of row crops, close growing crops, and
grass/legume crops.
To avoid wide fluctuations in acreage of
different crops from year to year, the number
of fields needed to produce a nearly constant
acreage of each crop for each year in the
rotation is equal to one half of the years in the
rotation e.g. a 4 year rotation should have 2
fields. Even-year rotation lengths are
preferable to odd-year rotation lengths for
ease of design.
Prior to design and layout, obstruction removal
or changes in field boundaries or shape should
be considered, where feasible, to improve the
effectiveness of the practice and the ease of
performing field operations across the slope.
Prior to layout, inspect the field to find key
points for commencing layout or getting a full
strip width to pass by an obstruction or ridge
saddle. Whenever possible, run the strip
boundary parallel with fence lines or other
barriers, as long as row gradient criteria are
met. Account for access road widths when
they must cross the field, and adjust the strip
boundary on either side accordingly.
When this practice is used in combination with
diversions or terraces coordinate the strip
layout with the diversion or terrace grade and
spacing so that strip boundaries will parallel
terraces wherever possible within the criteria
for row grade. Where grass-back or narrow-

PLANS AND SPECIFICATIONS
Specifications for installation and maintenance
of Stripcropping shall be prepared for each
field or treatment unit according to the Criteria
described in this standard.
Specifications shall be recorded on
specification sheets, job sheets, narrative
statements in the conservation plan, or other
acceptable documentation.
OPERATION AND MAINTENANCE
Sediment accumulations along strip edges
shall be smoothed or removed and distributed
over the field as necessary to maintain
practice effectiveness.
Mow sod turn-strips at least once a year.
Harvesting is optional.
Erosion-resistant strips in rotation shall be
managed to maintain the planned vegetative
cover and surface roughness.
If the strip alignment is lost due to adjacent
strips being in hay or permanent cover, the
original strip alignment and width will be reestablished as needed.
REFERENCES
Foster, G.R. 2004. Draft reference guide,
Revised Universal Soil Loss Equation Version
2, (RUSLE2). National Sedimentation
Laboratory, Oxford, MS.
Foster, G.R. 2005. Draft science
documentation, Revised Universal Soil Loss
Equation Version 2, (RUSLE2). National
Sedimentation Laboratory, Oxford, MS.
Renard, K.G., G.R. Foster, G.A. Weesies, D.K.
McCool, and D.C. Yoder, Coordinators. 1997.
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Predicting soil erosion by water: A guide to
conservation planning with the Revised
Universal Soil Loss Equation (RUSLE). U.S.
Department of Agriculture, Agriculture
Handbook No. 703.
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September 2008

USDA, ARS. 2006. The wind erosion
prediction system, (WEPS ver. 1.0), User
Manual (draft), Wind Erosion Research Unit,
Manhattan, Kansas.

590-1

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

NUTRIENT MANAGEMENT
(Acre)
CODE 590

DEFINITION
Managing the amount, sources, placement,
form and timing of the application of nutrients
and soil amendments.
PURPOSES
¨

To budget and supply nutrients for plant
production.

¨

To properly utilize manure or organic byproducts as a plant nutrient source.

¨

To minimize agricultural nonpoint source
pollution of surface and ground water
resources.

¨

To maintain or improve the physical,
chemical and biological condition of soil.

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to all lands where plant
nutrients and soil amendments are applied.
CRITERIA
General Criteria Applicable to All Purposes
Plans for nutrient management shall comply
with all applicable Federal, state, and local
laws and regulations.
Plans for nutrient management shall be
developed in accordance with policy
requirements of the NRCS General Manual
Title 450, Part 401.03 (Technical Guides,
Policy and Responsibilities) and Title 190, Part
402 (Ecological Sciences, Nutrient
Management, Policy); technical requirements
of the NRCS Field Office Technical Guide
(FOTG); procedures contained in the National
Planning Procedures Handbook (NPPH), and

the NRCS National Agronomy Manual (NAM)
Section 503.
Employees of NRCS and other persons who
approve plans for nutrient management shall
be certified through a certification program
acceptable to NRCS in the state of Kentucky.
Persons who develop (but not approve)
nutrient management plans are not required to
become certified. Note: Certification may be
required for persons who develop nutrient
management plans when regulatory permits or
other special rules require technical assistance
from a certified nutrient management
specialist.
Plans for nutrient management that are
elements of a more comprehensive
conservation plan or waste management
system shall recognize other requirements of
the respective plan and be compatible with the
other plan requirements.
A nutrient budget for nitrogen, phosphorus, and
potassium shall be developed that considers all
potential sources of nutrients including, but not
limited to animal manure and organic byproducts, waste water, commercial fertilizer,
crop residues, legume credits, and irrigation
water. Note: As crops, method of application,
feed ration or consistency of the manure
change, it will be necessary to re-calculate an
appropriate nutrient application rate using a
nutrient budget.
Realistic yield goals shall be established based
on soil productivity information, historical yield
data, climatic conditions, level of management
and/or local research on similar soil, cropping
systems, and soil and manure/organic byproducts tests. For new crops or varieties,
industry yield recommendations may be used
until documented yield information is available.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
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Plans for nutrient management shall specify
the form, source, amount, timing and method
of application of nutrients on each field to
achieve realistic production goals, while
minimizing nitrogen and/or phosphorus
movement to surface and/or ground waters.
Erosion, runoff, and water management
controls shall be installed, as needed, on fields
that receive nutrients.
Site/Field Risk Assessment
Evaluate each field, site, or farm for risk of
vulnerability of nitrogen and phosphorus to
impact water resources using available
information, such as soil ratings for leaching of
soluble nutrients, soil infiltration rates, geology
reports, sinkhole maps, stream classification,
proximity of site to wells and streams, etc.
The Phosphorus Index for Kentucky * and
other NRCS approved assessment tools will be
used as needed to assess the potential risk of
phosphorus movement into water on all fields
or portions of fields that will have nutrients (no
sewage sludge or bio-solids) applied on them.
* Required assessment on all fields with a residual soil
test P level above 400 lbs/acre. The 400 lbs/acre is based
on a routine soil test that measures extractable
Phosphorus as determined by the Mehlich 3 method. The
current version of the Phosphorus Index for Kentucky
can be referenced in Appendix C of this standard and
in Chapter 3 of the NRCS Agricultural Waste
Management Field Handbook. This handbook is on file
in local NRCS offices.

When a field-specific assessment of the
potential for phosphorus transport from the
field is completed, the plans shall include:
¨

a record of the assessment rating for each
field or sub-field, and

¨

information about conservation practices
and management activities that can reduce
the potential for phosphorus movement
from the site.

When such assessments are done, the results
of the assessment and recommendations shall
be discussed with the producer during the
development of the plan.

Soil Sampling and Laboratory Soil Analysis
(Soil Testing)
Nutrient management planning shall be based
on soil test information obtained by laboratory
procedures that are in accordance with the
University of Kentucky College of Agriculture
(University) or industry practice if recognized by
the University. Note: The University of
Kentucky uses the Mehlich 3 method to
measure extractable phosphorus. Refer to
information that is available from the University
of Kentucky for recommended soil sampling
frequencies. Note: Current soil analysis
information from each field planned for nutrient
applications will be needed during the
development of a nutrient management plan.
A current soil analysis is less than 1 year old.
Soil samples shall be collected and prepared
according to the University guidance. Note: All
soil test recommendations will be made on the
assumption that a representative soil sample
has been properly taken from the field or area
to receive the nutrient application. Soil
analyses shall be performed by laboratories
that belong to the North American Proficiency
Testing Program (Soil Science Society of
America) and whose tests are conducted
consistent with laboratory test procedures as
published by the University of Kentucky.
A routine soil test shall include analysis for any
nutrients for which specific information is
needed to develop the nutrient plan. Request
analyses pertinent to monitoring or amending
the annual nutrient budget, e.g. buffer pH,
water pH, phosphorus, potassium, zinc,
magnesium and calcium.
Plant Tissue Testing
Tissue sampling and testing, where used, shall
be done in accordance with the University
standards or recommendations.
Nutrient Application Rates
Recommended nutrient application rates shall
be based on soil sampling laboratory analysis,
nutrient analysis, plant tissue testing or other
NRCS approved analysis tools. The
recommendations from these analyses must
consider available information obtained from
current soil test results, realistic yield goals and
crop management plans.

NRCS, KY, 05/24/01

590-3

Individual nutrient recommendations will be
formulated on a philosophy that considers
University of Kentucky Lime and Fertilizer
recommendations or crop nutrient removal
potential. Estimated crop nutrient removal
values (nutrients removed in harvested
plant biomass) approved by NRCS for
several key crops grown in Kentucky can
be referenced in Appendix A, Table 6 of this
standard.
Excess nutrients shall not be applied in
situations in which it causes unacceptable
nutrient imbalances in crops or forages.
Nitrogen (N), Phosphorus (P) and
Potassium (K) - The planned rates of nutrient
application, as documented in the nutrient
budget, shall match the recommended rates as
closely as possible for all nutrients including
nitrogen, phosphorus and potassium. More
information about nutrient availability from
certain sources, storage/application losses,
and removal values can be referenced in
Appendix A, Tables 1-6 of this standard.
Note: The following information applies to all
applied nutrients such as from commercial
(mineral based) fertilizers, animal wastes and
other sources:
When the soil test results indicate a level of
phosphorus that is 400 lbs/acre or less, the
University of Kentucky Lime and Fertilizer
recommendations or NRCS approved
estimated crop removal values will be used to
determine application rates based on nitrogen
as the limiting nutrient.
When the plan is being implemented on a
nitrogen basis, manure or other organic byproducts shall be applied at rates that are
limited by the amount of nitrogen in the
material. Credit for available nitrogen provided
from cover crops and previous crop residues
shall be considered in the nutrient budget.
Refer to Appendix A, Table 4 (Estimated
Nitrogen Availability To Succeeding Crops
From Legumes) for related information.
In certain cropping situations such as involving
soybeans, alfalfa and other legumes, nitrogen
application may not be recommended
according to the University of Kentucky Lime
and Fertilizer recommendations. In these
situations, manure or other organic by-products
(containing nitrogen) may be applied at rates

not to exceed the estimated removal of
nitrogen in harvested plant biomass.
Estimated crop nutrient removal values
approved by NRCS are referenced in
Appendix A, Table 6
When the soil test results indicate a level of
phosphorus above 400 lbs/acre, nutrient
application rates will be determined by
using one of the following options:
Phosphorus Threshold (PT) or Phosphorus
Index (PI).
Option 1 - Soil Test Phosphorus Threshold
(PT) Values. In situations where the soil test
phosphorus (STP) levels are below 400
lbs/acre, nitrogen based nutrient applications
may be applied. As soil test levels increase
above 400 lbs/acre, planned phosphorus
application rates (from any nutrient source)
shall be determined as based on estimated
phosphorus removal in harvested plant
biomass at levels prescribed in the phosphorus
threshold. When soil test phosphorus exceeds
1066 lbs/acre no further applications of
phosphorus (from any nutrient source) shall be
made to the field/area.
When the Phosphorus Threshold option is
utilized, the following information applies:
401-800 STP - Phosphorus applications at
rates not to exceed the estimated removal of
phosphorus in the harvested plant biomass.
801-1066 STP - Phosphorus applications at
rates not to exceed 1/2 of the estimated
removal of phosphorus in the harvested plant
biomass.
(Reference the Phosphorus Threshold for
Kentucky in Appendix C (P Matrix,Option 1)
of this standard for more information.)
Option 2 - Phosphorus Index (PI) Rating.
Low or Medium Risk Sites - Nitrogen based
nutrient application.
High and Very High Risk Sites - Phosphorus
based or no nutrient application.
¨

In some instances the (PI) rating may be in
the low or medium risk category when soil
test phosphorus is above 400 lbs/acre. In
these instances, nutrient application rates
based on nitrogen may be planned.
University of Kentucky Lime and Fertilizer
NRCS, KY, 05/24/01
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recommendations or NRCS approved
estimated crop removal values for nitrogen
will be used to determine nutrient
application rates based on nitrogen.
¨

When soil test phosphorus exceeds 1066
lbs/acre no further applications of
phosphorus (from any nutrient source)
shall be made to the field/area.

(Reference the Phosphorus Index
Worksheet for Kentucky in Appendix C
(P Matrix,Option 2) of this standard for more
information.)
Phosphorus Application - When phosphorus
based applications are planned, the amount of
nitrogen applied shall be limited according to
University of Kentucky Lime and Fertilizer
recommendations or NRCS approved
estimated crop removal values for nitrogen.
When the plan is being implemented on a
phosphorus basis, manure or other organic byproducts shall be applied at rates that are
limited by the amount of phosphorus in the
material.
A single application of phosphorus applied as
manure may be made at a rate equal to the
recommended phosphorus application or
estimated phosphorus removal in harvested
plant biomass for the crop rotation or multiple
years in the crop sequence. When such
applications are made, the application rate
shall:
¨

not exceed the recommended nitrogen
application rate during the year of
application.

¨

not exceed the estimated nitrogen removal
in harvested plant biomass during the year
of application when there is no
recommended nitrogen application.

¨

not be made on sites considered
vulnerable to off-site phosphorus transport
unless appropriate conservation practices,
best management practices, or
management activities are used to reduce
the vulnerability.

Note: Refer to the University of Kentucky Lime
and Fertilizer recommendations as a basis for
applying phosphorus according to plant
requirements when crop removal is not an
option.

Note: When applying a phosphorus based
nutrient application, an additional nitrogen
application, from non-organic sources, may be
required to supply the recommended amounts
of nitrogen for the host crop.
Additional information about the Phosphorus
Threshold and Phosphorus Index can be
requested from local NRCS offices.
¨

Micronutrients and Other Plant
Nutrients - The planned rates of
application of micronutrients and other
nutrients shall be consistent with University
guidance. When manure or other organic
by-products are a source of nutrients, see
“Additional Criteria” as applicable, which is
referenced in the next column.

¨

Starter Fertilizers - Starter fertilizers
containing nitrogen, phosphorus and
potassium may be applied in accordance
with University recommendations. When
starter fertilizers are used, they shall be
included in the nutrient budget.

¨

Soil Amendments and Lime - Soil
amendments shall be applied, as needed,
to adjust soil pH to the specific range of the
crop for optimum availability and utilization
of nutrients. Application will be consistent
with University guidance.

Nutrient Application Timing
Timing and method of nutrient application shall
correspond as closely as possible with plant
nutrient uptake characteristics, while
considering cropping system limitations,
weather and climatic conditions, and field
accessibility. Nutrients shall generally not be
applied in fields/areas with frozen, snowcovered, or saturated soils, however the
following guidelines and exceptions apply:
¨

Mineral fertilizers (only) may be land
applied on frozen soils in fields/areas
within 30 days of the beginning of crop
growth unless heavy precipitation is
forecasted before thawing.

¨

Solid waste (animal manure w/bedding)
applications may be land applied on frozen
soils in fields/areas unless heavy
precipitation is forecasted before thawing.
When solid wastes are applied on frozen
soils, an application set back of at least 75
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feet from streams, sinkholes and other
sensitive areas is recommended.
Additional federal, state and local
guidelines may apply to application
setbacks.
¨

¨

Liquid (animal manure) waste applications
shall not be applied on frozen soils. Liquid
applications may be land applied in
fields/areas within 30 days of the beginning
of crop growth when soil conditions are
favorable unless heavy precipitation is
forecasted before the liquid can be
absorbed into the soil profile.
These exceptions will only apply if Best
Management Practices (BMP's) are
applied such as filter strips, crop residue
management, vegetative cover
management, application set backs and
other strategies are implemented properly
so as to reduce the risk of pollution.

Nutrient Application Methods
Nutrient applications associated with irrigation
systems shall be applied in accordance with
the requirements of Irrigation Water
Management (Code 449).
Additional Criteria Applicable to Manure or
Organic By-Products Applied as a Plant
Nutrient Source
Animal manure applications are primarily
based on plant available nutrient content.
However, the volume applied (tons, gallons,
cubic feet, acre-inches) on a per acre basis
during each application event and the soil
conditions at the time of application are also of
concern. For these reasons a sound nutrient
management plan must contain strategies for
application that consider manure nutrient
values, volume applied during each application
and other site specific limitations.
Nutrient Analysis/Testing
Nutrient values of manure and organic byproducts (excluding sewage and bio-solids)
shall be determined (by laboratory analysis)
prior to land application.
Exception: When preparing nutrient
management plans on "new" animal feeding
operations, (those without manure in storage),
approved “book values” for estimated manure

nutrient content may be used as a basis for
planning application rates until a manure
analysis can be obtained. Approved "book
values" are those recognized by the NRCS and
the University. Approved book values for
animal manures recognized by NRCS and
the University can be referenced in
Appendix A, Tables 1,2,3,5 of this standard.
When an analysis of the manure is available,
an application amount can be determined
using known nutrient values at the time of
application. Testing of the manure shall include
an analysis for total nitrogen and total
phosphorus. The analysis results can be
converted to pounds of nutrients per ton for
solids and/or pounds of nutrients per 1000
gallons for liquids. Note: Once historical
laboratory manure analysis data is established,
annual analysis is not required unless
operational changes occur with manure
storage facilities, storage intervals, feed rations
and other situations.
Recommended procedures for collecting and
preparing manure samples can be referenced
in Appendix B of this standard.
Manure Nutrients: Application Rate
Limitations
The application rate (in/hr) for material applied
through irrigation shall not exceed the soil
intake/infiltration rate. The total application
shall not exceed the field capacity of the soil.
The planned rates of manure or organic byproducts applied as a source of plant available
nitrogen and phosphorus shall be determined
based on guidance as outlined in following
sections. More information about manure
nutrient application rates can be referenced in
Chapter 3 of the NRCS Agricultural Waste
Management Field Handbook.
Estimated crop nutrient removal values
approved by NRCS can be referenced in
Appendix A, Table 6 of this standard.
Manure Volume - Expected Land
Application Rates of Manure Based on
Volume Limitations
The plant available nutrient amounts in manure
can vary due to time in storage, storage
methods, ration content and other reasons.
NRCS, KY, 05/24/01
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With this in mind, certain manures may contain
low amounts of nutrients. If these types of
manure are applied at rates according to
potential crop uptake, utilization and removal,
large volumes may be applied during each
application event. These excessively large
volumes of applied manures may increase the
risk of movement offsite and/or cause a
buildup of toxic compounds in the soil. For
these reasons the following volume limitations
will apply for all manure applications in
Kentucky:
Volume Limitations
Solids - maximum 10 tons/application (or)
Liquids – maximum ½ inch/acre/application
(maximum 56 tons/acre/application).
Note: Volume limitations (as quoted above) are
based on adequate field conditions present at
the time of application. Further information
concerning recommended field conditions can
be referenced in subsequent sections of this
standard. Certain crops such as tobacco may
be sensitive to excessive nutrient and chemical
loading that could occur with high annual
volumes of applied animal waste.
Note: A unit conversion table can be
referenced in Appendix D of this standard.
Heavy Metals Monitoring
When sewage sludge is applied, the
accumulation of potential pollutants (including
arsenic, cadmium, copper, lead, mercury,
selenium, and zinc) in the soil shall be
monitored in accordance with the US Code,
Reference 40 CFR, Parts 403 and 503, and/or
any applicable state/local laws or regulations.
Additional Criteria to Minimize Agricultural
Non-point Source Pollution of Surface and
Ground Water Resources
Nutrient applications at any time must be
managed in consideration of soil moisture
content, rainfall expectations, land slope and
other adequate field conditions.
Additional awareness must also be given to
manure applications within proximity to
streams, sinkholes, waterbodies, wetlands and
other sensitive landscape features. Application

rates, methods and timing will need to be
considered prior to manure applications (in
each field) in order to prevent pollutant
discharge.
Plans developed to minimize agricultural
nonpoint source pollution of surface or ground
water resources shall include practices and/or
management activities that can reduce the risk
of nitrogen or phosphorus movement from the
field.
Additional Criteria to Improve the Physical,
Chemical, and Biological Condition of the
Soil.
Nutrients shall be applied in such a manner as
not to degrade the soil’s structure, chemical
properties, or biological condition. Use of
nutrient sources with high salt content will be
minimized unless provisions are used to leach
salts below the crop root zone.
Nutrients shall not be applied to flooded or
saturated soils when the potential for soil
compaction and creation of ruts is high.
CONSIDERATIONS
Consider induced deficiencies of nutrients due
to excessive levels of other nutrients.
Consider additional practices such as
Conservation Cover (327), Grassed Waterway
(412), Contour Buffer Strips (332), Filter Strips
(393), Irrigation Water Management (449),
Riparian Forest Buffer (391A), Conservation
Crop Rotation (328), Cover and Green Manure
(340), and Residue Management (329A, 329B,
or 329C, and 344) to improve soil nutrient and
water storage, infiltration, aeration, tilth,
diversity of soil organisms and to protect or
improve water quality.
Consider cover crops whenever possible to
utilize and recycle residual nitrogen.
Consider application methods and timing that
reduce the risk of nutrients being transported to
ground and surface waters, or into the
atmosphere. Suggestions include:
¨

split applications of nitrogen to provide
nutrients at the times of maximum crop
utilization,
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¨

avoiding winter nutrient application for
spring seeded crops unless nutrient
availability to the crops can be timed with
subsequent emergence and growth,

¨

band applications of phosphorus near the
seed row,

¨

applying nutrient materials uniformly to
application areas or as prescribed by
precision agricultural techniques, and/or

¨

immediate incorporation of land applied
manures or organic by-products,

¨

delaying field application of animal
manures or other organic by-products if
precipitation capable of producing runoff
and erosion is forecast within 24 hours of
the time of the planned application.

Consider ways to modify the chemistry of
animal manure, including modification of the
animal’s diet to reduce the manure nutrient
content and to enhance the producer’s ability to
manage manure effectively.
PLANS AND SPECIFICATIONS
Plans and specifications shall be in keeping
with this standard and shall describe the
requirements for applying the practice to
achieve its intended purpose(s), using nutrients
to achieve production goals and to prevent or
minimize water quality impairment.
The following components shall be included in
the nutrient management plan:
¨

aerial photograph or map and a soil map of
the site,

Consider minimum application setback
distances from environmentally sensitive
areas, such as sinkholes, wells, gullies,
ditches, surface inlets or rapidly permeable soil
areas.

¨

current and/or planned plant production
sequence or crop rotation,

¨

results of soil, plant, water, manure or
organic by-product sample analyses,

Consider the potential problems from odors
associated with the land application of animal
manures, especially when applied near or
upwind of residences.

¨

realistic yield goals for the crops in the
rotation,

¨

quantification of all nutrient sources,

¨

recommended nutrient rates, timing, form,
and method of application and
incorporation,

¨

location of designated sensitive areas or
resources and the associated, nutrient
management restriction,

¨

guidance for implementation, operation,
maintenance, record keeping, and

¨

complete nutrient budget for nitrogen,
phosphorus, and potassium for the rotation
or crop sequence.

Consider nitrogen volatilization losses
associated with the land application of animal
manures. Volatilization losses can become
significant if manure is not immediately
incorporated into the soil after application.
Consider the potential to affect listed or eligible
cultural resources in the State or National
Register.
Consider using soil test information no older
than one year when developing new plans,
particularly if animal manures are to be a
nutrient source.
Consider annual reviews to determine if
changes in the nutrient budget are desirable
(or needed) for the next planned crop.
On sites on which there are special
environmental concerns, consider other
sampling techniques. (For example: Soil
profile sampling for nitrogen, Pre-Sidedress
Nitrogen Test (PSNT), Pre-Plant Soil Nitrate
Test (PPSN) or soil surface sampling for
phosphorus accumulation or pH changes.)

If increases in soil phosphorus levels are
expected, plans shall document:
¨

the soil phosphorus levels at which it may
be desirable to convert to phosphorus
based implementation,

¨

the relationship between soil phosphorus
levels and potential for phosphorus
transport from the field, and

¨

the potential for soil phosphorus drawdown
from the production and harvesting of
crops.
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When applicable, plans shall include other
practices or management activities as
determined by specific regulation, program
requirements, or producer goals.
In addition to the requirements described
above, plans for nutrient management shall
also include:
¨

¨

¨

discussion about the relationship between
nitrogen and phosphorus transport and
water quality impairment. The discussion
about nitrogen should include information
about nitrogen leaching into shallow
ground water and potential health impacts.
The discussion about phosphorus should
include information about phosphorus
accumulation in the soil, the increased
potential for phosphorus transport in
soluble form, and the types of water quality
impairment that could result from
phosphorus movement into surface waters.
discussion about how the plan is intended
to prevent the nutrients (nitrogen and
phosphorus) supplied for production
purposes from contributing to water quality
impairment.
a statement that the plan was developed
based on the requirements of the current
standard and any applicable Federal, state,
or local regulations or policies; and that
changes in any of these requirements may
necessitate a revision of the plan.

OPERATION AND MAINTENANCE
The owner/client is responsible for safe
operation and maintenance of the nutrient
management plan including all equipment.
Operation and maintenance addresses the
following:
¨

periodic plan review to determine if
adjustments or modifications to the plan
are needed. As a minimum, plans will be
reviewed/revised with each soil test cycle.

¨

protection of fertilizer and organic byproduct storage facilities from weather and
accidental leakage or spillage.

¨

calibration of application equipment to
ensure uniform distribution of material at
planned rates.

¨

documentation of the actual rate at which
nutrients were applied. When the actual
rates used differ from or exceed the
recommended and planned rates, records
will indicate the reasons for the
differences.

¨

Maintaining records to document plan
implementation. As applicable, records
include:
·

soil test results and recommendations
for nutrient application,

·

quantities, analyses and sources of
nutrients applied,

·

dates and method of nutrient
applications,

·

crops planted, planting and harvest
dates, yields, and residues removed,

·

results of water, plant, and organic byproduct analyses, and

·

dates of review and person performing
the review, and recommendations.

Records should be maintained for five years or
for a period longer than five years if required by
other Federal, state, or local ordinances, or
program or contract requirements.
Workers shall be protected from and avoid
unnecessary contact with chemical fertilizers
and organic by-products. Protection should
include the use of protective clothing when
working with plant nutrients. Extra caution must
be taken when handling ammonia sources of
nutrients, or when dealing with organic wastes
stored in unventilated enclosures.
The disposal of material generated by the
cleaning nutrient application equipment should
be accomplished properly. Excess material
should be collected and stored or field applied
in an appropriate manner. Excess material
should not be applied on areas of high potential
risk for runoff and leaching.
The disposal/recycling of nutrient containers
should be according to state and local
guidelines or regulations.
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APPENDIX A

Table 1 - Manure and Nutrients As Excreted Per 1000-lb. Live Weight/Day
Animal Type

Dry
Matter
Manure
(lbs)

Total
Nitrogen
(lbs)

Total P
as P2O5

Total K
as K2O

(lbs)

(lbs)

1.00

8.5

.34

.21

.25

1.32

12.0

.45

.21

.35

1.30

12.0

.45

.21

.35

.96

11.0

.52

.41

.35

.50

5.5

.26

.20

.17

1.70

11.0

.52

.41

.35

.93

16.0

.84

.69

.36

.93

16.0

.84

.69

.36

.73

11.4

.62

.55

.31

.73

11.4

.62

.55

.31

1.26

22.0

1.10

.69

.48

.80

11.0

.28

.11

.23

.62

10.0

.45

.16

.36

Volume of
Manure
(cu.ft.)
1/

Beef (all cattle and calves)
Dairy Cows

2/

2/

Dairy Heifers

2/

Swine – Lactating Sows w/litters

2/

Swine – Gestating Sows, Boars, Gilts
Swine – Nursery and Finishing Pigs
Poultry Litter - Layer

2/

Poultry Litter - Breeder Layer
Poultry Litter - Pullet

3/

Poultry Litter - Breeder Pullet
Poultry Litter - Broiler
Horses

3/

Sheep and Lambs

3/

2/

2/

3/

2/

2/

1/

Poultry litter weighs about 27 lbs/cu ft (considering bedding). Swine, dairy, beef , horses and sheep waste (solids)
weighs about 60 lbs/cu ft. Liquids weigh about 62.4 lbs/cu ft.

2/

Adapted from 1993 ASAE Standards. Reference: University of Kentucky (IP-57) Potential for Livestock and Poultry
Manure to Provide the Nutrients Removed by Crops and Forages in Kentucky, Issued 9-1999

3/

Adapted from 1992 NRCS Agricultural Waste Management Field Handbook.
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Table 2 - Percent of Original Nutrient Content of Manure Retained by Various
Management Systems 1/
This table will be used for estimation purposes when results from a laboratory analysis are unknown at the time of land
application. When laboratory analysis results are known, proceed to Table 3.

Beef
Management System

Dairy

Poultry

N

P

K

N

P

K

Manure stored in open lot (cool humid region)

70

80

70

85

95

Manure liquids and solids stored in a covered
essentially watertight structure

85

95

95

85

Manure liquids and solids stored in an uncovered
essentially watertight structure

75

90

90

Manure liquids and solids (diluted less than 50%)
held in waste storage pond

80

95

Manure and bedding held in roofed storage

80

Manure and bedding held in unroofed storage
leachate lost

N

P

K

95

70

80

70

95

95

85

95

95

75

90

90

75

90

90

95

80

95

95

80

95

95

95

95

80

95

95

75

85

85

75

85

85

Manure stored in pits beneath slatted floor

85

95

95

85

95

Manure treated in anaerobic lagoon or stored in
waste storage pond after being diluted more than
50%

35

50

65

35

50

1/

N

P

K

Swine

70

95

95

95

90

95

95

85

95

95

65

30

50

60

30

50

60

Adapted from 1992 NRCS Agricultural Waste Management Field Handbook.
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Table 3 - Percent of Nutrients from Manure Available to a Crop During the Year of
Application in Comparison with Fertilizer Nutrients
(Based On Application Conditions)

1/

Nutrient

Availability Coefficient
Poultry or Liquid

Other Manures

Nitrogen
Corn & Others: Corn, Tobacco, Annual Grasses or Sorghum
Spring Applied
Incorporation: 2 days or less

0.60

0.50

Incorporation: 3-4 days

0.55

0.45

Incorporation: 5-6 days

0.50

0.40

Incorporation: 7 days or more

0.45

0.35

w/o cover crop

0.15

0.20

w/ cover crop

0.50

0.40

Small Grains (pre-plant)

0.50

0.40

Pasture (Fall or early Spring)

0.80

0.60

0.80

0.80

1.00

1.00

Fall Applied

Phosphate
Potash
1/

Note: Information from Table 2 or from a laboratory analysis will be used as a basis for Table 3.
Table 3 Source: AGR-146 "Using Animal Manures as Nutrient Sources" 8/2000 University of KY.
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Table 4 - Estimated Nitrogen Availability to Succeeding Crops from Legumes 1/

Crop
Alfalfa or Red Clover

Hairy Vetch

Description

Residual N (lb/ac)

Good Stand (> 4 tons/ac)

90

Fair Stand (3 to 4 tons/ac)

70

Poor Stand (< 3 tons/ac)

50

Good
Fair

100
75

Poor
50
Soybeans

½ lb per bushel or 20 lbs/ac if not
known

1/

Table 4 will be used to calculate the nitrogen credits (when legumes are grown prior to the present crop) in the nutrient
budget. Nitrogen credits will be considered in estimating crop removal when it is used as a basis for planning nitrogen
applications. When the nitrogen application is based on University of Kentucky Lime and Fertilizer Recommendations,
estimated available nitrogen from previous crops will be considered in the recommendation.

Table 5 - Estimates of Available Nitrogen from Manure Application in a Previous Year 1/

Frequency of Manure Applications

Manure Type
(N availability coefficients**)
Poultry or Liquids

Other

Less than 4 out of 10 years

0.03

0.05

4-8 out of ten years

0.07

0.15

More than 8 out of ten years

0.12

0.25

1/

From D.B. Beegle, Penn State University. **Percentage of total Nitrogen applied last year.

