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Introduction

The Clean Water Guidance for Agriculture (CWG) is a set of science-based best management
practices (BMPs) that can be used to protect both surface and ground water while supporting
healthy, productive agricultural operations. These practices apply to the wide range of farming
systems and diverse agricultural landscapes across Washington and are designed to reduce
runoff and erosion, prevent nutrients, pathogens, and pesticide from entering surface and
groundwater, and help keep streams cool and clean.

The guidance emphasizes flexible, site-specific solutions that can be tailored to local soils,
climate conditions, and production needs. Practices focus on key strategies such as
conservation tillage, nutrient and pesticide management, controlling erosion/runoff, subsurface
drainage management, irrigation efficiency, protecting/restoring riparian areas, and livestock
and manure management. When fully implemented and tailored to site-specific conditions,
these practices are expected to protect water quality and help watersheds meet state water
quality standards.

Selecting the most effective best management practices for each farm’s unique conditions is
essential for protecting water quality. Readers should use the practice selection guide below as
a starting point to identify the best management practices most applicable to their operations.

Clean water assurance

Using Ecology’s recommended practices provides an opportunity to proactively protect water
quality. These practices offer producers greater certainty and predictability because they have
been evaluated for their effectiveness in protecting water. However, producers are not
required to use Ecology’s guidance, and choosing not to implement recommended practices
does not automatically mean water quality will be negatively impacted. Any determination that
pollution is occurring, or is likely to occur, must be based on site-specific conditions.

To receive clean water assurances, an operation must implement the recommended practices
and the full suite of practices that apply to all relevant farm-specific pollutants and water
quality concerns. When an operation uses recommended suites of practices consistent with this
guidance and appropriate to its specific conditions, Ecology will presume that water quality is
being adequately protected. Providing certainty and predictability to producers and farm
planners is one of the main goals of this guidance.

Guidance structure

Ecology’s Clean Water Guidance includes three main components:

e Recommended best management practices: The practices that Ecology has evaluated
and recommends for the purpose of water quality protection.

o Effectiveness synthesis: A systematic review of scientific literature to evaluate the
effectiveness of the practices at protecting water quality.

Publication 26-10-045 CWG Recommended BMPs
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¢ Implementation considerations: Guides and case studies to help implement the
recommended practices.

This document includes Ecology’s recommended best management practices, divided into 12
chapters. Each chapter provides a brief overview, the scope of the guidance, a set of
recommendations, and additional topic-specific considerations. To help steer the reader to
BMPs of interest we developed the practice selection guide which provides a roadmap for
Ecology’s recommended best management practices by operation type.

The effectiveness syntheses and implementation considerations can be found in the CWG
Appendix.* The appendix includes the information and research used in the development of
the recommendations, including bibliographies. In addition to the effectiveness reviews, each
chapter in the appendix provides information for planning and implementing the
recommended practices.

Practice Selection Guide

This section is designed to help users identify BMPs most relevant to their operation and
understand how to combine them into recommended suites of practices that prevent pollution
and fully protect surface and ground water quality. It summarizes the primary functions of CWG
BMPs, identifies recommended practices for different agricultural systems, and offers guidance
for tailoring those practices to site-specific conditions. It also directs users to the specific
chapter that contains detailed recommendations and considerations that will help users fully
implement the BMPs of interest.

BMP types: methods of water quality protection

Clean Water Guidance practices generally fall into two categories: source control and
treatment. Source control practices use vegetation, structures, management measures or a
combination of these approaches to proactively prevent pollutants from being generated and
transported to surface or groundwater. Treatment practices are physical practices, either
structural or vegetative, designed to reduce pollution by infiltrating runoff, attenuating
dissolved pollutants, and capturing eroded sediment.

Given that agricultural pollution is diffuse and influenced by many variable factors, it’s not
practical to expect source control practices will fully protect water quality. Therefore, Ecology’s
BMP recommendations include the use of source control and treatment practices in
combination. This combination of practices is referred to as suites of practices.

Clean Water Guidance practices protect water quality by:

4 https://apps.ecology.wa.gov/publications/parts/2610045part1.pdf
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e Minimizing runoff and preventing erosion: Practices such as conservation tillage, cover
crops, and contour farming reduce runoff and protect soil from eroding by maintaining
vegetation cover and preserving crop residues.

¢ Infiltrating runoff and intercepting eroded soil: Vegetative practices like riparian buffers
and filter strips reduce runoff, capture sediment erosion and attenuate pollutants carried
in runoff. Structural practices such as water and sediment control basin limit
concentrated flow and hold eroded sediment.

e Managing fertilizers and pesticides: Ensuring nutrients and pesticides are applied in the
right amount, at the right time, and in the right place limits the amount of chemicals and
nutrients that can be transported to surface via runoff and erosion or groundwater via
leaching.

e Efficiently applying irrigation water: Irrigation management protects water quality by
ensuring that water is applied efficiently and only when needed, reducing excess runoff
and deep percolation that can carry nutrients, pesticides, and sediments to surface or
groundwater.

¢ Managing livestock and containing manure: Properly managing livestock grazing
protects riparian and upland areas and prevents erosion and polluted runoff. Storing
animal manure helps prevent harmful bacteria and nutrients from entering water bodies.

e Controlling surface and subsurface drainage: Controlling subsurface drainage protects
water quality by regulating the flow of drainage water, reducing nutrient loss (especially
nitrogen), and limiting the transport of pollutants to nearby water bodies. Routing clean
water around contaminated areas and controlling runoff and infiltration during storm
events prevents the mobilization and transport of pollutants.

e Protecting and restoring riparian areas: Riparian buffers protect water quality by
filtering out sediments, nutrients, and other pollutants from runoff before they reach
surface waters. Riparian buffers also prevent erosion by stabilizing stream banks and
shade streams by providing tree cover that helps regulate water temperature.

Recommended suites of practices

Agricultural systems in Washington can be quite diverse; however, many of these crop and
livestock systems share similar attributes and use common BMPs to protect water quality.
Given the commonality among agricultural systems and BMPs used to protect water quality,
suites of recommended practices are organized by general categories of agriculture, and within
each category, recommendations are further refined based on site-specific characteristics.

Suites of practices are organized by the following categories:

e Livestock operations
e Row crop, small grains and forage crops
e Tree fruit, vineyards and perennial berry crops

The following sections identify recommended suites of practices for these categories of
agricultural operations. For agricultural systems that include multiple types of agriculture (e.g.
agroforestry operations, and operations that raise livestock and grow crops), recommended
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suites of practices for each category should be implemented. This is meant to be a starting
point and is designed to guide readers to BMP-specific recommendations found in the Clean
Water Guidance chapters.

Each suite of Ecology recommended BMPs is divided into two tiers:

Primary BMPs: Foundational practices that when properly implemented and maintained are
expected to protect and restore water quality.

Supporting BMPs: Practices that complement the primary BMPs and may be necessary to
address site-specific conditions.

If an operation implements and maintains all recommended primary BMPs, and site-specific
supporting BMPs, then Ecology will presume water quality is fully protected. Readers must
review individual chapters for specific recommendations and additional information on how
Ecology recommends implementing practices.

Livestock operations
Grazed pastures and rangeland practices

The purpose of grazing management practices is to maintain healthy pastures and rangelands
while minimizing impacts to water quality by reducing nutrient and bacteria runoff, preventing
erosion, and protecting riparian areas. Managing the timing, intensity, and distribution of
grazing also promotes healthy forage and supports optimal forage utilization.

Primary BMPs

The following are primary practices for livestock grazing operations. In some cases, not all
practices will be needed due to site-specific conditions. These site-specific conditions are
described below.

Table 1. Primary suite of practices for livestock grazing.

BMPs Function Chapter \

Grazing management Manage livestock to optimize forage growth and 10
utilization and prevent overgrazing.

Exclusion fence Protect riparian areas, prevent livestock access to 10

riparian core zones, ditches and other conveyances,
prevent erosion, prevent nutrients and bacteria from
entering surface waters.

Off-stream water facilities = Control animal distribution and prevent erosion. 10
Heavy use area protection | Prevent erosion at watering and feeding location. 10
Stream crossing Protect riparian areas, prevent erosion, prevent 10
nutrients and bacteria from entering surface waters.
Riparian Management Shade streams, stabilize streambanks, infiltrate runoff, | 12
Zone* capture sediment, nutrients, bacteria and pesticides.
Publication 26-10-045 CWG Recommended BMPs
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BMPs Function Chapter
Filter strip Prevent or minimize erosion, infiltrate runoff, 5

intercept sediment, intercept pollutants before
entering surface water (e.g. ditches).

Seasonal animal Prevent overuse of or damage to pastures, prevent 10, 11
confinement area polluted runoff and erosion.
Nutrient Management Manage nutrients to optimize pasture growth and 3

minimize nutrient and bacteria losses to the
environment.

Irrigation Management Managing irrigation to optimize crop growth and 7
minimize nutrient, sediment, pesticide and bacteria
losses.

Pesticide application Prevent pesticides from entering surface and 4

practices/adherence to groundwater.

label requirements

Pesticide storage and Prevent and contain spills. 4

handling

Conservation tillage Prevent or minimize runoff and erosion. 1

Controlled tile drainage Control timing and amount of subsurface drainage, 8

reduce nutrients.

*Chapter 12 outlines options for riparian management zone design and configuration.

Operational or site-specific considerations that may affect primary practices
Not all of these practices will apply to all operations. The following are operation- and site-
specific considerations to use when selecting which of these primary BMPs are needed:

Surface water on or adjacent to the property: The lack of ephemeral, intermittent, or
perennial streams, or lack of ditches, canals or other conveyances that run through or
adjacent to grazed lands eliminate the need for the following BMPs:

o exclusion fences

o off-stream water/heavy use area protection

o stream crossings

o riparian management zones along ephemeral, intermittent or perennial streams

o filter strips along ditches, canals and other human-made conveyances
Seasonal confinement of livestock: If livestock are not present during times of the year
when animal traffic is likely to generate mud, cause soil compaction and erosion, or
damage to forage plants (e.g., mid-fall to spring), seasonal animal confinement areas may
not be needed.
Nutrient Management: If pastures or rangelands are fertilized with supplemental organic
or inorganic fertilizer beyond manure deposition by grazing animals, use Chapter 3
recommendations to develop and implement a nutrient management plan.
Irrigation management: If grazed areas are irrigated, use Chapter 7 recommendations to
select and use appropriate irrigation equipment, to develop an irrigation plan, and to
manage tailwater runoff if necessary.
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e Pesticide management: If applying pesticides, use proper application, storage and
handling protocols, and consider developing an Integrated Pest Management (IPM) plan.
See Chapter 4 for application, storage and handling practices and recommendations for
developing an IPM plan.

e Tillage and residue management: If pastures are renovated or part of a rotational
cropping system, follow the conservation tillage practice recommendations in Chapter 1
based on the presence of low-residue (e.g. potatoes) or high-residue crops (e.g. corn).

e Surface drainage management: If subsurface field drainage is needed for agricultural
operations, controlled tile drainage, saturated buffers and blind inlets can be used to
manage the timing and amount of water leaving subsurface and reduce nutrients,
pathogens, or agricultural chemicals that may be transported to a nearby water body.
See Chapter 8 for additional information.

Supporting BMPs

The following are practices that complement primary BMPs and may be necessary to address
erosion and concentrated runoff or to improve pest management. Soil types, topography,
precipitation amounts and timing, and proximity to surface waters or conduits to surface
waters should be considered when selecting supporting BMPs to address erosion and
concentrated runoff.

Table 2. Supporting practices for livestock grazing.

BMPs Function Chapter \

Conservation Cover Prevent or minimize erosion. 5

Grassed waterways Prevent or minimize erosion, infiltration runoff, 5&9
intercept sediment.

Water and sediment Control runoff and intercept sediment. 6

control basin

Sediment control basin Capture sediment. 6

Integrated pest Reduce amounts used/least side effects. 4

management

Operational or site-specific considerations that may affect supporting practices
Not all of these practices will apply to all operations. Here are some operation- and site-specific
considerations that can be used to select supporting BMPs:

e When excess runoff or erosion from pastures or rangeland is of concern, practices such
as conservation cover, grass waterways, water and sediment control basins, and
sediment control basins can be used. See Chapters 5, 6, and 9 for additional information
and specific recommendations.

e If applying pesticides, Integrated Pest Management (IPM) can be a useful tool to
effectively control pest while minimizing amounts used and reducing environmental
impacts. See Chapter 4 for recommendations for developing an IPM plan.
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Animal confinement, manure handling & storage practices

Animal confinement, manure handling and storage practices are used to manage livestock and
animal waste in a controlled manner to protect surface and groundwater quality, promote
animal welfare, enhance farm efficiency and facilitate nutrient recycling.

Primary BMPs

The following are primary practices for animal confinement, manure handling and storage. In
some cases, not all practices will be needed due to site-specific conditions. These site-specific
conditions are described below.

Table 3. Primary suite of practices for animal confinement, manure handling and storage.

BMPs

Roof runoff structures
Heavy use area protection
(animal confinement
areas)

Heavy use area protection
(high traffic areas)
Manure storage
(solid/semi-solid/
composting)
Above-ground tank (liquid
storage)

Lagoons (liquid manure
storage)

Riparian Management
Zone*

Nutrient Management

Irrigation Management

Function
Divert water from potential pollution sources.
Prevent erosion and minimize polluted runoff.

Prevent erosion and minimize polluted runoff.

Prevent polluted runoff and erosion, protect
groundwater.

Prevent polluted runoff and erosion, protect
groundwater.

Prevent polluted runoff and erosion, protect
groundwater.

Shade streams, stabilize streambanks, infiltrate runoff,
capture sediment, nutrients, bacteria and pesticides.
Manage nutrients to optimize crop growth and
minimize nutrient and bacteria losses to the
environment.

Managing irrigation to optimize crop growth and
minimize nutrient, sediment, pesticide and bacteria
losses.

*Chapter 12 outlines options for riparian management zone design and configuration.

Operational or site-specific considerations that may affect primary practices
Not all these practices will apply to all operations. The following are operation- and site-specific
considerations to use when selecting which of these primary BMPs are needed:

Chapter
9
11

11

11

11
11

12

e Manure storage options: The type of manure storage used will be based on many
operational and site-specific factors such as type of animals, operational processes, site
conditions and the type of storage needed to protect surface and groundwater. See
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Chapter 11 to identify the most appropriate storage facility type and for specific
recommendations for each.

e Nutrient Management: When stored waste will not be land-applied onsite or to field
under the control of the livestock operation generating the waste, the generating
operation may not need a nutrient management plan. However, a nutrient management
plan is recommended for any location/operation where stored manure and operational
waste will be land applied. Use Chapter 3 recommendations when developing a nutrient
management plan.

e Surface water on or adjacent to property: The lack of ephemeral, intermittent, or
perennial streams that run through or are adjacent to the operation including fields used
for grazing or land application of manure eliminate the need for riparian management
zones. The lack of ditches, canals or other human-made conveyances that run through or
are adjacent to the operation including fields used for land application of manure
eliminated the need for filter strips.

Supporting BMPs

The following are practices that complement primary BMPs and may be necessary to address
erosion and concentrated runoff. Soil types, topography, precipitation amounts and timing, and
proximity to surface waters or conduits to surface waters should be considered when selecting
supporting BMPs.