2/

Table 5 will be used to calculate the nitrogen credits (when manure is applied in years prior to the present crop) in the
nutrient budget. Nitrogen credits will be considered in estimating crop removal when it is used as a basis for planning
nitrogen applications. When the nitrogen application is based on University of Kentucky Lime and Fertilizer
Recommendations, estimated available nitrogen from previous crops and manure/fertilizer applications will be considered
in the recommendation.
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Table 6 - Crop Nutrient Removal Values*

Nutrients Removed
(lbs/yield unit)
Crop

Yield
Unit

Lbs per
Yield Unit

Total Kjeldahl
Nitrogen

P2O5

K2O

Alfalfa hay 1/

Ton

2000

50.00

14.000

55

All other cool season grass/legume hay

Ton

2000

35.00

12.000

53

(except alfalfa) 1/
Rye for grain 2/

Bushel

56

1.16

.330

.32

Oats for grain 2/

Bushel

32

.62

.250

.19

Barley for grain 2/

Bushel

48

0.90

0.410

0.30

Corn for grain 1/

Bushel

56

0.70

0.400

0.35

2000

7.50

3.600

8.0

Corn for silage or green chop 1/

Ton

Winter wheat for grain 1/

Bushel

60

1.20

0.500

0.30

Sorghum for grain 1/

Bushel

56

0.95

0.410

0.30

Soybean for beans 1/

Bushel

60

3.00

0.700

1.10

Tobacco, burley 1/

Pound

1

0.07

0.011

0.075

Tobacco, dark air-cured 1/

Pound

1

0.07

0.006

0.06

Tobacco, dark fire-cured 1/

Pound

1

0.07

0.006

0.06

Forage from pastureland 3/

Ton

2000

Big Bluestem, Indiangrass, Little Bluestem,
Switchgrass 4/ hay

Ton

2000

20.00

6.800

25

Bermudagrass 4/ hay

Ton

2000

37.60

8.700

33.6

Ton

2000

27.00

8.200

25

Reed Canary Grass

4/

hay
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Eastern Gamagrass hay

Ton

2000

35.00

16.100

APPENDIX A
*/ Nutrient removal values for crops and forages referenced n the NRCS Nutrient Management Standard 590.
1/

Assessment of the Potential for Livestock and Poultry Manure to Provide the Nutrients Removed by Crops and Forages
in Kentucky. IP-56) 1999 University of Kentucky, Lexington Kentucky Table 5 Adapted from Wells and Thom (1994) and
Lander et al. (1998). University of KY AGR-1.
2/

Estimated Crop Nutrient Removal Values according to NRCS’s Agricultural Waste Management Field Handbook,
Chapter 6 when harvested as a hay crop.

3/

Nutrient removal for forage from pastureland estimated as 30% of the values given for all grass/legume species
harvested as hay (except alfalfa).

4/

Reid, R. L., G. A. Jung, and D. W. Allinson, 1988. "Nutritive Quality of Warm Season Grasses in the Northeast".
Bulletin 699, West Virginia University, College of Agriculture and Forestry

5/

Jung, G. A., Schaffer, J. A., Stout, W. L., "Switchgrass and Big Bluestem Responses to Amendments on Strongly Acid
Soils". Agronomy Journal 80:669-676.
Note: Table 6 will be used to calculate crop nutrient removal potentials in the nutrient budget. When the nutrient
management plan is based on the amount of nitrogen applied (in consideration of crop removal) , estimated available
nitrogen from previous crops and manure/fertilizer applications (Tables 4 and 5) will be considered. However, University
of Kentucky Lime and Fertilizer Recommendations will be utilized as the basis for planning nutrient applications unless
crop removal is used. When University of Kentucky Lime and Fertilizer recommendations are used, estimated available
nitrogen from previous crops and manure/fertilizer applications will be considered in the recommendation.
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MANURE SAMPLING PROCEDURES
For laboratory testing, manure can be handled as a solid, semi-solid, or liquid. Semi-solid manure usually
requires thorough agitation before pumping and sampling.
When to Sample
Sample manure as close to the time of land application as possible. Sampling at the time of application
will not provide manure recommendations that can be used to adjust the amount of manure applied.
However, the results can be used to adjust the amount of inorganic fertilizer applied and can also be used
at the next application event. If you apply manure several times a year, sample when you apply the bulk
of the manure. Ideally, manure sampling should be done in the field as manure is applied. This ensures
that losses that occur during handling, storage, and application are taken into account.
Manure Sampling in the Field
Dry or Solid Field Sampling. To sample manure from barns, holding areas, dry stacks, or feed lots, collect
a sample as follows:
Use the “hand and bag” method to collect all solid manure samples. Place a one-gallon re-sealable
freezer bag turned inside out over one hand. Grab a handful of manure with covered hand and turn the
freezer bag right side out over the sample with the free hand. Seal the bag and place it in another
freezer bag to prevent leaks. Label the bag and send to the lab or freeze it immediately to prevent
nutrient losses. Take three samples for dry or solid manure. Combine the samples and mix. Place in ziplock bag.
Liquid Manure Sampling
When sampling liquid manure agitate the manure in the storage facility to obtain a representative sample
for laboratory analysis.
Liquid Manure Applied with Spreaders
1. Immediately after filling the tank spreader, use a clean plastic bucket to collect manure from the
unloading port or the opening near the bottom of the tank. Be sure the opening does not have solids
accumulated that can contaminate the samples.
2. Stir the manure in the pail and immediately fill a one-quart flexible plastic bottle about 25 percent full.
Do not use a glass bottle as it might explode from pressure build-up. Squeeze as much air out of the
bottle as possible before capping.
3. Put your name, date and sample number on the bottle and the information sheet.
4. If the sample cannot be sent to the laboratory within a few hours, it should be refrigerated. Place the
sample in a plastic bag, seal the bag, and keep cool until it is sent to the laboratory. Ship so that the
sample arrives promptly at the laboratory.
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Liquid Manure Applied by Irrigation Systems
1. Place catch pans or buckets randomly in the field to collect the liquid manure that is applied by an
irrigation system.
APPENDIX B
2. Immediately after the manure has been applied, collect the manure from each pan or bucket and
combine in one bucket to make a composite sample.
3. Mix the manure and fill a one-quart flexible plastic bottle about 25 percent full. Seal and label the
bottle and seal in a plastic bag. If the sample cannot be shipped to the laboratory right away, keep
refrigerated. Ship to arrive promptly in the laboratory.
Dry or Solid Manure Sampling
Paved Lots
1. Collect manure by scraping a shovel across 25 feet of paved feedlot. Repeat this process six to eight
times. Avoid samples from areas that are very wet or contain large amounts of feed or hay.
2. Use the shovel to thoroughly mix manure by scooping the outside of the pile to the center of the pile.
3. Collect a sample using the “hand and bag” method described in the section on dry or solid field
sampling.
Barn Gutter
1. Shovel a manure sample to the depth of the gutter from the gutter.
2. Remove the manure from the gutter and place it on the barn floor. Mix the sample by hand (wearing
freezer bags) with a kneading motion. When collecting samples from a gutter, be sure to include the
liquid that is in the bottom of the gutter.
3. Collect a sample using the “hand and bag” method.
4. Repeat steps one through three from other locations in the gutter to collect three sub samples.
Combine the sub samples and mix. Place in zip-lock bag and squeeze out all of the air before closing.
Dry Stack
This is manure stored outside in a stacking shed or above ground solid waste storage facility.
1. Using a pitchfork or shovel, take manure from several locations throughout the dry stack and place it
in a pile. Collect samples from the outside/center of stack.
2. Mix the manure with a shovel by scooping the outside of the pile to the center of the pile.
3. Collect a sample by the “hand and bag” method.
Repeat steps one through three to collect the three sub samples. Combine the sub samples and mix.
Place in a zip-lock bag and squeeze out all of the air before closing.
Shipping
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Samples should be shipped express mail to the lab the same day they are collected. If not, they should
be refrigerated immediately. It is advisable to keep samples on ice even during shipment to the
laboratory.
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LITTER SAMPLING PROCEDURES
All litter is not managed the same way.
Nutrient content can vary considerably.
Every poultry producer should have his or her
litter analyzed for nutrient content. If the litter is
fed to cattle, an analysis is critical. Litter is fed to
cattle for crude protein and ash content. Litter
with a crude protein content of 28 percent and
an ash content less than 15 percent is ideal for
feeding. Since calcium, phosphorus, potassium
and trace minerals make up about 12 percent of
the ash content, anything above that amount is
probably soil. Since soil is worthless for feed,
care must be taken when removing litter from
the houses.
Sample Collection

General Sampling. Several small samples
should be collected in clean 5 gallon buckets.
Mix the contents of the 5 gallon buckets for a
composite sample. Place a one-gallon
resealable freezer bag turned inside out over
one hand. Grab a handful of manure with
covered hand and turn the freezer bag right side
out over the sample with the free hand. Seal the
bag and place it in another freezer bag to
prevent leaks. Label the bag and send to the lab
or freeze it immediately to prevent nutrient
losses. Label the bags with permanent marker
as follows:
1. Name
2. Address
2. Address

6. Method of sampling (in-house, from stack,
during loading, in-field)
As a precautionary measure include the same
information on a 3 by 5 card and place inside the
outside freezer bag.
Other Methods of Sampling

In-House. Ten to 15 samples are collected
throughout the house before cleanout. Three to
four samples should be collected under or near
the waterers and the rest collected throughout
the remainder of the house. Dig only as deeply
as you plan to scrape. Be careful not to include
any soil in the sample. This method of sampling
will allow reports back before land application so
that an appropriate land application amount can
be determined. This method is labor intensive.

During cleanout. Samples are collected as
litter is loaded onto the spreader or as it is
temporarily stockpiled prior to spreading.
Individual samples should be collected
throughout the cleanout. This method of
sampling will not allow time for lab results return
before land application occurs. This method will
reflect an analysis of what is actually scraped out
of the houses.
During spreading. A plastic sheet or gallon
plastic jugs cut in half are placed in the field to
collect litter as it is spread. This method is most
accurate. This method will not allow time for lab
results to be returned in time. However, results
can be used the following application event.

3. Type of chicken
4. Number of flocks representing the sample
5. House number

Stockpile. Litter stored for a period of time is
subject to heat and this can change its chemical
characteristics. Since temperatures will peak in
10 to 20 days after initial stacking, samples
should be collected after the temperature drops
and as close to spreading or feedings time as
NRCS, KY, 05/24/01
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possible. Individual samples should be collected
at several points as with the general sampling
procedures. Make sure to dig into the stack 2 to
3 feet for representative sample.

Shipping. Samples should be shipped express
mail to the lab the same day they are collected.
If not, they should be refrigerated immediately. It
is advisable to keep samples on ice even during
shipment to the lab.
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KENTUCKY PHOSPHORUS (P) MATRIX

COMMERCIAL FERTILIZERS, ANIMAL MANURES AND ORGANIC BY-PRODUCTS

OPTION 1 *
Kentucky Environmentally Sensitive
Soil Test Phosphorus Threshold (PT)
(PT) = 533 lbs (P) per Acre

(OR)

OPTION 2 *
Kentucky
Phosphorus Index Rating

Soil Test Phosphorus = (STP)

Below ¾ PT
(Below 400 STP) – (N) Based
Above ¾ and Below 1-1/2 Times PT
(400-800 STP) – (P) Crop Removal
Above 1-1/2 and Below 2 Times PT
(801-1066 STP) – (P) ½ Crop Removal

Low Risk – (N) Based
Medium Risk – (N) Based
High Risk – (P) Based
(Crop Removal)
Very High Risk – (P) Based
(No Application)

Above 2 Times PT
(Above 1066 STP – No Application)

*Note: A nitrogen (N) based plan can be implemented when STP is below 400. When STP is
equal to or greater than 400, the use of either Option 1 or Option 2 is required in all cases.
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NUTRIENT MANAGEMENT PLANNING USING A PHOSPHORUS INDEX
A Planning Tool to Assess & Manage Phosphorus in Kentucky As Part of a
Nutrient Management Plan On Agricultural Lands
The Phosphorus (P) Index is one of two options
available when (P) is to be considered as a basis
for nutrient management plans when nutrients will
be land applied. Specific guidance about the use
of each of the options can be referenced in the
Kentucky NRCS technical standard for Nutrient
Management (590). All nutrient management
plans will consider the land application of
commercial fertilizers and animal manures/wastes
as sources of plant available crop nutrients.
These plans will require the use of soil and
manure laboratory analysis to determine the level
of (P) in the soil and in the manure in order to
balance land applications according to crop
removal. All laboratory analysis for soil and
manure will be conducted according to procedures
as established by the University of Kentucky soil
testing laboratory. NRCS Nutrient Management
plans will be applied based on the consideration
that effective erosion control practices are being
applied on the fields receiving nutrient
applications.
The Phosphorus Index method considers
conditions which affect movement of phosphorus
to streams and other waterbodies. These
conditions include the hydrologic characteristics of
the soil, type of cover on the soil, field slope,
amount of P in the soil, presence of vegetative
buffers, application rate, time of application, and
method of application etc. The P Index is
intended to be used as an assessment tool to
indicate the potential movement of P on the
landscape by taking into account various transport
and source factors. Once the potential impact of
P is realized, the P Index can be used to develop
a nutrient management plan with acceptable
application rates and best management practices.
If the P Index indicates that a low or medium
risk situation is present for the field planned
for land application, the nutrient management
plan may be developed with either a Nitrogen
(N) or Phosphorus (P) basis.

The ultimate goal is to promote effective utilization
of nutrients, specifically from organic sources, and
at the same time maintain agricultural profitability
and environmental quality. The P Index is not
intended to place any restrictions on landuse
or other regulatory purposes that could be
construed by manipulating index parameters.
The (P) Index is not applicable to the planning
and application of human septage sludge.
When planning the application of septage and
sewage sludge refer to Kentucky regulations
for guidance.

PHOSPHORUS AND THE ENVIRONMENT
In Kentucky, as in many other states, large inputs
of P to agricultural fields may occur. Unlike
commercial fertilizers which can be delivered in
quantities as recommended by a soil test report,
the amount of nutrients available to plants in
animal manure or other organic byproducts can
vary significantly. Plant needs for phosphorus are
in most cases less than nitrogen, however,
essentially equal amounts of these nutrients are
available to plants from manure and waste water
produced at animal feeding operations. When
nitrogen plant needs are met from the application
of manure, P is usually over-applied. Continuous
applications at these rates can present
environmental concerns.
DESCRIPTION
The Kentucky P Index uses ten specific field
features to obtain an overall rating for each field.
Assigned to each of the field features are
weighted factors of 1, 2, or 3. Not all field
features have the same influence and input
because research has shown that relative
differences exist in their importance to P loss.
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APPENDIX C
Also assigned to each of the ten features are
value ratings of LOW (1 point), MEDIUM (2
points), HIGH (4 points), or VERY HIGH (8
points). Multiplying the weighted factor by the
appropriate value rating yields points for that
specific field feature. Based on a summation of
the field feature points, the field falls into an overall
category rating of LOW, MEDIUM, HIGH, or VERY
HIGH. If a field receives an overall rating of HIGH
or VERY HIGH, management practices may be
implemented to reduce the rating to MEDIUM.
Field Features and Weighted Factors Used in the P Index
Field Features

Weighted
Factor

1. Hydrologic Soil Group

1

2. Residual Soil Test (P) Level

3

3. Field Slope Percent

1

4. Land Cover Percent

3

5. Vegetative Buffer Width

3

6. Agricultural Impaired Watershed

1

7. Application Timing

3

8. Application Method

3

9. Distance To Spring/Stream/Waterbody

2

10. MLRA (County Location)

1

Currently, these weighted factors are based on the
professional judgment of the various technical
specialists who contributed to the development of
the NRCS standard (590). As more research
becomes available, the P Index will be periodically
reviewed and updated.

Description of Field Features and Rating
Assignments
1. Hydrologic Soil Group (HSG) considers the
drainability of the soil. A soil with a HSG of “A”
is well drained. A soil with a HSG of “D” is
poorly drained. A soil that is poorly drained is
more likely to have runoff occur. HSG is given
a weighted factor of 1.

(P) in the soil prior to the application of
nutrients. This level is determined by a
current soil test analysis. A current soil test
analysis is less than 1 year old. As soil test
levels increase following repeated
applications, the index points will need to be
recalculated. Soil test (P) is given a weighed
factor of 3.

3. Field Slope Percent considers the average
percent of slope for the field. Field slope is
given a low weighted factor of 1 because it is
considered in the Erosion Rate.
4. Land Cover Percent considers the percent
ground cover (average over the field)
immediately following the waste application.
The waste application may be surface applied,
injected or incorporated. Ground cover is
considered to be perennial sod or crop stubble
that is evenly spread over the soil surface of
the application field/s. Perennial sod shall
have a minimum of 3-4 inches of plant height.
Land cover is given a low weighted factor of 3
because it is also considered in the application
of erosion control practices.
5. Vegetative Buffer Width considers the
filtering effect of vegetative buffers at
downstream edges of fields. Filtering effect
must be from sheet flow across the buffer.
Filter strips, field borders, contour buffer
strips, and riparian forest buffers are all
examples of vegetative buffers. Due to the
vast amount of favorable research that
reinforces the effectiveness of buffers, this
feature is given a weighted factor of 3.
6. Application Area is in a Watershed
Identified as Being Impaired Due to
Agricultural Applied Nutrients. These
areas are identified on state supplied listings.
If the application fields are in the watershed as
identified on the list currently on file in NRCS
offices, a weighted factor of 1 is assigned.

NRCS, KY, 05/24/01

590-24

APPENDIX C
7. Application Timing considers historical
weather data for periods where most rainfall
occurs and the active growing period for crops
in Kentucky. The months where most rain
occurs may also be the time when crops are
inactive. Note: applications in flood prone
areas shall be made with extreme caution.
Based on these conditions, this feature is
given a weighted factor of 3.
8. Application Method considers the risk for P
movement based on how it is applied to the
field (surface applied or incorporated). This
field feature is given a weighted factor of 3.
9. Downstream Distace to a Spring, Stream,
or Other Waterbody as measured from the
closest upstream distance from the point of
nutrient application in the field. This field
feature is given a weighted factor of 2.
10. Major Land Resource Area (MLRA)
refers to the county location of the fields
where nutrients will be applied in consideration
of documented soil and geological
relationships. This field feature is given a
weighted factor of 1.
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Kentucky Phosphorus Index
Multiplying the weighted factor by the value rating, yields points for that specific field feature.

Field Feature Value Ratings
Field Features

Low

Medium

High

Very High

(weighted factors in parenthesis below)

(1 point)

(2 points)

(4 points)

(8 points)

A

B

C

D

Between
400-500

Between
501-800

Between
801-1066

Above 1066*

<2

2-5

6-12

>12

60-90

30-60

15-30

0-15

5. Vegetative Buffer Width (3.0) (ft)

>29

20-29

10-19

<10 or No Buffer

6. Application Area Is In A Watershed

NO

1. Hydrologic Soil Group (1.0)
2. Residual Soil Test (P) Level (3.0)
3. Field Slope Percent (1.0)
4. Land Cover Percent* (3.0)
*estimated after application

YES

Identified As Being Impaired Due To
Agricultural Applied Nutrients (1.0)
7. Application Timing (3.0)

June - Sept

April, May, Oct.,
March or Nov.
w/ winter cover

March or Nov.
w/o winter
cover, Feb. w/
winter cover

Dec., Jan., Feb.

8. Application Method (3.0)

Injected

Surface applied
and incorporated
within 48 hr.

Surface
applied and
incorporated
within 1 month

Surface applied
and
unincorporated for
greater than 1
month

9. Downstream Distance From
Application Area To Spring, Stream
or Waterbody (2.0)

Over 150

50-150

0-50

Adjacent

10. MLRA (County Location) (1.0)

Bluegrass

All Other

Note: Additional Phosphorus Will Not be Applied When Soil Test (P) Level is above 1066.
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KENTUCKY P INDEX WORKSHEET
Farm:

Date:

Tract:
FIELD FEATURE VALUE RATINGS
(1, 2, 4, or 8 points)

Field #:_______ Acres:_______

Field Features

Weighted
Factor
(WF)

1. Hydrologic Soil Group

1

2. Residual Soil Test (P)

3

3. Field Slope Percent

1

4. Land Cover Percent

3

5. Vegetative Buffer Width

3

6. Ag. Impaired Watershed

1

7. Application Timing

3

8. Application Method

3

9. Distance To Waterbody

2

10. MLRA Location

1

FIELD FEATURES
INDEX TOTALS

Existing
value

Existing
Total*

WF x
Existing
value

Planned
value

Planned
Total

WF x
Planned
value

Field #: ______ Acres:_______

Existing
value

Existing
Total*

WF x
Existing
value

Planned
value

WF x
Plannedva
lue

Planned
Total

Note: If existing total results in a “Low” or “Medium” rating as indicated on the following page, a nitrogen, or phosphorus based nutrient
management plan may be implemented.
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Field Vulnerability for Phosphorus Loss
Total Points
from P Index
< 30

Generalized Interpretation of P Index
LOW potential for P movement from the field. Low probability of an adverse impact to
waterbodies.

30 - 60

MEDIUM potential for P movement from the field. The chance of organic material and nutrients
getting into waterbodies exists. Buffers, setbacks, lower manure rates, cover crops, crop residue
practices alone or in combination may reduce impact.

61 - 112

HIGH potential for P movement from the field. The chance of organic material and nutrients
getting to waterbodies is likely. Buffers, setbacks, lower manure rates, cover crops, crop
residues, etc. in combination may reduce impact.

> 112

VERY HIGH potential for P movement from the field and an adverse impact on waterbodies.
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UNIT CONVERSION TABLE

Unit for solid manure = Ton
Unit for liquid manure = 1000 gal or acre inch
P (elemental phosphorus) x 2.29 = P2O5 (phosphorus)
K (elemental potassium) x 1.2 = K20 (potash)
Percent (%) x 20 = pounds per ton
Percent (%) x 80 = pound per 1000 gallons
Percent (%) x 2254 = pounds per acre inch
mg/L x 9,992 = pounds per ton
mg/L x 0.008 = pounds per 1000 gallons
mg/L x 0.225 = pounds per acre inch
Pounds per ton x 4.17 = pounds per 1000 gallons
Pounds per ton x 113 = pounds per acre inch
Pounds per 1000 gallons x 0.24 = pounds per ton
Pounds per 1000 gallons x 27.2 = pounds per acre inch
Pounds per acre inch x 0.037 = pounds per 1000 gallons
Pounds per acre inch x 0.0089 = pounds per ton
1 gallon = 8.34 pounds
1/2 acre inch (liquids) = 27,200 gallons or 1815 cubic feet or 56 tons
1 mg/L = 1 ppm
1 acre = 43,560 square feet
1 cubic foot = 7.5 gallons
62.5 pounds = cubic foot (liquids)
Swine, Dairy, Beef, Horse, Sheep manure = (solids) 60 lbs cubic foot or 33 cubic feet/ton
Swine, Dairy, Beef, Horse, Sheep manure = (liquids) 62.5 lbs cubic foot or 32 cubic feet/ton
Poultry = 27 lbs cubic foot or 74 cubic feet/ton
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

PEST MANAGEMENT
(Acre)
CODE 595

DEFINITION
Utilizing environmentally sensitive prevention,
avoidance, monitoring and suppression
strategies, to manage weeds, insects, diseases,
animals and other organisms (including invasive
and non-invasive species), that directly or
indirectly cause damage or annoyance.
PURPOSES
This practice is applied as part of a Resource
Management System (RMS) to support one or
more of the following purposes:
x

Enhance quantity and quality of
commodities.

x

Minimize negative impacts of pest control on
soil resources, water resources, air
resources, plant resources, animal
resources and/or humans.

CONDITIONS WHERE PRACTICE APPLIES
Wherever pests will be managed.
CRITERIA
General Criteria Applicable to All Purposes
A pest management component of a
conservation plan shall be developed.
All methods of pest management must comply
with Federal, State, and local regulations,
including management plans for invasive pest
species, noxious weeds and disease vectors.
Compliance with the Food Quality Protection Act
(FQPA); Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA); Worker Protection
Standard (WPS); and Interim Endangered
Species Protection Program (H7506C) is
required for chemical pest control.

Integrated Pest Management (IPM) that strives
to balance economics, efficacy and
environmental risk, where available, shall be
incorporated into planning alternatives. (IPM is a
sustainable approach to pest control that
combines the use of prevention, avoidance,
monitoring and suppression strategies, to
maintain pest populations below economically
damaging levels, to minimize pest resistance, and
to minimize harmful effects of pest control on
human health and environmental resources.
IPM suppression systems include biological
controls, cultural controls and the judicious use
of chemical controls.)
An appropriate set of mitigation techniques must
be planned and implemented to reduce the
environmental risks of pest management
activities in accordance with quality criteria in
the local Field Office Technical Guide. Mitigation
techniques include practices like a Filter Strip or
Conservation Crop Rotation, and management
techniques like application method or timing.
All methods of pest management must be
integrated with other components of the
conservation plan.
Clients shall be instructed to pay special
attention to all environmental hazards and sitespecific application criteria listed on pesticide
labels and contained in Extension and Crop
Consultant recommendations.
Additional Criteria to Protect Quantity and
Quality of Commodities
As an essential component of both commodityspecific IPM and IPM general principles, clients
shall be encouraged to use the minimum level of
pest control necessary to meet their objectives
for commodity quantity and quality.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.
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Additional Criteria to Protect Soil Resources
In conjunction with other conservation practices,
the number, sequence and timing of tillage
operations shall be managed to maintain soil
quality and maintain soil loss at or below the soil
loss tolerance (T) or any other planned soil loss
objective.
Clients shall be encouraged to pay special
attention to pesticide label instructions for
limiting pesticide residues in soil that may
negatively impact non-target plants, animals and
humans.
Additional Criteria to Protect Water
Resources
Pest management environmental risks, including
the impacts of pesticides in ground and surface
water on humans and non-target plants and
animals, must be evaluated for all identified
water resource concerns. An approved
evaluation procedure includes the use of NRCS'
Windows Pesticide Screening Tool (WIN-PST).
When a chosen alternative has significant
potential to negatively impact important water
resources, (e.g., WIN-PST “Extra High”, “High”
or “Intermediate” soil/pesticide human risk
ratings in the drainage area of a drinking water
reservoir), an appropriate set of mitigation
techniques must be put in place to address risks
to humans and non-target plants and animals.
Clients shall be encouraged to pay special
attention to pesticide label instructions for
limiting pesticide residues in leachate and runoff
that may negatively impact non-target plants,
animals and humans.
The number, sequence and timing of tillage
operations shall be managed in conjunction with
other sediment control tactics and practices, in
order to minimize sediment losses to nearby
surface water bodies.
Additional Criteria to Protect Air Resources
Clients shall be encouraged to pay special
attention to pesticide label instructions for
minimizing volatilization and drift that may
negatively impact non-target plants, animals and
humans.
Additional Criteria to Protect Plant
Resources
Clients shall be encouraged to pay special
attention to pesticide label instructions including
those directed at:
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x

Preventing misdirected pest management
control measures that negatively impact
plants (e.g., removing pesticide residues
from sprayers before moving to the next
crop and properly adjusting cultivator teeth
and flame burners).

x

Appropriate climatic conditions, crop stage,
soil moisture, pH, and organic matter in
order to protect plant health.

x

Limiting pesticide residues in soil that can
carry over and harm subsequent crops.

Additional Criteria to Protect Animal
Resources
Clients shall be encouraged to pay special
attention to pesticide label instructions that
minimize negative impacts to animals.
Additional Criteria to Protect Humans
Clients shall be encouraged to pay special
attention to pesticide label instructions that
minimize negative impacts to humans.
CONSIDERATIONS
If commodity-specific IPM is not available, the
following IPM principles should be considered:
x

Prevention, such as using pest-free seeds
and transplants, cleaning tillage and
harvesting equipment between fields,
irrigation scheduling to avoid situations
conducive to disease development, etc.

x

Avoidance, such as using pest resistant
varieties, crop rotation, trap crops, etc.

x

Monitoring, such as pest scouting, soil
testing, weather forecasting, etc. to help
target suppression strategies and avoid
routine preventative pest control.

x

Suppression, such as cultural, biological and
chemical controls, that can reduce a pest
population or its impacts. Chemical controls
should be used judiciously in order to
minimize environmental risk and pest
resistance.

Adequate plant nutrients and soil moisture,
including favorable pH and soil conditions,
should be available to reduce plant stress,
improve plant vigor and increase the plant's
overall ability to tolerate pests.
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On irrigated land, irrigation water management
should be designed to minimize pest
management environmental risk.

also be given for non-emergency
information:

PLANS AND SPECIFICATIONS

Monday - Friday
6:30 a.m. to 4:30 p.m. Pacific Time

1-800-858-7378

The pest management component of a
conservation plan shall be prepared in
accordance with the criteria of this standard and
shall describe the requirements for applying the
practice to achieve its intended purpose(s).

For advice and assistance with emergency
spills that involve agrichemicals, the local
emergency telephone number should be
provided. The national 24-hour CHEMTREC
telephone number may also be given:

As a minimum, the pest management
component of a conservation plan shall include:
x

Plan map and soil map of managed site, if
applicable (use RMS plan maps if available).

x

Location of sensitive resources and
setbacks, if applicable (use RMS plan maps
if available).

x

Environmental risk analysis, with approved
tools and/or procedures, for probable pest
management recommendations by crop (if
applicable) and pest.

x

x

Interpretation of the environmental risk
analysis and identification of appropriate
mitigation techniques.

x

Follow label requirements for mixing/loading
setbacks from wells, intermittent streams
and rivers, natural or impounded ponds and
lakes, or reservoirs. (State or local
regulations may be more restrictive).

x

Post signs according to label directions
and/or Federal, State, and local laws around
sites that have been treated. Follow
restricted entry intervals.

x

Dispose of pesticides and pesticide
containers in accordance with label
directions and adhere to Federal, State, and
local regulations.

x

Read and follow label directions and
maintain appropriate Material Safety Data
Sheets (MSDS).

x

Calibrate application equipment according to
Extension and/or manufacturer
recommendations before each seasonal use
and with each major chemical change.

x

Replace worn nozzle tips, cracked hoses,
and faulty gauges.

x

Maintain records of pest management for at
least two years. Pesticide application
records shall be in accordance with USDA
Agricultural Marketing Service's Pesticide
Record Keeping Program requirements.

Operation and maintenance requirements.

OPERATION AND MAINTENANCE
The pest management component of a
conservation plan shall include appropriate
operation and maintenance items for the client.
These may include:
x

1-800-424-9300

Review and update the plan periodically in
order to incorporate new IPM technology,
respond to cropping system and pest
complex changes, and avoid the
development of pest resistance.

x

Maintain mitigation techniques identified in
the plan in order to ensure continued
effectiveness.

x

Develop a safety plan for individuals
exposed to chemicals, including telephone
numbers and addresses of emergency
treatment centers for individuals exposed to
chemicals and the telephone number for the
nearest poison control center. The National
Pesticide Information Center (NPIC)
telephone number in Corvallis, Oregon may
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Field Office Technical Guide
Section IV

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

WATERING FACILITY
(No.)
CODE 614
DEFINITION
A device (tank, trough, or other watertight
container) for providing animal access to water.
PURPOSE
To provide watering facilities for livestock and/or
wildlife at selected locations in order to:
x

x

x

protect and enhance vegetative cover
through proper distribution of grazing;
provide erosion control through better
grassland management; or
protect streams, ponds and water supplies
from contamination by providing alternative
access to water

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to all land uses where there
is a need for new or improved watering facilities.
CRITERIA
Capacity. A trough or tank shall have adequate
capacity to meet the water requirements of the
livestock and/or wildlife. This will include the
storage volume necessary to carry over between
periods of replenishment.
Table 1 shall be used for determining minimum
daily requirements, capacity and depth of
individual watering facilities.
Where water supplies are dependable and
livestock are checked daily, troughs with little
water storage capacity may be used. Troughs or
tanks must provide the daily water requirement

of the livestock and provide access to the entire
herd within a short period of time.
Where water is supplied by undependable
means (i.e., solar, RAM, etc.), the minimum
watering system storage capacity shall be 3
days. However, if an alternate permanent water
source (i.e., pond, lake, stream, etc.) is available
and readily accessible, then the 3-day storage
period is not required.
Table 1 – Minimum Requirements of Individual
Watering Facilities
Kind of
Livestock

Water
Facility
Capacity

Depth
(inches)

Minimum
Daily
Requirement
1/

(gal)

(Gal/hd/day)

Maximum
Height
above
Normal
Ground
(inches)

Beef cattle

100 (25)

2/

12

12-20

30

Horse

100 (25)

2/

12

6-14

30

Dairy cattle (drinking only)
Lactating

100 (25)

2/

12

25-30

30

Nonlactating

100 (25)

2/

12

10-15

30

Sheeps &
Goats

15

6

2-3

18

Swine

15

6

2-4

18

1/

These requirements vary with climatic conditions, kind of feed,
size of animals, and other factors and may be increased as
necessary.

2/

The minimum capacity of individual watering facilities may be
reduced to 25 gallons provided all of the following conditions are
met.
1. The pasture is 14 acres or less.
2. Water supply into the watering facility is at least 5 gpm.

3/

The minimum water facility storage capacity is met.

Replenishment rate. The inflow of water in a 3hour period plus the individual watering facility
(watering facility/tank) capacity shall equal or
exceed one-half the daily requirement for the
livestock using the facility.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the
current version of this standard, contact the Natural Resources Conservation Service.
NRCS, KY, April 2003
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Location. The site should be well drained, if not,
drainage measures will be provided. Areas
adjacent to the trough or tank that will be
trampled by livestock shall be graveled, paved,
or otherwise treated to provide firm footing and
reduce erosion. Design of the protective surface
around the trough or tank shall be in accordance
with NRCS Kentucky Conservation Practice
Standard 561 Heavy Use Area Protection:
Agricultural Areas - Surface Treatment.
Locate the watering facility in such a manner that
runoff from the facility does not have the
potential to enter wells at the well head. The
location shall have easy access by livestock and
also provide good grazing distribution.
Backflow Protection. Watering facilities that
have a potential to cross-connect with the public
water supply system shall have a properly
installed backflow prevention device or air gap
as required by the local water utility’s crossconnection control program.
Watering facilities that are connected to potable
well systems shall include measures to prevent
backflow or back-siphonage to the well.
Acceptable measures to prevent backflow are
the use of an air gap or double check valve.
Air gap. Air gaps shall be a minimum of 2 times
the diameter of the supply line above the crest or
overflow device of the watering facility.
(Example: If the supply line is 1 inch, then the
minimum air gap required is 2 inches above the
crest of the overflow device.) The supply line and
air gap shall be protected from contact by
livestock. This shall include measures to protect
the air gap from inadvertent splashing by the
livestock during watering.
Components. Automatic water level control
and/or overflow facilities shall be provided as
appropriate. Valves or pipes shall be protected
by shields or covers to prevent damage by
livestock. Overflow shall be piped to a stable or
suitable point of release. The trough and outlet
pipes will be protected from freezing and ice
damage. Freeze-proof troughs or electric heaters
may be used.
Watering facilities shall be installed in a manner
that will prevent the facility from leaking or being
overturned.
Watering facilities with a capacity larger than 100
gallons shall be equipped with a minimum 1-inch
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drain plug to facilitate maintenance of the
watering facility.
All exposed pipes, fittings, and etc. shall be
galvanized or ultraviolet protected as
appropriate.
Gravity fed systems shall have sufficient head to
supply the water for the design number of
animals. Minimum elevation head shall be 4 feet
(planned permanent water surface of pond or
spring box to lip of watering facility) when water
level is controlled by a valve. Minimum elevation
head shall be 1 foot when water flows through
the watering facility.
Materials. All materials shall have a life
expectancy that meets or exceeds the planned
useful life of the installation. Common
construction materials are reinforced concrete,
steel, fiberglass, and plastic. All designs shall
meet the industry standards for the material
being used. Generally applicable design
requirements and procedures can be found in
the documents referenced at the end of this
standard.
Reinforced concrete facilities shall have at least
3-inch thick walls and 4-inch thick floor with a
minimum of 8-gauge welded wire. It shall be
constructed from a concrete mix producing a
minimum compressive strength of 3,000 psi at 28
days.
Galvanized steel tanks shall have a minimum
thickness of 20 gauge.
Plastic and fiberglass structures shall be made of
ultraviolet resistant materials or shall have a
durable coating to protect the structure from
deterioration due to sunlight. Minimum thickness
of the walls and floor shall be ¼ inch.
When a large equipment tire is used as a
watering facility, it shall be of suitable quality to
perform as intended for the useful life of the
practice. The tire shall be free of chemicals
injurious to livestock. An approved standard
drawing shall be used to prepare site specific
designs for this type of tank.
Water supply and outlet pipe. The watering
facility shall be equipped with a suitable water
supply pipe, drainage outlet, and overflow outlet,
either as individual outlets or a combination of
outlets. Drainage outlets for systems with flowthrough water must extend at least 10 feet from
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the watering facility. Plumbing shall be new
galvanized steel, copper, bronze, or plastic pipe
and fittings in conformance with Conservation
Practice Standard, Pipeline, Code 516. Water
supply pipelines are to have a minimum inside
diameter of 1 1/4 inch for gravity flow systems or
3/4 inch for pressurized systems. The supply
lines shall be connected in a manner to prevent
leakage and provide proper sanitary protection
(i.e., backflow prevention).
Ram pumps. Ram pumps require falling water to
pump water uphill. The minimum vertical fall from
drive pipe inlet to the ram shall be two feet. In
order to provide a constant supply and uniform
head of water, the water shall be collected in a
durable trash-resistant device (inverted PVC
pipe, concrete or galvanized metal) before it
enters the drive pipe to the ram. The length of
drive pipe shall be 5 times the vertical fall to
ensure proper operation. It shall be buried on a
constant grade with no turns to the ram. The ram
pump shall be located on a concrete foundation
and appropriately protected or housed. A gate
valve shall be installed near the ram entrance so
that periodic maintenance can be done.
Nose pumps. Nose pumps shall be anchored to
concrete or other approved device to prevent
damage by livestock.
CONSIDERATIONS
Installation of this practice should be in
consideration of natural resource assessments
that may be applicable, such as cultural
resources, NEPA, wetland conservation
provisions, existing wildlife habitat, and others.
Topography should be evaluated to minimize trail
erosion and flooding erosion from tank overflow.
The maximum travel distance for livestock to
watering facilities should not exceed 800 feet.
Watering facilities should be accessible to small
animals. Escape ramps for small animals should
be installed.
Adequate protection for livestock during the
winter should be considered.
Cut-off values, removable risers, or other
devices should be considered if freezing may be
a problem during winter months if water facility is
not used.

Provide room for at least 1 animal in 20 to drink
from a watering facility at a time. Plan on 20
inches of perimeter for circular watering facilities
and 30 inches of length for the straight side of a
watering facility for each animal drinking.
(Circumference equals diameter X 3.1416.
Diameter equals circumference divided by
3.1416).
The water level in open watering facilities should
be a approximately 1.5 inches below the top of
the watering facility to avoid water saturating
area surrounding the watering facility.
Where rotational grazing is practiced use
portable water watering facilities that can be
relocated to disperse impacts from trampling
vegetation.
To ensure uniform grazing and waste distribution
in the field, cattle should not travel more than
800 feet to the watering facility.
Generally, watering facilities should be located
within 500 feet of where lactating dairy cattle are
grazing. (See publication “Prescribed Grazing
and Feeding Management for Lactating Dairy
Cows”, New York State Grazing lands
Conservation Initiative and USDA NRCS,
January 2000).
Where possible, a watering facility can provide
water for 2 to 4 pastures. Gates or gaps may be
placed adjacent to the watering facility to allow
livestock access to the entire watering facility
from any one paddock at a time. Avoid placing
feeding areas or other concentrated animal
activities above a water source.
Ponds serving as a water source for a watering
facility should be fenced to prevent cattle from
damaging pond banks and creating water quality
problems with the water source. The fenced
boundary around the pond provides a vegetative
filter strip for water entering the pond. Fencing
should be installed according to Conservation
Practice Standard Code 382 - Fence.
The watering facility should be located so that
loafing of the cattle around it is not encouraged.
The watering facility placed under trees
encourages loafing and also creates
maintenance problems with leaves dropping into
it. If water temperature is a concern, the watering
facility can be partially buried or shaded with a
roof.
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An alternate permanent water source (such as a
pond, lake, stream, etc.) is recommended to
have water available for livestock if the normal
water source becomes inoperable.

addressed in areas with water quality that is
known to cause problems. Chemicals such as
copper sulfate and chloride can be
recommended as needed, as long as local rules
and regulations are followed.

PLANS AND SPECIFICATIONS
REFERENCES
Plans and specifications for installing troughs
and tanks shall be in keeping with this standard
and shall describe the requirements for applying
the practice to achieve its intended purpose. If
the trough and/or tank is a component of a
system that includes additional conservation
practices, the information necessary to construct
these additional practices will also be conveyed
on the plans.
Development of plans will be guided by the
Engineering Field Handbook, Chapter 5, and
shall be in accordance with the National
Engineering Manual, Parts 541 and 542.
OPERATION AND MAINTENANCE
An Operation and Maintenance plan specific to
the type of installed trough or tank shall be
provided to the landowner. The plan shall
include, but not be limited to, the following
provisions:
x

check for debris, algae, sludge or other
materials in the trough which may restrict the
inflow or outflow system;

x

check for leaks and repair immediately if any
leaks are found;

x

check the automatic water level device to
ensure proper operation;

x

check to ensure that adjacent areas are well
protected against erosion;

x

check to ensure the outlet pipe is freely
operating and not causing erosion problems;
prepare guidance for winter weather, such
as adding material in the storage area to
allow for ice expansion without damage.

x

Algae and iron sludge accumulation should be
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NRCS. National Engineering Handbook
Engineering Field Handbook
National Engineering Manual
Manual of Steel Construction,
American Institute of Steel Construction
American Concrete Institute
ACI 318, ACI 530
Building Code Requirement for Masonry
Structures
General Manual, 190, Part 410, Compliance with
NEPA.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSTRUCTION SPECIFICATION

WATERING FACILITY
SCOPE
This item shall consist of the installation of a
watering facility to provide drinking water for
livestock. Construction shall be carried out in
such a manner that erosion, water, air, and noise
pollution shall be minimized and held within legal
limits as established by state regulations.
LOCATION
The watering facility shall be installed at the
location shown on the drawings, or at the
location designated by the NRCS official.
MATERIALS
The tank or watering facility shall be equal in size
and quality to that specified or shown on the
drawings. A concrete watering facility shall be
constructed from concrete per construction
specifications for plain and reinforced concrete.
All pipes and fittings shall be of the size and
material shown on the drawings. A galvanized
steel watering facility shall be 20 gauge
minimum.
CONCRETE
This work shall consist of furnishing, forming,
placing, finishing, and curing Portland cement
concrete. The concrete mixture shall be no less
than a five (5) bags of cement per yard mix. The
water content shall not exceed 6 gallons per bag
of cement. The concrete will be thoroughly
rodded or vibrated and spaded to remove air
voids and produce dense, watertight concrete.
Concrete shall contain Portland cement that
meets the requirements of ASTM Specification
C150, with washed sand and gravel. Clean water
shall be used in the mix.

Smaller batches: 1 part cement, 2 parts
sand, and 3 parts gravel; add water at the
rate of 1 gallon per 16 lbs of cement.

INSTALLATION
The foundation area shall be cleared of all
material not suitable for subgrade and be leveled
to allow the watering facility or tank to be placed
on firm ground. The area surrounding the
watering facility shall be smoothed and graded to
permit free drainage of surface water away from
it, yet allow access by the animals for which it is
being installed. All backfill for underground pipes
shall be compacted to the degree required to
prevent caving after construction is completed.
HEAVY USE AREA
The watering facility shall be located so that a
dry surface is maintained around the base,
extending 10 feet from all sides of the watering
facility. The minimum gravel mat thickness shall
be 6 inches.
The construction shall be performed in a
workmanlike manner and the job site shall have
a neat appearance when finished.
VEGETATION
Vegetation shall be applied to all disturbed areas
as critical area planting and shall include liming,
fertilizing, seedbed preparation, seeding, and
mulching.

Suggested ratio of aggregates in mix:
94 lbs. cement (1 bag), 6 gallons water,
170 lbs. clean dry sand, 315 lbs. dry gravel.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

VEGETATED TREATMENT AREA
(Ac.)
CODE 635

DEFINITION
An area of permanent vegetation used for
agricultural wastewater treatment.
PURPOSE
To improve water quality by reducing loading of
nutrients, organics, pathogens, and other
contaminants associated with livestock, poultry,
and other agricultural operations.

Design the VTA based on the need to treat the
runoff volume from the 25-year, 24-hour storm
event from the agricultural animal management
facility. Infiltrate a portion or the entire volume of
the design storm, based on management
objectives. The portion of the design volume not
infiltrated shall be stored for utilization or
treatment unless discharge is permitted by
applicable regulations. Prevent discharge from
any vegetative treatment area that does not have
a KY DOW KPDES permit to discharge.

CONDITIONS WHERE PRACTICE APPLIES
Where a Vegetated Treatment Area (VTA) can be
constructed, operated and maintained to treat
contaminated runoff from such areas as feedlots,
compost areas, barnyards, and other livestock
holding areas; or to treat process wastewater from
agricultural operations.
CRITERIA
Vegetated treatment areas shall comply with all
applicable laws, rules, regulations, and permit
requirements including those applicable to the
discharges of waters to the state.
Base the total treatment area for the VTA on the
soil’s capacity to infiltrate and retain runoff within
the root zone and the vegetation’s agronomic
nutrient requirements. Use the soil’s water holding
capacity in the root zone, infiltration rate,
permeability, and hydraulic conductivity to
determine its ability to absorb and retain runoff.
Base the runoff determination on the most
restrictive soil layer within the root zone
regardless of its thickness.
Divert uncontaminated water from the treatment
area to the fullest extent possible unless
additional moisture is needed to manage
vegetation growth in the treatment area.

The VTA design for processed water shall be
based on the nutrient contents of the processed
water and the VTA’s ability to hold and uptake the
nutrients.
Nutrient loading of VTAs shall be based on crop
removal of the vegetation used in the VTA.
Permanent vegetation consisting of a single
species or a mixture of grasses, legumes and/or
other forbs adapted to the soil and climate shall
be established in the treatment area. Selected
species shall be suited to current site conditions
and intended use. Selected species will have the
capacity to achieve adequate density, vigor and
yield within an appropriate time frame to treat
contaminated runoff. Site preparation and
seeding shall be done at a time and in a manner
that best ensures survival and growth of the
selected species.
Vegetation shall be able to withstand anticipated
wetting and/or submerged conditions. Harvest
VTA as appropriate to encourage dense growth,
maintain an upright growth habit, and remove
nutrients and other contaminants that are
contained in the plant tissue
Exclude livestock access to the vegetated
treatment area.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office, or visit the Field Office Technical Guide.
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Discharge into and through treatment areas shall
be applied as sheet flow. Where sheet flow is
planned, some means, such as a ditch, curb,
gated pipe, level spreader or a sprinkler system,
shall be provided to disperse concentrated flow
and ensure sheet flow across the treatment area.
Land grading and structural components
necessary to maintain sheet flow throughout the
treatment area shall be provided as necessary.
Locate VTAs outside of floodplains. However, if
site restrictions require location within a
floodplain, they shall be protected from inundation
or damage from a 25-year flood event, or larger if
required by regulation.
The water table shall be either naturally deep
enough or artificially lowered so that the infiltrated
runoff does not mingle with the ground water at
the bottom of the root zone. Subsurface drainage
shall not be provided within the VTA. Subsurface
drainage may be used to lower the seasonal high
water table to an acceptable level provided the
subsurface drain lines are at least 10 feet away
from the VTA.
Infiltration areas shall not be planned where soil
features such as cracking will result in preferential
flow paths that transport untreated runoff from the
surface to below the root zone, unless the soil
moisture can be maintained to prevent drying and
cracking.
The entrance slope to the VTA shall not be flatter
than 1 percent.

CRITERIA FOR VEGETATED TREATMENT
AREAS BELOW HEAVY USE/FEEDING AREAS
Vegetated treatment areas below heavy
use/feeding areas must meet the following:
Avg. Land Slope Percent Minimum Length of
of the treatment area
Flow (Feet)
0-6
7-12

40-60
60-100

Make the width of the treatment area the same as
the corresponding side of the heavy use area.
For heavy use area on narrow ridge tops,
treatment areas may be placed on both sides of
the heavy use area, but both must meet the
minimum flow length given above.

NRCS, KY
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CRITERIA FOR VEGETATED TREATMENT
AREAS FOR DAIRY FACILITY WASH WATER
For sheet flow applications, the treatment area
shall be a uniformly graded strip or wide bottomed
trapezoidal channel.
Make low velocity channels a minimum of 60 feet
long. Design the channel for a flow depth of 0.5
feet or less to pass the peak runoff from a 25
year, 24 hour storm at a velocity of 0.5 feet per
second or less. Design the channels for 30
minutes flow through time, minimum.
Provide for separation and removal of solids prior
to applying waste to the treatment strip or provide
a method to clean any accumulated solids from
the treatment area channel.
Do not exceed an application rate of 2 acre inches
per week with a two to three day rest period
between applications.
Use gated pipes, level lip weirs, perforated
corrugated plastic pipe, a sprinkler system, or
other methods to spread the flow evenly across
the channel.
CONSIDERATIONS
Provide more than one treatment area to allow for
resting, harvesting vegetation, maintenance, and
to minimize the potential for overloading.
Use warm and cool season species in separate
areas to ensure that plants are actively growing to
maximize nutrient uptake during different times of
the year.
Pre-treat influent with solid/liquid separation to
reduce organic loading, odor generation, and
nutrients to levels that will be tolerated by the VTA
and to prevent excessive accumulation of solids in
the treatment area.
Utilize inlet control structures to prevent
undesirable debris from entering the VTA, to
control the rate and timing of inflow during normal
operations and to control inflow as necessary for
operation and maintenance.
Supplement water as necessary to maintain
plants in a condition suitable for the treatment
purpose.
Store seasonal contaminated water upstream of
the VTA during excessively wet or cold climatic
conditions.
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Consider suspension of application to treatment
area when weather conditions are not favorable
for aerobic activity or when soil temperatures are
lower than 390 F. When soil temperatures are
between 390 F and 500 F, consider reducing
application rate and increasing application period
while maintaining a constant hydraulic loading
rate.

OPERATION AND MAINTENANCE

Manage the VTA to maintain effectiveness
throughout the growing season. Time the harvest
of the VTA plants so vegetation can re-grow to a
sufficient height to effectively filter effluent late in
the growing season.

x

Control undesired weed species, especially
state-listed noxious weeds, and other pests
that could inhibit proper functioning of the
VTA

x

Inspect and repair treatment areas after storm
events to fill in gullies, remove flow disrupting
sediment accumulation, re-seed disturbed
areas, and take other measures to prevent
concentrated flow

x

Apply supplemental nutrients and soil
amendments as needed to maintain the
desired species composition and stand
density of herbaceous vegetation

x

Maintain or restore the treatment area as
necessary by periodically grading when
deposition jeopardizes its function, and then
reestablishing to herbaceous vegetation

x

Routinely de-thatch and/or aerate treatment
areas used for treating runoff from livestock
holding areas in order to promote infiltration

x

Conduct maintenance activities only when the
surface layer of the VTA is dry enough to
prohibit compaction

Develop an operation and maintenance plan that
is consistent with the purposes of the practice, its
intended life, safety requirements, and the criteria
for its design.
The plan shall include the following as
appropriate:

Effluent from the VTA may be stored for land
application, recycled through the wastewater
management system, or otherwise used in the
agricultural operation.
Fences or other measures may be needed to
exclude or minimize access of the VTA to humans
or animals that would inhibit its function.
PLANS AND SPECIFICATIONS
Prepare plans and specifications in accordance
with the criteria of this standard that describe the
requirements for applying the practice to achieve
its intended use. Include critical construction
perimeters, necessary construction sequence,
vegetation establishment requirements, and
nutrient removal.
Plans and Specifications will include:
x

A plan view showing the location of the VTA

x

Details of the length, width, and slope of the
treatment area to accomplish the planned
purpose (length refers to flow length down the
slope of the treatment area)

x

Herbaceous species, seed selection, and
seeding rates to accomplish the planned
purpose

Treatment areas in arid or semiarid regions that
potentially could be affected by high salinity
and/or sodium content should be monitored for
excessive salt and sodium buildup. If excessive
salt or sodium is found, an appropriate corrective
action shall be taken.
REFERENCES

x

Planting dates, care, and handling of the seed
to ensure that planted materials have an
acceptable rate of survival

USDA/NRCS, National Engineering Handbook,
Part 651, Agricultural Waste Management Field
Handbook.1992, Last revised, June 1999.

x

Site preparation sufficient to establish and
grow selected species

Koelsch, R., B. Kintzer, and D. Meyer. (ed.) 2006.
Vegetated Treatment Systems for Open Lot
Runoff - A Collaborative Report. USDA, NRCS.
http://www.heartlandwq.iastate.edu/ManureMana
gement/AlternativeTech/Avtsguidance/
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Field Office Technical Guide
Section IV

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

WATER AND SEDIMENT CONTROL BASIN
(No.)
CODE 638
DEFINITION

CRITERIA

An earth embankment or a combination
ridge and channel generally constructed
across the slope and minor watercourses to
form a sediment trap and a water detention
basin.

Water and sediment control basins can be part of
the treatment needed to protect the soil resource
base. In addition, conservation practices such as
terraces, contouring, a conservation cropping
system, conservation tillage (crop residue tillage)
shall also be used to control erosion.

PURPOSE
To improve the farmability of sloping land,
reduce watercourse and gully erosion; trap
sediment; reduce and manage onsite and
downstream runoff, and improve
downstream water quality.
CONDITIONS WHERE PRACTICE APPLIES
This practice applies to sites where:
1. The topography is generally irregular.
2. Watercourse and gully erosion are a
problem.
3. Sheet and rill erosion are controlled by
other conservation practices.
4. Runoff and sediment damage land and
improvements.

Water and sediment control basins shall not be
used in place of terraces. When a ridge and
channel extend beyond the detention basin or
level embankment, terraces shall be designed.
The resource management system must reduce
soil loss in the interval above and below the basin
to prevent excessive maintenance and operation
problems.
Spacing. Water and sediment control basins shall
generally be spaced at terrace intervals (see
conservation practice standard code 600). The
spacing shall be determined using the Revised
Universal Soil loss Equation (RUSLE). The
predominate land slope is defined as the slope of
the drainage channel. The grade of the
watercourse between basins shall be considered,
and the spacing shall be set to prevent
watercourse or gully erosion. The drainage area of
basin shall be limited so duration of flooding,
infiltration, or seepage does not damage crops or
create other problems.

5. Soil and site conditions are suitable.
6. Adequate outlets are available or can be
provided.
While this practice is typically used on nonirrigated cropland, the practice has
applicability on sprinkler-irrigated areas,
construction sites, etc.

The system of basins and row arrangements shall
be parallel when possible and spaced to
accommodate farm machinery widths and/or
irrigation system hardware. Consideration shall be
given to embankment slope lengths, top widths,
and inlet location when determining spacing.
Alignment. The embankment orientation and row
direction shall be approximately perpendicular to
the land slope to permit contouring as near as
possible. The arrangement should permit
farmability without excessive short point rows or
sharp curves.

Conservation Practice Standards are reviewed periodically, and updated if needed. To obtain the current version of this
standard, contact the Natural Resources Conservation Service.
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Field boundaries and row length should also
be considered when determining basin
location and row direction.

such an emergency spillway is used, it shall not
contribute runoff to a lower basin in series not
similarly provided with an emergency spillway.

Cross-section. Embankment sideslopes
shall be 4:1 or flatter for farmed basins. Non
farmed basin embankment sideslopes shall
be 2:1 or flatter. The effective top width and
height for basins shall be at least as wide as
shown in the following:

Basin Shape. To get maximum trap efficiency,
the reservoir length should be at least 4 times the
average width, unless calculations show that the
proposed length is adequate to trap at least 65
percent of the suspended particles. Length is
defined as the shortest distance from where
particles enter the ponded area to the outlet pipe
leaving the pond.

Fill Height (ft)
0-5
5-10
10-15

Effective top width (ft)
3
6
8

The maximum fill height for water and
sediment control basins shall be 15 feet,
measured from natural ground at centerline
of ridge. The constructed height of the
embankment shall be at least 5% greater
than the design height to provide for
settlement. Combined side slopes shall not
be less than 5:1.
Capacity. Basins shall be sized to store the
runoff from a 10 year 24 hr storm plus the
anticipated sediment accumulation without
overtopping. As an option to storing the
entire runoff, underground outlets may be
used to route the flood volume through the
basin. The 10 year-24 hr runoff volume can
be reduced by the amount of water routed
through the underground outlet. The basin
shall have the capacity to store the
anticipated 10-year sediment accumulation,
unless provisions are made for the periodic
removal from the basin to maintain the
design capacity. Where field data for
sediment bulk density is not available, the
designer can assume that one ton of
sediment occupies one cubic yard.
The capacity of basins designed to provide
flood protection or to function with other
flood control structures may be larger and
shall be adequate to control the runoff from
a storm of a frequency consistent with the
potential hazard.
All water and sediment control basins shall
have ends closed to the elevation needed
for the design capacity. A maximum of 1 foot
of freeboard may be added to the design
height to provide for an emergency spillway
around one or both ends of the basin. When
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Conduits. The minimum pipe size for basin
outlets shall be 4-inch diameter pipe. The riser
pipe shall be at least one pipe diameter larger than
the conduit pipe. Refer to Chapter 6, Engineering
Field Handbook Part 650 for sizing. A minimum of
one 18 inch by 18-inch cutoff collar shall be
designed in the upper one half of the pipe length.
Conduits placed in soils with high piping potential
may require additional seepage protection.
An outlet shall be provided of earth, pipe, stone, or
other devices adequate to keep the sediment in
the basin and to handle the 10-year-frequency
discharge without failure or significant erosion.
Inlets and outlets. Rock riprap, pipe drops, or
other types of structural protection shall be
included when the flow velocities will be erosive
where the channel enters the sediment basin or
the spillway channel exits the basin.
Water and sediment control basins shall have
underground outlets or soil infiltration outlets that
meet the requirements for practice standards
terraces (Code 600) and underground outlets
(Code 620).
Vegetation. Slopes and disturbed areas that are
not to be farmed shall be established to suitable
erosion-resistant vegetation. Environmental quality
and wildlife food shall be considered in selecting
the species of vegetation. If soil or climate
conditions preclude the use of vegetative cover
and protection is needed, an organic or gravel
mulch may be used. Seedbed preparation,
fertilizing, seeding, and mulching shall be in
accordance with conservation practice standard
critical area treatment (Code 342).
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CONSIDERATIONS
Selection of pond width should consider the
types of equipment available for sediment
removal from the basin as well as equipment
required for initial construction.
Consider the use of pipe outlets at sites with
long duration small flows and on basins with
highly erosive soils.
Keep velocities at spillways or outlets as low
as possible to avoid resuspension of
sediments. Consider wide shallow spillways
to reduce water velocities.
Consider installing underground outlets a
year in advance of constructing basin
embankment.
Consider the visual impacts of the basin.
Use fencing, vegetative screening, etc. as
appropriate
Consider effects on the water budget,
especially on volumes and rates of runoff,
infiltration, evaporation, transpiration, deep
percolation, and groundwater recharge.
Consider effects on downstream flows and
aquifers that would affect other water uses
and users.
Consider effects on volume of discharge
flow on the environmental, social, and
economic conditions.
Consider effects on the water table
downstream and the results of changes of
vegetative growth.
Consider effects on erosion, movement of
sediment, pathogens, and soluble and
sediment-attached substances that could be
carried by runoff.
Consider effects on wetlands and waterrelated wildlife habitats.
PLANS AND SPECIFICATIONS
Plans and specifications for installing water
and sediment control basins shall be in
keeping with this standard and shall
describe the requirements for applying the
practice to achieve its intended purpose.
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Plans and specifications shall be prepared to show
site specifics. The drawings and specifications
shall show location, cross-section(s) of
excavations and embankments, applicable piping
and spillway details, applicable erosion controls for
inlets or outlets, applicable seeding requirements
and any special requirements for spoil disposal.
OPERATION AND MAINTENANCE
Typical O&M will include cleaning of pipe outlets,
removal of sediment from basin, replacement of
eroded or farmed down embankments, repair of
any erosion in emergency spillway, maintenance
of vegetation or other erosion measures.
The sediment and design capacity shall be
maintained by cleaning the basin or by raising the
embankment height. Excavated material spread
on the cropland shall placed to maintain fertility
and enhance topography. Fill material for
increasing the embankment height shall be
obtained in a manner that enhances topography
and maintains productivity of the cropland. The
vegetation shall be maintained to prevent sheet
and rill erosion or gullying of the embankment.
Trees and woody cover generally create problems
and should be controlled.
REFERENCES
-NRCS Engineering Field Handbook, Part 650
Chapters 6,10, and 11
-NRCS Conservation Practice Standards;
Underground Outlet (Code 620)
Terrace (Code 600)

Critical Area Planting (Code 342)
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CONSTRUCTION SPECIFICATIONS FOR

WATER AND SEDIMENT CONTROL BASIN
(No.)
CODE 638

General. Construction operations shall be
carried out in such a manner and sequence that
erosion and air and water pollution will be
minimized and held within acceptable limits.
Construction methods that enhance wildlife will
be used where practical. Trees, stumps, and
brush, removed from the construction area may
be piled for wildlife habitat when approved by
the landowner/user.

objectionable material. To the extent that they
are suitable, excavated materials are to be used
as fill. The distribution and gradation of materials
shall be such that there will be no lenses,
pockets, streaks, or layers of material differing
substantially in texture or gradation from the
surrounding material. The work area shall be
kept free of standing water when fill is being
placed.

The completed job shall present a workmanlike
appearance and shall conform to the line,
grades and elevations shown on the drawings or
as staked in the field.

The placing and spreading of the fill shall be
started at the lowest point of the foundation and
the fill shall be brought up in approximately
horizontal layers not to exceed 9 inches in
thickness. Each layer will be compacted by
complete coverage with the hauling and
spreading equipment.

All operations shall be carried out in a safe,
skillful manner. Safety and health regulations
shall be observed and appropriate safety
measures used.
Site Preparation. All ditches or gullies shall be
removed before construction of the fill begins.
The base for basin shall be scarified so that a
good bond is obtained. Unsuitable materials
shall be stripped and will be disposed of at
approved locations.
Excavation. To the extent needed, all suitable
materials removed from the specified excavation
shall be used in the construction of the earth fill
areas of the basin. Obtain fill material for
construction of the embankment in a manner
that enhances topography and maintains
productivity of the cropland. In cases when fill
material is obtained from outside the basin area
or from an offsite sources, it should be obtained
in a manner that enhances the topography and
maintains productivity of the borrow area. All
surplus or unsuitable materials shall be disposed
of in a manner that will not interfere with the
operation of the basin.

Where underground outlets are located under a
basin ridge, mechanical compaction or water
packing shall be used. Installation and backfill of
conduit trenches should be made in advance of
other fill placement to allow adequate
settlement.
Moisture Control. The minimum moisture
content of the fill material and foundation shall
be such that when kneaded in the hand the fill
material will form a ball that does not readily
separate. The maximum moisture content is
when conditions are too wet for efficient use of
the hauling and compaction equipment.
Construction Tolerances. The following are
guidelines for water and sediment control basin
construction:
Ridge – Grade plus settlement to 0.5’ above
Channel – Grade to 0.2’ below.
Sideslopes will be nominally to grade with no
unsightly humps or hollows.

Fill Placement. The material placed in the fill
areas of the basin shall be free of detrimental
amounts of sod, roots, frozen soil, stones over 3
inches in diameter, and other and other
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Topsoiling. If deep cuts expose subsoil, which
has a much lower productivity than the topsoil,
the topsoil shall be removed and stockpiled.
After the rough construction the exposed subsoil
area will be topdressed with the topsoil to
provide a seedbed. Areas in the channel section
to be topdressed with the soil will be over
excavated to allow for topsoiling to planned
grade.
Where subsoil is exposed, or is used in
constructing the ridge, topsoil will be placed in
accordance with the following criteria:
1. A minimum of four inches of topsoil (“A”
horizon) will be placed where six or more
inches of friable soil material with good
moisture holding properties (more than 0.15
inches per inch) lies below the surface of the
cut area in the channel or the ridge.
2. A minimum of eight inches of topsoil (“A”
horizon) will be placed where less than six
inches of friable soil materials with good
moisture holding properties (more than 0.15
inches per inch) lies below the surface of the
cut area in the channel or the ridge.
3. Topsoil will be placed in final shaping
operations. The underlying soil, if needed, will
be chiseled or scarified to permit proper
bonding of topsoil.
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Finish and Cleanup. The basin ridge and the
designated spoil areas will be finished in a
relatively smooth condition ready for crop
planting or seeding. All rock 3 inches in diameter
or larger and roots shall be removed from the
basin ridge spoil areas.

Technical Guide
Section IV

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

WATER WELL
(No.)
Code 642
DEFINITION
A hole drilled, dug, driven, bored, jetted or
otherwise constructed to an aquifer.
PURPOSES
To provide water for livestock, wildlife, irrigation,
and other uses.
To provide for general water needs of
farming/ranching operations.
To facilitate proper use of vegetation on
rangeland, pastures, and wildlife areas.
CONDITION WHERE PRACTICE APPLIES
On all land uses where the underground supply of
water is sufficient in quantity and quality for the
intended purpose.
This practice standard applies only to production
wells. Specifically excluded are any types of wells
installed solely for monitoring or observation
purposes, injection wells, and piezometers. The
standard does not apply to pumps installed in
wells; above ground installations, such as
pumping plants, pipelines, and tanks; temporary
test wells; and decommissioning of wells
Conservation Practice Standard Well
Decommissioning (Code 351)).
CRITERIA
Installation of this practice should be in
consideration of natural resource assessments
that may be applicable, such as cultural
resources, NEPA, wetland conservation
provisions, existing wildlife habitat, and others.