Table 4. Supporting practices for animal confinement, manure handling and storage.

BMPs Function Chapter

Vegetated treatment area | Infiltrate runoff, capture sediment and reduce 11
pollutants.

Underground outlets Divert water from potential pollution sources. 9

Berms Divert water from potential pollution sources. 9

Diversion channels Divert water from potential pollution sources. 9

Subsurface underdrains Provide a stable outlet for diverted water. 9

Infiltration ponds Provide a stable outlet and infiltration. 9

Underground injection Provide a stable outlet and infiltration. 9

control wells

Lined waterways Divert water from potential pollution sources. 9

Rain gardens Provide a stable outlet for diverted water and 9
infiltration.

Filter strips Prevent or minimize erosion, infiltrate runoff, 5

intercept sediment, intercept pollutants before
entering surface water (e.g. ditches).

Grassed waterways Prevent or minimize erosion, infiltration runoff, 5&9
intercept sediment.
Water and sediment Control runoff and intercept sediment. 6
control basin
Sediment control basin Capture sediment. 6
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Operational or site-specific considerations that may affect supporting practices

Not all of these practices will apply to all operations. The following are operation- and site-
specific considerations that should be used to select which of these supporting BMPs are
needed:

e Use recommendations outlined in Chapter 9 to select site-specific practices to manage
runoff from agricultural facilities and prevent runoff from entering contaminated areas
or sources of contamination such as: manure storage facilities, animal confinement
areas, feed storage areas, and other heavily used locations such as storage yards and
animal travel lanes.

e When excess runoff or erosion from animal confinement or storage areas is of concern,
practices such as filter strips, grass waterways, vegetated treatment areas, water and
sediment control basins and sediment control basins can be used. Filter strips should be
used adjacent to drainage ditches. See Chapters 5, 6, 9 and 11 for additional information
and specific recommendations.

Row crop, small grains and forage crop practices

Row crop BMPs aim to reduce soil erosion, improve water infiltration, minimize runoff of
fertilizers and chemicals, and maintain long-term soil fertility. By using recommended BMPs,
farmers can optimize inputs, lower production costs, and support resilient, high-performing
cropping systems that are environmentally responsible.

Primary BMPs

The following are primary practices for row crops, small grains and forage crops. In some cases,
not all practices will be needed due to site-specific conditions. These site-specific conditions are
described below.

Table 5. Primary suite of practices for row crops, small grains and forage crops.

BMPs Function Chapter
Conservation Tillage

(high and low-residue = Prevent or minimize runoff and erosion. 1

crops)

Nutrient Manage nutrients to optimize crop growth and minimize 3
Management nutrient and bacteria losses to the environment.

Pesticide application
practices/adherence  Prevent pesticides from entering surface and groundwater. 4
to label requirements

Pesticide storage and | Prevent and contain spills. 4
handling
Irrigation Managing irrigation to optimize crop growth and minimize 7
Management nutrient and bacteria losses.
Controlled tile Control timing and amount of subsurface drainage, reduce | 8
drainage nutrients.
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BMPs Function Chapter
Filter strips Prevent or minimize erosion, infiltrate runoff, intercept 5
sediment, intercept pollutants before entering surface
water (e.g. ditches).

Riparian Management | Shade streams, stabilize streambanks, infiltrate runoff, 12
Zones* capture sediment, nutrients, bacteria and pesticides.
Roof runoff structures Divert water from potential pollution sources. 9

*Chapter 12 outlines options for riparian management zone design and configuration.

Operational or site-specific considerations that may affect primary practices

Not all of these practices will apply to all operations. The following are operation- and site-
specific considerations to use when selecting which of these primary BMPs are needed:

e Pesticide management: If applying pesticides, use proper application, storage and
handling protocols, and consider developing an Integrated Pest Management (IPM) plan.
See Chapter 4 for application, storage and handling practices and recommendations for
developing an IPM plan.

e Irrigation management: If crop fields are irrigated, use Chapter 7 recommendations to
select and use appropriate irrigation equipment, to develop an irrigation plan, and to
manage tailwater runoff if necessary.

e Surface drainage management: If subsurface field drainage is needed for agricultural
operations, controlled tile drainage, saturated buffers and blind inlets can be used to
manage the timing and amount of water leaving subsurface and reduce nutrients,
pathogens, or agricultural chemicals that may be transported to a nearby water body.
See Chapter 8 for additional information.

e Surface water on or adjacent to property: The lack of ephemeral, intermittent, or
perennial streams that run through or are adjacent to cropland eliminate the need for
riparian management zones. The lack of ditches, canals or other human-made
conveyances that run through or are adjacent to cropland eliminated the need for filter
strips.

e Agricultural facility runoff: If agricultural facilities are part of the operation, follow the
recommendations for managing runoff outlined in Chapter 9.

Supporting BMPs

The following are practices that complement primary BMPs and may be necessary to address
erosion and concentrated runoff or to improve pest management. Soil types, topography,
precipitation amounts and timing, and proximity to surface waters or conduits to surface
waters should be considered when selecting supporting BMPs to address erosion and
concentrated runoff.
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Table 6. Supporting practices for row crops, small grains and forage crops.

BMPs Function Chapter \
Contour farming Prevent or minimize runoff and erosion. 2
Intercropping & stri o .
. Pping P~ prevent or minimize runoff and erosion. 2
cropping
Alley cropping Prevent or minimize runoff and erosion 2
Prevent or minimize runoff and erosion, reduce soil
Cover crops ) 2&5
nutrients.
Integrated pest .
g P Reduce amounts used/least side effects. 4
management
Windbreaks Prevent or minimize erosion. 5
. . Prevent or minimize erosion, infiltration runoff, intercept
Contouir filter strips ) 5
sediment.
Prevent or minimize erosion, infiltration runoff, intercept
Grassed waterways ) P 5&9
sediment.
Water and sediment . .
. Control runoff and intercept sediment. 6
control basin
Sediment control .
. Capture sediment. 6
basin
Controlled tile Control timing and amount of subsurface drainage, reduce 8
drainage nutrients.
Saturated riparian . . .
Infiltrate subsurface drainage, reduce nutrients. 8
buffers
Blind inlet Reduce sediment and nutrients. 8
Underground outlets | Divert water from potential pollution sources. 9
Berms Divert water from potential pollution sources. 9
Diversion channels Divert water from potential pollution sources. 9
Lined waterways Divert water from potential pollution sources. 9
Subsurface .
. Provide a stable outlet. 9
underdrains
Infiltration ponds Provide a stable outlet and infiltration. 9
Rain gardens Provide a stable outlet and infiltration. 9
Underground . - .
8 Provide a stable outlet and infiltration. 9

injection control wells

Operational or site-specific considerations that may affect supporting practices

Not all of these practices will apply to all operations. The following are operation- and site-
specific considerations that should be used to select which of these supporting BMPs are
needed:

e [f farming in sloped areas where runoff and erosion are of concern, there are a number
of recommended options throughout Chapters 2, 5, 6, and 9.
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o For retaining top-soil and sediment within the field, there are recommended
alternative cropping systems in Chapter 2 (e.g. contour farming, inter-and-strip
cropping, alley cropping, and cover crops).

o For areas of concentrated runoff and with high potential, or active, erosion,
Chapters 5 (e.g. grassed waterways) and 6 (e.g. sediment control basins) provide
vegetative and structural means to capture and manage sediment and runoff.

e For non-sloped areas that are susceptible to wind erosion and groundwater leeching, see
Chapters 5 for recommendations on windbreaks and cover crops to reduce erosion and
soil nutrients.

e If applying pesticides, Integrated Pest Management (IPM) can be a useful tool to
effectively control pest while minimizing amounts used and reducing environmental
impacts. See Chapter 4 for recommendations for developing an IPM plan.

e If subsurface field drainage is needed for agricultural operations, controlled tile drainage,
saturated buffers and blind inlets can be used to manage the timing and amount of water
leaving subsurface and reduce nutrients, pathogens, or agricultural chemicals that may
be transported to a nearby water body. See Chapter 8 for additional information.

e When managing runoff to avoid contaminated areas, select from the recommended
BMPs in Chapter 9 to provide stable pathways and outlets that avoid mobilizing
contaminants and creating erosion.

Tree fruit, vineyard and perennial berry practices

BMPs for tree fruit (orchard), vineyard and perennial berry crops (e.g., cranberry and blueberry)
are meant to reduce soil erosion, improve water infiltration, minimize runoff of fertilizers and
chemicals, and maintain long-term soil fertility.

Primary BMPs

The following are primary practices for tree fruit, vineyards, and perennial berries. In some
cases, not all practices will be needed due to site-specific conditions. These site-specific
conditions are described below.

Table 7. Primary suite of practices for tree fruit, vineyards and perennial berries.

BMPs Function Chapter \
Nutrient Manage nutrients to optimize crop growth and minimize 3
Management nutrient and bacteria losses to the environment.
Conservation Cover Prevent or minimize erosion. 5
Pesticide application  Prevent pesticides from entering surface and groundwater. 4
practices/adherence
to label requirements
Pesticide storage and | Prevent and contain spills. 4
handling
Irrigation Managing irrigation to optimize crop growth and minimize 7
management nutrient ,sediment, pesticide and bacteria losses.
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BMPs Function Chapter

Controlled tile Control timing and amount of subsurface drainage, reduce | 8
drainage nutrients.
Filter strips Prevent or minimize erosion, infiltrate runoff, intercept 5
sediment, intercept pollutant before entering surface
water.
Riparian Management | Shade streams, stabilize streambanks, infiltrate runoff, 12
Zones* capture sediment, nutrients, bacteria and pesticides.
Roof runoff structures Divert water from potential pollution sources. 9

*Chapter 12 outlines options for riparian management zone design and configuration.

Operational or site-specific considerations that may affect primary practices

Not all of these practices will apply to all operations. The following are operation- and site-
specific considerations to use when selecting which of these primary BMPs are needed:

e Pesticide management: If applying pesticides, use proper application, storage and
handling protocols, and consider developing an Integrated Pest Management (IPM) plan.
See Chapter 4 for application, storage and handling practices and recommendations for
developing an IPM plan.

e Irrigation management: If crop fields are irrigated, use Chapter 7 recommendations to
select and use appropriate irrigation equipment, to develop an irrigation plan, and to
manage tailwater runoff if necessary.

e Surface drainage management: If subsurface field drainage is needed for agricultural
operations, controlled tile drainage, saturated buffers and blind inlets can be used to
manage the timing and amount of water leaving subsurface and reduce nutrients,
pathogens, or agricultural chemicals that may be transported to a nearby water body.
See Chapter 8 for additional information.

e Surface water on or adjacent to property: The lack of ephemeral, intermittent, or
perennial streams that run through or are adjacent to the property eliminates the need
for riparian management zones. The lack of ditches, canals or other human-made
conveyances that run through or are adjacent to the property eliminated the need for
filter strips.

e Agricultural facility runoff: If agricultural facilities are part of the operation, follow the
recommendations for managing runoff outlined in Chapter 9.

Supporting BMPs

The following are practices that complement primary BMPs and may be necessary to address
erosion and concentrated runoff or to improve pest management. Soil types, topography,
precipitation amounts and timing, and proximity to surface waters or conduits to surface
waters should be considered when selecting supporting BMPs to address erosion and
concentrated runoff.
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Table 8. Supporting practices for tree fruit, vineyards and perennial berries.

BMPs Function Chapter \

Contour farming Prevent or minimize runoff and erosion. 2

Ally cropping Prevent or minimize runoff and erosion. 2

Integrated pest Reduce amounts used/least side effects. 4

management

Grassed waterways Prevent or minimize erosion, infiltration runoff, intercept 5&9
sediment.

Windbreaks Prevent or minimize erosion. 5

Contour filter strips Prevent or minimize erosion, infiltration runoff, intercept 5
sediment.

Water and sediment | Control runoff and intercept sediment. 6

control basin

Sediment control Capture sediment. 6

basin

Blind inlet Reduce sediment and nutrients. 8

Underground outlets | Divert water from potential pollution sources. 9

Berms Divert water from potential pollution sources. 9

Diversion channels Divert water from potential pollution sources. 9

Lined waterways Divert water from potential pollution sources. 9

Subsurface Provide a stable outlet for diverted water. 9

underdrains

Infiltration ponds Provide a stable outlet for diverted water and infiltration. 9

Rain gardens Provide a stable outlet for diverted water and infiltration. 9

Underground Provide a stable outlet for diverted water and infiltration. 9

injection control wells

Operational or site-specific considerations that may affect supporting practices

Not all of these practices will apply to all operations. The following are operation- and site-
specific considerations that should be used to select which of these supporting BMPs are
needed:

e [f farming in sloped areas where runoff and erosion are of concern, there are a number
of recommended options throughout Chapters 2, 5, 6, and 9.

o For retaining top-soil and sediment within the field, there are recommended
alternative cropping systems in Chapter 2 (e.g. contour farming, inter-and-strip
cropping, alley cropping, and cover crops).

o For areas of concentrated runoff and with high potential, or active, erosion,
Chapters 5 (e.g. grassed waterways) and 6 (e.g. sediment control basins) provide
vegetative and structural means to capture and manage sediment and runoff.

Publication 26-10-045 CWG Recommended BMPs
Page 25 April 2026



e For non-sloped areas that are susceptible to wind erosion and groundwater leeching, see
Chapters 5 for recommendations on windbreaks and cover crops (Chapters 2 and 5) to
reduce erosion and soil nutrients.

e If applying pesticides, Integrated Pest Management (IPM) can be a useful tool to
effectively control pest while minimizing amounts used and reducing environmental
impacts. See Chapter 4 for recommendations for developing an IPM plan.

e If subsurface field drainage is needed for agricultural operations, controlled tile drainage,
saturated buffers and blind inlets can be used to manage the timing and amount of water
leaving subsurface and reduce nutrients, pathogens, or agricultural chemicals that may
be transported to a nearby water body. See Chapter 8 for additional information.

e When managing runoff to avoid contaminated areas, select from the recommended
BMPs in Chapter 9 to provide stable pathways and outlets that avoid mobilizing
contaminants and creating erosion.
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Chapter 1: Tillage and Residue Management

Introduction

This chapter describes tillage and residue management practices that support healthy farms
and help producers meet clean water standards.

The impact of soil erosion on aquatic resources can be significant. Sediment, and attached
nutrients and toxicants, adversely impact the physical habitat and the chemical and biological
attributes of receiving waters. Tillage and residue management practices that minimize erosion
address the following pollutants: sediment, nutrients, pathogens, and pesticides (toxicants).

Erosion is influenced by multiple factors including rainfall intensity and duration, soil texture,
field topography, tillage methods, and soil vegetative cover. Many of these factors cannot be
controlled. However, producers can significantly decrease erosion from their fields through
conservation tillage methods and residue management.

When tillage and residue management practices are being used to protect water quality,
producers should try to:

e Minimize soil loss from fields; and
e Maximize the retention and enhancement of soil organic matter.

Minimizing soil disturbances also helps preserve beneficial soil structure. Increased soil organic
matter results in greater soil aggregation and soil porosity, which results in higher water
infiltration rates reducing runoff and reducing the risk of erosion. The stabilization and
enhancement of soil organic matter also provide additional chemical, physical, and biological
benefits from both crop productivity and erosion control perspectives. Other benefits include
increased nutrient availability and utilization, enhanced resistance to pH change, and enhanced
microbial diversity, aiding the suppression of disease and pests.