Suitability of Site: The availability of
groundwater for its intended use at the site
shall be determined by using reliable local
experience and reviewing all available relevant
geologic maps and reports; well records
maintained by Kentucky Division of Water
Groundwater Branch, Kentucky Geological
Survey, the local county health department,
federal agencies; and design, construction,
and maintenance records of near by wells. An
appropriate level of investigation, including test
well drilling, is conducted on-site, as needed,
prior to well construction to determine sitespecific hydrogeologic conditions.
The site shall be suitable for safe operation of
the drilling equipment.
Well Head Protection: Wells shall be located
at safe distances from potential sources of
pollution, including unsealed abandoned wells.
The allowable distance shall be based on
consideration of site-specific hydrogeologic
factors and shall comply with requirements of
all applicable Kentucky Department of Health
or local regulations or constructions codes.
Surface runoff and drainage that might reach
the wellhead from areas used by livestock
shall be diverted.
Wells shall be located a safe distance from
both overhead and underground utility lines
and other safety hazards.
Borehole: Drilled, jetted, bored, and driven
wells shall be sufficiently round, straight, and
of adequate diameter to permit satisfactory
installation of inlet, well casing, filter pack, and
annular seal, and passage of tremie pipe
(including couplings), if used.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the
current version of this standard, contact the Natural Resources Conservation Service.
NRCS, KY, April 2003
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Use of Casing: Casing shall be installed to seal
out undesirable surface or shallow groundwater
and to support the side of the hole through
unstable earth materials. The intake portion of a
well through stable geologic formations may not
require casing.
Casing Diameter: Casing diameter shall be sized
to permit satisfactory installation and efficient
operation of the pump, and large enough to
assure that uphole velocity is 5 feet per second or
less, to protect against excessive head loss.
Materials: Casings may be of steel, iron, stainless
steel, copper alloys, plastic, fiberglass, concrete,
or other material of equivalent strength and
durability consistent with the intended use of the
water and the maximum anticipated differential
head between the inside and outside of the
casing.
Steel well casing shall meet or exceed
requirements specified in ASTM A 589. Steel pipe
manufactured for other purposes may be used if
the quality of the pipe meets or exceeds
requirements specified in ASTM 589.
Only steel pipe casings shall be used in driven
wells.
To prevent galvanic corrosion, dissimilar metals
shall not be joined.
Table 1: Minimum thickness of metal casings for
livestock or recreation wells, in inches.
Diameter
In.

Steel Casing
In.

Lightweight
Galvanized
Casing *
In.

1 **
0.133
1 1/2 **
0.145
2 **
0.154
2 1/2 **
0.203
4
0.060
0.0322
4 1/2
0.060
0.0322
5
0.075
0.0382
6
0.105
0.0382
8
0.105
0.0486
10
0.105
0.0486
* Lightweight galvanized casing shall be used
only in areas where local experience has proved it
to be satisfactory.
** Use only for driven or artesian wells.
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Plastic casings made of acrylonitrilebutadience-styrene (ABS), polyvinyl chloride
(PVS), or styrene-rubber (SR) shall conform to
material, dimensional and quality requirements
specified in ASTM F 480.
Table 2: Maximum depth of installation for
plastic (SDR-PR) pipe, in feet.
PVC

PVC

ABS

SR

Modulus
400K

Of
320K

Elasticity
250K

(E)
300K

985 ft
475
245
130
65

785
380
200
100
50

615 ft
295
150
80
40

735
355
185
95
50

SDR

13.5
17
21
26
32.5

Table 3: Dimensions and maximum depth of
installation for schedule 40 PVC plastic pipe
2
with a modulus of elasticity of 400,000 lb/in .
Schedule 40
Nominal
Outside
Min. Wall
SDR Max.
Diameter Diameter Thickness
Depth
In.
In.
In.
Ft.
2
2.375
0.154
15.4
650
2 1/2
2.875
0.203
14.2
840
3
3.5
0.216
16.2
550
3 1/2
4.00
0.226
17.7
420
4
4.50
0.237
19.0
340
5
5.563
0.258
21.6
230
6
6.625
0.280
23.7
170
8
8.625
0.322
26.8
120
10
10.75
0.365
29.5
90
12
12.75
0.406
31.4
60
If the water is to be used for human
consumption, plastic pipe shall be approved by
the National Sanitation Foundation.
Plastic pipe manufactured for water or
irrigation pipelines may be used if the quality
equals or exceeds requirements specified in
ASTM F 480.
Filament-wound fiberglass casings (glassfiber-reinforced-thermosetting-resin pipe,
RTRP) may be used if material meets
requirements specified in ASTM D 2996. Tests
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for long-term cyclic pressure strength, long-term
static pressure strength, and short-term rupture
strength as required in ASTM D 2996 are not
needed because the pipe is to be used for well
casing. Joints shall meet requirements specified in
Section 3.8, ASTM F 480.
Fiberglass pressure pipe, (also called reinforced
plastic mortar pipe, RPMP, or fiberglass pipe with
aggregate) shall meet or exceed requirements
specified in ASTM D 3517.
The maximum depth for well casings shall be
based on critical collapse pressure calculated by
the Cleindeinst Equation in ASTM F 480,
Appendix X2. Depth, as used in this standard,
applies to the difference in static head between
the inside and outside of the casing. This can be
determined by measuring the static head or by
using the total depth of the well.
Casing Strength: Well casing wall thickness shall
be sufficient to withstand all anticipated static and
dynamic pressures imposed on the casing during
installation, well development, and use. See
Tables 1, 2, and 3 above.
Joint Strength: Joints for well casings shall have
adequate strength to carry the load due to the
casing length and still be watertight, or shall be
mechanically supported during installation to
maintain joint integrity. Such mechanically
supported casings shall terminate on firm material
that can adequately support the casing weight.
Screen: All wells constructed to recover water
from consolidated aquifers shall be equipped with
manufactured screen sections, well points, or field
perforated sections meeting the criteria stated
below. The screen openings for aquifer material of
near uniform size shall be smaller than the
average diameter of the aquifer material. The
screen or slotted casing section must be protected
with a device immediately above the intake section
if necessary to prevent well stabilizer materials
from entering the intake section area.
For graded aquifer materials (of non-uniform
gradation), the screen shall be sized so that 25 to
40 percent of the aquifer material is larger than the
screen opening. For wells in which a gravel pack
envelope is used, the screen shall have openings
that will exclude at least 85 percent of the gravel
pack material. The length and open area of the
screen shall be adequate to maintain the entrance

velocity of water into the well at an acceptable
level, preferably less than 0.1 foot/second.
The position of the screen in the well shall be
governed by the depth of the aquifer below the
ground surface and the thickness of the
aquifer to be penetrated by the well. If
practical, the top elevation of the screen shall
be below the lowest water level expected
during pumping and be located opposite the
most permeable area in the water-bearing
strata.
Seals (Packers): Telescoped screen
assemblies shall be provided with one or more
sand-tight seals between the top of the
telescoped screen assembly and casing.
Filter Pack: Installation of a filter pack around
the well screen shall be considered under the
following conditions: presence of a poorly
graded, fine sand aquifer; presence of a highly
variable aquifer, such as alternating sand and
clay layers; presence of a poorly cemented
sandstone or similar aquifer; a requirement for
maximum yield from a low-yielding aquifer; and
holes drilled by reverse circulation. If used,
filter pack should consist of sand or gravel
material having a D30 grain size 4 to 12 times
the D30 grain size of the aquifer materials.
Provisions shall be made for centering the
casing in the filter pack.
Prepacked Well Screens: For heaving or
caving sands, silty or fine-grained aquifers,
and for horizontal or angled wells, a
commercial prepacked well screen may be
substituted for a conventionally installed (by
tremie) filter pack.
Installation: Casing shall extend from above
the ground surface down through unstable
earth materials to an elevation of at least 2 feet
into stable material or to the top of the screen.
All wells shall be cased to a sufficient height
(minimum of 18 inches) above the ground
surface to prevent entry of surface water.
Casing for artesian aquifers shall be sealed
into overlying, impermeable formations in such
a manner as to retain confining pressure.
If a zone is penetrated that is determined or
suspected to contain water of quality
unsuitable for intended use, the zone shall be
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sealed to prevent infiltration of the poor-quality
water into the well and the developed portion of
the aquifer.
Well Development: Wells to be completed
without a filter pack in unconsolidated granular
aquifers shall be developed following guidance
provided in ASTM D 5521, Standard Guide for
Development of Ground-Water Monitoring Wells in
Granular Aquifers.
The method shall be selected based on geologic
character of the aquifer, type of drilling rig, and
type of screen.
Aquifer Development: For massive, unfractured
rock formations unresponsive to well development
procedures, the use of aquifer stimulation
techniques may be considered to improve well
efficiency and specific capacity. Techniques may
include dry ice or hydrofracturing, depending on
the composition and structure of the formation.
Grouting and Sealing: The annulus surrounding
the permanent well casing at the upper terminus of
the well shall be filled with expansive hydraulic
cement (ASTM C 845), shrinkage-compensating
concrete, bentonite based grout, clay, or other
material with similar sealing properties. The length
of the grout seal shall be no less than 10 feet and
not less than the minimum specified in state or
locally applicable codes.
If the water is intended for human consumption,
the casing shall be surrounded at the ground
surface by at least a 4-inch thick concrete slab
extending at 2 feet in all directions or as specified
in state or locally mandated codes.
A positive seal (grouted in place) or packer shall
be provided between the casing and the less
pervious material overlying the aquifer of artesian
wells, and in all aquifers where co-mingling of
waters is undesirable.
Access Port: An access port with a minimum
diameter of 0.5 inch shall be installed to allow for
unobstructed measurement of depth of the water
surface, or for a pressure gage for measuring
shut-in pressure of a flowing well. Access ports
and pressure gages or other openings in the cover
shall be sealed or capped to prevent entrance of
surface water or foreign material into the well.
Removable caps are acceptable as access ports.
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Disinfection: Wells shall be disinfected
immediately following their construction or
repair to neutralize any contamination from
equipment, material, or surface drainage
introduced during construction. The four types
of water treatment that can be used to remove
bacteria are chlorination, ozonation, ultraviolet
light, and heat. Chlorination is the most
commonly used means of disinfection in both
municipal and private water systems. It is
recommended that, before selecting a
disinfection method, you should check first
with local health department officials for
recommendations of appropriate methods for
their area and for any restrictions or
regulations.
Sanitary Protection: Wells shall be located a
safe distance from known sources of
contamination. Details pertaining to local water
wells, such as depth, type of construction, and
vertical zone of influence, together with data
on the geological formations and porosity of
subsoil strata, shall be considered in
determining the safe allowable distances.
The recommended minimum distance between
water supply and source of contamination is:
Source of Contamination
Minimum Distance (ft)
Waste Storage Facilities
300
Waste Treatment Lagoons
Cesspool
Livestock and poultry yards
Silo pit, seepage pit
Septic tanks
Disposal fields

300
150
100
150
50
100

If possible, wells shall be located in ground
that is higher than any source of contamination
or flooding. Drainage that might reach the
source from areas used by livestock shall be
diverted. Wells must be readily accessible for
mainten-ance and repair and be located a safe
distance from overhead utility lines or other
safety hazards. Each well shall be provided
with a watertight cover or seal to prevent the
entry of contaminated water or other
objectionable material. A positive seal shall be
provided between the casing and the
impervious material overlying the aquifer of
artesian wells.
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Water Quality Testing: Sampling and testing
shall comply with all applicable federal, state, and
local requirements. These requirements vary
according to the water quality parameters
associated with the intended use(s) of the water.
CONSIDERATIONS
Installation of this practice should be in
consideration of natural resource assessments
that may be applicable, such as cultural
resources, NEPA, wetland conservation
provisions, existing wildlife habitat, and others.
The potential for adverse interference with existing
nearby production wells needs to be evaluated in
planning.
The potential for groundwater overdraft and the
long-term safe yield of the aquifer needs to be
considered in planning.
Wells should be located in higher ground and up
gradient from sources of contamination or
flooding.
Well-drilling contractors are required by the
Commonwealth to be licensed through the
Kentucky Division of Water Groundwater Branch.
Well drillers must pass an examination before they
can apply for a license from the DOW.
Homeowners should check with the DOW to verify
that the well driller they have selected holds a
current license.

REFERENCES
1. General Manual, Title 450-GM, Part 405;
Subpart A.
2. ASTM A 589 Standard Specification for
Seamless and Welded Carbon Steel
Water - Well Pipe.
3. ASTM F 480 Standard Specification for
Thermoplastic Well Casing Pipe and
Couplings Made in Standard Dimension
Ratios (SDR), SCH 40 and SCH 80.
4. ASTM D 2996 Standard Specification for
Filament - Wound "Fiberglass" (GlassFiber- Reinforced Thermosetting-Resin)
Pipe.

5. ASTM D 3517 Standard Specification for
"Fiberglass" (Glass-Fiber-Reinforced
Thermosetting-Resin) Pressure Pipe.

PLANS AND SPECIFICATIONS
Plans and specifications shall be prepared for
specific field sites in accordance with this standard
and shall describe the requirements for applying
the practice to achieve its intended uses. They will
meet all state and local requirements.
OPERATION AND MAINTENANCE

6. ASTM D 5521 Standard Guide for
Development of Ground-Water Monitoring
Wells in Granular Aquifers.
7. ASTM C 845 Standard Specification for
Expansive Hydraulic Cement.
8. General Manual, 190, Part 410,
Compliance with NEPA.

A plan for maintenance of a well shall be
prepared. The well construction records shall be
kept on file with the maintenance plan by the
owner/operator. As a minimum, the O & M plan
shall include a statement of identified problems,
corrective action taken, date, and specific capacity
(yield per unit drawdown) of well before and after
corrective action was taken.

NRCS, KY, April 2003

654 - 1

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

ROAD/TRAIL/LANDING CLOSURE AND TREATMENT
(Ft.)
CODE 654

DEFINITION

CONDITIONS WHERE PRACTICE APPLIES

The closure, decommissioning, or
abandonment of roads, trails, and/or landings
and associated treatment to achieve
conservation objectives.

On roads, trails, and landings designated for
closure including cut-and-fill slopes, sidecast
areas and associated drainage structures.
CRITERIA

PURPOSE
To minimize various resource concerns
associated with existing roads, trails, and/or
landings by closing them and treating to a level
where one or more the following objectives are
achieved:
x

Controlling erosion (road, sheet and rill,
gully, wind), chemical residues and off-site
movement, sediment deposition and
damage, accentuated storm runoff, and
particulate matter generation;

x

Restoring land to a productive state by
reestablishing adapted plants and habitat
(wildlife food, cover, and shelter),
reconnecting wildlife habitat and migration
corridors including streams and riparian
areas, and controlling noxious and
invasive species;

x

x

Reestablishing drainage patterns that
existed prior to construction of the road,
trail, or landing to restore the form and
integrity of associated hill slopes, channels
and floodplains and their related
hydrologic and geomorphic processes;
Minimizing human impacts to the closure
area to meet safety, aesthetic, sensitive
area protection, or wildlife habitat
requirements.

Roads, trails, and landings will be designated
into one of three levels of treatment:
1) Closure and treatment to a level that
facilitates future use for management
activities.
2) Closure, treatment, and reconnection to
applicable drainage networks (usually
involves culvert removal which limits
potential for future use).
3) Closure, removal and reshaping to natural
contours, treatment and stabilization, and
natural landscape and drainage
restoration.
Determine the appropriate level of treatment
based on the associated severity of
environmental effects of existing roads, trails,
and landings; future access requirements; and
short-term disturbance effects during closure
and treatment activities.
Treatment shall result in physical conditions
and a configuration that achieve the stated
purpose and objective(s). Approved
technology tools will be used to support design
and specifications development such as
prediction models for erosion, hydrology and
hydraulics, soil mechanics and slope stability,
and wildlife/habitat interactions.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the Field Office Technical Guide.
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Closure and treatment activities and final
conditions and configuration will minimize
adverse onsite and off-site effects such as
water and wind erosion including particulate
matter/dust generation, concentrated flows to
unprotected areas, destabilization of slopes
and mass wasting, riparian area or wetland
degradation, stream channel and streambank
damage, barriers to aquatic organism and
wildlife movement or migration, hydrologic
modification, or other water resource damage.
Any seep or spring that is on or associated
with the area to be treated shall not be buried
under fill nor have its drainage concentrated
through unarmored fill areas. Seeps and
springs shall be reconnected to appropriate
drainage networks.
Equipment types will be sufficient to implement
treatments to the designated level. Treatment
and construction techniques will be scheduled
to minimize soil erosion, displacement,
compaction, aesthetics degradation, safety
concerns, barriers to wildlife movement, or
unacceptable damage to adjacent areas.
All levels of treatment will utilize measures
applicable to that level such as but not limited
to:
x

Permanent or temporary traffic barriers
and caution signage.

x

Excavation and reshaping of roads, trails,
landings, and drainage ways to natural
conditions including culvert removal and
reconnection of the site areas to
appropriate drainage networks.

x

Ripping to improve infiltration and
vegetation root growth.

x

Topsoil stockpiling and respreading and, in
some cases, importing.

x

Rolling grades to disperse runoff of
selected road and trail segments to be
closed.

x

Control of nuisance, noxious or invasive
species.

x

Reestablishing adapted vegetation
including mulch and soil amendments as
necessary to enhance establishment.

Treatments to restore natural topography and
surface hydrology will result in stable slopes
and be compatible with existing land uses in
the vicinity.
Minimize indirect adverse impacts or effects of
the practice on species with declining
populations, particularly aquatic species in
streams or wetlands downslope of project
area.
Sites containing hazardous material shall be
cleaned prior to the establishment of this
practice following all local, state, and federal
regulatory requirements. Appropriate actions
to clean sites suspected of containing
hazardous wastes shall be based on soil tests.
To control emissions of particulate matter to
the air during closure and treatment
operations, utilize a dust palliative or other
method of dust control on bare and disturbed
surfaces.
Design, construction criteria, and
specifications of other practices used in
combination with this practice shall be
integrated and compatible to conduct closure
and treatment activities and achieve specified
final conditions and configuration. Criteria for
design of components not addressed in NRCS
practice standards shall be consistent with
professional engineering practices.

CONSIDERATIONS
For roads, trails, or landings deemed
unsuitable as candidates for closure and
treatment, consider upgrading specifications
and operation-maintenance provisions of the
existing practices Access Road-560 and/or
Forest Trails and Landings-655 to achieve
conservation objectives. In these cases, install
complementary practices and measures
concurrently while upgrading road, trails,
and/or landings.
Compacted areas will need bulk density tests
at various depths to assure treatment
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specifications are adequate to reestablish
hydrologic function and vegetation.
Use native species when establishing
vegetation, especially those having multiple
values, e.g., biomass, nuts, fruit, browse,
nesting, and aesthetics. Avoid use of
introduced or exotic species that could
become nuisances.
In areas where steepness of slope and
severity of cut and fill operation preclude
returning sidecast to create a rooting medium,
assess the road base for ripping and usage as
a rooting medium. If not suitable as a rooting
medium, suitable haul-in topsoil/fill material
may be needed. Assure that such material is
free of weeds seeds and/or contaminants.

adverse environmental effects and the
condition of vegetation established on
disturbed areas. Dying or dead vegetation
shall be replaced as necessary. Control of
nuisance, noxious, or invasive species will be
continued.
Initial monitoring and patrolling shall be
conducted during water and/or wind erosive
period(s) as needed until the site is determined
to be stable. Stabilizing measures and
additional treatment will be applied when and
where necessary.

REFERENCES
x

Road sites are typically nutrient poor. Consider
soil amendments or organic matter, as
appropriate, to accelerate the rate of
revegetation.
PLANS AND SPECIFICATIONS
Plans and specifications for this practice shall
be prepared for the specific site conditions in
accordance with this standard and shall
describe the requirements for applying the
practice to achieve its intended purpose.
These items shall describe the location; the
designated level of treatment; the kind, amount
and quality of materials and acceptable
equipment to be used; and the sequence,
timing and details of closure-treatment
activities.

OPERATION AND MAINTENANCE
Operation and maintenance shall include
periodic monitoring and weather event-based
patrolling of completed sites to determine

Borlander, P. and A. Yamada. 1999. Dust
palliative selection and application guide.
Project Report 9977-1207-SDTDC San
Dimas Technology Development Center,
USDA, Forest Service, San Dimas, CA.
Available at
http://www.wsdot.wa.gov/TA/T2Center/DustGui
de.pdf.

x

Merrill, B.R. and E. Casaday. 2001. Field
techniques for forest and range road
removal. California State Parks,
Sacramento, CA. Available at:
http://www.parks.ca.gov/pages/23071/files/field
%20techniques%20for%20road%20removal%2
0part%202.pdf.

x

Moll, J. 1996. A guide for road closure
and obliteration in the Forest Service. San
Dimas Technology and Development
Center, USDA Forest Service, San Dimas,
CA.

x

Switalski, T.A., et al. Benefits and impacts
of road removal. The Ecological Society of
America, Front. Ecol. Environ. 2004.
2(1): 21–28. Available at
http://www.fs.fed.us/rm/pubs_other/rmrs_2004_
switalski_t001.pdf.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

FOREST TRAILS AND LANDINGS
(Ac.)
CODE 655

DEFINITION
A temporary or infrequently used route, path or
cleared area within a forest.
PURPOSE
x

x

Provide infrequent access to forest stands
for management activities including fire
suppression.
Provide periodic access for removal and
collection of forest products.

CONDITIONS WHERE PRACTICE APPLIES
Trails and landings are applicable on forested
areas. Refer to the standard Access Roads,
560, for travel-ways that will be designed and
used frequently or repeatedly for vehicular
traffic.
CRITERIA
General Criteria Applicable To All Purposes
Trails and landings will be of a size, gradient,
number and location to accomplish the
intended purpose.
They shall be located to minimize adverse
onsite and off-site impacts such as accelerated
erosion, riparian area degradation, stream
channel and streambank damage, hydrology
modification, aesthetics or unacceptable
damage to advance regeneration, residual
growing stock or wildlife habitat.
Timing and use of equipment will be
commensurate with site and soil conditions to
maintain site productivity and minimize soil
erosion, displacement and compaction.

Slash, debris and vegetative material left on
the site after use will not present an
unacceptable fire or pest hazard or interfere
with the intended purpose.
Drainage and erosion control measures for
trails shall be used and located to minimize
water flows and erosion rates to acceptable
levels.
Trails and landings shall be revegetated to
control erosion as needed. Refer to the
standard Critical Area Planting, 342. Locally
invasive and noxious plants will not be used for
revegetation.
Measures, including the use and treatment of
equipment, will be used to control or protect
against locally invasive species. If pesticides
are used, refer to the Standard Pest
Management, 595.
CONSIDERATIONS
Assure safe ingress and egress to site.
Locate landings and trails to preserve
aesthetic qualities.
Landings and trails may be used for wildlife
food and cover plantings.
Favor native species for revegetating trails and
landings.
Landings and trails may be utilized as
firebreaks.
Consider cultural resources and environmental
concerns such as threatened and endangered
species of plants and animals, natural areas
and wetlands.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the electronic Field Office Technical Guide.

NRCS, KY
May 2009
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PLANS AND SPECIFICATIONS

OPERATION AND MAINTENANCE

Specifications for applying this practice shall
be prepared for each site and recorded using
approved specification sheets, job sheets,
technical notes and narrative statements in the
conservation plan, or other acceptable
documentation.

Periodic inspections of landings and trails will
be conducted and maintained as necessary.

Specifications for re-vegetation of landings and
trails should include species, timing and
method of application. All plans and
specifications will be prepared using applicable
Best Management Practices in the “Kentucky
Forest Practice Guidelines for Water Quality
Management” and comply with the Kentucky
Agriculture Water Quality Act, KRS 224.71.

NRCS, KY
May 2009

Landings and trails utilized as firebreaks will
be properly maintained to accomplish this
purpose.
Landings and trails shall be closed when and
where needed for erosion control, safety and
liability, and reduced maintenance costs. Refer
to the standard Use Exclusion, 472.
Landings and trails no longer needed, and not
used as a firebreak, can be retired by
removing high maintenance structures, such
as culverts and bridges. They shall be
sufficiently revegetated as needed.

Field Office Technical Guide
Section IV
NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CONSTRUCTED WETLAND
(acre)
CODE 656

DEFINITION
A constructed shallow water ecosystem
designed to simulate natural wetlands.

historically was not a wetland, or was a
wetland with a different hydrology,
vegetation type, or functions that occurred
naturally on site.

PURPOSE
To reduce the pollution potential of runoff
and wastewater from agricultural lands to
water resources

CRITERIA

CONDITIONS WHERE PRACTICE
APPLIES

General Criteria Applicable to All
Purposes

Where a constructed wetland is a
component of a planned conservation
system or agricultural waste management
system
Where wastewater or runoff originates
from agricultural lands including livestock
or aquaculture facilities
Where a constructed wetland can be
constructed, operated and maintained
without polluting air or water resources
This practice does not apply to: wetland
restoration (657) intended to rehabilitate a
degraded wetland where the soils,
hydrology, vegetative community, and
biological habitat are returned to original
conditions; wetland enhancement (659)
intended to rehabilitate a degraded wetland
where specific functions and/or values are
enhanced beyond original conditions; or
wetland creation (658) for creating a
wetland on a site location which

Laws and Regulations. All federal, state,

and local laws, rules and regulations
governing the use of constructed wetlands
must be followed. Constructed wetlands
for waste treatment shall not be designed
to discharge to waters of the state unless
permitted by state laws and regulations,
and appropriate permits have been
obtained to do so. In addition, if discharge
is permitted, the receiving surface water
must have the capacity to assimilate the
constructed wetland’s effluent during low
flow periods.
Location. Constructed wetlands shall be

located outside the limits of wetlands of
any classification.
Constructed wetlands located within a
floodplain shall be protected from
inundation or damage from a 25-year flood
event, or larger, if required by laws, rules,

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the current version of this standard, contact the
Natural Resources Conservation Service.

NRCS, KY, APRIL 2003
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and regulations.
Constructed wetlands shall be located to
provide sufficient separation distances
from structures such as residences and
commercial buildings so prevailing winds
and landscape elements such as building
arrangement, landforms, and vegetation
will minimize odors and protect aesthetic
values. They shall be located with a
separation distance that will minimize the
potential for contamination of ground
water resources. This distance shall be in
accordance with laws, rules and
regulations.
The soil, hydrology, and vegetative
characteristics of the site and its
contributing watershed before construction
shall be documented.
Type. Constructed wetlands shall be designed
as surface flow systems consisting of
adequate seepage control, a suitable plant
medium, rooted emergent hydrophytic
vegetation, and the structural components
needed to contain and control the flow.
Influent. The influent to the constructed

wetland shall be pretreated to reduce the
concentrations of solids, organics, and
nutrients to levels that will be tolerated by
the wetland system and not cause
excessive accretion within the wetland.
Where significant sediment and organic
debris are expected in the wastewater or
runoff to be treated, provisions for its
entrapment before entry into the wetland
must be provided.
Water budget. A water budget that
evaluates runoff or wastewater volumes,
precipitation, evaporation, and water use
shall be used to determine the required
hydraulic retention time in the wetland and
storage requirements of the wetland
pretreatment and post treatment facilities
when included.

NRCS, KY, APRIL 2003

Embankment. The perimeter
embankment shall have a minimum top
width of 10 to 15 feet. Interior
embankments shall have a minimum top
width of 8 feet. If site conditions or owner
preference result in a narrower top width,
the Operation and Maintenance plan must
reflect the additional effort required for
vegetation maintenance and embankment
repair. All embankment side slopes shall
be a minimum of a 2 horizontal to 1
vertical.
Vegetation. Vegetation selected for the
constructed wetland shall be hydrophytic
plants suitable for local climatic conditions
and tolerant of the concentrations of
nutrients, pesticides, and other constituents
in the runoff or wastewater stream and
selected for their treatment potential.
Preference shall be given to native wetland
plants with localized genetic material.
Plant materials collected or grown from
material collected within the same Major
Land Resource Area (MLRA) are
considered local.
Planting medium. The soil used for the
planting medium shall have a cation
exchange capacity, pH, electrical
conductivity, soil organic matter, and
textural class that is conducive to wetland
plant growth and retention of
contaminants.
Seepage control. The constructed wetland

shall be located in soils with an acceptable
permeability that meets all applicable
regulations, or it shall be lined. Measures
for controlling seepage shall be designed
according to the procedures of NEH Part
651, Agricultural Waste Management
Field Handbook, Appendix 10d,
“Geotechnical Design and Construction
Guidelines.”
Livestock shall be excluded from the
wetland.
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Additional Criteria for Wetlands
Constructed for Waste Treatment
Topography. Site topography shall

Embankments. Height of the constructed
wetland perimeter embankment shall be
the sum of the following:

accommodate the requirements for length
to width ratios of the wetland and the
wetland cells, and the requirement that the
wetland cells be level side to side with
grades of less than 0.05 ft/ft lengthwise.

Design depth

Inlet. An inlet structure that will allow
control of flow discharged to the wetland
and screening of influent to prevent debris
from entering the wetland shall be
provided. Design of the inlet structure
shall assure its function throughout the life
of the wetland considering accretion.

12 inches of freeboard

Influent. Constructed wetlands for

wastewater treatment shall not allow for
direct inclusion of contaminated and/or
uncontaminated runoff.
Wastewater will be of sufficient volume
and duration to keep the constructed
wetland moist at all times or
accommodations shall be made for the
addition of supplemental water.
Surface Area. The surface area of the
wetland shall be determined using a
recognized design procedure in
consideration of loading, temperatures, and
the desired level of treatment.
Configuration. The constructed wetland
shall have an overall length to width ratio
of 1:1 to 4:1. Individual cells within the
constructed wetland shall have a length-towidth ratio of 10:1 to 15:1. The wetland
shall consist of at least two rows of parallel
cells
Flow depth. The design depth shall be
based on the most severe season of
operation, the desired level of treatment,
and the required littoral zone of the plant
species being used. The design depth shall
be a minimum of 0.33 ft. and a maximum
of 1.5 ft.

Wetland accretion -- a minimum of 1 inch
per year for the design life
25-year, 24-hour precipitation
The height of wetland’s interior
embankments shall be the minimum of the
sum of the following:
Normal design flow depth
Wetland accretion -- minimum of 1 inch
per year for the design life
Overflow Device. An ungated overflow
device shall be provided to operate when
the 25-year, 24-hour precipitation is
exceeded. The overflow device shall
operate without infringing on the wetland
perimeter embankment’s freeboard.
Outlet. Kentucky Natural Resources and
Environmental Protection Cabinet
Division of Water requires “no discharge”
from agricultural waste handling systems.
Therefore, treated wastewater from an
animal operation that leaves constructed
wetlands will discharge to storage facilities
to allow for land application or recycled
through the waste management system.
An outlet structure shall be provided that
allows maintenance of proper water level
in the wetland and controls the flow from
the wetland.
Additional Criteria for Wetlands
Constructed for Runoff Treatment
Design Storm. The constructed wetland
system shall be designed to contain a 2year storm runoff. Limited area sites
handling only the “first flush” volume
shall have a minimum capacity to store 0.5
NRCS, KY, APRIL 2003
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inch of runoff volume from the entire
drainage area. When less than full runoff is
stored, bypass of the excess storm flow
shall be provided.
Detention time and surface area. The
detention time and surface area shall be
calculated on the time required to achieve
the required level of treatment based on the
limiting contaminant present.
Wetland Cells. Length-to-width ratios are
to be 4:1 to 10:1. Other dimensions and
shapes that provide a more natural
landscape appearance that meet treatment
requirements can be used.
NRCS Conservation Practice Standard
Code 356, Dike, shall be used as
appropriate. Refer to the Engineering Field
Handbook Part 650, Chapters 13,
“Wetland Restoration, Enhancement, and
Creation,” and 6, “Structures,” for design
information. Existing drainage systems
will be utilized, removed, or modified as
needed to achieve the intended purpose.
Depth. Maximum water depth shall be 24
inches except in those instances where
deep-water areas are included as a special
design.
Outlet. A water control structure to
automatically regulate storage release in
accordance with the design detention time
shall be installed.

of changes in the volume of available soil
water.
Consider the effects of downstream flows
or aquifers that would affect other water
uses or users.
Consider the effects on movement of
sediment and soluble sediment attached
substances carried by runoff.
Recycle constructed wetland effluent back
through the agricultural waste management
system when practical.
In northern cold climates consideration
should be given to storage of wastewater
during winter months instead of wetland
operation.
Add additional height to embankments to
accommodate accumulated ice when
constructed wetlands are used in cold
climates.
PLANS AND SPECIFICATIONS
Plans and specifications shall be prepared
in accordance with the criteria of this
standard and shall describe the
requirements for applying the practice to
achieve its intended use. Plans shall
include construction sequence, vegetation
establishment, and management and
maintenance requirements.

CONSIDERATIONS
Locate constructed wetlands downgrade
and as near the source of wastewater as
practical.
Install measures to exclude or minimize
attractiveness of the constructed wetland to
wildlife that could be adversely affected by
the constructed wetland. Take measures to
exclude burrowing animals should they
frequent the wetland. Consider the use of
fences as an exclusion measure.
Consider the potential for a change in rates
of plant growth and transpiration because
NRCS, KY, APRIL 2003

OPERATION AND MAINTENANCE
An operation and maintenance plan shall
be developed that is consistent with the
purposes of the practice, it’s intended life,
safety requirements, and the criteria for its
design. Operational requirements should
include:
Maintenance of water level in wetland
cells appropriate for vegetation
Control flow to wetland according to water
budget

656 - 5
Monitoring of wetland performance
Sampling effluent for nutrients prior to
utilization.
Surveillance of inlet and outlet
Maintenance requirements should include:
Repair of embankments
Control of vegetation
Repair of fences or other ancillary features
Replacement of wetland plants
Repair of pipelines
Control of unwanted animals (varmints) or
vectors (mosquitoes)
REFERENCES
NRCS National Engineering Handbook
(NEH) Part 650, Engineering Field
Handbook, Chapters 6 and 13.
NEH Part 651n Agricultural Waste
Management Field Handbook, Appendix
10D “Geotechnical Design and
Construction Guidelines.”
NRCS Conservation Practice Standards:
-

Dike, Code 356
Structure for Water Control, Code 587
Waste Treatment Lagoon, Code 359
Wetland Creation, Code 658

NRCS, KY, APRIL 2003
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

Wetland Restoration
(Acre)
Code 657

This practice does not apply to:

DEFINITION
The rehabilitation of a degraded wetland or the
reestablishment of a wetland so that soils,
hydrology, vegetative community, and habitat
are a close approximation of the original natural
condition that existed prior to modification to the
extent practicable.

x

Indiana (IN) Field Office Technical Guide
(FOTG) Standard (656) Constructed
Wetland intended to treat point and nonpoint sources of pollution.

x

IN FOTG Standard (659) Wetland
Enhancement intended to (a) modify an
existing wetland where specific functions
are enhanced, (b) rehabilitate a degraded
wetland to a different wetland type than
what previously existed on the site, and/or
(c) to add additional, non-historic features to
the wetland restoration.

PURPOSES
To restore wetland function, value, habitat,
diversity, and capacity to a close approximation
of the pre-disturbance by:
x

Restoring hydric soil.

x

x

Restoring hydrology (depth, duration and
season of inundation, and/or duration and
season of soil saturation).

IN FOTG Standard (658) Wetland Creation
to create a wetland on a site location which
historically was not a wetland.

x

Sites containing threatened or endangered
species, unless it can be demonstrated that
the proposed practices will not negatively
impact the species at risk. Utilize the
Threatened and Endangered Species Tool
within Customer Service Toolkit, or contact
the State Biologist.

x

Existing non-degraded wetlands with intact
native plant communities.

x

Sites containing hazardous waste. If the
presence of hazardous waste materials is
suspected, soil samples will be collected and
analyzed as defined by local, state, or
federal regulations.

x

Restoring native vegetation (including the
removal of undesired species, and/or seeding
or planting of desired species).

CONDITIONS WHERE PRACTICE
APPLIES
This practice applies only to sites with hydric
soil, or sites that exhibit hydrology and
hydrophytic vegetation, which were natural
wetlands that have been hydrologically and/or
vegetatively degraded.
Where hydrology restoration is planned, this
practice is applicable only if modifying drainage
and/or artificial flooding can approximate the
historic hydrologic conditions.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain the
current version of this standard, contact the Natural Resources Conservation Service State Office or
download it from the electronic Filed Office Technical Guide for your state.
Indiana NRCS FOTG – October 2008
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CRITERIA
General Criteria Applicable to All Purposes
The purpose, goals and objectives will be clearly
outlined. Documentation will include the hydric
soil, hydrology and vegetative criteria that are to
be met. The existing soil, hydrology and
vegetative characteristics of the site and the
contributing watershed will be documented
before restoration of the site begins.
To the extent practicable, and upon completion
of the restoration, the site will meet the hydric
soil, hydrology, and vegetative habitat conditions
that previously existed on the site historically.
For the purpose of this standard, “historically”
means the site conditions that existed at the
time that the site was modified by settlers
(normally for agricultural purposes). Tools
that may be used to determine historic conditions
include on-site soil investigations, US General
Land Office (GLO) Surveys, historic
photographs, topographic maps, and local
remnant wetlands.
Refer to the Engineering Field Handbook,
Chapter 13, “Wetland Restoration, Enhancement,
and Creation,” and Chapter 6, “Structures,” for
additional design information.
The wetland will not be deepened for the
purpose of fish production.
Excessive nutrient, pesticide, or other pollutant
inflows will be controlled prior to site
restoration.
The landowner will obtain necessary applicable
local, state, and federal permits prior to
restoration.
Post-establishment management practices and
activities will not disturb cover during the
primary nesting period of April 1 through
August 1.
Use of this standard will comply with all
applicable federal, state, and local laws and
regulations.
Additional Criteria for Hydric Soil
Restoration
If the original hydric soil is covered by fill or
sediment, the site must still be capable of
meeting hydric soil criteria, or the fill and
sediment must be removed to expose the original

hydric soil surface. Excavation below the
original hydric soil surface is not permitted
under this criterion.
Additional Criteria for Hydrology
Restoration
To the extent possible, the hydrology and the
overall hydrologic variability of the restored site
will approximate the conditions that existed
historically (see definition under General
Criteria).
The effect of any modification to the existing
surface and/or subsurface drainage system on
upstream, adjacent, and downstream landowners
will be evaluated in the design. Upstream
surface and subsurface drainage will not be
impacted unless appropriate written permissions
are obtained.
Existing drainage systems will be utilized,
removed, or modified as needed to achieve the
intended purpose.
Soil borings will be conducted to determine the
feasibility of excavation, dike or embankment
construction to restore hydrology.
An adequate source of water must be available to
reestablish conditions that meet the hydrologic
needs of the wetland type being restored. If an
artificial water supply is used, the source will not
be diverted from other wetland resources such as
pothole wetlands or springs.
Wetland hydrology will be restored using one, or
any combination of, the following four methods:
1.

Subsurface Drain Removal or Destruction

Performing one or more of the following may
eliminate the effects of a subsurface drainage
system:
x

Removing or rendering inoperable a portion
of the drain,

x

Modifying the drain with a water control
device, or

x

Installing non-perforated pipe through the
wetland site.

The minimum length of drain to be removed or
rendered inoperable is shown in Table 1.

Indiana NRCS FOTG – October 2008
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Table 1. Minimum Length of Drain to be
Plugged, Removed or Rendered
Inoperable.
Soil Texture

Minimum Length* (ft.)

Sandy or Organic

150

Loamy

100

Clayey

50

* For a ditch plug, the length is measured
parallel to the direction of the surface drain
flow along the top of the settled fill.
If present, all sand and gravel bedding and
filtering material or other flow enhancing
material will also be removed. The trench will
be filled or compacted to achieve a density
approximating that of adjacent material.

Excavated areas constructed to provide a source
of fill material:
x

Will approximate the side slopes, shape,
depth and size of historic wetland features
on the site if known.

x

Will have side slopes of 8:1 or flatter if
historic slope cannot be determined.

x

Will be obtained over a large area, to keep
depths to a minimum, but will have a
maximum excavated depth of 30 inches (See
H2 in Figure 1).

x

Will not exceed 60 inches for the total
combined water depth (H3) resulting from
excavation (H2) and embankment/dike
construction (H1). See Figure 1.
o No more than 25% of the total surface
area of the restored wetland will exceed
30 inches in water depth.

Installation of non-perforated subsurface drain
around or through the wetland may be necessary
to allow upstream drainage systems to continue
to function properly.

Figure 1
Embankment/dike

2.

Surface Drain Filling
H1

Where open channels and shallow surface drains
provide surface and subsurface drainage, and a
compacted embankment will not be used, the
channel or surface drain will be:

H3
H2

Average
ground

Excavation

x

Totally filled with earth, or

x

Will be at least 20 feet from the front toe of
the embankment.

x

Filled with a single ditch plug or series of
ditch plugs to the full depth of the ditch and
according to Table 1, or

x

May occur below the original hydric soil
surface.

x

Filled with a ditch plug to a height less than
the full depth of the ditch and according to
Table 1, and have an outlet designed
according to IN FOTG Standard (410)
Grade Stabilization Structure or IN FOTG
Standard (587) Structure for Water Control.

3.

Excavation

Excavation within the restoration area will only
be used to provide a source of fill material for
embankments, dikes or ditch plugs, and to recreate historic (see definition under General
Criteria) wetland features.

Excavated areas constructed to restore historic
wetland features:
x

Include removal of fill or sediment from
depressional wetlands.

x

Includes areas of microtopography with a
maximum depth of less than six (6) inches.

x

Includes areas of macrotopography that
approximate, as nearly as possible, the
depth, side slopes, shape and other physical
dimensions of the historic wetland feature
being restored.

x

Will not be used to create wetland features
that did not historically exist on the
restoration site.

Indiana NRCS FOTG – October 2008
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x

Will not occur below the original hydric soil
surface.

See Indiana Biology Technical Note Wetland
Macrotopography for additional guidance.
4.

Embankments, Dikes or Structures

Where a grade stabilization structure will be used
to restore a wetland, design according to the IN
FOTG Standard (410) Grade Stabilization
Structure.
Where embankments will be constructed, all
subsurface drains will be removed starting at
one-half the minimum distance, shown on Table
1, downstream of the embankment centerline.
Pond-type embankments and spillways will be
designed and installed according to the IN FOTG
Standard (378) Pond, Additional Criteria for
Embankment Ponds, with the exceptions listed
below.
Dikes will be designed and constructed
according to the IN FOTG Standard (356) Dike,
with the exceptions listed below.

Additional Criteria for Vegetation
Restoration
Vegetation will be restored as close to the
original natural plant community as the restored
site conditions will allow. Determination of the
original plant community’s species and percent
composition will be based upon reference
wetlands of the type being restored, or suitable
technical reference.
In normal situations, rely on existing seed banks
in the soil, and seed colonization from nearby
wetlands and ditches, to re-vegetate the wetland.
When regeneration of a diverse and native plant
community is unlikely to occur within three (3)
years, a planting plan will be developed.
Situations where regeneration is unlikely include
isolated restoration sites that have been in crop
production for many years, or where invasive or
aggressive plant species will likely invade a
restoration site.

x

Site Preparation. Vegetation, topsoil and
debris will be removed from under the
embankment.

x

Side Slopes. Front slopes on embankments
or dikes will be 6:1 or flatter and back
slopes will be 3:1 or flatter.

Plantings, seeding, or other types of vegetative
establishment will be comprised of native
species that occur on the wetland type being
restored, and will be compatible with the planned
hydrologic condition. Refer to IN Biology
Technical Note Wetland Plantings for Wildlife,
for acceptable shrub, tree, grass, and forb
species. When practical, only local genotypes of
native species will be utilized.

x

Cutoff Trench. Include a cutoff trench for
all embankments with a fill height greater
than four (4) feet and if necessary for
seepage control on embankments less than
or equal to four (4) feet in height.

Herbaceous plantings will be designed to meet
the needs of the target wildlife species.
Typically 40-60 live seeds, or one (1) plug, per
square foot is considered appropriate. The mix
will consist of at least:

x

Top Width. The minimum top width will be
six (6) feet, or the minimum top width listed
under the appropriate standard, whichever is
greater.

a)

x

Fill Height. Fill height will be less than 10
feet.

x

Organic soils. Organic soils will not be
used for fill exceeding five (5) feet in
structural height. Top width will be
increased to a minimum of 15 feet for
organic soils.

x

Seeding. Dikes and embankments will be
seeded according to the Indiana Seeding
Tool.

Four (4) grass/grass-like species, plus

b) Five (5) forb species.
Where the dominant vegetation will be forest or
woodland community types, vegetation
establishment will include a minimum of 12
species unless specific site conditions, such as
frequency and duration of flooding, dictate
otherwise. Sites dominated primarily by a shrub
community may consist of a fewer number of
species.
Native plant species will be used whenever
possible. Known invasive species will not be
used.

Indiana NRCS FOTG – October 2008
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Invasive species, federal/state listed noxious
plant species, and nuisance species (e.g., those
whose presence or overpopulation jeopardize the
practice) will be controlled prior to planting.
Refer to IN FOTG Standard (645) Upland
Wildlife Habitat Management for species
selection and seeding rates when planting the
upland component of a wetland restoration.
CONSIDERATIONS
Consider linking wetlands by corridors wherever
appropriate to enhance the wetland’s use and
colonization by the flora and fauna.
Consider adding a dead snag, tree stump or log,
10” or greater in DBH, to each restored basin to
provide structure and cover for wildlife and a
carbon source for food chain support. Trees
removed as a part of site access or preparation
should be used for this purpose.
Consider as a high priority, restoration sites
adjacent to existing wetlands as they increase
wetland system complexity and diversity,
decrease habitat fragmentation, and ensure
colonization of the site by wetland flora and
fauna.
To increase the value to wetland wildlife,
especially amphibians and reptiles, consider the
following options for excavated areas:
x

Create side slopes of 20:1 or flatter.

x

Create basins with increased winding
perimeters.

x

Create features with rough surfaces on all
side slopes, an undulating bottom, and a
ragged shoreline.

If nutrient loading is a concern, consider outletting upstream drains at the upper end of the
wetland to increase nutrient assimilation.

wetland use by extending the metamorphosis
period for some amphibians.
On gently sloping sites (1% or less), consider
using spoil placement to create linear mounds as
an efficient means of providing shallow, “sheet”
water habitat. Material from an excavated basin
is used to form a low, meandering ridge on the
down slope side of the basin. Typical heights for
the ridge range from one (1) to (2) feet. By
using the spoil in a creative manner, the total
shallow water on a project site can be
substantially increased. The impounded sheet
water provides seasonal or ephemeral water for
shallow feeders such as shorebirds, while the
excavated basins provide longer hydroperiod
wetland habitats.
Vegetation
When a planting plan is to be developed,
consider consulting with a professional biologist
or person knowledgeable in wetland ecosystems
and plant establishment. Vegetation may also be
predicted from historic records or existing
vegetation on similar soils on nearby sites.
Soil disturbance associated with the installation
of this practice may increase the potential for
invasion by unwanted species. Prior control of
noxious and invasive species is critical to the
long term success of new plantings.
Consider establishing vegetative buffers on
surrounding uplands to filter runoff and to
provide wildlife habitat. Refer to IN FOTG
Standard (645) Upland Wildlife Habitat
Management or (393) Filter Strip for further
guidance.
Consider giving preference to native wetland
plants with localized genetic material. Plant
materials collected or grown from material
collected within a 200-mile radius from the site
is considered local. These plants may:

Where burrowing animals may be a problem,
consider control methods and increasing top
width of embankment a minimum of 10 feet or
increasing front slope to 8:1 or flatter.

x

Provide better wildlife habitat.

x

Be better adapted to local ecosystems.

x

Be less likely to become invasive.

Hydrology

To increase plant diversity during re-vegetation,
consider preserving native hydrophytic plant
seed banks by stockpiling existing topsoil.

Some soil types will hold water longer in the
spring if compacted by a sheepsfoot roller. The
resulting longer hydroperiod will increase

Indiana NRCS FOTG – October 2008
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action to protect from further damage or
deterioration.

PLANS AND SPECIFICATIONS
Plans and specifications will be prepared for the
practice site. Plans will include the following:
x

Target wildlife species or plant community.

x

Plan view.

x

Profile.

x

Cross section (typical or other).

x

Location of excavation or borrow.

x

Species of plants to be established.

x

Seeding rates.

x

Recommended seeding dates.

x

Establishment procedure.

x

Planned rates and timing of nutrient
application.

x

Other information pertinent to establishing
and managing the species or species of
plants to be established.

4.

The timing and level setting of water control
structures required for the establishment of
desired hydrologic conditions or for
management of vegetation will be included.

Haying and livestock grazing is not a compatible
use.

Plans and specifications for the establishment
and management of the species or species of
plants to be established may be recorded in
narrative form, on job sheets, or on other forms.

REFERENCES
Payne, Neil F., Techniques for Wildlife Habitat
Management of Wetlands. McGraw-Hill,
Inc. 549 pp., 1992
USDA Natural Resources Conservation Service,
Indian Biology Technical Note: Wetland
Plantings for Wildlife, October 2007
USDA Natural Resources Conservation Service,
Indiana Biology Technical Note: Wetlands,
Mosquitoes, and West Nile Virus, March
2008
USDA Natural Resources Conservation Service,
Engineering Field handbook, Chapter 13:
Wetland Restoration, Enhancement, or
Creation, 2008

OPERATION AND MAINTENANCE
Any plant species, whose presence or
overpopulation may jeopardize this practice, will
be controlled. Spraying or other control methods
will be done on a “spot” basis to protect
forbs/legumes that benefit native pollinators and
other wildlife.
An operation and maintenance plan will be
provided to and reviewed with the landowner.
The use of fertilizers, mechanical treatments,
prescribed burning, pesticides or other chemicals
will not compromise the intended purpose. The
plan shall include the following items and others
as appropriate.
1.

Promptly repair eroded areas.

2.

Reestablish vegetative cover immediately
where scour erosion has removed
established seeding.

3.

Periodically inspect area for any new
maintenance items and take immediate

Indiana NRCS FOTG – October 2008

658 - 1

NATURAL RESOURCES CONSERVATION SERVICE

CONSERVATION PRACTICE STANDARD

WETLAND CREATION
(acre)
CODE 658

DEFINITION
A wetland that has been created on a site
location which historically was not a wetland or
is a wetland but the site will be converted to a
wetland with a different hydrology, vegetation
type, or function than naturally occurred on the
site.
PURPOSE
To create wetlands that have wetland
hydrology, hydrophytic plant communities,
hydric soil conditions, and wetland functions
and/or values.

conditions during an average annual
precipitation event. The wetland class or
subclass will be specified.
This practice does not apply to: a constructed
wetland (656) intended to treat point and nonpoint sources of water pollution; wetland
enhancement (659) intended to rehabilitate a
degraded wetland where specific functions
and/or values are enhanced beyond original
conditions; or wetland restoration (657)
intended to rehabilitate a degraded wetland
where the soils, hydrology, vegetative
community, and biological habitat are returned
to original conditions.
CRITERIA

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to sites where no natural
wetland occurred or where a wetland exists, or
existed, and the wetland characteristics
(hydrology, vegetation, and functions) will be
different from what historically occurred.
This practices applies on areas with 2% slope
or less, on both hydric and non-hydric soils.
When an area is being planned for shallow
water under this standard, the majority of the
area should be composed of somewhat poorly
drained to poorly drained soils that have
moderate to slow permeability (less than or
equal to 2.0 inches per hour).
Upon completion of the practice the site will
meet the current NRCS definition of Wetland, if
hydric soils exist at the site.
This practice is applicable only if hydrologic
conditions can be approximated by modifying
drainage and/or artificial flooding of a duration
and frequency to create and maintain wetland

General Criteria
The landowner shall obtain necessary local,
state, and federal permits that apply before the
practice is applied.
Created wetlands will only be located where
the soils, hydrology and vegetation can be
modified to meet the current NRCS criteria for
wetland.
Establish vegetative buffers on surrounding
uplands to reduce sediment and soluble and
sediment-attached substances carried by
runoff and/or wind. Refer to standards and
specifications for Filter Strip (393) and Riparian
Forest Buffer (391) for additional information.
Document the soil, hydrology and vegetative
characteristics of the site and its contributing
watershed before alteration.

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.

NRCS, KY
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Criteria for Hydric Soil Conditions

·

Establish an approximation of the soil
microtopography typical for the wetland type(s)
being established.

Mounds may be shaped in a linear
fashion to form ridges or in a circular or
elliptical fashion to form islands.

·

Mound side slopes should be as flat as
possible but shall not be steeper than
4:1.

·

Mounds may be rough graded and left
with rough side slopes.

Criteria for Wetland Hydrology and Shallow
Water Creation
The hydrology of the site is defined as the rate
and timing of inflow and outflow, source,
duration, frequency, and depth of flooding,
ponding or saturation.
All shallow water areas should be designed to
provide varying water depths between 1 and
18 inches over at least 75% of the pool area.
The remainder of the pool area can be
between 2 and 4 feet deep to provide
semipermanent to permanent water. Shallow
water areas should be designed to provide
some water for the majority of the year.
The Additional Criteria For Providing
Restoration of Wetlands and Creation of
Shallow Water Areas in the Dike (356) and
Structure For Water Control (587) NRCS
practice standards will be used as appropriate.
Refer to the Engineering Field Handbook,
Chapter 13, “Wetland Restoration,
Enhancement, and Creation,” and Chapter 6,
“Structures,” for additional design information.
The following criteria shall be followed when
using excavation to develop shallow water
areas:
¨

All side slopes should be as flat as
possible but shall not be steeper than 4:1.

¨

When possible at least one-third of the side
slopes should be 10:1 or flatter.

¨

Material excavated during the formation of
shallow water areas shall be disposed of
according to the Excavated Material
section of the Criteria for Excavated Ponds
in the NRCS Pond (378) standard or used
to create habitat mounds using the
following criteria:
·

Habitat mounds placed in areas with
designed water levels should vary in
elevation between 0.5 feet below the
full pool elevation and 3 feet above the
full pool elevation.

NRCS, KY
January 2003

Existing drainage systems will be utilized,
removed, or modified as needed to achieve the
intended purpose.
Criteria for Hydrophytic Vegetation
Establish hydrophytic vegetation typical for the
wetland type(s) being established.
Preference shall be given to native wetland
plants with localized genetic material. Plant
materials collected or grown from material
collected within a 200 mile radius from the site
and within plant hardiness zone 6 is considered
local.
Where natural colonization of selected species
will realistically dominate within 5 years, then
natural regeneration can be left to occur.
Adequate substrate material and site
preparation necessary for proper establishment
of the selected plant species shall be included
in the design.
Refer to soils surveys and Section II of the
Field Office Technical Guide for suitable
species based on the soil types and hydrology
of the site.
If the targeted hydrophytic vegetation is
predominantly herbaceous, several species
adapted to the site will be established.
Herbaceous vegetation may be established by
a variety of methods including: mechanical or
aerial seeding, topsoiling, organic mats, etc.,
over the entire site, or a portion of the site and
at densities and depths appropriate.
Forested wetland establishment will include a
minimum of three hard mast species, where
appropriate. Seedling preparation and planting
will follow the criteria of Conservation Practice
612, Tree Planting.
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Criteria for Wetland Functions
Created wetland goals and objectives should
include targeted natural wetland functions for
the wetland type and the site location.
Project goals and objectives shall minimize
adverse impacts to adjacent wetlands.
CONSIDERATIONS
Consider effect of volumes and rates of runoff,
infiltration, evaporation, and transpiration on
the water budget.
Consider the potential for a change in rates of
plant growth and transpiration because of
changes in the volume of available soil water.
Consider effects on downstream flows or
aquifers that would affect other water uses or
users.
Consider effects on wetlands or water-related
resources and wildlife habitats that would be
associated with the practice.
Considering positioning site(s) adjacent to
existing wetlands to increase wetland system
complexity and diversity, decrease habitat
fragmentation, and ensure colonization of the
site by wetland flora and fauna.
Consider linking wetlands by corridors
wherever appropriate to enhance the wetland’s
use and colonization by the flora and fauna.
The nutrient and pesticide tolerance of the
species planned should be considered where
known nutrient and pesticide contamination
exists.
Consider effects on temperature of water
resources to prevent undesired effects on
aquatic and wildlife communities.
Embankments and excavated slopes should
be located and shaped in a manner that is
compatible with the existing landscape.
PLANS AND SPECIFICATIONS
Specifications for this practice shall be
prepared for each site. Specifications shall be
recorded using approved specifications sheets,
job sheets, narrative statements in the
conservation plan, or other documentation.
Requirements for the operation and

maintenance of the practice shall be
incorporated into site specifications.
OPERATION AND MAINTENANCE
The following actions shall be carried out to
insure that this practice functions as intended
throughout its expected life. These actions
include normal repetitive activities in the
application and use of the practice (operation),
and repair and upkeep of the practice
(maintenance):
Any use of fertilizers, mechanical treatments,
prescribed burning, pesticides and other
chemicals shall not compromise the intended
purpose. Biological control of undesirable plant
species and pests (e.g., using predator or
parasitic species) shall be implemented where
available and feasible;
Timing and level setting of water control
structures required for the establishment of
desired hydrologic conditions or for
management of vegetation;
Inspection schedule for embankments and
structures for damage assessment;
Depth of sediment accumulation to be allowed
before removal is required;
Management needed to maintain vegetation,
including control of unwanted vegetation;
Haying and livestock grazing will be managed
to protect and enhance established and
emerging vegetation. Program specific rules
may dictate the use for haying and grazing.
Shallow water areas created under this
standard shall be managed according to the
Shallow Water Management for Wildlife (646)
practice standard.
REFERENCES
NRCS Conservation Practice Standards:
Dike (356), Filter Strip (393), Pond (378),
Riparian Forest Buffer (391)
Shallow Water Area Management (646)
Structure for Water Control (587)
Tree/Shrub Establishment 612
Wildlife Wetland Habitat Management (644)
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A4. Project / Task Organization
Figure 1 outlines the relationship between project partners and staff. Roles of specific
individuals have been discussed in more detail below:
Jim Roe, Kentucky Division of Water Nonpoint Source Section Supervisor will provide
project oversight for the Kentucky Division of Water.
Angie Wingfield, Kentucky Division of Water Project Manager will be the responsible
official for this project, overseeing overall project operations and budget, as well as
tasking contractors with work required to complete this project. She will communicate
project needs to the contractor’s project manager, Stacey Hayden.
Lisa Hicks, Kentucky Division of Water QA Manager will be responsible for reviewing
and approving the QA Project Plan. She may provide technical input on proposed
sampling design, analytical methodologies, and data review.
Stacey Hayden, Project Manager will have overall responsibility for assigning
appropriate personnel to complete the tasks included in this plan. She will ensure that the
project budget is adhered to. She will communicate with the Division of Water Project
Manager on work accomplished in this plan and any problems or deviations that need to
be resolved. Prior to the first sampling event, the Project Manager will coordinate with
the KWA Watersheds Program Director, Data Manager, and Laboratory Lead to review
field and laboratory roles and responsibilities, sampling and field requirements, analytical
requirements, sampling schedule, sampling logistics, including delivery to the laboratory,
and requirements for field and laboratory documentation. The Project Manager will also
be responsible for ensuring that the latest version of the QA Project Plan is distributed to
project partners. The Project Manager will help with the development of a watershed plan
specific to the Chestnut Creek watershed, and will also coordinate education and outreach
activities associated with this project.
Tessa Edelen, KWA Watersheds Program Director will review data generated for the
project, and will assist with preparation of QA reports as required by the project. The
KWA Watersheds Program Director will help with development of a watershed plan
specific to the Chestnut Creek watershed.
Jane Benson, MSU Mid America Remote Sensing Center will assist with collection and
analysis of GIS data for the project. She will also assist with the development of digital
map layers for the project.
Maggie Morgan, Data Manager will provide technical support for the project, including
support to the KWA Watersheds Program Director, Tessa Edelen, the Mid America
Remote Sensing Center, Jane Benson, and the Project Manger, Stacey Hayden. The Data
Manager will also be responsible for obtaining lab documentation, data management, and
submission to the project manager. The Data Manager will also assist with preparation of
QA reports as required by the project.
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Karla Johnston, Laboratory Lead will be responsible for assigning appropriate laboratory
staff at Hancock Biological Station to perform the analyses specified in this plan, and
ensuring that appropriate laboratory QA/QC protocol is followed.
Andrew Clifton and Dee Cutrera, Laboratory Lead will be responsible for assigning
appropriate laboratory staff at Microbac Laboratories to perform the analyses specified in
this plan, and ensuring that appropriate laboratory QA/QC protocol is followed.
Other Project Partners will include USDA-NRCS, Marshall County Fiscal Court,
Marshall County Health Department, Marshall County Sanitation District #2, USFWS
Clarks River National Wildlife Refuge, FLW Outdoors, and the Four Rivers Basin Team.
These partners will provide support during the watershed plan development phase,
including education and outreach and promotion of the watershed plan.

A5. Project Definition / Background
The Clarks River Watershed Based Plan (Strand Associates, Inc., 2009), provisionally
accepted by the Kentucky Division of Water in March of 2010, identified pollutants of
concern in the Clarks River watershed, sources of these pollutants, and potential best
management practices (BMPs) that could be implemented to address these pollutants of
concern. The monitoring program for this watershed planning project included the
collection of wet and dry weather samples at five sites in the Upper East Fork of Clarks
River that were analyzed for a variety of parameters, including, temperature, pH,
conductivity, dissolved oxygen, biochemical oxygen demand, total suspended solids,
total nitrogen, nitrate/nitrite, total phosphorus, orthophosphate, and E. coli. Data collected
from a 2005 TMDL study funded by the Kentucky Division of Water under a MOA with
Murray State University was also utilized in development of the watershed plan. Four
pollutants of concern were identified for the Clarks River watershed through analysis of
all compiled data, including E. coli, nutrients, total suspended solids, and water
temperature. Potential sources of these pollutants include agriculture, failing septic
systems, eroding stream banks, municipal point source discharges, urban runoff, and
construction.
Through that watershed planning project, focus areas were identified that represent
pollutant contributors to the Clarks River, but additional data collection is needed in these
focus areas to more accurately identify threats to water quality in these focus areas.
Funding from the current project, C9994861-07, will be used to conduct monitoring in
one of the identified focus areas, Chestnut Creek. All data collected will be incorporated
into a new watershed plan focusing specifically on the Chestnut Creek focus area with
funding from a future, separate project. This watershed plan will include identification of
threats to water quality in this area, including the sources of nonpoint source pollution,
identification of BMPs that could be implemented to address the threats to water quality,
and potential load reductions that could come from implementation of the identified
BMPs. The ultimate goal for this watershed is restoration and protection of the Chestnut
________________________________________________________________________
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Creek watershed, and thus water quality in the Clarks River, but adequate monitoring and
watershed planning must first be done.
Chestnut Creek Background Information
Chestnut Creek flows for approximately five miles in Marshall County, Kentucky before
dumping into the Clarks River on the Clarks River National Wildlife Refuge. Chestnut
Creek is categorized as an impaired stream in the Integrated Report to Congress on the
Condition of Water Resources in Kentucky, 2010 (Kentucky Division of Water, 2010) for
partial support of both the aquatic life and primary contact recreation uses. Sources were
listed as unknown. The drainage area for Chestnut Creek is approximately eight square
miles and includes more urban areas in the eastern portions of the watershed, forested
areas in the central portion of the watershed, and agricultural areas throughout the entire
watershed (Figure 2). Development is occurring in the more urban portions of the
watershed around the Draffenville area, including many new residential subdivisions.
Many of the forested areas in the watershed are located along some of the smaller
tributaries flowing into Chestnut Creek. Agriculture, including crop fields and pasture for
cattle, are distributed throughout the entire drainage area.
The Chestnut Creek watershed has one small sanitation district, Marshall County
Sanitation District #2, which serves only portions of the watershed south of the Purchase
Parkway. This sanitation district is interested in expanding their sewer lines to
accommodate new customers south of the Purchase Parkway along US Highway 641, and
is in the process of seeking low interest loans for this expansion. North of the Purchase
Parkway, residences in the watershed should have on-site waste disposal systems.
Residences along Griggstown Road and Oak Valley Road tend to be older and could have
some issues with failing on-site waste disposal systems. There are three mobile home
parks in the watershed, two of which have a lagoon system for waste treatment and one
with a package treatment plant. There are two package treatment plants associated with
the Marshall County Board of Education, one for Marshall County High School
(approximately 1,500 students) and one for the board office.
Three sites in the Chestnut Creek watershed were sampled by Murray State University in
2005 as part of a TMDL study funded by the Kentucky Division of Water, but overall
data collection in the watershed has been extremely limited. Data collected by Murray
State University included E. coli, turbidity, pH, dissolved oxygen, and conductivity. E.
coli concentrations at the downstream site (labeled 17 on Figure 2) exceeded the water
quality standard approximately 80% of the time (Hendricks, personal communication). E.
coli concentrations were also high at site 16, exceeding the water quality standard 50% of
the time. Each site, 15, 16 and 17, had at least one event where the turbidity concentration
was high and not correlated with a high flow event. Dissolved oxygen concentrations
were also low at sites 16 and 17.
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A6. Project/Task Description
Environmental monitoring work for this project will be conducted in the Chestnut Creek
watershed in Marshall County, Kentucky (Figure 2). Data will be collected from a total of
eight sites (Table 1, Figure 3). All samples collected will be grab samples from a depth of
approximately four inches below the surface. Field activities for this study will include
habitat and biological assessments, collection of field data and flow measurements, and
collection of grab samples. Quality assurance samples, including blanks and duplicates,
will be also collected through this study.
Table 2 describes all data to be collected throughout the course of this study, the
proposed monitoring schedule, and the collection and analytical methodologies to be
used. E. coli, nutrient, and sediment data will be collected monthly for a year. E. coli data
will also be collected five times during a 30 day period during the primary contact
recreation season. These samples will be sent to an analytical laboratory for analysis.
Field data will be collected during each site visit, at a minimum of once per month for the
entire year. Habitat and biological assessments will be performed one time in the
spring/early summer of 2012. The initial monitoring event is expected to begin in July of
2011. Should a wet weather event not fall during regular sampling events, an additional
wet weather sampling event will be added to the sampling schedule. All collection
methodologies will follow Kentucky Division of Water approved SOPs. Copies of these
SOPs have been included in Appendix A.
Each sampling event is expected to take approximately one day to complete. During field
sampling events, the Project Manager will be in contact with the KWA Watersheds
Program Director, Data Manager, and Laboratory Lead.
Data analyses to be performed throughout this study include all the required analyses
specified in the Watershed Planning Guidebook for Kentucky Communities (KWA,
KDOW 2010). This will include a comparison of parameter concentrations to the water
quality standards and benchmarks established by the project team, a calculation of
pollutant loads and the target load reductions necessary for parameters that exceed the
benchmark goals, and a comparison of watershed inventory data to pollutant
concentrations and loads to determine potential sources of pollutants. Applicable water
quality standards to be used during data analysis include the regulatory criteria identified
in 401 KAR 10:031. For parameters without an applicable water quality standard
identified in 401 KAR 10:031, a benchmark standard will be developed by the project
team based on reference reach data from streams within the greater Clarks River basin,
Kentucky ecoregional averages, and the EPA nutrient criteria database.
Reports to be generated throughout this study include a data analysis report that will
include the comparison of parameter concentrations to the water quality standards and
benchmarks, and a calculation of pollutant loads and the target load reductions necessary
for parameters that exceed the benchmark goals, and a watershed plan specific to the
Chestnut Creek watershed that will include the comparison of watershed inventory data
to pollutant concentrations and loads to determine potential sources of pollutants. This
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document will also outline potential practices that could achieve the target load
reductions necessary to meet the benchmark goals identified.
Education and outreach activities will occur throughout the project period. The project
team will update the Friends of Clarks River National Wildlife Refuge at their monthly
meetings. The Friends of Clarks River National Wildlife Refuge will sponsor public
meetings with local citizens prior to and at the end of monitoring activities, and during
development of the watershed plan to ensure their public concerns are adequately
addressed. Community members and local schools will be invited to participate in some
monitoring activities. Volunteers participating in monitoring activities will be trained in
proper methods, or perform activities under the supervision of project staff that has been
trained in proper monitoring methods.
Project deliverables will include this QA Project Plan, the initial quality evaluation report
(QER) after the first sampling event, QERs as requested by the Kentucky Division of
Water throughout the monitoring period, the final QER after the last sampling event, a
monitoring data summary with the closeout of the current project, C9994861-07, a water
quality data analysis report that will be funded by a future, separate project, and a
watershed plan that will be funded by a future separate project. The initial sampling event
is expected to occur in July of 2011, with the initial QER following in September of
2011. The final sampling event will occur in July of 2012, with the final QER in August
of 2012. The monitoring data summary will be completed in September of 2012, with the
close of the current project, C9994861-07. The water quality data analysis report could
potentially be completed by July of 2014, depending on availability of future funds, with
the watershed plan being developed by December of 2012, also depending on the
availability of future funds.