Scope of guidance

The purpose of this guidance is to help producers understand what tillage and residue
management practices are most effective at protecting water quality. The primary aim of
conservation-based tillage and residue management is to reduce erosion by minimizing soil
disturbance and maximizing the retention of crop residue on the soil surface.

Collectively, tillage and residue management practices are considered source control practices
because they can significantly reduce wind and water-generated erosion from transporting
sediment to surface waters. In addition, surface crop residue, along with subsurface root
structures, provides fundamental organic material to maintain and build soil organic matter.

Tillage and residue management practices will have a place in producers’ efforts to protect
water quality in many places, especially dryland or low irrigation agriculture and high-residue
crops. Tillage and residue management are likely less applicable for operations that produce
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root crops and other low-residue crops (e.g., row vegetables), or for some operations that are
situated in areas of wet, slow-draining soil, or flood prone areas. For these types of crops and
areas, other practices may be more applicable to protect water quality.

Practice definition

Tillage is the manipulation of soil with the purpose of preparing a seedbed, managing post-
harvest crop organic material (residue), incorporating amendments such as fertilizers, weed
control, and removing compaction. Tillage can be divided into conventional and conservation-
based systems.

Conservation tillage includes a spectrum of practices such as no-till, strip-till, direct seed, ridge
till and mulch till that minimizes surface soil disturbance while retaining surface crop residue to
control erosion. It is often defined by the retention of at least 30% residue cover of the soil
surface at the time of planting. The Natural Resources Conservation Service (NRCS) uses the soil
tillage intensity rating (STIR) value to provide a relative indication of tillage-based soil
disturbance. To calculate the STIR value NRCS utilizes the speed, depth, surface disturbance
percent and tillage type parameters to calculate a tillage intensity rating for the system used in
growing a crop or rotation. STIR ratings show the differences in the degree of soil disturbance
among tillage practices. Lower numbers indicate less overall soil disturbance. NRCS has two
Field Office Technical Guides (FOTGs) on conservation tillage practice standards:

e Residue and Tillage Management, No-Till (code 329)-STIR <20; and
e Residue and Tillage Management, Reduced Till (code 345)-STIR <80.

Conventional tillage includes more intensive tillage methods such as the use of a moldboard
plow and is characterized by full field soil inversion with STIR values typically greater than 80
and the majority of crop-related residue buried in the process.

In Washington State no-till, strip-till, direct seed, reduced tillage (ridge till and mulch till), and
conventional tillage are all commonly used. These systems can be considered on a scale of
tillage intensity and percentage of soil disturbed, with no-till having the lowest tillage intensity
and lowest soil disturbance and conventional tillage having the highest tillage intensity and
highest soil disturbance. In no-till systems, producers plant directly into crop residue that has
not been tilled. Planting is completed using a no-till hoe or disk drill. In strip-till, the soil is tilled
and crop residue is removed from narrow strips where the crop is to be planted. The residue-
covered area between the strips is left undisturbed. In direct seed, there is no full width tillage
and fertilizing and planting is generally accomplished in two to three passes of tillage
implements across fields. In ridge till, planting is completed in a seedbed prepared on ridges,
with furrows protected by crop residue in between the ridges. In mulch till, tillage is completed
with chisels, field cultivators, sweeps, or blades. Table 9 presents a relative comparison of these
tillage approaches in terms of intensity and residue generation.
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Table 9. Comparison of common tillage practices. The number of passes is generally
associated with the tillage practice. STIR value indicates the level of soil disturbance, values
from NRCS FOTGs (codes 329, 345). Level of residual residue maintained is dependent on the
crop type and can be highly variable. These are relative amounts of residue maintained after
planting independent of previous crop.

Practice Number STIR Value Tillage Intensity Level of Residual

of Passes Residue
Maintained

No-Till 1-2 <20 Low High

Strip-Till 1-2 <20 Moderate-low Moderate-High

Direct Seed 2-3 <30 Moderate-low Moderate

Ridge Till 3-5 <80 Moderate Low-Moderate

Mulch Till 3-5 <80 Moderate Low-Moderate

Conventional Tillage 5-10 >80 High Low

Recommended best management practices

Ecology’s guidance for using tillage and residue management to address water quality concerns
is based on two general crop groupings: high and low levels of post-harvest residue production.
For higher residue crops, a minimum residue coverage target (or alternatively a maximum STIR)
is recommended to protect water quality. For low residue crops, producers should try to
minimize tillage while maximizing the production of residue within the overall rotation.

Additionally, supplementing residue with cover crops or using alternative practices that can
trap sediment may be necessary to protect water quality (see chapters 2, 5, 6, and 9). It is
recognized that not all crops generate the level of residue recommended to provide water
quality protection.

For both groups, it is impossible to completely prevent all erosion and surface water runoff
solely using tillage and residue management practices. Ecology anticipates that, where selected
by producers for implementation, tillage and residue management practices will be
implemented along with other practices appropriate to the operation to fully address
operation-specific water quality concerns (i.e., nutrients, pathogens, pesticides, sediment, and
temperature).

Higher residue & perennial crops

Representative crops include short grains and cereals (e.g., winter and spring wheat, barley,
and corn) and forage crops (e.g., hay, alfalfa).
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For high residue and perennial crops, to protect water quality, a conservation-based tillage
system should achieve:

e Aresidue coverage of 60% or more. The residue coverage expectation is based on the
minimum residue coverage observed from harvest through the next planting; or

e ASTIR of 30 or less based on NRCS guidance and calculation tools. (In some areas of the
state higher residue crops, because of site specific factors (e.g. soils, annual rainfall, etc.),
cannot achieve the recommended residue levels. In those cases, producers should utilize
conservation tillage systems that meet the STIR recommendation).

Residue coverage of 60% can provide an effective erosion protection of approximately 90% as
compared to conventional tillage. In general, while a wider variety of tillage options are
available to producers who grow higher residue crops, this residue level is best achieved
through no-till or direct seed tillage systems. Both systems minimize tillage and provide a
higher retention of surface residues, while protecting surface soils, thereby fostering the
building of soil organic matter. Depending on site-specific factors this recommendation can also
be achieved with other conservation-based tillage systems (e.g., mulch till).

Lower residue crops

Representative crops include potatoes, onions, peas, beans, and lentils.

The tillage practices commonly used for vegetable row crops tend to require higher soil
disturbance. The combination of high soil disturbance and low residue, characteristic of the
production of these crops, impacts soil organic matter retention and soil structure increasing
the susceptibility to erosion.

The use of conservation tillage systems may not be applicable for some vegetable row crops (or
other) operations either because of the growing requirements of the type of crop (e.g., root
crops) or the climate and site setting (e.g., wet or slow draining areas). While conservation
tillage practices such as strip-tillage are viable for some vegetable row crop production and
have been used effectively for onion production in Washington, they are not commonly used
and may not be applicable for other crops. Other low residue crops may have a wider range of
tillage options available including no-till and direct seed systems.

Because conservation tillage may not be possible or the best option for some low residue crops,
producers of these crops might choose to use different practices (e.g., filter strips, cover
cropping) to address water quality concerns. For producers of low residue crops who choose to
use conservation tillage practices, to protect water quality, a conservation-based tillage system
should:

e Achieve a STIR of 30 or less based on NRCS guidance and calculation tools if a 30 STIR is
achievable for the type of crop grown (There are many vegetable row crops, e.g., root
crops, where achieving a STIR level below 30 is not possible given the planting and
harvest methods required for those crops); or

e Minimize tillage to the maximum extent possible and supplement residue cover to
achieve 60 percent soil coverage. Producers can increase soil cover at critical times by
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planting in-row cover, planting post-harvest cover crops, double cropping, and/or
through crop rotation planning; and

e Use supporting sediment trapping BMPs to protect water quality from erosion in cases
where it cannot be controlled in the field (see Chapter 5).

Additional guidance and technical assistance support

These secondary recommendations are provided to help ensure that the primary
recommended BMPs are effective in protecting water quality.

Residue management

e Residue should be spread evenly and stubble and root structures retained (as
appropriate to the crop type).

e Management of residue should not include burning.

e If post-harvest residue is harvested for other purposes, removal should not exceed levels
required to maintain 60 percent residue cover after planting.

e Crop rotation planning should factor in the levels of post-harvest residue produced and
maintained.

e Avoid fall tillage except to plant a double or fall crop or when establishing a cover crop.
Soil Organic Matter and Soil Structure - Retention and Promotion:

e Maximize living plant cover to sustain Mycorrhizal fungi and other beneficial soil
organisms.

Technical assistance and farm planning

Producers are encouraged to consult with the regional NRCS or local conservation district (CD)
office for technical assistance specific to a farm’s operation. NRCS and conservation districts
can provide assistance regarding conservation tillage options as well as cropping alternatives
for a particular operation given its setting and site-specific factors. They can also assist in
calculating STIR values and estimating the generation and retention of residue throughout the
rotation. Financial assistance may also be available to help transition to conservation-based
tillage and residue management practices that can meet this guidance’s recommendations.
Producers are also encouraged to contact Ecology with questions regarding this guidance.

Related NRCS practices

e Residue and Tillage Management, No-Till (code 329)
e Residue and Tillage Management, Reduced Till (code 345)
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Chapter 2: Crop Systems

Introduction

This chapter focuses on different cropping strategies that can be used to prevent or minimize
impacts to water quality. These practices also have additional benefits, such as improved soil
health and crop diversity, water and nutrient retention, and benefits to insect and wildlife
communities. While these different cropping strategies can provide water quality benefits on
their own, most are not sufficient to fully protect surface waters from runoff that may be
contaminated with sediment, nutrients, or pathogens. As a result, many of these practices have
references to other in-field and edge-of-field practices that are described in other chapters (e.g.
Chapter 5- Sediment Control: Soil Stabilization and Sediment Capture (Vegetative)), that when
implemented in combination with specific crop systems, can more fully protect water quality.

Scope of guidance

The purpose of this chapter is to outline BMPs that, when implemented, will help prevent
negative impacts to water quality from agricultural pollutants. Because there are many types of
crops and cropping systems utilized in Washington state, this chapter is meant to be an
overview of these types of systems with some examples. For detailed information about
specific crops, see local conservation districts or NRCS offices.

Recommended best management practices

The following are best management practices (BMPs) designed to prevent or minimize erosion
and the transport of nutrients and other contaminants from entering the waterways. Additional
benefits may include improvements to soil health, microclimate, and forage for native species.

e Conservation Crop Rotation

e Contour Farming

e Intercropping and Strip Cropping
e Alley Cropping

e Cover Crops

Conservation crop rotation

Conservation crop rotation (CCR) is defined as a planned sequence of crops grown on the same
ground over multiple growing seasons (i.e., the rotation cycle) for a variety of conservation
purposes. While crop rotation can serve many goals, CCR can be applied for the following water
quality concerns (NRCS, 2014a):

e Reduce sheet, rill, and wind erosion by maintaining sufficient canopy and residue cover.

e Reduce water quality degradation due to excess nutrients by reducing erosion,
removing excess nitrogen (N) and reducing the need for additional N fertilizers, and
reducing the need for pesticide use by breaking pest lifecycles.
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e Reduce the concentration of salts and other chemicals from saline seeps by reducing
excessive seepage due to improved plant water uptake.

NRCS also notes these additional benefits:

e Maintain or increase soil health and organic matter content.

e Improve soil moisture efficiency.

e Reduce plant pest pressures.

e Provide feed and forage for domestic livestock.

e Provide food and cover habitat for wildlife, including pollinator forage and nesting.

Crops used in CCR include high-residue producing crops such as wheat or corn grown for grain,
in rotation with low-residue producing crops such as vegetables or soybeans. Crop rotations
have the potential to improve water quality by taking up nitrate that would otherwise be lost to
leaching or runoff and by reducing the overall amount of N fertilizer that must be applied over
the whole rotation period, if a legume crop is included in the rotation (Simao et al., 2024). The
rotation may also involve growing forage crops in rotation with other field crops. One
important feature of CCR is to minimize the fallow years in the rotation and, where the climate
and soils are favorable, establish cover crops during the fallow periods, thereby reducing soil
erosion. Crop rotations vary with climate, soil type, crops produced, farming operations, and
how the crop residue is managed. The most effective crops for soil improvement are fibrous-
rooted high-residue producing crops, such as grass and small grain. Perennial plants used for
forage are very effective in crop rotations due to increases in organic matter and reduced soil
erosion. In addition to water and soil quality benefits, crop rotations help break insect, disease,
and weed cycles. Rotations add diversity to farm operations and often reduce economic and
environmental risks.

CCR is especially appropriate when it replaces a cropping system that alternates fallow with a
monoculture crop. Basic crop rotation, especially those that include legumes (e.g., corn-
triticale), can replace monocultures (e.g., continuous corn) in many agricultural regions. A two-
year annual corn-soybean rotation is the most commonly implemented rotation system in the
U.S. Corn Belt. A three-to-four-year corn silage-grass-hay rotation is a common practice in dairy
and other livestock agricultural systems. More diverse rotations, such as those including high-
residue producing crops with low-residue producing crops or those that include a forage crop,
may be especially beneficial from both an agronomic and environmental standpoint.

CCRs can work well with conservation tillage practices (see Chapter 1 for recommendations on
tillage practices), though in some cases climate may place limitations on crop rotation; some
crops may be challenging to establish or grow in regions with dry, short growing seasons. CCR is
an appropriate BMP to apply in areas where erosion, soil loss, and nutrient delivery to surface
and groundwater from cropland are important issues and where improvement of soil health is
an important objective. Conservation Districts can help with regional and site-specific crops and
planting timings, however general recommendations about the overall rotation are listed
below.
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Recommendations and considerations

e Multi-crop rotations are recommended with a minimum of a two-crop rotation (e.g.
wheat-barley, corn-triticale, corn-sudan grass).

e A cover crop is also recommended for the fallow years, especially with low residue crops
(see cover crop section below and Chapter 5 for more information on cover crops).

o Replacing the fallow year with forage triticale is also an effective alternative in
years of adequate rainfall.

o Native species are the preferred cover crop option, however legumes and grasses
may provide more function in areas with low-nitrogen or a high potential for
erosion.

e Additional crops in rotation (e.g. corn-triticale-wheat) and crop rotations to achieve other
objects are encouraged but will depend on regional and site-specific factors (see below
for some examples).

Some NRCS variants of CCR that may be applied to serve other objectives:

e Soil health crop rotation (NRCS, 2023a):
o Increases diversity of the cropping system.
o Maintains residue cover throughout the year.
o Keeps a living root.
o Minimizes soil chemical, physical, and biological disturbance.
e Improved crop rotation to provide benefits to pollinators (NRCS, 2023b):
o Minimum of three different crops in a minimum five-year crop rotation.
o Pollinator-friendly crop planted on >5% of cropland acreage per year.
o Use of insecticides is limited for pollinator friendly crop.
e Leaving tall crop residue for wildlife (NRCS, 2023c):
o Fields may be harvested but must leave crop residue standing >14 inches.
o Residue will be left through winter and into spring to provide winter cover and
forage for wildlife.