A7. Data Quality Objectives (DQOs) and Criteria for Measurement Data
In order to more accurately define threats to water quality in the Chestnut Creek
watershed, additional data collection is necessary, including bacterial, nutrient, and
sediment data, flow and field data, and habitat and biological assessments. Data collected
through this project will then be compared to appropriate water quality standards,
established by the Kentucky Division of Water, or benchmark standards, compiled by the
project team from available data for reference reach streams in the Mississippi Valley
Loess Plains ecoregion 74b, to determine overall water quality in the watershed. Threats
to water quality, including potential sources of nonpoint source pollution, in the Chestnut
Creek watershed will be identified and best management practices that could be used to
address these threats will be compiled. Data quality objectives for this project include
collecting reliable data regarding the current water quality conditions in the Chestnut
Creek watershed, and performing appropriate analyses of the collected data to correctly
identify threats to water quality in this watershed.
Activities for this project will be divided into three phases, the data collection phase, the
analysis phase and the planning phase. The data collection phase will include qualitative
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observations of current conditions in the watershed and collection of discrete samples
from pre-determined monitoring locations in each watershed. This phase will include data
collection under both wet weather and dry weather conditions. The analysis phase will
include comparisons of the discrete sample data to water quality standards and/or
benchmark standards, calculation and comparisons of pollutant loads from the discrete
sample data, and comparisons of the discrete sample data with the qualitative
observations, including a full watershed inventory. The planning phase will focus on
identification of water quality threats in the watershed, sources of these threats, and best
management practices that can be implemented to address these threats. Funding from the
current project, C9994861-07, will be used for the data collection phase.
This study will be used to estimate pollutant loads for each of the analytical parameters
identified in Table 2. Qualitative comparisons of observed values to water quality
standards or benchmark standards for the different parameters will be made during the
analysis phase of this project. Benchmark standards will be set by the project team, and in
the absence of an approved water quality standard, will serve as action levels for this
project. Action levels for this project will be sent to Kentucky Division of Water for
review as soon as they are drafted by the project team.
Measurement Performance Criteria / Acceptance Criteria
Measurement performance criteria are used in data collection efforts to reduce bias and
variability between samples, thus ensuring that data collected will be able to support
project decisions. Data quality indicators addressing precision, bias, representativeness,
comparability, and completeness have been identified for each of the parameters in this
study (Table 3). Precision and bias will be assessed quantitatively using quality control
samples and meter and equipment calibration, whereas representativeness and
comparability will be assessed qualitatively. Completeness will be assessed quantitatively
at the end of the monitoring program through a review the sampling program.
Precision will be assessed quantitatively with duplicate samples and expressed as the
relative percent difference (RPD) by the following equation:
RPD (%) = [X1 – X2]
(X1 + X2)/2\

x 100

where,
RPD (%) = relative percent difference
X1 = original sample concentration
X2 = duplicate sample concentration
[X1 – X2] = absolute value of X1 – X2
To assess precision, field duplicates will be collected and analyzed for the different
parameters. For each sampling event, one duplicate will be submitted for at least two of
the analytical parameters (nitrate/nitrite, ammonia-nitrogen, TKN, total phosphorus,
orthophosphate, carbonaceous biochemical oxygen demand and total suspended
solids).Which parameter that is selected as a duplicate for the different sampling events
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will be selected at random. For each sampling event, one site from each watershed will be
randomly selected to serve as a duplicate bacteriological (E. coli) sample. Nutrient and
sediment samples with a RPD greater than 20% will be disqualified from this study.
Bacterial samples with a RPD greater than 20% will still be accepted in this study due to
the great variability that can naturally occur between samples.
Bias will be assessed quantitatively with positive control samples and expressed as %
recovery by the following equation:
% recovery = X/T x 100
where,
X = Measured concentration
T = True concentration
To assess bias, the frequency of positive control samples and equipment blanks will be at
the discretion of laboratory personnel, but at a minimum will be one positive control
sample or equipment blank per batch of analytical samples. Samples analyzed as a group
with a positive control sample or equipment blank exceeding 20% recovery will be
disqualified from this study.
Representativeness will be assessed qualitatively by verifying that appropriate sample
collection and analytical methods were followed throughout this process. This will
include evaluation of sample handling and chain of custody records, sample preservation,
and sample holding times.
Comparability will be assessed qualitatively by verifying that field and laboratory data
are consistent in terms of methods and units of measure between sampling events.
Completeness will be assessed quantitatively through the following equation:
% Completeness = N/T x 100
where,
N = number of usable results
T = total number of samples planned to be collected during study
Unforeseen circumstances can prevent the collection of samples at certain sites during
sampling events (sampling site dry, unreachable, etc.). Data from collected samples may
be deemed unusable due to broken seals or bottles, hold time exceedences, etc.
Completeness will be evaluated by comparing the number of samples actually usable to
the total number of samples expected to be collected.

A8. Special Training Requirements / Certification
Field staff will be required to attend the annual Four Rivers Watershed Watch Volunteer
training session in April of 2011. Additional training and instruction on the proper
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collection of environmental samples will be provided by the Data Manager and KWA
Watersheds Program Director. Training will be provided in the field, and records
documenting the date of training will be kept in the project file in Reidland, Kentucky.
Community volunteers wishing to assist with monitoring activities will be trained in
proper monitoring methods by project staff, or will perform all activities with field staff
partners.

A9. Documentation and Records
Records critical to this project will include this QA Project Plan, all field notes and
measurements, chain of custody records, laboratory records, and any progress reports
prepared throughout the course of this project. The Data Manager will be responsible for
ensuring that all personnel have the most current approved version of the QA Project
Plan. After the QA Project Plan has been approved by the Kentucky Division of Water, it
will be distributed to all individuals included in section A3. Should any revisions be
necessary, all individuals identified in section A3 will be sent the revised plan and
required to return the old QA Project Plan, ensuring that there out dated versions of the
QA Project Plan do not remain in use. An original copy of all versions of the QA Project
Plan will be stored in the project file in Reidland, Kentucky.
Field measurements and observations will be recorded in a field log, and will be in blue
or black ink on waterproof paper. At a minimum, field records will include the sampling
location, sampling personnel, summary of field conditions, including qualitative
observations and field data collected, and the date and time of sample collection.
Duplicate samples will be labeled as such in the field log, but will be assigned a unique
sample ID and submitted blind to the laboratory. Any field meter calibration results will
also be recorded in the field log. Copies of chain of custody records will also be kept with
the field log. Any mistakes in the field log will be crossed out with one line, and will
include the initials and date of the person making the correction. The correct information
will then be recorded on another line. All additions to the field log will be dated. Field
records will be kept with field personnel until completion of the field sampling program,
at which time they will be given to the Data Manager and stored in the project file in
Reidland, Kentucky.
Digital photographs will be taken at each sampling site during each sampling event.
Photographs of any other areas of interest near the sampling sites will also be taken. For
each photograph taken, the time, date, subject, and field conditions will be recorded in the
field log. Photographs will be archived in a permanent digital file burned to a CD when
all sampling events have been completed. This CD will be kept in the project file in
Reidland, Kentucky.
Laboratory records will be submitted by the laboratory lead to the Data Manager, and
will include analytical results for each the analyses performed and QA/QC results as
necessary. Copies of chain of custody records indicating the date and time of receipt of
samples will also be included in laboratory records. Laboratory reports will be generated
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upon completion of all analyses for a particular sampling event, and will be sent to the
Data Manager in Excel format. After inspection, the Data Manager will forward these
records to the Project Manager and KWA Watersheds Program Director. All laboratory
reports and records will be stored in the project file in Reidland, Kentucky. Analytical
methods used by the laboratories have been included in Table 2. Laboratory records will
be submitted to the Kentucky Division of Water as requested.
Progress reports will be prepared as requested by the Kentucky Division of Water. The
first quality assurance report will be sent to the NPS technical advisor with the KDOW
after the first sampling event, as soon as results are received from the laboratory. Quality
assurance reports will include copies of the field data log, laboratory records, and a
discussion of any pertinent issues and their corrective actions, as necessary. A final report
will be prepared by the Project Manager upon completion of the project. These reports
will include analytical results, presented in an Excel spreadsheet, a discussion of project
quality assurance, as needed, and narrative discussions of project status in terms of the
project milestones. The Data Manager will maintain copies of these reports in the project
file in Reidland, Kentucky.
A copy of all project records will be kept in the project file in Reidland, Kentucky for a
minimum of three years after the project is complete. Management of these project
records will be a task of the data manager.

SECTION B - DATA GENERATION AND ACQUISITION
B1. Sampling Process Design
Additional data collection is necessary in order to determine current water quality
conditions in the Chestnut Creek watershed and more accurately define threats to water
quality in the watershed. Data collection efforts will include collection of field data,
including flow and field chemistry, analytical data, including nutrient and bacteriological,
and habitat and biological data. Data will be collected monthly for a year, at a minimum,
from eight sites in Chestnut Creek (Figure 3, Table 2).
Sampling sites were designed to provide information about impacts from the major land
uses in the watersheds and the major tributaries entering Chestnut Creek. Sites were also
designed to allow for identification of potential sources of pollutants in the watershed,
and capture the water quality impacts of the upper portions of the watershed. Landowner
receptiveness to this project was also a consideration during site selection. Rational for
individual site selection in each watershed has been included below:


Site 1 is located in the headwaters region of Chestnut Creek. The drainage
area for this site includes three package treatment plants, Marshall County
High School, Marshall County Board of Education, and one mobile home
park. This site will also capture runoff from impervious surfaces in the south
end of the watershed.

________________________________________________________________________
Clarks River WBP-BMP Imp.
Page 17 of 45
Revision No.: 2
Date: August 2011














Site 2 is located where Foust Sledd Road crosses Chestnut Creek. The site is
located just downstream of a watershed structure managed by NRCS. Much of
the fields along Chestnut Creek between sites 1 and 2 have been enrolled in
the USDA Conservation Reserve Program. The area includes some pasture
and cropland. This site was sampled by Murray State University as part of
their TMDL study in 2005.
Site 3 is located on an unnamed tributary to Chestnut Creek at Foust Sledd
Road. This tributary has discharge from Marshall County Sanitation District
#2, which has been upgraded in the past few years. The tributary also receives
drainage from two mobile home parks with lagoon treatment systems. This
site was sampled by Murray State University in 2005 as part of their TMDL
study.
Site 4 is located where Oak Valley Road crosses Chestnut Creek. There are
four tributaries that enter Chestnut Creek between sites 2 and 4. The drainage
area for this section of Chestnut Creek includes many residential areas on the
north end of the watershed, all of which should have on-site waste disposal
systems. The area also includes some pasture and cropland.
Site 5 is located on an unnamed tributary to Chestnut Creek, in a location
different than where the stream is mapped to occur, possibly because the
direction of the tributary has changed. The drainage area for this tributary
includes sections of Oak Valley Road south of Chestnut Creek. The area
includes pasture and cropland. There have been cattle in this area in the past.
Site 6 is located in the upper reaches of an unnamed tributary to Chestnut
Creek at Griggstown Road. The area includes pasture and cropland, and some
cattle. There are some residential developments that drain to this site.
Site 7 is located at the downstream end of the same tributary as site 6, near
where the tributary enters Chestnut Creek. This site is intended to quantify
pollutant loads coming from this unnamed tributary. The drainage area
between sites 6 and 7 includes many forested areas.
Site 8 is located where Scale Road crosses Chestnut Creek. This site is being
monitored by Kentucky Division of Water this year, and was monitored by
Murray State University as part of their TMDL study in 2005. One tributary
enters Chestnut Creek between sites 8 and 9. This site is intended to quantify
total pollutant loads from Chestnut Creek into Clarks River, as this site is
located near the mouth of Chestnut Creek.

Monitoring parameters were selected based on local knowledge and community concerns
with assistance from the Watershed Planning Guidebook for Kentucky Communities
(KWA, KDOW 2010). These parameters will give a broad view of current water quality
conditions in the Chestnut Creek watershed, and also include many of the major
pollutants affecting Kentucky streams. Samples will be collected monthly for an entire
year. Additional E. coli samples will be collected five times during a 30 day period of the
primary contact recreation season, most likely August of 2011. All samples collected will
be grab samples. Field data collected will be used to supplement the analytical and
bacteriological data collected in terms of defining current water quality conditions in the
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watershed. Parameters selected, frequency of collection, and collection methods have
been included in Table 2.
Duplicate samples and field blanks will be used as a QA/QC method for bacteriological,
nutrient and sediment samples. For each sampling event, one duplicate and one field
blank will be submitted for at least two of the analytical parameters (nitrate/nitrite,
ammonia-nitrogen, TKN, total phosphorus, orthophosphate, carbonaceous biochemical
oxygen demand and total suspended solids). The parameter requiring a duplicate sample
or field blank will be determined prior to the sampling event, and each parameter will be
selected as a duplicate at least three times of the course the year-long study. Duplicate
samples will be used as a QA/QC method for bacteriological samples. For each sampling
event, one site from each watershed will be randomly selected to serve as a duplicate
sample. All meters that will be used to collect field data will be calibrated before each
sampling event. Calibration results will be recorded in the field log.

B2. Sampling Methods
Appropriate sample containers for each of the data parameters will be provided by the
analytical laboratories, Microbac Labs and Hancock Biological Station (Table 4). These
containers will be sterile and contain preservatives as required for each parameter.
Nitrate/nitrite and ammonia samples will be filtered in the field by sampling personnel,
which prevents the need for any preservatives in sampling containers. These samples will
be analyzed by Hancock Biological Station. The remaining nutrient samples to be
analyzed by Microbac Laboratories, including total Kjeldahl nitrogen, total phosphorus
and orthophosphate samples, will have a preservative in the sample container, preventing
the need for these samples to be filtered in the field. All containers will be accompanied
by a Chain of Custody Record. Sterile gloves will be used for collection of samples at
each of the sites.
Samples from wadeable streams will be collected by dipping sample containers to a depth
of four inches with the open end facing upstream. Samples will be collected upstream of
sampling personnel, sampling apparatus and any disturbed sediment. Samples from nonwadeable streams will be collected by attaching the sampling container to fishing line and
lowering the container from a bridge to the middle of the stream. For parameters that
require filtration in wadeable streams, i.e. nitrate/nitrite and ammonia samples, sample
containers will be filled with the aqueous sample by dipping the container to a depth of
four inches with the open end facing upstream. The aqueous sample will then be filtered
through a 0.45 µm nylon membrane filter using a 25 mm Millipore Swinnex filter holder
attached to a 50cc syringe into the appropriate sterile sample container. A total sample
volume of 120 mL will be collected and filtered. For parameters that require filtration in
non-wadeable streams, i.e. nitrate/nitrite and ammonia samples, sample containers will be
attached to fishing line and lowered from a bridge to the middle of the stream. The
aqueous sample will then be filtered through a 0.45 µm nylon membrane filter using a 25
mm Millipore Swinnex filter holder attached to a 50cc syringe into the appropriate sterile
sample container. A total sample volume of 120 mL will be collected and filtered.
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Field blanks will be filled with deionized water and labeled as a sample duplicate. For
parameters requiring filtration, i.e. nitrate/nitrite and ammonia samples, field blanks will
be collected as rinsate blanks. These rinsate blanks (deionized water filtered through a
0.45 µm nylon membrane filter using a 25 mm Millipore Swinnex filter holder attached
to a 50cc syringe ) will be labeled as sample duplicates. After collection, samples will be
stored in a cooler filled with wet ice until delivery to the analytical laboratory. Collection
methodology for each of the data parameters shall follow Kentucky Division of Water
approved SOPs (Table 2, Appendix A).
Field data will be collected with the meters identified in Table 5. All meters will be
calibrated prior to use in the field with known standard solutions. Probes will be rinsed
with sterile DI water in between use at different sites. Waste will be collected and
disposed of properly at Hancock Biological Station.
Should any equipment fail during the course of this project, replacement equipment that
has been calibrated, if necessary, will be used. Should any sampling containers become
compromised, they will not be used. If samples become compromised, they will also not
be used.

B3. Sample Handling and Custody Requirements
All samples collected will be stored on ice until delivery to the laboratory. Samples
delivered to the laboratory will include appropriate labeling and record keeping. Sample
security will be documented through the Chain of Custody Record, which will be
completed by field personnel. Each time control of the samples is transferred, both parties
will complete the appropriate portion of the Chain of Custody Record, including their
signature and date and time of transfer. Upon delivery of the samples to the laboratory,
the Laboratory Lead will ensure that the Chain of Custody Records have been
documented appropriately. Should there be any issues with the Chain of Custody Record,
the samples will be flagged and discarded from this study.
Samples will be delivered to the laboratory as soon as possible, ensuring that no hold
times are exceeded. Hold times for the different parameters have been included in Table
4. The laboratory shall begin analyses on E. coli samples as quickly as possible,
preferably within one hour of arrival at the lab, but no more than two hours after arrival.
E. coli samples exceeding the hold time of eight hours will be flagged as exceeding the
hold time and the data will be discarded from this study.
For samples that must be sent to the main Microbac Lab in Louisville, laboratory
personnel will package and ship samples for analysis. This will include ensuring samples
are stored on ice for transport to the main lab with all appropriate records, including
sample labels and Chain of Custody records, intact and correctly filled out.
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B4. Analytical Methods Requirements
Analytical methods for each parameter have been included in Table 2. E. coli, total
Kjeldahl nitrogen, total phosphorus, orthophosphate, carbonaceous biochemical oxygen
demand and total suspended solids will be analyzed by Microbac Labs. Nitrate/nitrite and
ammonia samples will be analyzed by Hancock Biological Station. Bacterial source
tracking will be performed by the University of Tennessee Center for Environmental
Biotechnology. Turnaround time for laboratory analysis and reporting will be one month
from the receipt of samples. Contact information for these laboratories has been included
in Table 6. Discussions of the methodologies for specific analytes have been included
below:
Bacterial Analyses
E. coli Methodology:
Standard Method 9223B (an enzyme substrate test) will be used for E. coli analyses.
These analyses will be conducted at Hancock Biological Station. The laboratory lead
for Hancock Biological Station will be responsible for overseeing the analyses and
implementing corrective actions, if necessary. A chromogenic/fluorogenic medium
(IDEXX Colilert-18) is added to each sample. The samples are then poured into a 100
mL Quantitray (a plastic tray with countable wells) and incubated at 35±0.5° for 18
hours to enumerate E. coli and total coliforms. ONPG in the medium is hydrolyzed by
a total coliform enzyme to produce a yellow color. MUG in the medium is
hydrolyzed by E. coli to produce a fluorescesence upon exposure to ultraviolet light.
In the Quantitray, the yellow and fluoresced wells can be counted and calculated as
MPN/100mL to determine total coliform and E. coli concentrations. Highly contaminated
sources may require dilutions to achieve a MPN. Please see Attachment B for a more
detailed discussion of Microbac laboratory SOPs.
Bacterial Source Tracking Methodology:
Samples will be processed by centrifugation and direct lysis of the sediment to release
environmental DNA. Environmental DNA will be assayed by the method of Layton
et al., 2006. In the assay, concentrations of human-specific and total Bacteroides fecal
DNA will be measured. If the percentage of human-specific DNA sequences out of
the total is high, there is a high likelihood the contamination is from human sources.
If the percentage is low, there may be another source of contamination. Process
samples for analysis as follows:
1. Centrifuge 250 ml sample at 3000xg for 10 minutes to precipitate fecal
Bacteroides cells and other sediments.
2. Resuspend sediments in TE buffer and transfer to 50 ml tubes, centrifuge as
above, and transfer again to a 1.5 ml microcentrifuge tube. Pellets may be frozen
for storage at this point.
3. Resuspend in 100 uL of LyseNGo solution (Pierce Chemical) or add more if
necessary to maintain at least a 10:1 ratio to pellet volume. Process according to
LyseNGo protocol.
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4. Use 5 uL LyseNGo extract in the Layton et al. Real-Time PCR Assay for all
Bacteroides (AllBac) and human-specific Bacteroides (HuBac).
Included are the following controls:
Duplicates
Blanks
Spike (HuBac plasmid)
Positive controls: Standard set (HuBac plasmid), human fecal DNA
Negative controls: DI water, Horse fecal DNA
Results of the assay will determine the concentration of DNA from all Bacteroides
strains (AllBac) and the subset of Human-specific Bacteroides strains (HuBac). As
proportions of Human-specific markers increases, so does the likelihood the
contamination is due to human sources. This result is reported as the HuBac score.
The concentration DNA from of all Bacteroides strains is a gauge for the relative
extent of contamination from all sources. This result is reported as the AllBac score.
Nutrient Analyses
Nutrient samples analyzed by Hancock Biological Station, including nitrate/nitrite and
ammonia samples, will use the Inorganic Nonmetals by Flow Injection Analysis Method
(4130) from the Standard Methods for the Examination of Water and Wastewater. This is
an automated method that injects a measured volume of sample into a carrier stream,
forming a concentration gradient that can be detected by a color reaction or analyte
specific detector. These concentration gradients are then passed through a flow-through
absorbance detector, creating an absorbance peak, with the area of the peak being
proportional to the analyte concentration. These samples will not have a preservative
added, but will be filtered directly in the field, as described in Section B2, and then kept
in a dark, cold storage area until analysis by Hancock Biological Station. According to
Hancock Biological Station, this method of preservation nets the most consistent
analytical results for these analyses. The laboratory lead for Hancock Biological Station
will be responsible for overseeing the analyses and implementing corrective actions, if
necessary.
Nitrate/nitrite Methodology:
Standard method 4500-NO3- F (the Automated Cadmium Reduction Method) will be
used for nitrate & nitrite analyses. This method reduces all nitrates in the sample to
nitrite in the presence of cadmium. The nitrite is then diazotized with sulfanilamide
and coupled with N-(1-napthyl)-ethylenediamine dihydrochloride to form a highly
colored azo dye that is measured colormetrically. Nitrate standards with
concentrations of 1 ppm, 0.6 ppm, 0.2 ppm, 0.1 ppm, 0.05 ppm, and 0.02 ppm will
also be processed by this method. A standard curve is prepared by comparing the
absorbance recorded for standards processed versus the nitrate concentration in the
standards. The standard curve will have a correlation coefficient of at least 0.999. A
QC sample with a 1:1000 dilution of concentrate will be prepared for use with the
standard curve. Sample nitrate concentrations are then calculated by comparing
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absorbance recorded with the standard curve. Results are expressed as nitrate &
nitrite because background nitrite concentrations in the samples are not calculated
individually.
Ammonia Methodology:
Standard method 4500 NH3 G (the Automated Phenate Method) will be used for
ammonia analyses. This method refers to the preliminary distillation step contained in
standard method 4500-NH3B to buffer the sample at a pH of 9.5. This step decreases
the hydrolysis of cyanates and other organic nitrogen compounds, thus preventing
their interference the process. Ammonia in the distillate is then measured
colormetrically with the automated phenate method. In this method, alkaline phenol
and hypochlorite react with ammonia in the distillate to form indophenol blue,
proportional to the ammonia concentration. The indophenol blue can then be
measured colormetrically. Ammonia standards with concentrations of 8 ppm, 6 ppm,
4 ppm, 2 ppm, 1 ppm, 0.5 ppm, 0.4 ppm, 0.2 ppm, and 0.1 ppm will also be processed
with this method. Standard curves are prepared by plotting the ammonia
concentration in the standards versus the absorbance recorded. The standard curve
will have a correlation coefficient of at least 0.999. A QC sample with a 1:1000
dilution of concentrate will be prepared for use with the standard curve. Ammonia
concentrations in the samples are then computed by comparing the sample
absorbance response with the standard curve.
The remaining nutrient samples, including total Kjeldahl nitrogen, total phosphorus,
orthophosphate, and carbonaceous biochemical oxygen demand will be analyzed by
Microbac Laboratories at their main location in Louisville, Kentucky. Sample
preservatives for each analyte have been included in Table 4. The laboratory lead for
Microbac Laboratories will be responsible for overseeing the analyses and implementing
corrective actions, if necessary.
Total Kjeldahl Nitrogen Methodology:
Total Kjeldahl nitrogen is the sum of organic nitrogen and ammonia nitrogen.
Standard method 4500-Norg C (Semi-Micro-Kjeldahl) will be used for total Kjeldahl
nitrogen analyses. Amino nitrogen, free ammonia and ammonia nitrogen are
converted to ammonium sulfate in the presence of sulfuric acid, potassium sulfate,
and a catalyst. After addition of the base, sodium thiosulfate, ammonia is distilled and
absorbed into sulfuric acid. The ammonia concentration is then determined
colormetrically by the SEAL Discrete analyzer. Please see Attachment B for a more
detailed discussion of Microbac laboratory SOPs.
Total Phosphorus Methodology:
Standard method 4500-P F (Automated Ascorbic Acid Reduction Method) will be
used for total phosphorus analyses. Samples are digested through persulfate digestion
(standard method 4500-P B. Sample Preparation), oxidizing total phosphorus to
orthophosphate. Orthophosphate in the digested sample reacts with ammonium
molybdate and antimony potassium tartrate under acidic conditions to form a
complex. This complex is reduced with ascorbic acid to form a blue complex
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proportional to the amount of total phosphorus in the sample that is measured
colormetrically with the SEAL Discrete analyzer. Please see Attachment B for a more
detailed discussion of Microbac Laboratory SOPs.
Orthophosphate Methodology:
Standard method 4500-P F (Automated Ascorbic Acid Reduction Method) will be
used for orthophosphate analyses. Orthophosphate in the sample reacts with
ammonium molybdate and antimony potassium tartrate under acidic conditions to
form a complex. This complex is reduced with ascorbic acid to form a blue complex
proportional to the amount of orthophosphate in the sample that is measured
colormetrically with the SEAL Discrete analyzer. Please see Attachment B for a more
detailed discussion of Microbac Laboratory SOPs.
Carbonaceous Biochemical Oxygen Demand Methodology:
Standard method 5210 B (5-Day BOD Test) will be used for carbonaceous BOD
analyses. This method measures the amount of molecular oxygen used during a five
day incubation period for the biochemical degradation of organic material and the
oxidation of inorganic material. The sample container must be filled to overflowing,
with no air bubble. That sample is then seeded and incubated for five days. A
nitrification inhibitor is added to the seeded sample to eliminate oxidation of nitrogen
containing compounds. The dissolved oxygen concentration is measured initially and
after incubation, and the carbonaceous biochemical oxygen demand is computed from
the difference between the initial and final dissolved oxygen readings. Samples for
this project will be run through a low level detection limit process. Please see
Attachment B for a more detailed discussion of Microbac laboratory SOPs.
Sediment Analyses
Samples will be analyzed for total suspended solids by Microbac Laboratories at their
main location in Louisville, Kentucky. The laboratory lead for Microbac Laboratories
will be responsible for overseeing the analyses and implementing corrective actions, if
necessary.
Total Suspended Solids Methodology:
USGS Method I-3765-85 will be used for TSS analyses. In this method, a sample is
filtered through a 47 mm glass fiber filter and the residue on the filter is then dried
overnight at 103° to 105°C. The increase in the weight of the filter before and after
drying corresponds to the amount of total suspended solids in the sample. Samples for
this project will be run through a low level detection limit process. Please see
Attachment B for a more detailed discussion of Microbac laboratory SOPs.
Instrument calibration checks will be performed by lab staff on a regular basis.
Appropriate records of these checks will kept by the laboratory. The Laboratory Lead for
each analytical laboratory will be responsible corrective actions, should there be any
failed calibration checks or contamination of the analytical data. The Laboratory Lead
will report any data limitations when turning data over to the data manager.
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B5. Quality Control Requirements
Samples will be collected under the supervision of individuals trained in the methods
discussed in this QA Project Plan. The supervising sampler will be responsible for
ensuring the methods described in this QA Project Plan are followed.
Field QC checks will include field blanks, temperature blanks, and field duplicate
samples. Field blanks will be used to evaluate if contaminants have been introduced into
the samples during sample collection. Deionized water will be added to sample
containers at the sampling location to prepare field blanks. Temperature blanks will be
used to ensure that samples are maintained at the appropriate temperature during sample
transport. Temperature blanks will consist of a sample container filled with deionized
water, and one temperature blank will be added to each cooler during sampling events.
Field duplicate samples will be used to evaluate the precision of sample collection. Field
duplicates will be collected by filling two sample containers at a sampling location for the
same analysis. For each sampling event, one duplicate sample and one field blank will be
submitted for at least two of the analytical parameters (nitrate/nitrite, ammonia-nitrogen,
TKN, total phosphorus, orthophosphate, carbonaceous biochemical oxygen demand and
total suspended solids).Which parameter that is selected as a duplicate or field blank for
the different sampling events will be selected at random. For each sampling event, one
site from each watershed will be randomly selected to serve as a duplicate bacteriological
(E. coli) sample.
For field measurements, QC checks will include duplicate measurements, one duplicate
measurement per sampling event per parameter. Meters will also be calibrated prior to
each sampling event.
Laboratory QC is the responsibility of the laboratory staff. QC checks will include lab
blanks and positive control samples for bacteriological samples, and equipment blanks
and calibration for all other sampling parameters. The frequency of positive control
samples and equipment blanks will be at the discretion of laboratory personnel, but at a
minimum will be one positive control sample or equipment blank per batch of analytical
samples.
Performance and acceptance criteria for QC checks will follow that outline in Section A
A7, Data Quality Objectives (DQOs) and Criteria for Measurement Data. Calculations
for precision, bias, represetativness, comparability, and completeness have also been
included in Section A7.

B6. Instrument / Equipment Testing, Inspecting and Maintenance Requirements
Field sampling equipment will be inspected and maintained by the project manager
according to the manufacturer’s instructions. Maintenance logs will be kept in the project
file in Reidland, Kentucky. The maintenance log will document any maintenance or
service to the equipment.
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Laboratory analytical equipment will be inspected and maintained by the laboratory staff
according to the manufacturer’s instructions. This process will be overseen by the
Laboratory Leads for each analytical laboratory, including Hancock Biological Station in
Murray, Kentucky and Microbac Laboratories in Louisville, Kentucky. Maintenance and
inspection logs will be the responsibility of the Laboratory Lead and will be maintained
at the lab location. Should any corrective maintenance of equipment be required, it will
be documented in the maintenance and inspection log.

B7. Instrument Calibration and Frequency
Calibration and maintenance of field equipment will be performed according to the
manufacturer’s instructions and the associated SOP, Standard Operating Procedure: In
situ Water Quality Measurements and Meter Calibration (DOWSOP03014). Results will
be recorded in an instrument/equipment logbook. The frequency of meter calibration has
been described in Table 3.
Calibration and maintenance of laboratory equipment will be performed according to the
manufacturer’s instructions by laboratory staff and overseen by the Laboratory Lead.
Some of this information has been included in section B4 and Appendix B.