Contour farming

Contour farming is the practice of aligning tillage (especially the ridges, furrows, and roughness
formed by tillage), planting, and other operations with land slope contours (NRCS, 2017b).
Contour farming is an established Natural Resources Conservation Service (NRCS) conservation
practice. NRCS has separate practice standards for contour farming of annual crops (code 330)
and contour farming of orchards, vineyards, and other perennial crops (code 331). The
effectiveness of the two NRCS contour farming practices are addressed in this evaluation
together under the general term of “contour farming” because the two practices and the
processes by which they protect water quality are essentially the same.

Contour farming reduces pollutant (e.g. sediment, nutrient, pesticide, and pathogen) transport
in surface runoff by (NRCS, 2017b):

e Altering the velocity or direction of water flow.
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e Increasing infiltration of water into the soil.
e Reducing sheet and rill erosion.

Contour farming on annually cropped lands is of high value throughout Washington for
reducing erosion, soil loss, and pollutant transport from sloped agricultural lands, particularly
for the Palouse region where much of the farmland is sloping and the soil is highly erodible.
Similarly, contour farming of orchards, vineyards, and other types of perennial croplands has
high value throughout the state, because the process of establishing perennial crops on sloping
lands can result in increased surface runoff and substantial soil erosion when contour farming is
not practiced (Cerda et al., 2009). Contour farming of perennial crops may have its greatest
relevance and value along the eastern flank of the Cascade Mountain range where orchards
and vineyards are prevalent. Contour farming for both annual and perennial crops have low
relevance on flat lands (<2% slope) within the state.

Annual crops

Key management factors influencing contour farming effectiveness include row grade, ridge
height, soil cover, soil roughness, and complementary practices (NRCS, 2017b).

The closer the row grade is to the true contour, the greater the erosion reduction and the
greater the improvement in soil moisture use efficiency (NRCS, 2017b). Deasy et al. (2010)
noted that if cultivation deviates from the contour, it may increase sediment and nutrient
losses and may promote gully formation as runoff becomes concentrated in hillslope
depressions.

The height of ridges on the contours is influenced by the operation of tillage and planting
equipment (NRCS, 2017b). Taller ridges will be more effective in slowing overland flow. As both
residue cover and roughness increase, overland flow velocities decrease, which, in effect,
increases the slope length at which this practice is effective; however, increasing roughness
alone is not sufficient to produce this effect (NRCS, 2017b).

Field borders may be needed to allow farm implements room to turn and control erosion along
the field edge. Vegetative practices (e.g., grassed waterways, critical area planting) and/or
structural practices like water and sediment control basins and underground outlets should be
used to protect areas of existing or potential concentrated flow erosion (NRCS, 2017b).

Perennial crops

Management factors that influence water quality protection effectiveness of contour farming of
perennial crops (e.g., orchards) include the establishment of benches or berms and the
implementation of complementary BMPs (NRCS, 2015). Inward-sloping benches or berms
should be established at or near the tree or vine row to improve infiltration and reduce
transport of sediment and other associated contaminants. Outward sloping benches may
increase erosion caused by runoff from slopes above the bench. Where slow soil drainage may
increase disease problems or where furrows could fill with water and overtop, it may be

Publication 26-10-045 CWG Recommended BMPs
Page 35 April 2026



appropriate to slightly deviate from the level contour in order to promote drainage (NRCS,
2015).

The effectiveness of the contour farming practice can be increased by implementing
complementary BMPs (NRCS, 2015). Vegetative ground cover (within alleys between the rows
of trees/shrubs/vines, in row furrows, and on terraces and diversions) can increase infiltration,
reduce surface runoff, reduce soil erosion, and facilitate nutrient cycling.

Recommendations and considerations

e Contour farming is recommended for annual and perennial crops on farmland with
slopes between 2 — 10%.

e Additional BMPs are needed in areas with a higher likelihood of erosion, such as:

o Farmland with highly erodible soils (e.g. the Palouse region).
o Areas with a history of erosion.
o Slopes at the steeper end of the range (i.e. 5-10%).
e BMPs to supplement contour farming practices:
o Conservation Tillage (Chapter 1)
o Contour Filter Strips (Chapter 5)
o Cover Crops (Chapter 5, and below)

e Additional edge of field practices like field borders, grassed waterways, and riparian
buffers may be needed to help control areas of concentrated flow (e.g. edge of a row
where machinery turns to shift to another row or contour).

e Contour farming is not recommended in areas where the slope is not uniform (e.g. rolling
hills, hummocky lands).

Intercropping and strip cropping

NRCS (2017c) defines strip cropping (code 585) as growing planned rotations of erosion-
resistant and erosion-susceptible crops or fallow in a systematic arrangement of strips across a
field on the contour. For example, a strip of forage grasses or small grains downslope from a
row-crop strip of corn or sugar beets can slow runoff, prevent formation of channelized runoff,
filter eroded sediment and particulate pollutants, and promote water infiltration.

Intercropping is a practice component of NRCS Field Office Technical Guide (FOTG)
Conservation Crop Rotation (code 328) and is very similar to strip cropping and is defined as the
practice of growing two or more crop species simultaneously in the same field during part or all
their life cycles. As defined by the NRCS (2021), intercropping also includes the seeding of a
cover crop into an existing main crop or planting of a main crop into a living cover crop.
Incorporating intercropping into an agricultural operation increases diversity and interaction
between plants, arthropods, mammals, birds, and microorganisms, resulting in a more stable
crop-ecosystem and a more efficient use of space, water, sunlight, and nutrients. Soil health
benefits by increasing ground coverage with living vegetation, which reduces erosion, and by
increasing the quantity and diversity of root exudates, which enhances soil fauna.
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Per NRCS practice standards (NRCS, 2017c, 2021), two main differences between strip cropping
and intercropping are the applicability of crop types and the planting layout. Strip cropping is
applicable to grain, seed, vegetable, hay, and silage production whereas intercropping is only
applicable to grain, seed, and vegetable crops. In strip cropping there are multiple rows of each
plant type per strip and the strips are planted perpendicular (or nearly so) to the contour or
prevailing direction of erosive winds. In intercropping, individual rows of different plant types
are adjacent and the rows are not necessarily planted along the contour.

Strip cropping and intercropping protect water quality by reducing (Nie et al., 2012; NRCS,
2017c; Stoltz & Nadeau, 2014):

e Sheet and rill erosion.

e Wind erosion.

e Sediment transport to surface waters.

e Nutrients lost to surface runoff or through leaching.
e Pesticide transport to surface waters.

These practices have substantial value for source control of pollutants on cropland where
conventional mono-cropping does not provide adequate protection against runoff transport,
soil erosion, and/or nutrient runoff. Intercropping also has value for reducing the leaching of
nitrogen (N) and phosphorus (P) through improved nutrient utilization or by reducing fertilizer
requirements. The crop types, cultivation sequence, planting patterns, and crop rotations can
be tailored to address site-specific conditions such as climate, soils, and the processes by which
runoff generation and pollutant transport occur.

Both strip cropping and intercropping are applicable where winter/spring soil erosion is a
concern, particularly in the hilly aeolian soils of the Palouse. Both practices are highly
appropriate in western Washington where runoff during the rainy season can contaminate
shellfish beds, which is an ongoing water quality problem. Strip cropping and intercropping may
also help address ongoing problems of eutrophication and hypoxia in Puget Sound inlets from
excessive N loading.

Recommendations and considerations

e Strip cropping, intercropping, or relay intercropping is recommended for low-residue
crops (e.g. potatoes) that are susceptible to erosion during storm events before a cover-
crop can be established.

e Strip cropping can be applied to all cropland, especially sloping cropland, and is most
appropriate for:

o Grain, seed, vegetable, hay, and silage production throughout Washington.

o Replacing conventional mono-cropping systems in areas where surface runoff
occurs during the growing season.

o Establishing strips of a cover crop or perennial vegetation that will provide soil
cover, reduce runoff, and reduce nutrient transport beyond the cultivation period
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of an erosion-susceptible crop. For example, strips of perennial species used for

forage can be grown with strips of potatoes, corn, soybeans, or other cash crops.
Intercropping can be applied to both annual and mixed cropland and is most appropriate
for:

o Grain, seed, and vegetable production throughout Washington; the practice is not
applicable for annual hay or silage crops (NRCS, 2021).

o Replacing conventional mono-cropping systems where surface runoff and/or
nutrient leaching occur during the growing season.

o Replacing conventional mono-cropping systems to reduce fertilizer applications
(e.g., through use of N-fixing legumes) or pesticide applications.

Relay intercropping is a variation on intercropping, and involves:

o Planting a cover crop prior to harvest of a main crop to provide soil cover, reduce
runoff, and provide nutrient scavenging outside of the main crop growing season,
and/or to reduce fertilizer needs for the subsequent main crop by planting a
legume. For example, this can occur where climate conditions inhibit establishment
of a cover crop following the harvest of a main crop.

o Establishing a cover crop before the planting of a main crop to provide soil
protection, reduce runoff, reduce nutrient leaching, and/or reduce fertilizer needs
for the main crop (i.e., by planting a legume); the main crop is subsequently planted
into the existing live crop.

Additional considerations (NRCS, 2017c) include the following:

To improve cropping system diversity and associated benefits, consider a crop rotation at
least 3 years in length, including at least three crop species from different plant families.
To capture and manage soil moisture, select crops, crop sequence, and crop varieties
with sufficient density and cover to intercept runoff and blowing snow. When
appropriate, manage the height of standing residues to maximize snow trapping
potential.

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-base terraces are used, account for the uncropped width along the terrace so
that the same strip width is maintained for all strips in the field.

Stable outlets may be necessary where runoff tends to result in concentrated flow
erosion. Acceptable stable outlets include grassed waterways, field borders, filter strips,
or water and sediment control basins.

Intercropping

Potential variations of intercropping NRCS (2021) include the following:

Simultaneous intercropping: planting two or more crops at the same time in the same
field. For example, plant chickpeas and flax together either in alternate rows or mixed
within rows.

Publication 26-10-045 CWG Recommended BMPs
Page 38 April 2026



e Relay intercropping: two or more crops can be grown on the same field with the planting
of the second crop before the first crop is harvested. This cropping strategy enables
production of a second crop in areas where time for seeding the second crop is
considered inadequate for double cropping (e.g., seeding soybeans into wheat that is still
growing).

e Strip intercropping: crops can be grown in alternate strips wide enough to permit
separate crop production machinery, but close enough for crops to interact (e.g.,
planting alternating strips of corn and soybeans six rows each or alternating strips of corn
and Sudan grass). Generally, the maximum width of individual strips for effective
interaction of crop pests and their natural enemies is about 30 ft.

Alley cropping

Alley cropping (AC) is an agroforestry practice in which agronomic, horticultural crops or
forages are produced in alleys between (single or multiple) rows of trees or shrubs that supply
additional products (NRCS, 2017a). The primary functions of the practice that influence water
quality include (Kim & Isaac, 2022; NRCS, 2017a; O'Connor et al., 2023; Pavlidis & Tsihrintzis,
2018; Salceda-Gonzalez, 2023):

e Reduced surface water runoff and erosion.
e Decreased offsite movement of nutrients and/or chemicals.
e Altered subsurface water quantity or water table depths.

Additional functions of AC may include (NRCS, 2017a):

e Increased carbon storage in plant biomass and soils.

e Enhanced microclimatic conditions to improve crop or forage quality and quantity.

e Improved soil health by increasing utilization and cycling of nutrients.

e Enhanced wildlife and beneficial insect habitat.

e Increased crop diversity.

e Improved air quality.

e Supported development of renewable energy systems (i.e., through biomass production).

The mixing of trees/tree crops with row crops or forage that is supported by AC may be
applicable to the large extent of orchard production in Washington. In areas where row crops
and orchards co-occur, AC could be used to intermingle crop production in place of
monocultures on separate fields. This practice would combine multiple BMPs into a single
cropping strategy. When planting on the contours the trees/shrubs act as contour buffer strips
and can provide wind protection as well (see Chapter 5). Additionally, the row crops can be
used as conservation cover between the rows of trees/shrubs (as long as cover crops are
established during fallow periods).

AC could significantly contribute to inhibiting the formation of concentrated surface runoff
flows on sloping land. Shallow overland flow typically becomes concentrated flow after a
maximum slope length of roughly 100 ft to 300 ft (IADNR, 2023; USACE, 2024). The presence of
in-field tree/shrub rows with a spacing of <100 ft may disperse and infiltrate surface runoff,
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thereby reducing the risk of concentrated overland flow generation and the resulting erosion
and delivery of pollutants to surface waters.

AC will be most appropriate for addressing leaching of nutrients (and potentially pesticides)
when the period in which most leaching tends to occur coincides with the period in which
trees/shrubs are actively taking up water and nutrients from soils.

AC is applicable to all cropland and hay land where trees, shrubs, crops, and forages can be
grown in combination. AC is most appropriate where a producer seeks to achieve one or more
of the functions listed above.

Recommendations and considerations

e Alley Cropping is recommended for areas where contour farming, contour filter strips,
conservation cover, and windbreaks are needed to prevent or minimize runoff and
promote infiltration.

o The practice of AC combines these BMPs into a single strategy (see above and
Chapter 5 for recommendations on each practice).

e Additional considerations to prevent or minimize runoff and erosion are:

o Tree or shrub rows should be oriented on or near the contour to reduce water
erosion.

o Selected species of trees and shrubs should be relatively deep rooted to encourage
infiltration.

o To reduce surface water runoff and erosion, herbaceous ground cover should be
established in conjunction with the tree or shrub rows.

o To reduce wind erosion, tree or shrub rows should be oriented as close as possible
to perpendicular to erosive winds.

o Strip cropping in the alleys could be used to simultaneously produce two (or more)
crops wherein the shadier portion of the alley is used for a shade-tolerant crop,
while the central portion of the alley can be used for a less shade-tolerant crop.

Cover crops

Cover crops are defined as grasses, legumes, and forbs that are planted for seasonal vegetative
cover, particularly in row crop or commercial crop production. Cover crop planting can serve
multiple purposes (NRCS, 2014b):

e Reduce soil erosion from wind and water.

e Reduce water quality degradation by using excess soil nutrients.
e Maintain or improve soil health and organic matter content.

e Suppress excessive weed pressures and break pest cycles.

e Improve soil moisture use efficiency.

e Alleviate soil compaction.

Cover crops reduce soil erosion by improving soil structure, stability, and permeability, in
addition to providing groundcover to serve as a physical barrier between raindrops and the soil
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surface. By improving soil permeability, taking up soil moisture, and increasing surface
roughness, cover crops can often reduce surface runoff or water percolation below the root
zone. Through the combination of reduced runoff or subsurface flow, decreased soil loss, and
enhanced nutrient uptake, cover crops can significantly reduce runoff and/or leaching losses of
nutrients and other pollutants from cropland.

Traditional cover crops like rye or oats are generally applied in the fall, are not fertilized, and
then are plowed down or killed in the spring. In some cases, commodity cover crops such as
winter wheat can be planted without additional fertilizer application and harvested before
spring planting. Cover crops can be seeded in the fall by drilling or broadcasting after crop
harvest or by aerial broadcast into a standing crop before harvest. Effectiveness of cover crops
is generally enhanced by early establishment; however, in cold regions, successful
establishment of a cover crop may be limited by fall weather. The presence of a cover crop is
generally most important in the spring (eastside) or fall (westside), when most runoff events
occur, and lack of soil cover makes the soil more vulnerable to erosion. Depending on the
subsequent crop to be grown and the tillage methods used, cover crops may need to be tilled
under or killed with herbicides before spring planting. Research has generally shown a very
small or negligible effect of cover crops on crop yield (Tonitto et al., 2006).

Cover crops represent a valuable management practice for protecting water quality, especially
groundwater quality, which is often difficult to protect from nonpoint sources of soluble
nutrients like nitrate (NOs).

Cover cropping generally applies to seasonally grown row crops, either commodity or vegetable
crops, where a significant amount of bare soil would otherwise be present after harvest and
before new plantings. According to the WSU Extension (Roberts, 2018), cover crops were
commonly grown in eastern Washington prior to the widespread use of synthetic fertilizers. As
a best management practice (BMP), cover crops can be applied to commodity and vegetable
crops across the state of Washington, subject to the design and management considerations
discussed below. Roberts (2018) evaluated the feasibility of cover cropping and companion
cropping for the inland Northwest and noted that spring-seeded cover crops grown in place of
fallow could pose a risk to germination of a fall-seeded crop because the cover crop would
likely reduce soil moisture needed for germination. The author recommended that a
companion crop—a cover crop grown together with a cash crop—could be a viable alternative
to post-harvest cover cropping.

Washington agriculture includes over 2.25 million acres of small grains such as wheat and
barley, 164,000 acres of potatoes, some 160,000 acres of corn production, and numerous acres
of vegetable crops. All these cropland acres may be appropriate for some type of cover crop,
although establishment might be challenging in areas that are dry or have a relatively short
growing season in the eastern portion of the state. Cover cropping has value where pollutant
transport in surface runoff is a concern, particularly during winter/spring in the hilly aeolian
soils of the Palouse, and to a lesser degree in western Washington during the rainy season from
October through April.
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Recommendations and considerations

General recommendations concerning cover crops can be found in Chapter 5. Specific
considerations on when, where, and what cover crops to use are found below:

e Soil type and texture: Cover crops may perform differently on different soils. Greater
efficacy of cover crops at reducing nitrate leaching was evident with increasing soil sand
content.

e Climate: Adequate moisture supply, provided by either natural precipitation or irrigation,
is required to support establishment and growth of cover crops. Adequate growing
season for establishment after harvest of the cash crop is required to allow development
of a cover crop stand sufficient to protect the soil during winter and spring conditions.

e Tillage: Cover crops can generally be used under conventional tillage, reduced tillage,
and no-till management, but performance will differ across the range of soil disturbance.
Seeding cover crops will require different approaches on conventional vs. no-till
cropland. The incremental benefit of cover crops may be greater on conventional tillage
than on reduced tillage because reduced tillage soils already have some protective cover.
No-till management also has lower labor demands with no fall plowing, which may allow
more time for establishing a cover crop.

e Cover crop species: Traditional cover crop species include wheat, rye, barley, forage
radish, annual legumes, oats, brassica sp., and mixed grasses. Traditional cover crops do
not receive fertilizer and are not harvested. Commodity cover crops are planted for
harvest in the spring and may include barley, rye, wheat, spring oats, and canola.
Different plant species used for cover crops may offer different pollutant reduction
performance (Kaspar et al., 2012; Nouri et al., 2022).

e Planting method: Cover crop seed may be planted in several different ways: broadcast,
drilled, or aerial seeding. Seeding method will influence the quality of the cover crop
stand, which in turn will influence the effectiveness of the cover crop. Choice of method
depends mainly on the production crop, season, and available equipment. In general,
broadcast or drilled seeding is most effective because of good contact with the soil, with
aerial seeding (which may be required to seed into a standing crop) being the least
effective.

e Planting date: In general, net cover crop effectiveness is enhanced by an early planting
date, while much of the benefit of a cover crop may be lost in late planting, especially if
the remaining growing season is inhospitable for developing a good ground cover.

e Cover crop termination: Management of the biomass produced by the cover crop will
vary depending on the tillage practice and the crop(s) grown. For row crops planted in
conventional spring tillage, for example, the cover crop biomass can be plowed down
before planting, adding organic matter and nutrients to the soil in the process. For crops
planted into reduced- or no-tillage, however, cover crops may need to be killed with
herbicide prior to cash crop planting, adding another dimension to farm management.

e Interactions with other practices: Cover cropping can be readily combined with other
cropland BMPs to increase sediment/nutrient efficiency. Management demands for
cropping should be considered when integrating cover cropping with other management
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activities. Addition of cover cropping to other BMPs such as nutrient management,
wetland/bioreactor treatment, and conservation drainage can enhance nutrient removal
efficiency. The added N fixed by legume cover crops can be factored into nutrient
management and potentially reduce the quantity of purchased N fertilizers required for
subsequent crops.

Related NRCS practices

e Alley Cropping (code 311)

e Conservation Crop Rotation (code 328)

e Contour Buffer Strips (code 332)

e Contour Farming (code 330)

e Contour Orchard and Other Perennial Crops (code 331)
e Cover Crop (code 340)

e Intercropping and Strip Cropping (codes E328N and 585)
e Riparian Herbaceous Cover (code 390)

e Row Arrangement (code 557)

e Strip cropping (code 585)
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Chapter 3: Nutrient Management

Introduction

Nutrient management is an essential component of production agriculture and involves careful
budgeting and application of crop nutrients. The goals of nutrient management are to optimize
crop utilization of applied fertilizers and organic amendments to enhance crop yield, quality

and health, and soil fertility and health while minimizing negative impacts to the environment.

Managing agricultural nutrients involves controlling their source, timing, rate, and placement,
and adaptively adjusting soil nutrient levels so they are efficiently used by crops and not lost to
the environment. Limiting losses to the environment is primarily achieved through
management and application practices that improve nutrient utilization by crops thus limiting
residual nutrients in the soil, and practices that reduce the transport of nutrients through
processes such as runoff, erosion, leaching, volatilization and denitrification.

Scope of guidance

Best management practices recommendations included in this chapter are primarily source
control practices intended to prevent pollutants from entering surface or groundwater through
runoff, leaching or being emitted to the atmosphere and later deposited. Adaptive
management is key for any nutrient management approach; thus, this guidance also includes
recommendations and resources for adaptive management and guidance and resources for soil
testing and organic nutrient source testing.

While nutrient management techniques can limit losses to the environment, agricultural
systems are inherently leaky and cannot fully protect water quality in isolation. Therefore,
effective nutrient management relies upon making good, agronomy-based decisions and using
complementary conservation practices that maximize in-field nutrient retention and edge-of-
field capture to fully protect water quality. Examples of these types of practices include tillage
and residue management, cover crops, grassed waterways, field borders, filter strips, riparian
buffers, and irrigation management. Information about these practices can be found in
companion chapters of the Clean Water Guidance for Agriculture.

Recommended best management practices

The following are recommendations for managing the rate, timing, source, and placement of
crop nutrients, as well as for monitoring soils, managing secondary and micronutrients, and
testing organic nutrient sources. It also outlines strategies to reduce ammonia volatilization,
maintain optimal soil pH and base cation balance, and ensure effective management of
secondary and micronutrient needs. In addition, it describes adaptive management approaches
to use when soil sampling indicates that adjustments are necessary.

Application rates

Every crop has its own distinct nutrient demands in terms of the types of nutrients needed,
amounts needed, when they are most needed, and these nutrient requirements will vary based
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on site-specific factors. The goals of applying nutrients at proper rates are to ensure there are
adequate nutrients for optimal crop yield and quality while simultaneously ensuring that excess
nutrients are not left in the soil after a growing season. Residual, unused soil nutrients are
susceptible to many processes that transport nutrients to groundwater, surface water and the
atmosphere via runoff, erosion, leaching, volatilization and denitrification.

The following are recommendations to help ensure nutrients are applied at proper rates.

e Use Pacific Northwest land grant university fertilizer guidelines to determine crop-
specific application rates and optimal times for applying nutrients.

o When land-grant university recommendations are unavailable (e.g., new crops or
varieties, or specific growing conditions), use industry or out-of-region guidance as
necessary. Guidance used should include nutrient utilization information.

e Application rates for nitrogen, phosphorus and potassium must be based on crop and/or
crop sequence, current soil samples, nutrient content of organic sources (when used),
realistic yield goals, and not exceed land grant university recommendations. Plant tissue
or stem testing may also be used to develop applications rates.

o Avrealistic yield goal is the anticipated amount of crop production (e.g. weigh or
volume coupled with nutrient content by weight or volume) that is achievable
based on site-specific factors such as climate, crop variety and genetics, water
availability, soil fertility and crop management.

o At a minimum, yield goals should be based on historical yield data, soil productivity
information, climatic conditions, nutrient test results, level of management, and
incorporate factors that may limit yield such as poor soil quality, drainage, pH, soil
salinity, current nutrient imbalances, irrigation availability, and available soil
moisture.

e Application rates must not exceed the annual amount of nitrogen and phosphorus
needed to meet a realistic yield during a growing season, accounting for soil test values
and anticipated amounts from in-soil sources.

e Application rates must account for the amount of nitrogen supplied by cover crops and
organic fertilizers during the growing season.

o Use tools such as the Organic Fertilizer and Cover Crop Calculators® to estimate the
amount of nutrients supplied by these sources when developing a nutrient
management budget.

e Manage secondary and micronutrients to maintain crop health and support nitrogen and
phosphorous use efficiency. Land grant extension service soil interpretation guides
should be used to evaluate the need for supplemental nutrients.

Nutrient budgets

A nutrient budget is a plan used to determine the amount of nutrients that will be applied to a
specific crop each year. Crop budgets account for nutrients currently available in the soil,
nutrients that will become available (mineralization) and additional sources including starter

5> https://smallfarms.oregonstate.edu/calculator
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fertilizer, fixed nitrogen from legumes, and nitrate from irrigation. Budgets are based on a
realistic yield goal, the amount of nutrients needed to meet the yield goal (minus credits), and
the type and nutrient content of fertilizer(s) to be used.

Information needed to create a nutrient budget includes:

e Crop type (annual, biennial, perennial),

e Realistic yield goal and crop removal rates,

e Total amount of nitrogen (N), phosphorus (P) and potassium (K) needed to meet the yield
goal,

e Current soil nutrient analysis — at a minimum, N and P content from the most recent soil
sampling taken in the spring, prior to planting,

e Soil organic matter and estimation of N supplied by soil organic matter via
mineralization,

e Estimation of nitrogen and phosphorus provided by additional sources (e.g., irrigation or
atmospheric deposition of nitrogen),

e Types of nutrients that will be used (inorganic or organic sources), their nutrient content,
and other nutrient credits such as nitrogen provided by legumes,

e Estimation of nitrogen losses from the source and application method used (primarily
volatilization of nitrogen from surface applied manure, urea or other ammonium-based
fertilizers),

e Determination of the net nutrient balance (surplus or deficit) for N, P and K.

e Soil series description for each field.

e Soil properties influence how nutrients are released, retained and become plant
available.

e The Natural Resources Conservation Service (NRCS) has online tools that can be used to
obtain this information.

e The NRCS Field Office Technical Guide (FOTG) for nutrient management includes
templates that can be used to develop a nutrient budget and includes tools to estimate
nitrogen credits from legumes and crop removal rates for nitrate, phosphorus and
potassium. A certified crop advisor can also help develop nutrient budgets.

Nutrient sources

Fertilizers used in crop production generally fall into two main categories: organic and inorganic
sources of nutrients. These sources differ primarily in their origin, nutrient availability, and
effects on soil health, and each has its unique characteristics, applications, and benefits.

Organic fertilizers come from living or once-living materials such as manure, compost, and plant
residues. Their nutrients are released gradually as soil microorganisms break down the organic
matter, providing a slower but sustained supply of nutrients. In addition to supplying plant
nutrients, organic sources often improve soil structure, increase microbial activity, and
contribute to long-term soil fertility.

In contrast, inorganic fertilizers are manufactured or mined mineral products that supply
nutrients in forms plants can absorb quickly. Because of their rapid and predictable nutrient
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availability, inorganic fertilizers are often used to meet immediate crop nutrient demands and
allow producers to manage nutrient applications more precisely.

Choosing the most appropriate fertilizer source requires thoughtful planning. Producers should
evaluate factors such as crop type, soil conditions, climate, tillage and application methods, and
both economic and environmental goals when selecting nutrient sources. Careful assessment of
these considerations ensures that the chosen fertilizer source effectively meets crop needs
while supporting long-term soil health goals. The following are key considerations for selecting
and using different sources of fertilizer.

e Nutrient release patterns:
o Organic fertilizers release nutrients slowly through microbial mineralization.
o Inorganic fertilizers supply nutrients rapidly in plant-available forms.
e Predictability of nutrient availability:
o Organic nutrient release is influenced by temperature, moisture, pH, and microbial
activity, making timing less predictable.
o Inorganic fertilizers provide more consistent and predictable nutrient availability.
e Nutrient concentration and variability: Organic fertilizers often have lower and more
variable nutrient content, requiring careful planning and sometimes higher application
rates.
e Soil health impacts: Organic sources improve soil structure, increase organic matter,
enhance microbial activity, and boost water-holding capacity.
e Handling and application: Organic materials may be bulkier and harder to transport and
apply uniformly, especially at large scales.
e Plant-available nitrogen (PAN): Mineralization rates vary widely among organic nitrogen
sources, affecting when and how much nitrogen becomes available to crops.
e Crop and soil needs: Fertilizer selection should align with crop nutrient demand, soil
conditions, tillage practices, and application methods.
e Environmental and economic goals: Producers must consider runoff risks, volatilization
potential, cost, labor, and long-term soil sustainability.
e Complementary use: Organic and inorganic fertilizers can be combined strategically to
meet

Organic sources and plant-available nitrogen

Organic sources of nitrogen fertilizers such as manure, compost, legumes, and animal- and
plant-based products offer many soil health benefits, but they require careful management due
to their variable nutrient content and reliance on soil mineralization to supply plant-available
nitrogen (PAN). Additionally, different organic sources of nitrogen mineralize at different rates,
and mineralization is controlled by numerous soil and environment factors. Knowing the
mineralization rate of organic nitrogen sources is crucial for effective nutrient management
because it allows producers to understand when and how much nitrogen is likely to become
available so that fertilizer can be applied to match plant demand which supports better use
efficiency.
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Successful use of organic nitrogen sources requires an understanding of how these materials
behave in the soil, their potential environmental impacts, and how they interact with soil
properties and crop needs. The following are key factors to consider when using organic source
of nitrogen.

¢ Initial inorganic nitrogen content: materials with higher initial amounts of inorganic can
supply nitrogen more quickly but are also susceptible to losses if not properly applied.

e Total nitrogen concentrations: the total nitrogen concentrations in the materials affects
the availability of nitrogen for mineralization, with higher concentrations potentially
leading to more nitrogen being mineralized.

e Carbon to Nitrogen (C/N) ratios: the composition and complexity of N-containing
compounds, as indicated by the C/N ratios, influenced the optimal rate of mineralization.
Lower C/N ratios could lead to faster rates of mineralization while higher C/N ratios could
facilitate immobilization.

e Compost maturity: the maturity of compost (including animal manure) affects
mineralization rates, with more mature compost typically containing highly stabilized
nitrogen compounds that lead to lower mineralization rates or immobilization.

o Release rate: different organic source release nitrogen at different rates, so it’s
important to plan fertilizer application according to the crop's nitrogen needs at different
growth stages. This may require combining organic sources with inorganic fertilizers or
using products that best match crop needs.

e Nutrient ratio: organic fertilizers often contain other nutrients in addition to nitrogen
such as phosphorus, potassium and some secondary or micronutrients. However, they
may not supply nutrients in ratios needed which can lead to the overapplication of some
nutrients if not properly considered.

e Application timing: organic nitrogen sources often require time to break down in the soil
before they become plant available. This slow-release nature means that timing is
important to ensure plants have access to nitrogen when they need it most. Plan
applications based on the crop’s growth cycle and apply fertilizers during times when soil
microbial activity is highest which helps optimize the breakdown of organic matter and
the availability of nitrogen.

e Soil Type and environmental conditions: factors such source composition, soil
temperature and moisture, soil microbial activity, soil pH, environmental conditions can
all affect mineralization making it difficult to predict.