B8. Inspection / Acceptance Requirements for Supplies and Consumables
Critical supplies and consumables for this project include sample containers and reagents.
Sample containers for this project will be provided by the associated analytical
laboratory, Microbac Laboratories and Hancock Biological Station. Sample containers
provided by the lab will undergo a sterility check by the Laboratory Manager. Laboratory
reagents will undergo inspection by the Laboratory Manager prior to sample analyses.
Any reagents that are out of date will not be used for this project.

B9. Data Acquisition Requirements for Non-direct Measurements
Data from non-direct measurement sources that could be used for decision making
purposes or to direct BMP implementation could include photographs and GIS maps,
published literature, and other pertinent background information. Only qualified
information can be used for the decision making process. Any analytical data to be used
must have been collected under a QA Project Plan, if it is to be used in the decision
making process. Data from previous projects, including the Clarks River Watershed
Based Plan, and the 2005 TMDL study, were collected under a QA Project Plan,
however, this data was collected in a non-typical drought year, so it will not be used in
the decision making process. It will, however, be used to determine if there have been
changes in water quality conditions in the past six years. If it appears that there have been
water quality improvements, land use analyses will be conducted to determine what
practices have been implemented that resulted in these water quality improvements.
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Other data will serve as supplementary data and cannot be used in the decision making
process, including data collected by Four Rivers Watershed Watch volunteers. KPDES
monitoring data from the Marshall County Sanitation District #2 will also be incorporated
into this study as supplementary data. It can be used to direct data gathering methods for
this project, however, should this be needed.

B10. Data Management
Field and laboratory data will be reported to the Data Manger as soon as possible.
Turnaround time for lab reports will be one month from the receipt of samples.
Laboratory data will be in an electronic spreadsheet, and will include, at a minimum: site
ID, sampling location details, field personnel, date of collection, time of collection, flow
rate, analytical results, flag if there was an error in the analytical process. Electronic
copies of these reports will be stored on a portable storage device that is used for this
project only. Hard copies of these reports will also be kept in the project file. Electronic
data will be stored in Microsoft Excel format.
A summary of field data will be reported to the Data Manager within two weeks of the
sampling event. This will include scanned copies of the field log, including sampling
location, sampling personnel, summary of field conditions, and the date and time of
sample collection. This will also include scanned copies of the chain of custody record,
and digital photographs that are appropriately labeled. These electronic reports will be
stored on the portable storage device dedicated to this project. Hard copies of each of
these reports will also be kept in the project file. All photographs will be stored digitally
as JPEGs, and electronic copies of the field log and chain of custody record will be stored
as JPEGs or PDFs. Upon completion of all field work, the original field notebook will be
given to the Data Manager for storage in the project file.
The Data Manger will keep backup copies of all data, including electronic copies stored
on the portable storage device and hard copies, in the project file in Reidland, Kentucky
for five years.

SECTION C – ASSESSMENT AND OVERSIGHT
C1. Assessments and Response Actions
Assessments will be conducted throughout the project to ensure that this QA Project Plan
is being implemented as planned. Project assessments will include field assessments,
such as readiness reviews prior to sampling events, field activity audits and a review of
field methods after sampling events, and laboratory assessments, including an evaluation
of laboratory data generated for sampling events.
Readiness reviews will be completed prior to sampling events by the Project Manager.
Reviews will include ensuring that sampling personnel are trained in appropriate
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sampling methods and field equipment use. Equipment maintenance records will be
checked by the Project Manager to ensure all field equipment is in proper working order.
The Project Manager will ensure that there are adequate supplies, including sample
containers, labels, Chain of Custody records, standards, etc. prior to each event. Field
activity audits will be conducted quarterly by the KWA Watersheds Program Director
and Data Manager, and will assess sample collection methodologies, field procedures,
and field records to ensure activities are following those described in this QA Project
Plan. If any issues be noted, the KWA Watersheds Program Director and Data Manager
will work with the Project Manager to remedy these issues. Following each sampling
event, the Project Manager will review field methods to ensure proper procedures
described in this QA Project Plan were followed. This will ensure all information and
documentation is correct. Results from each of these assessments will be included in a
project assessment folder and stored in Reidland, Kentucky. Laboratory packages
submitted to the Data Manager will be reviewed for completeness. Should any issues be
found, re-testing can be requested.

C2. Reports to Management
The Project Manager, in combination with the Data Manager and KWA Watersheds
Program Director, will prepare quarterly reports on sampling activities to be given to
project partners. These reports will include a summary of field and analytical results,
copies of field and laboratory assessments, and a discussion of any problems encountered
and recommended solutions.
Quality evaluation reports (QERs) will be prepared for the Kentucky Division of Water
after the first sampling event in August of 2011, after the final sampling event in July of
2012, and throughout the project period, if requested by the Kentucky Division of Water.
These reports will include the name of the sampler, equipment calibration results, field
parameter measurement results, date and time of sample collection, laboratory analysis
results for each sample, including blanks and duplicate samples, laboratory bench sheets
(original laboratory data sheets with all calibration information), and laboratory QC
reports.

SECTION D – DATA VALIDATION AND USABILITY
D1. Data Review, Validation and Verification
Both field and laboratory data will be reviewed and validated by the Data Manager and
the KWA Watersheds Program Director. Following each sampling event, the Project
Manager will review all field data collected to ensure it is complete and that any
deviations from methodology are properly noted. This reviewed field data will then be
given to the Data Manager and KWA Watersheds Program Director for a second review.
These reviews will be documented with the form found in Figure 4.
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Laboratory reports will be verified and validated by the Laboratory Lead prior to
submittal to the Data Manager. A list of data quality flags for laboratory reviews has been
included in Table 7. Details of this review will be maintained by the laboratory. Any data
qualifiers identified by the Laboratory Lead will be included in the final laboratory report
submitted to the Data Manager.
Once laboratory data has been submitted to the Data Manager by the Laboratory Lead,
the KWA Watersheds Program Director will be responsible for further review, following
the form found in Figure 5. This review will include an evaluation of field and laboratory
duplicates, field and laboratory blanks, and laboratory control results pertinent to each of
the analytical parameters. Any data qualifiers identified by the Laboratory Lead will also
be reviewed as necessary. This review will ensure that methodology described in this QA
Project Plan was followed, unless specifically noted. Decisions to reject or qualify any
date will be made by the KWA Watersheds Program Director, in conjunction with the
Project Manager, Data Manager, and Laboratory Lead, based on the assessment of failure
to follow SOPs and methods described in this QA Project Plan.
Initial data reviews of newly collected data, including field and laboratory data, will
follow the forms found in Figures 4 and 5. Once appropriate reviews have been
completed, data analyses to be conducted will include a comparison of parameter
concentrations to the water quality standards and benchmarks established by the project
team, a calculation of pollutant loads and the target load reductions necessary for
parameters that exceed the benchmark goals, and a comparison of watershed inventory
data to pollutant concentrations and loads to determine potential sources of pollutants.
Newly collected data will be compared to past data to determine if there have been
changes in water quality conditions in the past six years. If there have been water quality
improvements, GIS and land use analyses and landowner interviews at public meetings
will be conducted to determine watershed changes that could have resulted in these water
quality differences. All data collected will be presented at a public meeting in the
watershed.

D2. Validation and Verification Methods
Chain of Custody records must be filled out and signed by the supervising sampler
present at the time of sampling. These records will be verified by the Project Manager for
precision, missing or illegible information, errors in calculation and values outside the
expected range. This review will follow the form found in Figure 4. Laboratory Records
will be validated first by the Laboratory Lead, identifying any data quality flags listed in
Table 7. These laboratory records will then be verified by the Data Manager and KWA
Watersheds Program Director for precision, missing or illegible information, errors in
calculation, and values outside the expected range. This review will follow the form
found in Figure 5. Should any issues with field or laboratory data be identified during the
review process, the project team, identified in Section A3 and Figure 1, will be notified
via email and/or telephone. The project team will be asked to make suggestions,
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depending on the particular issue identified, that could prevent the issue from coming up
again.

D3. Reconciliation with User Requirements and Data Quality Objectives
The purpose of this project is to collect water quality data that will help to identify
sources of potential pollutants so that best management practices can be implemented to
improve water quality in the Chestnut Creek watershed. Data must fulfill the
requirements established in this QA Project Plan to be useful for this project. Data that
does not meet the requirements established in the QA Project Plan, which will be
identified during the numerous data reviews described above, will not be used for any
decision making processes. The cause of the data failure will also be identified so future
failures can be avoided. If the cause of failure is found to be sampler error, samplers will
be retraining in field methodology. If the failure is related to equipment failure,
calibration and maintenance procedures will be reassessed and improved. If accuracy and
precision goals are frequently not met, laboratory analysts will be reviewed individually
for analytical technique and to ensure SOPs are being followed. Revisions to this QA
Project Plan can be made to revise project specifications, if necessary. All revisions will
be submitted to Kentucky Division of Water for approval prior to implementation.
The Project Manager, Data Manager, Laboratory Lead, and KWA Watersheds Program
Director will work together to verify the data collected, and identify any limitations of
data collected. All usable data collected will then be compared to the water quality
standards and benchmarks established by the project team. In addition, the project team
will evaluate the monitoring program at the end of the project to ensure goals were met.
If additional data needs collected to meet project goals, revisions to this QA Project Plan
can be made.
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Kentucky Division of Water. 2010. Integrated Report to Congress on the Condition of
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________________________________________________________________________
Clarks River WBP-BMP Imp.
Page 30 of 45
Revision No.: 2
Date: August 2011

Figures

________________________________________________________________________
Clarks River WBP-BMP Imp.
Page 31 of 45
Revision No.: 2
Date: August 2011

Figure 1. Project organizational chart showing the relationships between project
partners.
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Figure 2. Map showing the Chestnut Creek drainage area.
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Figure 3. Proposed sampling locations for the Chestnut Creek watershed.
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Figure 4. Field activities review form.
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Figure 6. Laboratory Activity Review Form.

Tables

Figure 5. Laboratory activities review form.
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Table 1. Sampling locations for Chestnut Creek drainage area.
Site ID
Latitude
Longitude
1
36.912251° -88.345379°
2
36.919828°
-88.35808°
3
36.920888° -88.358062°
4
36.922022° -88.369952°
5
36.918401° -88.378839°
6
36.935468° -88.377504°
7
36.920019° -88.387638°
8
36.912072° -88.392957°
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Table 2. Summary of environmental monitoring work to be conducted through this
study.
Data
Category

Parameter

Frequency

Proposed
Schedule

Collection Methodology

Analytical
Methodology (if
applicable)

E. coli

Monthly; 5
times during
one month
of the PCR
season

July 2011
through June
2012; 5 times
during May 2012

Standard Operating Procedure:
Bacteriological Sampling
(DOWSOP03017)

IDEXX

1 MPN E. coli /
100 mLs

Twice

High Flow Event
– Mar. 2012;
Low Flow Event
– Oct. 2011

Standard Operating Procedure:
Bacteriological Sampling
(DOWSOP03017)

N/A

N/A

Standard Methods for
Examination of Water
and Wastewater Method
#4500-NO3 F

.004 mg/L

Standard Methods for
Examination of Water
and Wastewater Method
#4500-NH3 G

.006 mg/L

Bacteria
Bacterial
Source
Tracking

Monthly

July 2011
through June.
2012

Monthly

July 2011
through June.
2012

Total
Kjeldahl
Nitrogen

Monthly

July 2011
through June.
2012

Total
Phosphorus

Monthly

July 2011
through June.
2012

Orthophospha
te

Monthly

July 2011
through June.
2012

Carbonaceous
Biochemical
Oxygen
Demand

Monthly

July 2011
through June.
2012

Total
Suspended
Solids

Monthly

July 2011
through June.
2012

Flow

Each site
Visit

July 2011
through June.
2012

Turbidity

Each site
Visit

July 2011
through June.
2012

Nitrate/nitrite

Ammonia

Nutrients

Sediment

Field
Data

Standard Operating Procedure:
Sampling Surface Water Quality
in Lotic Streams
(DOWSOP03015) with
deviations from the Filtered
Sample Hand Pump technique as
described in section B2
Standard Operating Procedure:
Sampling Surface Water Quality
in Lotic Streams
(DOWSOP03015) with
deviations from the Filtered
Sample Hand Pump technique as
described in section B2
Standard Operating Procedure:
Sampling Surface Water Quality
in Lotic Streams
(DOWSOP03015)
Standard Operating Procedure:
Sampling Surface Water Quality
in Lotic Streams
(DOWSOP03015)
Standard Operating Procedure:
Sampling Surface Water Quality
in Lotic Streams
(DOWSOP03015)
Standard Operating Procedure:
Sampling Surface Water Quality
in Lotic Streams
(DOWSOP03015)
Standard Operating Procedure:
Sampling Surface Water Quality
in Lotic Streams
(DOWSOP03015)
Standard Operating Procedure:
Measuring Stream Discharge
(DOWSOP03019)
Standard Operating Procedure:
In situ Water Quality
Measurements and Meter
Calibration (DOWSOP03014)

Detection Limit
(if applicable)

Standard Methods for
Examination of Water
and Wastewater Method
#4500-Norg C
Standard Methods for
Examination of Water
and Wastewater Method
#4500-P F
Standard Methods for
Examination of Water
and Wastewater Method
#4500-P F
Standard Methods for
Examination of Water
and Wastewater Method
#5210B

0.2 mg/L

.01 mg/L

.01 mg/L

2 mg/L

USGS Method # I376585

1 mg/L

N/A

N/A

N/A

N/A
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Habitat

Biology

pH

Each site
Visit

July 2011
through June.
2012

Dissolved
Oxygen

Each site
Visit

July 2011
through June.
2012

Conductivity

Each site
Visit

July 2011
through June.
2012

% Saturation

Each site
Visit

July 2011
through June.
2012

Temperature

Each site
Visit

July 2011
through June.
2012

Habitat
Assessment

Once

June 2012

Biological
Assessment

Once

June 2012

Standard Operating Procedure:
In situ Water Quality
Measurements and Meter
Calibration (DOWSOP03014)
Standard Operating Procedure:
In situ Water Quality
Measurements and Meter
Calibration (DOWSOP03014)
Standard Operating Procedure:
In situ Water Quality
Measurements and Meter
Calibration (DOWSOP03014)
Standard Operating Procedure:
In situ Water Quality
Measurements and Meter
Calibration (DOWSOP03014)
Standard Operating Procedure:
In situ Water Quality
Measurements and Meter
Calibration (DOWSOP03014)
Rapid Bioassessment Protocols
for Use in Streams and
Wadeable Rivers: Periphyton,
Benthic Macroinvertebrates, and
Fish (EPA 841-B-99-002)
Watershed Watch Biological
Stream Assessment Monitoring
Procedures Version 1.0
(WWSOP04000)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Table 3. Data quality indicators for this project.
Data Quality Indicator
Parameter
Precision

E. coli

Field duplicates;
Calculate RPD, but
disqualification at
the discretion of the
project team based
on quantitative and
qualitative review
of data

Bacterial
Source
Tracking

Field duplicates;
Disqualification if
data review
indicates large
differences in
results from
duplicate samples

Nitrate/nitrite

Ammonia

Total Kjeldahl
Nitrogen

Field duplicates;
Disqualification if
RPD>20%

Field duplicates;
Disqualification if
RPD>20%

Field duplicates;
Disqualification if
RPD>20%

Bias
Lab Blanks,
Positive Lab
Control Sample
with each media
batch;
Disqualification
if %recovery
exceeds 75% to
125%

Laboratory
Control Samples

Equipment
Blanks,
Equipment
Calibration,
Check Standards
every 10 to 20
samples;
Disqualification
if %recovery
exceeds 75% to
125%
Equipment
Blanks,
Equipment
Calibration,
Check Standards
every 10 to 20
samples;
Disqualification
if %recovery
exceeds 75% to
125%
Equipment
Blanks,
Equipment
Calibration;
Disqualification
if %recovery
exceeds 75% to
125%

Representativeness

Comparability

Completeness

Qualitative Records
Review;
Disqualification if
records review shows
inappropriate
collection and/or
analytical
methodology

Qualitative
Data Review;
Disqualification
if review shows
inconsistent
field and
laboratory data

Quantitative Evaluation of
Records; Disqualification
if review shows
incomplete record
keeping. Target goal of
90% completeness with
regards to the number of
usable samples

Qualitative Records
Review;
Disqualification if
records review shows
inappropriate
collection and/or
analytical
methodology

Qualitative
Data Review;
Disqualification
if review shows
inconsistent
field and
laboratory data

Quantitative Evaluation of
Records; Disqualification
if review shows
incomplete record
keeping. Target goal of
90% completeness with
regards to the number of
usable samples

Qualitative Records
Review;
Disqualification if
records review shows
inappropriate
collection and/or
analytical
methodology

Qualitative
Data Review;
Disqualification
if review shows
inconsistent
field and
laboratory data

Quantitative Evaluation of
Records; Disqualification
if review shows
incomplete record
keeping. Target goal of
90% completeness with
regards to the number of
usable samples

Qualitative Records
Review;
Disqualification if
records review shows
inappropriate
collection and/or
analytical
methodology

Qualitative
Data Review;
Disqualification
if review shows
inconsistent
field and
laboratory data

Quantitative Evaluation of
Records; Disqualification
if review shows
incomplete record
keeping. Target goal of
90% completeness with
regards to the number of
usable samples

Qualitative Records
Review;
Disqualification if
records review shows
inappropriate
collection and/or
analytical
methodology

Qualitative
Data Review;
Disqualification
if review shows
inconsistent
field and
laboratory data

Quantitative Evaluation of
Records; Disqualification
if review shows
incomplete record
keeping. Target goal of
90% completeness with
regards to the number of
usable samples
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Total
Phosphorus

Orthophosphate

Carbonaceous
Biochemical
Oxygen
Demand

Field duplicates;
Disqualification if
RPD>20%

Field duplicates;
Disqualification if
RPD>20%

Field duplicates;
Disqualification if
RPD>20%

Total
Suspended
Solids

Field duplicates;
Disqualification if
RPD>20%

Field Data

Field duplicates
(one per sampling
event per
parameter);
Disqualification if
RPD>20%

Equipment
Blanks,
Equipment
Calibration;
Disqualification
if %recovery
exceeds 75% to
125%
Equipment
Blanks,
Equipment
Calibration;
Disqualification
if %recovery
exceeds 75% to
125%
Equipment
Blanks,
Equipment
Calibration;
Disqualification
if %recovery
exceeds 75% to
125%
Equipment
Blanks,
Equipment
Calibration;
Disqualification
if %recovery
exceeds 75% to
125%
Meter
Calibration;
Disqualification
if %recovery
exceeds 75% to
125%

Qualitative Records
Review;
Disqualification if
records review shows
inappropriate
collection and/or
analytical
methodology
Qualitative Records
Review;
Disqualification if
records review shows
inappropriate
collection and/or
analytical
methodology
Qualitative Records
Review;
Disqualification if
records review shows
inappropriate
collection and/or
analytical
methodology
Qualitative Records
Review;
Disqualification if
records review shows
inappropriate
collection and/or
analytical
methodology
Qualitative Records
Review;
Disqualification if
records review shows
inappropriate
collection and/or
analytical
methodology

Qualitative
Data Review;
Disqualification
if review shows
inconsistent
field and
laboratory data
Qualitative
Data Review;
Disqualification
if review shows
inconsistent
field and
laboratory data
Qualitative
Data Review;
Disqualification
if review shows
inconsistent
field and
laboratory data
Qualitative
Data Review;
Disqualification
if review shows
inconsistent
field and
laboratory data
Qualitative
Data Review;
Disqualification
if review shows
inconsistent
field and
laboratory data

Quantitative Evaluation of
Records; Disqualification
if review shows
incomplete record
keeping. Target goal of
90% completeness with
regards to the number of
usable samples
Quantitative Evaluation of
Records; Disqualification
if review shows
incomplete record
keeping. Target goal of
90% completeness with
regards to the number of
usable samples
Quantitative Evaluation of
Records; Disqualification
if review shows
incomplete record
keeping. Target goal of
90% completeness with
regards to the number of
usable samples
Quantitative Evaluation of
Records; Disqualification
if review shows
incomplete record
keeping. Target goal of
90% completeness with
regards to the number of
usable samples
Quantitative Evaluation of
Records; Disqualification
if review shows
incomplete record
keeping. Target goal of
90% completeness with
regards to the number of
usable samples
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Table 4. Collection methodologies and sample container information to be used
during sample collection.
Parameter

Collection Methodology

Sample Container

Preservative

Max Holding
Time

E. coli

Standard Operating Procedure: Bacteriological
Sampling (DOWSOP03017)

Sterile 120 mL snap top
bottle

N/A

6 hours

Bacterial
Source
Tracking

Standard Operating Procedure: Bacteriological
Sampling (DOWSOP03017)

Sterile 500 mL
graduated bottle

N/A

8 hours (and then
freeze until
delivery to the
laboratory)

Standard Operating Procedure: Sampling Surface
Water Quality in Lotic Streams (DOWSOP03015)
Standard Operating Procedure: Sampling Surface
Water Quality in Lotic Streams (DOWSOP03015)
Standard Operating Procedure: Sampling Surface
Water Quality in Lotic Streams (DOWSOP03015)
Standard Operating Procedure: Sampling Surface
Water Quality in Lotic Streams (DOWSOP03015)
Standard Operating Procedure: Sampling Surface
Water Quality in Lotic Streams (DOWSOP03015)

Polyethylene plastic
sampling bottle
Polyethylene plastic
sampling bottle

Filter, cool to
o
<= 4 C
Filter, cool to
o
<= 4 C

Glass or plastic

Sulfuric acid

28 days

Glass or plastic

Sulfuric acid

28 days

Glass or plastic

Sulfuric acid

28 days

Standard Operating Procedure: Sampling Surface
Water Quality in Lotic Streams (DOWSOP03015)

Plastic 1 L bottle

N/A

48 hours

Standard Operating Procedure: Sampling Surface
Water Quality in Lotic Streams (DOWSOP03015)

Plastic 1 L bottle

N/A

7 days

Field parameter

N/A

N/A

Field parameter

N/A

N/A

Field parameter

N/A

N/A

Field parameter

N/A

N/A

Field parameter

N/A

N/A

Field parameter

N/A

N/A

Field parameter

N/A

N/A

Field parameter

N/A

N/A

Field parameter

N/A

N/A

Nitrate/nitrite
Ammonia
Total Kjeldahl
Nitrogen
Total
Phosphorus
Orthophosphate
Carbonaceous
Biochemical
Oxygen
Demand
Total
Suspended
Solids
Flow
Turbidity

pH
Dissolved
Oxygen
Conductivity

% Saturation

Temperature

Habitat
Assessment
Biological
Assessment

Standard Operating Procedure: Measuring Stream
Discharge (DOWSOP03019)
Standard Operating Procedure: In situ Water
Quality Measurements and Meter Calibration
(DOWSOP03014)
Standard Operating Procedure: In situ Water
Quality Measurements and Meter Calibration
(DOWSOP03014)
Standard Operating Procedure: In situ Water
Quality Measurements and Meter Calibration
(DOWSOP03014)
Standard Operating Procedure: In situ Water
Quality Measurements and Meter Calibration
(DOWSOP03014)
Standard Operating Procedure: In situ Water
Quality Measurements and Meter Calibration
(DOWSOP03014)
Standard Operating Procedure: In situ Water
Quality Measurements and Meter Calibration
(DOWSOP03014)
Rapid Bioassessment Protocols for Use in
Streams and Wadeable Rivers: Periphyton,
Benthic Macroinvertebrates, and Fish (EPA 841B-99-002)
Watershed Watch Biological Stream Assessment
Monitoring Procedures Version 1.0
(WWSOP04000)

28 days
24 hours
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Table 5. Meters to be used during collection of field data.
Field Data
Parameter

Meter
Global Water Flow Probe Hand-held Flowmeter

Flow
Turbidity

Hach 2100Q Portable Turbidmeter

pH

YSI Multiparameter ProPlus

Dissolved Oxygen

YSI Multiparameter ProPlus

Conductivity

YSI Multiparameter ProPlus

% Saturation

YSI Multiparameter ProPlus

Temperature

YSI Multiparameter ProPlus

Habitat Assessment

N/A

Biological
Assessment

N/A

Table 6. Contact information for labs to be used in this study.
Lab
University of
Tennessee Center for
Environmental
Biotechnology
Hancock Biological
Station
Microbac
Laboratories Main
Location
Microbac
Laboratories Paducah
Satellite Location

Primary Contact

Address

Phone Number

Alice Layton

676 Dabney Hall
Knoxville, TN 37996

(865) 974-8080

Karla Johnston

561 Emma Drive
Murray, KY 42071

(270) 474-2272

Dee Cutrera

Stan Cooke

3323 Gilmore Industrial Blvd.
Louisville, KY 40213
5309 Reidland Road
Paducah, KY 42003

(502) 962-6400

(270) 898-3637
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Table 7. Laboratory data quality flags.
AR
B1

Results reported on an as received basis.
Analyte value in the method blank above control limit.

B2

Analyte value in the method blank is between the method detection limit and the reporting detection limit.
Continuing calibration verification (CCV) above upper control limit, analyte(s) not detected.
Conclusion Entry
Surrogate recoveries not calculated due to necessary sample dilution.
Results reported on a dry weight basis.
Elevated reporting or detection limit(s) due to sample matrix interference and sample dilution.
Elevated reporting or detection limit(s) due to high analyte concentration and sample dilution.
Elevated reporting or detection limit(s) due to insufficient sample volume
Test Method EPA 1010 Not Valid For Solid Samples. Samples Analyzed By A Modified 1010 Method.
No Flash Observed; Test Flame Is Being Extinguished By Sample At The Reported Temperature.
Sample received outside of holding time for these analytes.
Analyte was prepared and/or analyzed outside of the analytical method holding time.

C1
CE
DI
DW
E1
E2
E3
F1
F2
H1
H2
J1

The analyte was positively identified; analyte was detected between the reporting limit and method detection limit and the
result is an estimated value.

J2
L1
L2
L3
M1
M2

The analyte was positively identified; the result is above the quantitation range and is an estimated value.
Lab control sample (LCS) recovery below lower control limit, all other batch QC acceptable.

M3

Matrix Spike Recovery Outside Control Limits Due To Analyte Concentration. Matrix Spike Evaluation not applicable when
sample concentration is >= 4X Spike Concentration.
Miscellaneous (see conclusion statement)

MC
N
ND
NJ
OOC
P1
P2

Lab control sample (LCS) recovery above upper control limit, all other batch QC acceptable.
Lab control sample (LCS) recovery above upper control limit, analyte not detected.
Matrix Spike Recovery Outside Control Limits Due To Sample Matrix Interference, Biased High.
Matrix Spike Recovery Outside Control Limits Due To Sample Matrix Interference, Biased Low.

The analysis indicates the presence of an analyte for which there is presumptive evidence to make a "tentative
identification."Any associated quantitation is an estimate based on industry standard practices.
Not detected at or below the reporting limit (or method detection limit, if listed).
The analysis indicates the presence of an analyte that has been "tentatively identified" and is an estimated value.
The above value, over the specification limit, was verified by a second analysis.
Sample received was improperly preserved for these analytes.
Sample pH greater than method limit of 2.

R1
R2
R3
S1
S2

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet quality control criteria.
the presence or absence of the analyte cannot be verified.
Relative percent difference (RPD) of matrix spike duplicates outside of control limit.
Relative percent difference (RPD) of LCS duplicates outside of control limit.
Relative percent difference (RPD) of sample duplicates outside of control limit.
One or more surrogates outside control limits, no target analytes detected.
One or more surrogates outside control limits due to matrix interference.

S3
SUB
U

One or more surrogates outside control limits. The data was accepted based on the valid recovery of remaining surrogate(s).
Analysis subcontracted.
Analyte was analyzed for, but was not detected above the reported sample quantitation limit.

UJ

Analyte was not detected above the reporting limit, however, the reporting limit is approximate & may or may not represent
the actual limit of quantitation necessary to accurately & precisely measure the analyte in the sample.

V

Analyte concentration estimated due to sample matrix interference and/or high analyte concentration interference.

R
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Appendix D
Photographs of BMPs installed through this project

Equine Waste Storage Facility in the Bee Creek subwatershed.

Community lagoon system in the Damon Creek subwatershed.