Organic sources of nitrogen and phosphorus

There are many organic sources of nitrogen and phosphorus and each has its own unique
attributes that must be considered to ensure crop nutrient needs and soil health benefits are
met. The following are lists of common organic source of nitrogen and phosphorus along with
relative nutrient levels and release patterns.
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Table 10. Summary of organic sources of nitrogen, relative nitrogen content of each source, and
general release patterns.

Source Nitrogen Content Release rate \
Compost Low Slow

Animal Manure Variable Slow

Blood Meal High Moderate to fast

Fish Meal Moderate Slow.

Fish Emulsion Moderate Moderate to fast

Alfalfa Meal Moderate Slow

Feather Meal High Moderate to fast
Soybean Meal Moderate Slow

Worm Castings Low to moderate Slow

Cottonseed Meal Moderate Slow

Seaweed Meal Low to moderate Slow

Green Manure / Cover Crops Variable Slow (after incorporation)

Table 11. Summary of organic sources of phosphorus, relative phosphorus content of each
source, and general release patterns.

Source Phosphorus Content  Rate pattern
(PZOS)

Bone Meal Moderate to high Slow

Fish Meal Moderate Slow to medium

Manure (Chicken, Cow, etc.) Low to moderate Medium

Composted Manure Low to moderate Slow

Bone Char (Bone Ash) High Slow

Guano (Bat and Seabird) Moderate to high Medium
Resources

Oregon State University Organic Fertilizer and Cover Crop Calculators
(https://smallfarms.oregonstate.edu/calculator®) can be used to assist with preplant nitrogen
input decisions and help forecasts the quantity of plant-available nitrogen (PAN) provided by
inputs such as fresh organic materials, cover crop residues, and finished compost.

Grubinger, V. (n.d.). Sources of nitrogen for organic farms. University of Vermont Extension.

Joern, B. C., & Brichford, S. L. (n.d.). Calculating manure and manure nutrient application rates
(AY-277-W). Purdue University Extension.

5 https://extension.oregonstate.edu/organic-fertilizer-cover-crop-calculators
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Sullivan, D. M., Moore, A. D., Verhoeven, E., & Brewer, L. J. (2020). Baseline soil nitrogen
mineralization: Measurement and interpretation (EM 9281). Oregon State University Extension
Service.

Application timing

Proper nutrient application timing ensures nutrients are available when they are needed by
growing plants. Well timed nutrient applications can support greater crop production and
improved nutrient use efficiency, thus reducing the potential for residual nutrients to be left in
the soil after a growing season. Timing also influences the potential for applied nutrient to be
lost to the environment during and after the growing season through processes such as runoff,
erosion, leaching, volatilization and denitrification.

The following are recommended practices for nutrient timing.

e Only apply nutrients during the growing season for the target crop.

e Nutrient applications should be timed for peak nutrient demand and completion of the
crop in the season. This is typically from the early to mid-growing season for many crops.

o Avoid or reduce application rates if nutrients aren’t plant-available during peak
demand.

e When using organic nutrient sources, account for their nutrient concentration, release
rates and release timing to ensure nutrients are plant-available when needed.

e Use split applications to best match nutrient demands when feasible for the crop.

e Nutrients, especially nitrogen and phosphorus, should not be applied under the following
conditions.

o Frozen or snow-covered soil,

o Saturated or near-saturated soil,

o During precipitation events,

o When field conditions and measurable precipitation are forecasted that is likely to
cause runoff, erosion or cause soil water to enter subsurface tile drainage systems.
This includes intense rain events or steady accumulations.

= Check the 5-day weather forecast when planning nutrient applications,
especially in the spring and fall.

e Avoid times when runoff, erosion, leaching to groundwater or subsurface drain tiles, or
volatilization are likely.

e Do not apply in or adjacent to direct conduits to surface or groundwater such as swales
that convey runoff to surface waters, gullies, open tile line intake structures, sinkholes,
agricultural or drinking water well heads, or other conduits to surface or groundwater.

e Also consider factors such as crop type, growth stage, fertilizer type, tillage methods and
application equipment used, and irrigation availability and irrigation schedules when
planning application timing.

Organic sources of nutrients

Organic fertilizers supply nutrients more slowly and over a longer period than synthetic
fertilizers. The timing of plant-available nutrients varies by source and is influenced by factors
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such as temperature, soil moisture, pH, and microbial activity, making nutrient release less
predictable. Because organic materials differ in nutrient concentrations and release rates,
careful management is needed to align nutrient availability with plant uptake.

e Use tool such as the Organic Fertilizer and Cover Crop Calculators’ to estimate the
amount and timing of plant-available nitrogen supplied by organic sources and cover
crops.

Application timing for cool-season forage and hay grasses

e Do not apply nitrogen to cool-season grasses from October 1 until after T-Sum 200 is
reached (west of Cascades) or until T-Sum 360 is reached (east of Cascades) the following
year.

e For spring applications to cool-season grass crops:

o Use T-Sum 200 (west of Cascades) and T-Sum 360 or T-Sum 720 (east of Cascades)
to time the first application of nitrogen.

o Ensure field and crop conditions are conducive for early nitrogen applications.

o Pastures and hayland with a poor stand are not suitable for early nitrogen
applications.

o Common application rates at T-Sum 200 and T-Sum 360 for grass dominated, higher
yielding fields ranges from 40-60 Ibs./acre for first nitrogen application. Lower
yielding fields and/or fields with a mix of grass and legumes need less nitrogen.

= Higher yielding grass hay and silage fields will be harvested more
frequently (approximately four to six times per season) for both yield and
quality, thus, nitrogen and other nutrients will likely need to be reapplied
more often.

o Avoid times when runoff, erosion, leaching or volatilization are likely.

e Late summer or early fall nitrogen applications to cool season grass crops.

o Cool season grasses (pasture and hayland) may benefit from additional nitrogen
applied in late summer or early fall.

o Prior to applying nitrogen (including manure sources), test soils to determine if
additional nitrogen is needed.

= |f additional nitrogen is needed, nitrogen should be applied from
approximately mid-August through September based on location and
weather conditions and no later than October 1.

o Do not exceed plant nutrient needs. Excess nutrients applied during this time are
more likely to be lost via runoff and leaching, and vigorously growing plants are
more susceptible to winter damage.

o Nitrogen applications should be coordinated with appropriate temperatures and
moisture availability.

o Do not apply nitrogen if adequate rain does not fall prior to October 1 or if
irrigation is unavailable.

7 https://smallfarms.oregonstate.edu/calculator
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o If organic sources such as manure are used to supply nitrogen, late season nitrogen
applications should not result in the over application of phosphorus beyond crop
need.

o Avoid times when runoff, erosion, leaching or volatilization are likely.

e Consult Pacific Northwest Land Grant University guidance, such as Nutrient Management
for Pastures (EM 9224)8, Pasture and Grazing Management in the Northwest (PNW 614)°
, The Western Oregon and Western Washington Pasture Calendar (PNW 699)1°, and the
Inland Pacific Northwest Pasture Calendar (PNW 708)!%, for application rate information.

How to calculate T-Sum 200 for western Washington

T-Sum 200 is an accumulation of heat units (in degrees Celsius) for consecutive days beginning
January 1. Each day, beginning January 1, the daily T-Sum values are added until 200 is reached.
Calculate the average daily air temperature by adding the maximum to the minimum, then
divide by 2. If the calculated T-Sum value for a day is below 0°C, zero is used. When T-Sum 200
at reached will vary year-to-year based on location and weather. T-Sum 200 is commonly
reached by mid-February in western Washington but will vary annually based on weather and
location. Use Pacific Northwest land grant university guidance to ensure T-Sum is accurately
calculated. Local weather station data should be used when calculating T-Sum.

How to calculate T-Sum 360 and T-sum 720 for eastern Washington

T-Sum 360 and T-Sum 720 are accumulations of heat units (in degrees Fahrenheit) for
consecutive days beginning January 1. Each day, beginning January 1, daily T Sum values are
added until 360 or 720 are reached. When the optimum number of growing degree days is
accumulated (reaching 360 or 720), fertilization may occur to increase earlier forage production
for pastures or to optimize grass hay yield. Applications at T Sum 720 are best suited for
increasing first cutting yields and crop utilization of higher nitrogen application rates.
Applications at T-Sum 360 are best to increase pasture forage.

T-Sum 360 F and T-Sum 720 F are calculated by summing the maximum and minimum daily
temperatures in degrees Fahrenheit, dividing that sum by 2, and then subtracting the base
temperature of 32° F. Only positive values are used, and if a calculated T-Sum value for a day is
below O°F, zero is used.

When T-Sum 360 or T-Sum 720 is reached will vary by location and annual weather. However,
T-Sum 320 is likely to be reached between mid-February and mid-March in most years. Use
Pacific Northwest land grant university guidance to ensure T-Sum is accurately calculated. Local
weather station data should be used when calculating T-Sum.

8 https://extension.oregonstate.edu/sites/extd8/files/documents/em9224.pdf

% https://www.uidaho.edu/-/media/uidaho-
responsive/files/extension/publications/pnw/pnw0614.pdf?la=en&rev=86448e20502d463ea759694aff7fd26f
10 https://extension.oregonstate.edu/sites/extd8/files/documents/pnw699.pdf

1 https://wpcdn.web.wsu.edu/wp-ecommerce/uploads/sites/2/product-4768-sku-PNW708.pdf
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Placement

Nutrient placement is the positioning of nutrients in the soil to ensure accessibility for plants
and maximize plant uptake while minimizing the potential for losses. In general, proper
placement involves determining the optimal depth, location, and method of nutrient
application relative to the crop's root zone.

e At a minimum, nutrients must be placed outside of riparian core zones as outlined in
Chapter 12 of the Clean Water Guidance (Riparian Areas and Surface Water Protection).

e Place nutrients in the soil in a manner that ensures plant accessibility and maximizes
plant uptake while minimizing the potential for losses.

e Subsurface placement techniques or incorporation should be used whenever possible.

o Placing nutrients below the soil surface or incorporating surface-applied nutrients
into the soil can significantly reduce or prevent losses via runoff, erosion and
volatilization.

e Use application methods that are most compatible with the crop and/or tillage system
for the crop or crop rotation and are most likely to limit losses runoff, erosion, leaching
and volatilization.

e When incorporation or subsurface placement aren’t feasible, avoid conditions likely to
lead to runoff, erosion, leaching and/or ammonia volatilization.

e Ensure application equipment is in good working order and well maintained.

Ammonia volatilization

When animal manure and ammonia- and ammonium-based fertilizers are applied, a portion of
their nitrogen can be lost to the atmosphere through ammonia volatilization. This process
occurs when ammonium (NH4*) is converted to ammonia gas (NHs) and released into the air,
reducing the amount of nitrogen available for crop uptake. Volatilization decreases nutrient use
efficiency, can lower crop yields, and negatively impact air and water quality.

The extent of ammonia volatilization is influenced by several interacting factors including soil
pH, soil type, soil temperature and moisture, weather conditions, and application method used.
Volatilization is more likely in warm soil, soils with low cation exchange capacity such as sandy
soils with low organic matter, alkaline soils, and under windy, hot and dry conditions that favor
evaporation. Surface application without incorporation also greatly increases the risk of
nitrogen volatilization due to greater exposure to the atmosphere and solar radiation, and less
contact with the soil.

Limiting volatilization when applying manure

When livestock manure is applied to the soil surface, a significant proportion of the ammonium
(NH4*) present in the manure can be volatilized into the atmosphere. The following are
recommended strategies to limit ammonia volatilization from applied animal manure.

e Incorporate manure whenever possible using methods such as banding, aerators or
injection (shallow or deep).

e For situations when incorporation isn’t feasible, broadcast manure at times and during
conditions when volatilization potential is lower.
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o Schedule applications cool, cloudy days (low solar radiation/high humidity when
possible.

o Avoid applications on warm, windy, sunny and dry days when possible.

o Perform spreading operations later in the day. Note, late-day spreading may
increase odor persistence due to lower atmospheric dispersion.

o Applying before a light rain can help minimize ammonia volatilization, but avoid
precipitation events likely to cause runoff, excessive percolation, or cause soil water
to enter subsurface tile drainage systems.

Limiting volatilization inorganic fertilizer

Limiting volatilization from ammonia- and ammonium- forming fertilizers is critical to prevent
negative impacts to air and water quality and maintain soil fertility and crop production.
Implementing effective best management practices (BMPs) can help minimize ammonia
volatilization, improve fertilizer efficiency, and protect air and water quality.

The following are a list of commonly used ammonia- and ammonium-forming inorganic
fertilizers, their relative risk for volatilization, and recommended practices that can be used to
limit ammonia volatilization. The primary goal of these strategies is to facilitate the movement
of nitrogen in the soil profile and avoid conditions conducive to ammonia volatilization.

Table 12. List of commonly used ammonia- and ammonium-based inorganic fertilizers and their
relative risk of volatilization.

Source Formula Nitrogen Form Volatilization
Content (%) Risk
Anhydrous NHs 82 Compressed Gas = High
ammonia
Urea CO(NH)2 46 Dry Granular High
Ammonium nitrate = NH4NOs3 28 Dry Granular Low
Ammonium sulfate | (NH4)2SO04 21 Dry Granular Intermediate
Urea ammonium CO(NH;), + 32 Liquid Intermediate
nitrate (UAN) NH4NOs

Anhydrous ammonia

e Place anhydrous ammonia approximately 4-8”below the surface.
e Use application equipment designed to close trenches and promote soil sealing.

Urea

e Whenever possible, incorporate soon after it is surface applied using mechanical
methods such as surface banding, injection or other tillage and/or irrigation or rainfall.
Incorporation minimizes ammonia's contact with the air and increases contact with the
soil.

e Use ammonia urease inhibitors to slow down the conversion of urea to ammonia.
Especially for crops where incorporation may not be possible such as perennials, pastures
and hayland.
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e Apply when soil and air temperatures are cool or when there is adequate moisture to
facilitate incorporation into the soil but not cause runoff.

e Avoid surface broadcasting to moist soil.

e Avoid applying on humid or windy days.

e Consider an alternative nitrogen source to urea when conditions are sub-optimal and are
difficult to manage.

All ammonia- and ammonium-forming nitrogen sources

e Incorporate nitrogen fertilizers whenever possible.

o Place fertilizer below the surface using methods such as banding, aerators or injection
(shallow or deep).

e Apply when soil and air temperatures are cool or when there is adequate moisture to
facilitate incorporation into the soil but not cause runoff.

e Delay application under high-risk conditions, including moist soils (urea), high-soil
temperature, or when the soil surface is frozen.

e Manage soil pH. The potential for ammonia volatilization increases as soil pH increases.

e Avoid applying urea and liming agents at the same time.

e Avoid windy conditions.

e Use practices that increase soil organic matter to increase cation exchange capacity.