Appendix E
BMP Information for STEPL Model
The following table contains the information that was entered into Spreadsheet Tool for Estimating Pollutant Load (STEPL) model
Version 4.1 to calculate load reductions generated through BMP implementation for this project.
Project
ID

Project Description

County

Units

Land Use

Agricultural
Animals

Calloway
Calloway
Calloway

Unit
Latitude
Longitude
Practice
No.
Almo - Clarks River Watershed (060400060105) - Watershed 1
36.68194
-88.30056
Repair Failing Septic System
1
36.70583
-88.29389
Repair Failing Septic System
1
36.69389
-88.29611
Repair Failing Septic System
1

24
56
58

Vance Septic
Frantz Septic
Boggess Septic

System
System
System

-

0
0
0

60
61
62
63

Oakley Septic
Boren Septic
Dodd Septic
Dunn Septic

Calloway
Calloway
Calloway
Calloway

36.69
36.72111
36.70389
36.700556

-88.29889
-88.29306
-88.29194
-88.287778

1
1
1
1

System
System
System
System

-

0
0
0
0

75

2010-018-2406

Calloway

36.68083

-88.27889

200

Feet

125 acres cropland

0

76

2010-018-2399

Calloway

36.64417

-88.28111

200

Feet

200 acres cropland

0

Blizzard Ponds Watershed (060400060304) - Watershed 2
36.966389
-88.666944
Grade Stabilization Structure
0.2

Acre

19.9 acres cropland

0

49 acres pasture
75 acres pasture
10 acres cropland

0
0
0

29

2009-073-27

McCracken

4
9
16

2008-079-92
2008-079-109
745C16071MF

Marshall
Marshall
Marshall

Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Streambank and Shoreline
Protection
Streambank and Shoreline
Protection

Chestnut Creek - Clarks River Watershed (060400060404) - Watershed 3
36.90111
-88.378611
Pasture and Hay Planting
49
Acre
36.96361
-88.40472
Pasture and Hay Planting
75
Acre
36.922111
-88.370972
Grassed Waterway
1
Acre

16

745C16071MF

Marshall

30
31
32
33
34
35
36
37
38
39
66
67
70
70
70
72
73

Bugden Septic
Dunn Septic
Groves Septic
Hendon Septic
Parker Septic
Proctor Septic
Proctor Septic
Pruitt Septic
Wilson Septic
Farris Septic
Murray State University
Wilson
745C16070E1
745C16070E1
745C16070E1
McCuiston Septic
Flood Septic

Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway

36.922111

-88.370972

Grade Stabilization Structure

1

Clayton Creek - Clarks River Watershed (060400060103) - Watershed 4
36.59778
-88.26944
Repair Failing Septic System
1
36.55889
-88.26417
Repair Failing Septic System
1
36.59778
-88.2825
Repair Failing Septic System
1
36.55944
-88.24639
Repair Failing Septic System
1
36.567778
-88.267222
Repair Failing Septic System
1
36.5825
-88.24639
Repair Failing Septic System
1
36.57944
-88.24944
Repair Failing Septic System
1
36.59389
-88.25972
Repair Failing Septic System
1
36.58111
-88.24583
Repair Failing Septic System
1
36.568056
-88.233056
Repair Failing Septic System
1
36.616036
-88.341333
Equine Waste Storage Facility
107
36.58639
-88.23722
Grassed Waterway
0.8
36.585556
-88.25333
Pipeline
400
36.585556
-88.25333
Pipeline
50
36.585556
-88.25333
Watering Facility
1
36.567222
-88.234444
Repair Failing Septic System
1
36.56344
-88.264958
Repair Failing Septic System
1

Structure
System
System
System
System
System
System
System
System
System
System
Horses
Acre
Feet
Feet
Facility
System
System

5
7
7

2008-018-102
745C160834Q
745C160834Q

Clear Creek - West Fork Clarks River Watershed (060400060201) - Watershed 5
Calloway
36.67861
-88.46444
Pasture and Hay Planting
30
Acre
Calloway
36.66556
-88.40833
Grade Stabilization Structure
1
Structure
Calloway
36.66556
-88.40833
Grassed Waterway
0.1
Acre

40
41
42
43
44

Dietz Septic
Carson Septic
Barrow Septic
Harris Septic
Field Septic

Damon Creek - West Fork Clarks River Watershed (060400060202) - Watershed 6
Calloway
36.69889
-88.40583
Repair Failing Septic System
1
System
Calloway
36.708056
-88.40333
Repair Failing Septic System
1
System
Calloway
36.69278
-88.39583
Repair Failing Septic System
1
System
Calloway
36.72333
-88.45222
Repair Failing Septic System
1
System
Calloway
36.69917
-88.40583
Repair Failing Septic System
1
System

0
120 acres feedlot
175 acres cropland

0
0
0
0
0
0
0
0
0
0
107 horses
0

10 acres pasture
-

11 beef cattle
0
0

30 acres pasture

0

1 acre cropland

0

-

0
0
0
0
0

71

Kirksey Ball Park Septic

Calloway

36.693889

-88.397778

Repair Failing Septic System

1

System

-

0

68

Damon Creek Watershed
and Sewer Association

Calloway

37.700833

-88.395

Community Waste Lagoon

40

Households

-

0

Calloway

Dog Creek - Blood River Watershed (060400050802) - Watershed 7
36.53917
-88.22472
Pasture and Hay Planting
58

Acre

58 acres pasture

36 beef cattle

13 acres cropland

0

28 acres pasture

15 beef cattle

Acre
Hogs

50 acres cropland
215 acres cropland

0
2400 swine

Acre
feet
Structure
Acre

197.9 acres pasture

0

0.2 acre pasture

0

Feet

49 acres cropland

0

Feet

15 acres forest

0

System
System
System
System
System
System
System
System

-

0
0
0
0
0
0
0
0

27

2009-018-2

15

745C16071QY

Duncan Creek - West Fork Clarks River Watershed (060400060205) - Watershed 8
Marshall
36.803333
-88.467361
Stream Crossing
3
Crossing

2009-079-006

Dunns Slough Creek - Clarks River Watershed (060400060405) - Watershed 9
Marshall
36.95861
-88.4625
Pasture and Hay Planting
28
Acre

22
14
19

745C16071R3
2008-079-152

Marshall
Marshall

2
6
6
6

2008-042-164
745C16083BI
745C16083BI
745C16083BI

Graves
Graves
Graves
Graves

64

2009-042-7

Graves

65

2009-042-6

Graves

23
45
46
47
49
50
51
52

Briggs Septic
Young Septic
Stubblefield Septic
Reed Septic
Owen Septic
Overbey Septic
Orten Septic
McKinney Septic

Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway

Middle Fork Creek Watershed (060400060403) - Watershed 10
36.84722
-88.43861
Grassed Waterway
0.5
36.87611
-88.43528
Animal Waste Utilization
2400
Panther Creek Watershed (060400060204) - Watershed 11
36.73306
-88.52167
Pasture and Hay Planting
197.9
36.72389
-88.54306
Fence
1550
36.72389
-88.54306
Grade Stabilization Structure
3
36.72389
-88.54306
Grassed Waterway
0.2
Streambank and Shoreline
36.77528
-88.54028
Protection
140
Streambank and Shoreline
36.77306
-88.55306
Protection
140
Rockhouse Creek Watershed (060400060104) - Watershed 12
36.73861
-88.29417
Repair Failing Septic System
1
36.74278
-88.29417
Repair Failing Septic System
1
36.70944
-88.29722
Repair Failing Septic System
1
36.73944
-88.29556
Repair Failing Septic System
1
36.74333
-88.29361
Repair Failing Septic System
1
36.69694
-88.29556
Repair Failing Septic System
1
36.74111
-88.29611
Repair Failing Septic System
1
36.74222
-88.293889
Repair Failing Septic System
1

53
54
55
57
59
69
69
74

McKendree Septic
Dumas Septic
Henderson Septic
Collie Septic
Parke Septic
745C16071JZ
745C16071JZ
Thorn Septic

Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway
Calloway

36.74056
36.74167
36.73944
36.71389
36.74333
36.701111
36.684444
36.742697

3
10
25
26

2008-079-100
2009-079-030
2009-079-32
2009-079-37

Marshall
Marshall
Marshall
Marshall

Soldier Creek Watershed
36.78611
-88.35389
36.79694
-88.40917
36.76333
-88.39167
36.8025
-88.460278

2009-079-027

Sugar Creek - West Fork Clarks River Watershed (060400060303) - Watershed 14
Marshall
36.86222
-88.46778
Pasture and Hay Planting
16
Acre

20

-88.29639
-88.29583
-88.29444
-88.29528
-88.29389
-88.36
-88.36
-88.295272

Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Repair Failing Septic System
Pipeline
Watering Facility
Repair Failing Septic System

1
1
1
1
1
550
2
1

(060400060203) - Watershed 13
Pasture and Hay Planting
85
Animal Waste Utilization
5000
Pasture and Hay Planting
15
Pasture and Hay Planting
28

17

745C16071LK

Marshall

Upper Cypress Creek Watershed (060400060501) - Watershed 15
36.93583
-88.30917
Pasture and Hay Planting
15.5

18

745C16071QZ

Marshall

Upper Jonathan Creek Watershed (060400051001) - Watershed 16
36.7275
-88.23528
Pasture and Hay Planting
8.1

System
System
System
System
System
Feet
Facility
System

-

0
0
0
0
0

10 acres pasture
-

43 beef cattle
0

Acre
Hogs
Acre
Acre

85 acres pasture
122.3 acres cropland
15 acres pasture
28 acres pasture

0
5000 swine
0
6 beef cattle

16 acres pasture

0

Acre

40 acres pasture

0

Acre

23 acres pasture

0

29 acres pasture
40.7 acres pasture
10 acres pasture
-

0
40 beef cattle
0
0

33 acres pasture

0

19 acres pasture
30.1 acres pasture

0
0

12
21
28
48

2009-079-036
2008-079-42
2009-079-34
Puckett Septic

Marshall
Marshall
Marshall
Calloway

Wades Creek - Clarks River Watershed (060400060401) - Watershed 17
36.81194
-88.27389
Pasture and Hay Planting
29
Acre
36.76389
-88.32444
Rotational Grazing
40.7
Acre
36.77917
-88.26361
Pasture and Hay Planting
10
Acre
36.749722
-88.294722
Repair Failing Septic System
1
System

8
11
11
13

2008-079-105
2008-079-154
2008-079-154
2009-079-008

Marshall
Marshall
Marshall
Marshall

Watch Creek - Clarks River Watershed (060400060402) - Watershed 18
36.80889
-88.36806
Pasture and Hay Planting
33
36.85861
-88.30278
Pasture and Hay Planting
18
36.85861
-88.30278
Pasture and Hay Planting
1
36.87861
-88.29833
Pasture and Hay Planting
30.1

Acre
Acre
Acre
Acre

Load Reductions Calculated in STEPL:

Watershed

Almo Clarks
River
Blizzards
Pond
Chestnut
Creek Clarks
River
Clayton
Creek Clarks
River
Clear
Creek West Fork
Clarks
River
Damon
Creek West Fork
Clarks
River
Dog Creek
- Blood
River
Duncan
Creek West Fork
Clarks
River
Dunn
Slough Clarks

N Load
(no
BMP)

P Load
(no
BMP)

lb/year

lb/year

BOD
Load
(no
BMP)
lb/year

Sediment
Load
(no
BMP)

N
Reduction

P
Reduction

BOD
Reduction

Sediment
Reduction

N Load
(with
BMP)

P
Load
(with
BMP)

t/year

lb/year

lb/year

lb/year

t/year

lb/year

lb/year

BOD
Load
(with
BMP)
lb/year

Sediment
Load
(with
BMP)

%N
Reduction

%P
Reduction

%BOD
Reduction

%Sed
Reduction

t/year

%

%

%

%

5902.7

1779.6

12487.9

1132.4

273.0

106.2

886.1

68.6

5629.7

1673.4

11601.8

1063.8

4.6

6.0

7.1

6.1

540.6

177.9

1095.2

127.3

405.4

133.4

610.9

95.5

135.2

44.5

484.3

31.8

75.0

75.0

55.8

75.0

1859.9

319.0

5266.5

175.4

1394.9

239.3

3844.1

131.5

465.0

79.7

1422.4

43.9

75.0

75.0

73.0

75.0

13820.1

2813.9

23431.1

625.9

9737.0

2013.4

4315.7

477.8

4083.1

800.5

19115.4

148.1

70.5

71.6

18.4

76.3

440.2

75.6

1253.7

42.4

330.2

56.7

929.7

31.8

110.0

18.9

324.0

10.6

75.0

75.0

74.2

75.0

1492.2

584.5

6093.3

0.0

1119.2

438.3

4570.0

0.0

373.0

146.2

1523.3

0.0

75.0

75.0

75.0

0.0

783.8

123.2

2287.8

64.9

587.9

92.4

1715.9

48.7

195.9

30.8

571.9

16.2

75.0

75.0

75.0

75.0

367.7

121.8

744.5

87.7

275.8

91.3

420.9

65.8

91.9

30.5

323.6

21.9

75.0

75.0

56.5

75.0

388.0

63.1

1123.6

34.3

291.0

47.4

842.7

25.7

97.0

15.7

280.9

8.6

75.0

75.1

75.0

74.9

River
Middle
Fork Creek
Panther
Creek
Rockhouse
Creek
Soldier
Creek
Sugar
Creek West Fork
Clarks
River
Upper
Cypress
Creek
Upper
Jonathan
Creek
Wades
Creek Clarks
River
Watch
Creek
Clarks
River
Total

46224.8

8237.0

78508.3

169.4

36903.8

7361.1

813.2

127.1

9321.0

875.9

77695.1

42.3

79.8

89.4

1.0

75.0

3266.6

573.7

9030.3

301.6

1798.7

235.0

5442.2

100.9

1467.9

338.7

3588.1

200.7

55.1

41.0

60.3

33.5

579.2

195.1

2189.3

13.9

434.4

146.3

1641.9

10.5

144.8

48.8

547.4

3.4

75.0

75.0

75.0

75.5

95048.3

16711.3

162630.7

87.7

75961.1

15009.7

3520.0

65.7

19087.2

1701.6

159110.7

22.0

79.9

89.8

2.2

74.9

226.2

37.8

651.1

21.0

169.7

28.4

488.4

15.8

56.5

9.4

162.7

5.2

75.0

75.1

75.0

75.2

547.4

87.6

1591.4

46.9

410.5

65.7

1193.6

35.2

136.9

21.9

397.8

11.7

75.0

75.0

75.0

75.1

320.9

52.7

927.4

28.9

240.7

39.5

695.6

21.7

80.2

13.2

231.8

7.2

75.0

75.0

75.0

75.1

1097.1

177.2

3248.5

85.7

822.8

132.9

2436.4

64.3

274.3

44.3

812.1

21.4

75.0

75.0

75.0

75.0

1097.0

169.5

3213.5

88.0

822.8

127.2

2410.1

66.0

274.2

42.3

803.4

22.0

75.0

75.0

75.0

75.0

174002.7

32300.5

315774.1

3133.4

131978.9

26364.2

36777.4

1452.6

42023.8

5936.3

278996.7

1680.8

75.8

81.6

11.6

46.4

Appendix F
Field Data :
The following table contains field data collected during environmental monitoring activities in
the Chestnut Creek subwatershed critical area.
Parameter
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO
DO (% saturation)
pH
Temperature

Site
ID
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
8
8
8
8
8
8

Date
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011

Value
138.3
4.12
43.8
7.19
63.1
11.14
383.2
5.27
54.4
7.5
7.49
63.4
6.063
168.8
4.4
52.3
6.65
61.3
61.2
0.89

92.5
5.35
56.9
6.62
63.5
14.1
195.1
6.22
6.28
63
6.59
60.8

Unit
µs/cm
mg/L
%

Sample/QA Notes

°F
NTU
µs/cm
mg/L
%

°F
NTU
µs/cm
mg/L
%
°F
°F
NTU
µs/cm
mg/L
%
%

Duplicate Sample

Duplicate Sample

°F
NTU
mg/L
%
°F
NTU
µs/cm
mg/L
mg/L
%
°F

Duplicate Sample

Turbidity
Conductivity
DO
DO (% saturation)
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)

8
1
1
1
1
1
1
1
7
7
7
7
7
7
1
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
4
4
4
5
5
5
5
5
5
6
6
6

9/27/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011

14.3
199.9
4.72
47.7
49.5
7.32
60.3
0.13

348.3
349.1
1.19
11.4
7.16
56.7
0.3

502.5
4.47
43.1
7.51
59.4
54.6
1.96
166.5
2.1
21.6
6.8
0.06

NTU
µs/cm
mg/L
%
%

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
%

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
°F
NTU
µs/cm
mg/L
%
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Duplicate Sample

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity

6
6
6
7
7
7
7
7
7
8
8
8
8
8
8
1
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
4
4
4
4
5
5
5
5
5
5
6

10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

275
4.32
40.3
7.21
54.9
0.05
0.13
249.5
1.19
20.5
7.37
58
0.14
473.4
3.7
35.7
36.8
7.38
56.3
2.13
220.3
3.45
33.8
6.44
56.5
0.42

°F
NTU
µs/cm
mg/L
%
°F
NTU
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
%

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Duplicate Sample

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Turbidity
Conductivity
DO
DO (% saturation)
pH
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)

6
6
6
6
6
7
7
7
7
7
7
8
8
8
8
8
8
1
1
1
1
1
1
1
2
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
4
4
4
4
4
5
5
5

11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011

mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

282.6
11.79
94.4
7.16
43
1.39
1.38
146.9
11.88
98.6
7.24
7.22
44.1
13
265.2
9.56
82
75.6
7.41
45.4
3.48
204
203.8
10.7
90.4
6.96
46.3
5.81
97.2
12.86
109.5

°F
NTU
µs/cm
mg/L
%
°F
NTU
NTU
µs/cm
mg/L
%

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Duplicate Sample

Duplicate Sample
°F
NTU
µs/cm
mg/L
%
%
°F
NTU
µs/cm
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

Duplicate Sample

Duplicate Sample

pH
Temperature
Temperature
Turbidity
Conductivity
DO
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Turbidity
Conductivity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO
DO (% saturation)
pH

5
5
5
5
6
6
6
6
6
6
6
7
7
7
7
7
7
8
8
8
8
8
8
1
1
1
1
1
1
1
2
2
2
2
2
2
2
3
3
3
3
3
3
4
4
4
4
4

12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012

6.96
46.4
46.6
7.2
124.5
11.8
11.48
98.3
7.4
45.9
3.04
117.3
11.45
94.3
6.62
44.6
2.99
152.4
13.2
106.9
7.31
44.4
4.83
206.2
12.38
94.3
7.43
39.2
0.67
0.62
132.4
135.9
11.86
95.1
7.83
43
12
300.8
9.6
79.3
7.71
44.1
3.21
172.5
9.38
9.37
78.2
7.29

°F
°F
NTU
µs/cm
mg/L
mg/L
%

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
NTU
µs/cm
µs/cm
mg/L
%

Duplicate Sample
Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
mg/L
%

Duplicate Sample

Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Temperature
Turbidity
Conductivity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
DO (% saturation)
pH
Temperature

4
4
5
5
5
5
5
5
6
6
6
6
6
6
6
7
7
7
7
7
7
7
8
8
8
8
8
8
8
1
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3

1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012

45
3.01
87
11.54
93.5
6.94
44.2
1.71
55.47
9.85
9.82
81.3
7.36
44.2
1.65
81.5
11.63
92.2
7.28
7.21
41.3
2.12
77.6
9.82
78.3
7.16
42.1
41.7
1.68
199.5
206.2
10.51
91.6
8.03
47.8
1.12
69
12.45
115.4
7.84
52.9
9.99
308.8
9.08
84.7
77.9
7.72
51.3

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
mg/L
%

Duplicate Sample

°F
NTU
µs/cm
mg/L
%

°F
NTU
µs/cm
mg/L
%
°F
°F
NTU
µs/cm
µs/cm
mg/L
%

Duplicate Sample

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
%
°F

Duplicate Sample

Turbidity
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO

3
3
4
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
7
7
7
7
7
7
7
8
8
8
8
8
8
1
1
1
1
1
1
2
2
2
2
2
2
2
3
3

2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012

3.84
3.52
176.4
15.56
137.9
7.38
50.5
4.94
54.7
16.04
147.3
7.38
53.5
29.3
91.2
11.69
104.1
7.25
50.5
2.69
83.9
13.28
13.92
120.5
7.73
50
0.34
127.4
14.57
120.7
7.82
48.3
2.88
74.2
10.39
98.4
7.22
59.4
53.3
91.1
91.2
11.68
112.4
7.78
55.7
57.7
95.6
11.57

NTU
NTU
µs/cm
mg/L
%

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
mg/L
%

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L

Duplicate Sample

DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)

3
3
3
3
3
4
4
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
6
6
7
7
7
7
7
7
8
8
8
8
8
8
1
1
1
1
1
1
1
2
2
2

3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012

11.56
109.5
7.21
55.1
75.1
214.2
11.14
105.8
106.6
9.5
54.9
61.3
43.8
12.28
115.6
9.17
54.6
88.7
67.4
67.1
11.89
113.2
8.23
54.9
121
110
128
11.19
104.7
6.77
54.2
34
127.8
11.37
106.6
7.23
54.9
167
284.2
284.6
1.74
19
7.01
65.9
0.27
176.5
3.75
45.3

mg/L
%
°F
NTU
µs/cm
mg/L
%
%

Duplicate Sample

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
µs/cm
mg/L
%
°F
NTU
NTU
µs/cm
mg/L
%

Duplicate Sample

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

Duplicate Sample

pH
Temperature
Turbidity
Conductivity
DO
DO
DO (% saturation)
pH
Temperature
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Turbidity
Conductivity
DO
DO (% saturation)
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH

2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
5
5
5
5
5
5
5
6
6
6
6
6
6
6
7
7
7
7
7
7
8
8
8
8
8
8
1
1
1
1

4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012

7.5
71.1
6.06
445.7
1.49
1.47
16.4
7.43
65.9
65.9
4.9
92.3
5.77
63.9
7.14
7.11
64.5
1.54
95.5
8.34
89.7
6.83
65.7
1.91
1.72
101
5.97
64.3
63.8
6.82
63.8
1.4
80.2
7.3
75.6
6.75
64.4
1.77
137.7
6.12
65.5
7.03
65.6
1.94

°F
NTU
µs/cm
mg/L
mg/L
%
°F
°F
NTU
µs/cm
mg/L
%

Duplicate Sample

Duplicate Sample

Duplicate Sample
°F
NTU
µs/cm
mg/L
%
°F
NTU
NTU
µs/cm
mg/L
%
%

Duplicate Sample

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)

1
1
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
7
7
7
7
7
7
8
8
8
8
8
8
1
1
1

5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
6/14/2012
6/14/2012
6/14/2012

°F
NTU
µs/cm
mg/L
%

889
0.18
0.11
2.9
7.25
71
5.7
222.7
2.7
30.4
6.48
69.7
0.65

°F
NTU
µs/cm
mg/L
mg/L
%

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Duplicate Sample

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
Conductivity
DO
DO (% saturation)
DO (% saturation)
pH
Temperature
Temperature

1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
7
7
7
7
7
7
8
8
8
8
8
8
8
8

6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012

141.2
3.89
48.57
7.44
78
4.12
443
0.91
9.91
7.24
67.8
6.12
6.3
180.2
5.85
65.2
6.99
69.8
3.29

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

Flag – calibration reading high

°F
NTU
NTU
µs/cm
mg/L
%

Duplicate Sample
Flag – calibration reading high

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

91.1
91.2
4.62
54.5
53.7
7.14
68.2
68.1

No Sample Collected
No Sample Collected
No Sample Collected

°F
NTU
µs/cm
µs/cm
mg/L
%
%
°F
°F

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
Duplicate Sample

Duplicate Sample

Duplicate Sample

Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH

8
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
7
7
7
7
7
7
8
8
8
8

6/14/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012
7/16/2012

1.92

NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

582
2.25
27.1
7.24
75.2
3.75
3.32

°F
NTU
µs/cm
mg/L
%
°F
NTU
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Flag – calibration reading high
Duplicate Sample, Flag – calibration reading high
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH

8
8
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
4
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
7
7
7
7
7
7
8
8
8
8

7/16/2012
7/16/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012
8/13/2012

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)
pH
Temperature
Turbidity
Conductivity
DO
DO (% saturation)

8
8
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
7
7
7
7
7
7
8
8
8

8/13/2012
8/13/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012
9/11/2012

°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

284.6
2.75
27.1
7.29
67.3
67.0

°F
NTU
µs/cm
mg/L
%
°F
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%
°F
NTU
µs/cm
mg/L
%

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Duplicate Sample
No Sample Collected due to Equipment Malfunction
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

pH
Temperature
Turbidity

8
8
8

9/11/2012
9/11/2012
9/11/2012

°F
NTU

No Sample Collected
No Sample Collected
No Sample Collected

Analytical Data:
The following table contains analytical laboratory data collected during environmental
monitoring activities in the Chestnut Creek subwatershed critical area.
Parameter
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3

2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
5
5
5

Site ID

Date
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011

Concentration
3
300
0.048
0.784
<.02
0.71
0.14
56
2
560
0.223
1.426
0.67
0.7
0.74
11
<2
<2
200
0.04
0.523
0.1
<.5
<.2
5

Unit
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L

Sample/QA Notes
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool; flag - laboratory QC
* flag - isolated pool
* flag - isolated pool

* flag - laboratory QC

Duplicate Sample

* flag - laboratory QC

No Sample Collected
No Sample Collected
No Sample Collected

NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli

5
5
5
5
5
6
6
6
6
6
6
6
6
8
8
8
8
8
8
8
8
8
1
1
1
1
1
1
1
1
7
7
7
7
7
7
7
7
1
1
1
1
1
1
1
1
2
2

9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/27/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
9/28/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011

2
860
0.025
0.394
<.02
<.5
0.058
8
<2
780
813
0.012
1.325
0.055
<.5
0.086
19
<2.0
98
0.03
0.837
<.02
<0.50
0.038
<1.0

<2
<1
0.004
2.576
0.036
<.5
0.062
6

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

* flag - laboratory QC

Duplicate Sample

* flag - laboratory QC

* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool; flag - laboratory QC
* flag - isolated pool
* flag - isolated pool
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
* flag - isolated pool; flag - laboratory QC
* flag - isolated pool
* flag - isolated pool; flag - laboratory QC
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool; flag - laboratory QC
* flag - isolated pool
* flag - isolated pool
No Sample Collected
No Sample Collected

NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli

2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
8
8

10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011

<2
40
0.0009
1.552
0.38
0.54
0.46
14
5
10
BDL
0.218
<.010
<.5
0.055
15

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
* flag - laboratory QC
* flag - laboratory QC

* flag - laboratory QC

* flag - laboratory QC
* flag - laboratory QC

* flag - laboratory QC

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS

8
8
8
8
8
8
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5

10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
10/26/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011

2
20
40
0.018
0.467
0.04
<.5
0.045
1
<2
<10
0.04
0.063
0.013
0.51
<.50
<.02
2
<2
40
0.039
0.508
0.36
0.75
0.4
4
<2
<10
0.02
0.216
<.01
<.5
0.022
5

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
* flag - isolated pool
Duplicate Sample
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool; flag - laboratory QC
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
* flag - isolated pool
Duplicate Sample
* flag - isolated pool; flag - laboratory QC
* flag - isolated pool

* flag - laboratory QC
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP

6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3

11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
11/8/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011

<2
1200
0.012
2.343
0.091
<.5
0.076
0.086
3
<2
50
0.126
0.302
0.057
0.63
0.075
6
<2
2400
1.827
1.309
0.23
1.6
0.25

mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

Duplicate Sample

TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP

3
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
8
1
1
1
1
1

12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
12/13/2011
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012

3
<2
930
0.075
1.159
0.04
<.5
0.061
3
<2
100
0.014
1.023
0.023
<.5
0.029
2
<2
120
140
0.005
0.352
0.024
<.5
0.021
3
<2
490
0.007
0.415
0.022
<.5
<.02
<1
<2
40
0.029
0.794
0.032
<.5
0.032
3
3
3
170
0.0145
3.605
0.055

mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L

Duplicate Sample

Duplicate Sample

TKN
TP
TSS
Carb. BOD
E. coli
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TP
TSS
Carb. BOD
E. coli
NH3

1
1
1
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
7
7
7

1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012

<.5
0.054
2
4
10
<10
0.106
0.323
0.028
0.77
0.049
4
3
190
0.2735
2.145
0.69
0.7
0.72
5
4
10
0.0195
1.898
0.019
<.5
0.021
1
3
<10
0.014
1.005
<.014
<.5
<.02
1
5
<10
0.0125
0.592
0.015
<.5
<.02
<.02
1
5
60
0.008

mg/L
mg/L
mg/L
mg/L
MPN/100mL
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L

Duplicate Sample

Duplicate Sample

NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
TSS

7
7
7
7
7
8
8
8
8
8
8
8
8
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4

1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
1/6/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012

0.505
<.014
<.5
<.02
2
3
<10
0.0195
0.907
0.018
<.5
<.02
1
<2
30
0.083
20217
0.054
<.5
..064
<1
3
30
<10
0.081
0.259
<.01
0.54
0.04
5
2
330
0.041
1.234
0.12
0.61
<.5
0.15
3
3
10
0.006
0.773
<.01
<.5
0.025
6
7

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

* flag - laboratory QC

Duplicate Sample

* flag - laboratory QC

* flag - laboratory QC
Duplicate Sample

* flag - laboratory QC
Duplicate Sample

Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS

5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2

2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
2/23/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012

4
<10
0.005
0.631
<.01
<.5
<.05
3
<2
30
0.006
0.12
0.01
<.5
<.02
<1
<2
30
0.005
0.082
<.01
<.5
<.02
1
<2
40
0.008
0.402
<.01
0.55
<.02
2
3
1610
0.075
0.394
0.18
1.5
0.24
56
3
4110
0.053
0.278
0.12
1.2
0.21
90

mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

* flag - laboratory QC

* flag - laboratory QC

Carb. BOD
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN

3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
8
8
8
8
8
8

3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012
3/8/2012

8
9
5480
0.27
0.304
0.076
4.3
0.91
200
3
2100
2140
0.058
0.374
0.13
1.4
0.24
91
3
2280
0.051
0.255
0.19
1.7
0.26
160
5
3870
0.081
0.271
0.25
2.3
0.45
200
<2
1840
0.011
0.07
0.035
2.1
0.046
55
5
1920
0.085
0.276
0.21
2.7

mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L

Duplicate Sample

* flag - laboratory QC

Duplicate Sample
* flag - laboratory QC

* flag - laboratory QC

* flag - laboratory QC

* flag - laboratory QC

* flag - laboratory QC

TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2

8
8
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
6
6
6
6

3/8/2012
3/8/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012

0.58
670
<2
70
0.007
1.891
0.045
<.5
0.04
1
5
10
0.126
0.2
0.035
0.8
0.12
7
3
30
50
5.046
0.43
1
6.1
1.2
9
<2
120
0.037
0.806
0.027
0.51
0.015
3
<2
20
0.011
0.013
0.66
0.017
<.5
0.012
3
<2
300
0.007
0.07

mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L

Duplicate Sample

Duplicate Sample

OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3

6
6
6
6
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
8
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4

4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
4/3/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012

0.019
<.5
0.011
1
<2
60
0.002
0.058
0.022
<.5
0.012
6
<2
170
0.024
0.516
0.523
0.02
<.5
0.018
3

3
147
10.065
0.2465
0.98
12
1.2
21
<2
135
0.1455

mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L

Duplicate Sample

No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected

* flag - laboratory QC

NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli
NH3
NO3/NO2
OP
TKN
TP
TSS
Carb. BOD
E. coli

4
4
4
4
4
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
1
1
1
1
1
1
1
1
2
2

5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
5/29/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012
6/14/2012

0.46075
0.03
<0.5
0.044
3

3
172

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
MPN/100mL

* flag - laboratory QC
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
No Sample Collected
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Appendix G
Quality Assurance Reviews and Reports

Appendix H
Additional Project Products

Clarks River BMP Implementation Project Overview
This project will use a $728,270 grant from the Kentucky Division of Water to implement
strategies that will reduce nonpoint source pollution in the Clarks River watershed in Calloway
County. The grant includes $436,970 in federal EPA 319(h) funds, and $291,300 in non-federal
local match.
The project will focus on implementing best management practices that address the top four
pollutants identified during the watershed planning phase, including pathogens, sediment,
nutrients, and water temperature. Practices will address multiple categories of nonpoint source
pollution, including agricultural, on-site waste disposal, and urban sources. These practices may
include, but are not limited to:
















Repair/replacement of failing on-site waste disposal systems
Field borders/buffer strips
Animal waste storage facilities
Restoration of riparian buffer zones
Animal mortality facility
Composting facility
Critical area planting
Waste treatment lagoon
Grade stabilization structure
Grassed waterway
Heavy use area protection
Stream crossing
Livestock watering facility
Pet waste cleanup stations
Silt fencing on construction sites

Projects will initially be focused in four critical areas identified during the watershed planning
phase, including a septic focus area around the Almo/Dexter area, the Clayton Creek
suwbatershed, the Bee Creek subwatershed, and the Damon Creek subwatershed. A map of the
project area has been included on the back of this sheet. Participants will be asked to fill out a
project application, and then meet with the project manager, Ryan McCafferty with the Calloway
County Conservation District, to determine eligibility. If you are located in any of these focus
areas and would like more information about the program, please contact the Ryan McCafferty
with the contact information listed below.
Ryan McCafferty
(270) 767-0491
ryan.mccafferty@one.usda.gov

Landowner and Installer Guide for the Clarks River WBP – BMP Implementation Program
Ryan McCafferty, 319 Grant Coordinator
Calloway County Conservation District
88 Robertson Road S.
Murray, KY 42071
(270) 767-0491

Steps for 319 Septic Repairs
1. Only the landowner may request a site assessment from the 319 Grant Coordinator at the Calloway County
Conservation District. The landowner will need to provide their address and telephone number. The 319 Grant
Coordinator will set up a site visit to the location with the landowner to view the failing system. The landowner
will then fill out a project application that will be kept on file in the Calloway County Conservation District Office.
2. If the property is located within the project area (determined by the 319 Grant Coordinator):
a. The land owner will need to go to the Purchase District Health Department in Calloway County and schedule
a site visit with the Environmentalist. The landowner will be responsible for paying a $150 site visit fee.
This fee will be at the owner’s expense.
b. The Environmentalist will then make a site visit to the property and determine the need and specifications
for addressing the failing septic system. Any work done must meet the specifications determined by the
Environmentalist. The landowner will receive initial site evaluation results from the Purchase District Health
Department and a copy must be provided to the 319 Grant Coordinator.
3. Once the need and project specifications have been determined the landowner will need to do the following
before work by the septic system installer can begin:
a. Obtain three bids from a KY certified septic installers (list provided) for repair or replacement of the failing
system and bring them to the Calloway County Conservation District Office. This grant will pay on the
lowest bid obtained.
b. Attend a septic system maintenance class that will be held on July 20, 2010 or August 13, 2010 by the
University of Kentucky Cooperative Extension Service. The installer should not proceed with work until the
landowner has attended the maintenance class. This grant will not pay for any work unless the landowner
attends this class.
c. Obtain and fill out a Generic Groundwater Protection Plan for Residential Septic Systems (available from the
319 Grant Coordinator). A copy must be provided to the 319 Grant Coordinator to be kept on file in the
Calloway County Conservation District Office.
4. Once the grant program requirements discussed above have been met, the landowner and KY certified septic
installer can proceed with installation or repair.
5. Once the installation or repair work is complete and approved by the Purchase District Health Department
Environmentalist, a final inspection report will be issued by the Environmentalist. The fee for this inspection may
be turned in as a receipt and paid by the grant. Should more than one inspection be required by the Purchase
District Health Department because of deficient installation, the installer will be responsible for additional
inspection fees. A copy of the final inspection report must be given to the 319 Grant Coordinator for payment. To
receive payment, the landowner must:
a. Ensure all paperwork is on file with the 319 Grant Coordinator. This includes the project application; the
initial site evaluation results; bids from KY certified septic installers; a Groundwater Protection Plan; invoices
from the installer; and the final inspection results.
b. The landowner or septic system installer may bring this paperwork to the Calloway County Conservation
District Office where payment will be made directly to the septic system installer. Landowners should not
pay the septic system installer; the Calloway County Conservation District will pay the installer directly, up
to a $5000 limit per homeowner.

Clarks River Septic Repair Program Application
To be filled out by landowner:
Landowner Name________________________________________________________________________
Address________________________________________________________________________________
Location (if different from above address)_____________________________________________________
City _________________________________

State___________

Phone Number_____________________________

Zip Code________________

Cell phone _________________________________

I am requesting assistance through this Clarks River WBP - BMP Implementation grant program. I
understand the requirements outlined in the Homeowner and Installer Guide for the Clarks River WBP –
BMP Implementation Program, and agree to adhere to those requirements.
_________________________________________________
Signature

_______________________
Date

To be filled out by project manager:
Application No. _____________________

Date & Time Received________________________________

GPS Coordinates ___________________________________

Focus area __________________________

Site Visit Notes (date) _____________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
Health Dept. Site Evaluation Fee Paid (Y/N) ____________

Results Received (Y/N)________________

Attended Maintenance class (Y/N) _______
Installer Bids Received (Y/N) ______________

Lowest Bid Price_______________________

Installer Chosen__________________________________________________________________________
Groundwater Protection Plan Received (Y/N) __________
Approximate date of installation ________________
Final Inspection Results Received (Y/N) ___________
Payment Made (Amount, Date, Check #) ______________________________________________________

Article from Murray Ledger and
Times

Introductory Presentation for Septic Installer Meeting

Introductory Presentation for Public Meetings