Secondary nutrients, micronutrients, and pH

Secondary, micronutrients and pH can play critical roles in crop development and their soil
levels can significantly influence crop yield, quality, and resistance to diseases.

e Routinely test soils for secondary- and micro-nutrients and adjust their levels or soil
conditions such as soil pH that are limiting their availability.
o Use resources such as the Oregon State University Soil Test Interpretation Guide to
determine if soil levels are in proper ranges and identify options for adjusting them.
e Regularly test soils for cation exchange capacity (CEC) and use results to determine the
percent base saturation when planning nutrient applications.
o CECis a fundamental soil property used to predict plant nutrient availability and
retention in the soil.
o Soil CEC affects liming and fertilization practices.
o Soils with high CEC generally retain more nutrients than low-CEC soils.
o lIdeal ratios of Ca?*, Mg?*, K*, and Na* in the base saturation spectrum promote
optimal plant growth which can enhance nutrient use efficiency of macronutrients.
o Use soil amendments to adjust base cation levels as necessary.
= Agricultural lime (calcium carbonate) or dolomitic lime (calcium
magnesium carbonate) can be used to increase calcium and magnesium
levels.
o Soils with high percent base saturation are generally more fertile.
e Managing soil pH is an important practice because it directly affects nutrient availability,
microbial activity, soil and plant health.
o Regularly test soil pH at the same time of year each year.
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o Keep soil pH at crop-specific optimal levels for the planned crop or crop rotation.

o Use Pacific Northwest Land Grant University guidelines, when available, to
determine optimal crop pH ranges and manage soil pH.

o Certain ammonia- and ammonium-forming fertilizers can lead to soil acidification.
Consider using alternative, non-acidifying nitrogen fertilizers when needed.

o For acidic soils, agricultural lime (calcium carbonate), dolomitic lime (calcium
magnesium carbonate), and other pH adjusting amendments can be used to
increase soil pH.

o For alkaline soils, adding organic matter such as compost or manure can help buffer
soil pH. Amendments such as elemental sulfur can also be used to lower soil pH.

Secondary and micronutrient interpretation guide resources

Sullivan, D. M., Horneck, D. A., Owen, J. S., & Hart, J. M. (2019). Oregon State University
Extension Service Soil Test Interpretation Guide.

Natural Resource Conservation Service Field Office Technical Guide for Nutrient
Management (590)

Marx, E. S., Hart, J., & Stevens, R. G. (1999). Soil test interpretation guide (EC 1478).
Oregon State University Extension.

Washington State University. (n.d.). Micronutrient functions in plants. Washington State
University. https://smallgrains.wsu.edu/soil-and-water-resources/essential-
nutrients/micronutrients/micronutrient-functions-in-plants/

Peryea, F.J. (2019, February). Micronutrients. WSU Tree Fruit.
https://treefruit.wsu.edu/micronutrients/

Soil pH management resources

Anderson, N. P., Hart, J. M., Sullivan, D. M., Christensen, N. W., Horneck, D. A., & Pirelli,
G. J. (2013). Applying lime to raise soil pH for crop production (Western Oregon) (EM
9057). Oregon State University Extension Service.

Anderson, N. P,, Hart, J. M., Sullivan, D. M., Christensen, N. W., Horneck, D. A., & Pirelli, G
(2010) Evaluating Soil Nutrients and pH by Depth in Situations of Limited or No Tillage in
Western Oregon (EM 9014). Oregon State University Extension Service.

Carter, P. (n.d.). Using a pH meter for in-field soil pH sampling (FS205E). Washington
State University Extension.

McFarland, C. R., Huggins, D. R., & Koenig, R. T. (2025). Soil pH and implications for
management: An introduction (FS170E). Washington State University Extension.

Oregon State University Extension Service. (2021). Living on the Land: Managing soil pH
(EC 1657).

Oregon State University Extension Service. (2013). Soil acidity in Oregon: Understanding
and using concepts for crop production (EM 9061).

Sullivan, D. M., Horneck, D. A., & Wysocki, D. J. (2013). Eastern Oregon liming guide (EM
9060). Oregon State University Extension Service.

Wortmann, C. S., Mamo, M., & Shapiro, C. A. (2015). Management strategies to reduce
the rate of soil acidification (NebGuide G1503). Nebraska Extension, Institute of
Agriculture and Natural Resources.
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Soil monitoring & organic nutrient source testing
Routine soil monitoring for nutrient planning

e Routinely test soils for primary, secondary, and micronutrients to evaluate soil nutrient
levels and develop nutrient budgets to ensure nutrients aren’t over- or under-applied.

o At a minimum, soil tests should include pH, sodicity and electrical conductivity (EC)
where salts are a concern, soil organic matter, nitrogen (nitrate plus ammonia),
phosphorus, potassium, and other nutrients recommended by appropriate Pacific
Northwest land grant university crop production guidelines.

e Test for soil nitrogen (ammonium-N plus nitrate-N) each spring to finalize nutrient
budgets ahead of the growing season. Soil testing in the spring should occur as close to
fertilizer application as possible.

o West of the Cascades, soil nitrate is evaluated within the first foot.

o Inarid regions east of the Cascades, soil nitrate is evaluated by measuring nitrate
nitrogen (NO3) in one-foot depth increments to a depth of 2 to 5 feet as necessary
for the planned crop or crop rotation. Sampling depths may need to be adjusted for
shallow rooting crops to avoid overestimating the amount of available nutrients.

o Consult nutrient management guidelines for individual crops to determine sampling
depth and method for crediting soil nitrogen.

e For phosphorus:

o Use the Bray P1 method for acidic soils and the Olsen sodium bicarbonate (NaHCO3)
method for alkaline soils. If the soil pH baseline is unclear, include both tests so
valid results are obtained. Phosphorus fertilizer recommendations are typically
based on results from these methods.

o Sample fields at least once every 3 years.

= Increase the frequency to every 1-2 years on sandy, low organic matter
soils, fields that receive regular manure or compost applications,
intensive cropping systems, or when there is a history of deficiencies.

=  When sampling soil for phosphorus, it’s important to be aware of
previous phosphorus management.

= Avoid fertilizer bands when collecting soil samples.

o Conduct a post-harvest soil test at least once every three years and use results to

adaptively manage soil phosphorus.
= Increase the frequency to every 1-2 years for soils with low cation
exchange capacity, regular manure or compost applications, intensive
cropping systems or when there is a history of deficiencies.
= See the adaptive management section below for additional information.

e For secondary nutrients (calcium, magnesium and sulfur):

o Test for secondary nutrients every 1-3 years.

o Sulfur and boron are typically evaluated every 2 - 3 years; however, each is prone to
leaching. Increase the frequency to every 1-2 years if leaching is an issue.

o Calcium and magnesium are commonly evaluated every 2-3 years.

e For micronutrients,

o Soil micronutrients are typically evaluated every 2-4 years or as needed.
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o Which micronutrients to test for will likely vary based on crop or crop rotation,
history of management and soil properties.

o Certified crop advisors can help identify which micronutrient to test for.
Plant tissue or stem testing may also be used to support nutrient management planning.
Follow Pacific Northwest Land Grant University sampling, handling and testing
procedures that are regional and crop appropriate. Below are examples of available
resources.
Consult the NRCS FOTG for Nutrient Management (code 590) for additional information
and resources when needed.

Soil sampling and testing resources

Halbleib, M., Ellsworth, J. W., Sullivan, D. M., Horneck, D. A., Brown, B. D., & Stevens, R.
G. (2024). Monitoring soil nutrients using a management unit approach (PNW 570).
Oregon State University Extension Service.

Hart, J., Strik, B., & Rempel, H. (2023, May). Cranberries: Nutrient management guide.
Washington State University Extension (EM 8903-E) https://wpcdn.web.wsu.edu/wp-
extension/uploads/sites/2056/2023/05/Cranberries-Nurtient-Management-Guide.pdf
Sallato, B., DuPont, T., & Granatstein, D. (2022, December). Tree fruit soil fertility and
plant nutrition in cropping orchards in central Washington. Washington State University
Extension (EM119E).

Sullivan, D. M., Cogger, C. G., Bary, A. |, Bittman, S., & Brewer, L. J. (2021). Postharvest
soil nitrate testing for manured grass and silage corn (west of the Cascades) (EM 8832).
Oregon State University Extension Service.

Horneck, D. A., Sullivan, D. M., Owen, J. S., & Hart, J. M. (2019). Soil test interpretation
guide (EC 1478). Oregon State University Extension Service.

Marx, E. S., Hart, J., & Stevens, R. G. (1999). Soil test interpretation guide (EC 1478).
Oregon State University Extension Service.

Natural Resource Conservation Service Field Office Technical Guide for Nutrient
Management (590)

Soil monitoring for adaptive management

Soil nitrogen should be tested each year in the fall (ammonium-N plus nitrate-N) after
harvest to evaluate nutrient budget effectiveness and/or to determine application rates
for fall planted crops.
o West of the Cascades, soil nitrate is evaluated within the first foot.
o Inarid regions east of the Cascades, soil nitrate is evaluated by measuring NOz-N in
one-foot depth increments to a depth of 2 to 5 feet.
Soil phosphorus should be tested in the fall to evaluate nutrient budgets and make
necessary adjustments.
o Samples must be taken at least once every 3 years.
o West of the Cascades, soil phosphorus is typically evaluated within the first foot.
o Inarid regions east of the Cascades, phosphorus is typically evaluated within the
first two feet.
For post-harvest sampling (nitrogen and phosphorus):
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o Samples should be collected as soon as possible after crop harvest.
o Samples should be taken before heavy rain.
o Avoid sampling fields where manure has been applied within the past 30 days.

Manure and other organic sources

e Nutrient values of manure, organic by-products and biosolids must be determined prior
to land application.

e Analyses of manure or other organic nutrient sources should include total nitrogen (N),
ammonium (N), total phosphorus (P) or phosphate (P,0s), total potassium (K) or
potassium oxide (K20), and percent solids. Proper conversion between phosphorus (P)
and phosphate (P20s), nitrate and nitrate as nitrogen, as well as between potassium (K)
and potassium oxide (K.0), where appropriate, is important to avoid accidental over- or
under-application.

e Manure, organic by-products, and biosolids samples must be collected and analyzed at
least annually, or more frequently if needed to account for operational changes (feed
management, animal type, manure handling strategy, etc.) that impact manure nutrient
concentrations.

o If no operational changes occur, less frequent manure testing is allowable where
operations can document a stable level of nutrient concentrations for the
preceding three consecutive years, unless federal, State (Washington State
Department of Ecology or Washington State Department of Agriculture), or local
regulations require more frequent testing.

e Samples must be collected, prepared, stored, and shipped according to land-grant
university guidance or industry standards.

e Biosolids application must follow Washington State Department of Ecology guidelines.

e Use Pacific Northwest land grant university guidance for nutrient source sampling and
estimating the nutrient content and nutrient availability from organic sources. Below are
examples of available resources.

Organic source testing and nutrient estimation resources

e Sullivan, D. M. (2023). Estimating plant-available nitrogen from manure (EM 8954-E).
Oregon State University Extension Service.

e Bary, A. |, Cogger, C. G., & Sullivan, D. M. (2016). Fertilizing with manure and other
organic amendments (PNW 533). Oregon State University Extension Service.

Adaptive management for nitrogen and phosphorus

Of all plant nutrients, nitrogen, potassium and phosphorus are used in the greatest amounts. Of
these, nitrogen and phosphorus have the greatest impact on water quality. Therefore, it is
critically important that post-harvest soil levels remain low because residual soil nitrogen and
phosphorus are most susceptible to losses to surface and groundwater which can result in
many negative impacts to water quality.

Adaptive management for nitrogen using post-harvest soil monitoring
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Residual (post-harvest) soil nitrate-nitrogen is a useful measurement to evaluate nutrient
(nitrogen) management. Excess soil nitrate in the fall can result from the over-application of
nitrogen, mistimed nitrogen application, soil nutrient imbalances, nitrogen mineralization after
crop uptake ceases, or poor growing conditions such as drought, pests or lack of adequate
irrigation or rainfall.

When post-harvest nitrate levels are elevated, management decisions including nutrient
budgets (and yield goals), application timing and method, nutrient sources used, and soil
nutrient imbalances should be evaluated and adjusted to prevent excessive post-harvest soil
nitrate-nitrogen in subsequent years.

Post-harvest nitrogen testing is conducted in the fall to evaluate nutrient budget effectiveness.
The following is a description of post-harvest soil nitrate levels (NOs™-N in ppm) along with
actions that should be taken based on soil nitrogen concentrations.

When converting from parts per million (ppm) to lbs./acre, soil bulk density must be
considered. For medium to fine textured soils, multiply ppm by 3.5 to estimate Ibs./acre.
Multiple by ppm by 4 when the soil is more than 60% sand (Horneck et al., 2019). Conversions
may need to be adjusted based on site specific soil conditions, especially soils with low bulk
densities.

Low soil nitrate-nitrogen: <10 ppm

e Continue to follow nutrient budgets and yield goals.

e Continue to test soils for primary, secondary and micronutrients (as needed) and manage
nutrients to appropriate levels.

e Maintain soil pH at crop-specific optimal levels for the planned crop or crop rotation.

e Continue to use spring soil sample results to establish application rates.

e Continue to use post-harvest soil sampling to evaluate nutrient management practices.

e Consider planting cover crops wherever possible.

Medium soil nitrate-nitrogen: 10-20 ppm

e Reduce application rates for fall-planted crops.

e Consider planting cover crops wherever possible.

e Revaluate nutrient budget assumptions including yield goals, soil mineralization, nitrogen
volatilization, and other sources of nutrients e.g., legumes, irrigation water or
atmospheric/precipitation deposition.

e Verify application rates and recalibrate land application equipment when necessary.

e Ensure plant available nitrogen applications occur prior to peak crop uptake.

e Reduce nutrient applications to the field when other factors affecting soil nitrate levels
aren’t determined.

e Continue to test soils for primary, secondary and micronutrients (as needed) and manage
nutrients to appropriate levels.

e Continue to use spring soil sample results to establish application rates.

e Continue to use post-harvest soil sampling to evaluate nutrient management practices.

e Maintain soil pH at crop-specific optimal levels for the planned crop or crop rotation.
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e Maintain nutrient balances between macronutrients, secondary and micronutrients.
e Consider hiring a professional/consultant to evaluate nutrient budget assumptions,
application methods and timing to develop revised annual nutrient budgets and

application rates.

High soil nitrate-nitrogen 20-30 ppm

e Reduce application rates for fall-planted crops.

e Plant cover crops wherever possible.

e Consult a professional crop advisor to evaluate nutrient budget assumptions, application
methods and timing to develop revised annual nutrient budgets and application rates.

e Reestablish nutrient budget assumptions including yield goals, soil mineralization,
nitrogen volatilization, and other sources of nutrients e.g., legumes, irrigation water or
atmospheric/precipitation deposition.

e Reduce future nitrogen application rates.

e Verify application rates and recalibrate land application equipment when necessary.

e Adjust land application timing so nutrient availability aligns with peak crop uptake.

e Enhance nutrient removal via crop management.

e Ensure plant available nitrogen is applied as close as possible to peak crop uptake.

e Continue to test soils for primary, secondary and micronutrients (as needed) and manage
nutrients to appropriate levels.

e Continue to use spring soil tests for nitrogen to adjust application rates.

e Continue to use post-harvest soil sampling to evaluate nutrient management practices.

e Maintain nutrient balances between macronutrients, secondary and micronutrients.

e Maintain soil pH at crop-specific optimal levels for the planned crop or crop rotation.

Very high soil nitrate-nitrogen: >30 ppm

e Significantly reduce application rates for fall-planted crops.

e Plant cover crops wherever possible.

e Consult a professional crop advisor to evaluate nutrient budget assumptions, application
methods and timing to develop revised annual nutrient budgets and application rates.

e Reestablish nutrient budget assumptions including yield goals, soil mineralization,
nitrogen volatilization, and other sources of nutrients e.g., legumes, irrigation water or
atmospheric/precipitation deposition.

e Significantly reduce future nitrogen application rates.

e Verify application rates and recalibrate land application equipment when necessary.

e Enhance nutrient removal via crop management.

e Ensure plant available nitrogen is applied as close as possible to peak crop uptake.

e Continue to test soils for primary, secondary and micronutrients (as needed) and manage
nutrients to appropriate levels.

e Continue to use spring soil tests for nitrogen to adjust application rates.

e Continue to use post-harvest soil sampling to evaluate nutrient management practices.

e Maintain nutrient balances between macronutrients, secondary and micronutrients.

e Maintain soil pH at crop-specific optimal levels for the planned crop or crop rotation.
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Adaptive management for phosphorus using post-harvest soil monitoring

Phosphorus soil test results are an index of phosphorus availability but can’t be used to predict
plant phosphate availability (lbs./acre) given the many site-specific soil factors that affect
phosphorus availability such as pH and soil concentrations of minerals such as calcium,
aluminum and iron. Nevertheless, soil phosphorus test results do provide an indication of the
amount of plant available, soluble phosphorus likely to be available given the relationship
between the forms of phosphorus (organic, adsorbed, and labile phosphorus) and soluble
phosphorus.

In general, as soil test phosphorus increases, so does the amount of soluble phosphorus that
can be used by crops or transported to surface water or leached. As soil phosphorus
concentrations increase, so does the potential for losses of soluble phosphorus. Further,
phosphorus is strongly bound to soil particles, so fields with elevated soil phosphorus that are
also prone to erosion pose a higher risk of contributing larger amounts of phosphorus if eroded
soils reach surface water.

Whether eroded, leached or transported via runoff, phosphorus can significantly impact water
quality. Therefore, crop fields must be properly managed to prevent the buildup of soil
phosphorus; and if buildup occurs, steps must be taken to reduce levels and the subsequent
risk to water quality.

The following is a description of post-harvest soil phosphorus levels along with actions that
should be taken should they become elevated.

When converting from parts per million (ppm) to lbs./acre, soil bulk density must be
considered. For medium to fine textured soils, multiply ppm by 3.5 to estimate Ibs./acre.
Multiple by ppm by 4 when the soil is more than 60% sand (Horneck et al., 2019). Conversions
may need to be adjusted based on site specific soil conditions, especially soils with low bulk
densities.

Low soil phosphorus: <20 ppm via Bray Pl or <10 ppm via Olsen test

e Continue to follow nutrient budgets and yield goals and apply phosphorus at crop
removal rates.

e Continue to test soils for primary, secondary and micronutrients (as needed) and manage
nutrients to appropriate levels.

e Maintain soil pH at crop-specific optimal levels for the planned crop or crop rotation.

e Continue to use post-harvest soil sampling to evaluate nutrient management practices.

e Monitor crops for signs of phosphorus deficiencies.

Medium soil phosphorus: 20-40 ppm via Bray Pl or 10-25 ppm via Olsen test

e Consider reducing application rates and apply only at crop removal rates.

e Use banded applications when possible.

e Revaluate nutrient budget assumptions including yield.

e Verify application rates and recalibrate application equipment when necessary
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e Consider adjusting application timing so nutrient availability aligns with peak crop
uptake.

e Continue to test soils for primary, secondary and micronutrients (as needed) and manage
nutrients to appropriate levels.

e Maintain soil pH at crop-specific optimal levels for the planned crop or crop rotation.

e Continue to use post-harvest soil sampling to evaluate nutrient management practices.

e For fields routinely used for manure application, consider additional approaches such
increasing acres available for spreading and/or selling manure or identifying other
marketable uses.

e Evaluate fields for their potential to erode and for eroded soils to reach surface waters.

e Consider using NRCS’ Phosphorus Index to evaluate fields that may require additional
practices to prevent phosphorus transport to surface water via runoff, erosion, leaching
and through subsurface tile drainage.

e Consider planting cover crops especially on field with tile drainage and/or higher
potential for erosion and excessive runoff.

High soil phosphorus: 40-100 ppm via Bray PI or 25-50 ppm via Olsen test

e Stop applying phosphorus until medium or low phosphorus levels are reached.

e Plant crops with high phosphorus uptake.

e Continue to test soils for primary, secondary and micronutrients (as needed) and manage
nutrients to appropriate levels.

e Maintain soil pH at crop-specific optimal levels for the planned crop or crop rotation.

e Continue to use post-harvest soil sampling to evaluate nutrient management practices.

e For fields regularly used for manure applications, consider additional approaches such
increasing acres available for spreading and/or selling manure or identifying other
marketable uses.

e Evaluate fields for their potential to erode and for eroded soils to reach surface waters.

e Plant cover crops especially on fields with tile drainage and/or higher potential for
erosion and excessive runoff.

e Consider using NRCS’ Phosphorus Index to evaluate fields that may require additional
practices to prevent phosphorus transport to surface water via runoff, erosion, leaching
and through subsurface tile drainage.

e Very high soil phosphorus: >100 ppm via Bray Pl or >50 ppm via Olsen testStop applying
phosphorus until a medium or low phosphorus level is reached.

e Plant crops with high phosphorus uptake.

e Continue to test soils for primary, secondary and micronutrients (as needed) and manage
nutrients to appropriate levels.

e Maintain soil pH at crop-specific optimal levels for the planned crop or crop rotation.

e Continue to use post-harvest soil sampling to evaluate nutrient management practices.

e For fields regularly used for manure applications, consider additional approaches such
increasing acres available for spreading and/or selling manure or identifying other
marketable uses.

e Evaluate fields for their potential to erode and for eroded soils to reach surface waters.
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e Plant cover crops especially on fields with tile drainage and/or higher potential for
erosion and excessive runoff.

e Consider using NRCS’ Phosphorus Index to evaluate fields that may require additional
practices to prevent phosphorus transport to surface water via runoff, erosion, leaching
and through subsurface tile drainage.

Related NRCS practices

e Nutrient Management (code 590)

e Salinity and Sodic Soil Management (code 610)

e Amending Soil Properties with Lime (code 805)

e NRCS’s Agricultural Waste Management Field Handbook? (AWMFH)

12 https://directives.sc.egov.usda.gov/viewerFS.aspx?hid=21430
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Chapter 4: Pesticide Management

Introduction

Pesticide management is a critical component of agriculture and involves the strategic planning
and use of pest management techniques to effectively control damage to crops while
minimizing risks to human health, non-target organisms, and the environment. Guidance
included in this chapter focuses on integrated pest management (IPM) principles which
emphasize using pesticides as a last resort and only after using cultural, biological, and
mechanical control methods. Further, IPM encourages the use of treatment thresholds to guide
pesticide use. Treatment thresholds are specific levels of a pest population or crop damage at
which the cost of pest damage exceeds the cost of control measures, signaling the need for
intervention. Instead of applying pesticides immediately upon detecting any pests, IPM uses
these thresholds to determine when treatment is economically and environmentally justified.
This approach helps avoid unnecessary pesticide applications while ensuring that pest control
efforts are cost effective and sustainable. Further, when chemical controls are needed, IPM
encourages the use of products with the least environmental impact and recommends
alternating the use of pesticides with different modes of action to avoid chemical resistance.

Scope of guidance

Best management practices recommendations included in this chapter are primarily source
control practices intended to prevent pesticides from entering surface or groundwater through
runoff, leaching, or drift. Good pesticide management practices can limit the potential for
pesticides to reach surface water or leach to groundwater; however, management alone isn’t
likely to prevent pesticides from reaching surface water especially given their many migration
pathways. Therefore, pesticide management should be implemented in conjunction with
complementary conservation practices that limit pesticide transport, primarily practices that
prevent or capture erosion and promote the infiltration of runoff before it enters surface
waters. Examples of these types of practices include tillage and residue management, cover
crops, grassed waterways, field borders, filter strips, riparian buffers, and irrigation
management. Information about these practices can be found in companion chapters of the
Clean Water Guidance for Agriculture.

Federal Insecticide, Fungicide and Rodenticide Act (FIFRA)

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) is the primary U.S. law
regulating the registration, distribution, and use of pesticides and is administered by the US
Environmental Protection Agency (EPA). Under FIFRA, all pesticides must be registered before
they can be legally sold or distributed in the United States. During the registration process,
pesticides are evaluated for toxicity, effectiveness, and environmental impact. The law requires
all products to have approved labels that include instructions for safe use, storage and disposal
and these labels are legally enforceable documents.
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Washington State Department of Agriculture

While FIFRA sets the federal framework for pesticide use, states serve as the primary
implementers at the local level. The Washington State Department of Agriculture (WSDA)
administers the Washington Pesticide Control Act (Chater 15.58 RCW) and the Washington
Pesticide Application Act (Chapter 17.21 RCW). WSDA is the lead regulatory agency responsible
for pesticide registration and enforcement of federal and state regulations relating to pesticide
storage, distribution, transportation, disposal, and use within Washington State. WSDA is also
responsible for licensing and certification of pesticide applicators and dealers and provides
technical assistance and education programs.

Pesticide regulations and clean water guidance for agriculture

Practices included in this chapter are meant to complement federal, state, and local regulatory
requirements for pesticides application, with the goal of reducing the transport of pesticides to
surface or groundwater and to encourage efficient and judicious pesticide use. However,
recommendations in this guidance do not replace or supersede state and federal regulatory
requirements (language in bold, here and in the recommendations, highlights what is required
under state and/or federal law). Federal and state requirements must be followed at all times,
including but not limited to, following pesticide label requirements.

Recommended best management practices
Integrated Pest Management

Integrated Pest Management (IPM) is a decision-based approach to managing pests that
combines multiple strategies to minimize economic and environmental risks. IPM emphasizes
prevention by relying on cultural practices and mechanical and biological controls first, then,
reserving the use of pesticides as a last resort and only in a targeted manner. Key components
of IPM include accurate pest identification through regular monitoring, the use of action
(treatment) thresholds to determine when control is needed, and continuous evaluation of pest
control efforts to ensure they are meeting desired goals and to adjust when new or different
strategies are needed. These strategies are used to develop an IPM program and are
documented in an IPM plan.

The following are recommendations for developing and implementing an IPM program:

e Consult with a pesticide management specialist to create an IPM plan.

e Refer to the Natural Resources Conservation Service (NRCS) Field Office Technical Guide
(FOTG) on Pest Management Conservation System (code 595) when developing an IPM
plan.

e |PM programs should identify all the pests that require management and develop
strategies and options to effectively manage them.

e |dentify all cultural, mechanical, microbial, and biological approaches available to control
a pest or groups of pests.

e Use cultural, mechanical, or biological controls whenever possible and as appropriate.
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e Pesticides should supplement preventative controls and be used as a last line of defense
if all other strategies fail.

e |dentify and use pesticides that reduce impacts to non-target species when needed.

e |PM programs should be based on treatment thresholds. Treatment threshold can help
determine if weeds, insect pests, or disease warrant intervention and will impact
methods used.

e Use research-based treatment thresholds whenever available. Treatment thresholds are
often available for many major pests and can be found in crop production and
management guides.

e When crop-specific thresholds aren’t available, consider information such as the type of
pest and damage, crop type, stage of plant development, plant maturity, time until
harvest, and market conditions to determine if intervention is warranted and to avoid
unnecessary pesticide applications.

e Routinely examine (“scout”) fields for the emergence of weeds, disease, insect pests, and
early signs of pest damage.

e Ensure accurate pest identification and beneficial organisms.

e Field-based tools such as hand lenses, traps, mobile apps and data recording devices or
technologies such as drones, larges scale imagery, remote sensing and artificial
intelligence can be used to support monitoring efforts.

e Predictive tools may help determine when pests are likely to emerge and help to
optimize the timing of sampling efforts. Contact your local land grant university
extension service to learn if pest information is available for your location.

e |[f significant pest emergence is discovered, document information such as pest type,
date observed, its extent, damage and field location, crop type, and crop rotation. This
documentation can then be used to adapt the management plan for future crop cycles.

e Develop a long-term strategy for rotating the uses of pesticides with differing modes of
action to reduce the potential for pesticide resistance.

e Maintain records of current and historical pest problems, crop rotations, and pesticide
use for each field. Pesticide application records must be maintained for seven years.

e Proper, long-term record keeping helps improve pest control decisions by allowing
information to be used to investigate patterns such as determining when and where
particular pests typically emerge, short and long-term control measures undertaken,
their effectiveness, and costs.

e Key records that support IPM include: crop(s) grown, scouting records, location of areas
treated, pesticide or control method used, pest targeted (insect, weed, disease, etc.),
rate of pesticide application, and weather conditions (e.g., wind speed, temperature,
humidity, precipitation or forecasted precipitation).

e Follow all state and federal recording keeping regulations.

e Monitor IPM program effectiveness.

e Evaluate the effectiveness of each step in the IPM implementation process to determine
strengths and shortcomings for future management.

e Continue monitoring pest population levels after controls are implemented. This step is
crucial for IPM as it will inform future management approaches and decisions.
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Identify and implement practices that promote crop tolerance such as maintaining soil
fertility and soil moisture. Healthy, vigorous plants are typically more resistant to pests.

Application practices and considerations

Carefully read and follow pesticide label requirements including restrictions for the rate,
timing, and placement of the pesticide.

Evaluate fields and identify topographic features within and adjacent to the application
area that may contribute to runoff or concentrated flow.

o Use this information when considering application timing and rate, and to evaluate
the need for additional practices to reduce the potential for runoff or erosion.
Understand the soil characteristics of application areas. Soil texture and organic content
are significant factors that affect pesticide adsorption and runoff and leaching potential.

Understand the chemical characteristics of the pesticides used. A pesticide’s chemical
characteristics (e.g., solubility, adsorption and persistence) affect the pathway for off-site
migration.

Use application practices tailored to the pesticide’s chemical properties and soil
characteristics of the application area.

Pesticides with high water solubility and relatively low soil adsorption are likely to

remain in a dissolved state and are vulnerable to transport through either soil moisture,
runoff, or leaching to groundwater.

o Avoid applications before heavy rains or irrigation.

o Fine textured, compacted, and crust soils are prone to runoff, especially on steeper
slopes. Consider alternative products or using split applications when field
conditions increase the potential for runoff.

o Soils with high infiltration rates (e.g., sandy soils with low organic matter) are more
prone to leaching. Consider using products with high soil adsorption when soil
conditions are conducive to pesticide leaching.

Pesticides with low water solubility and relatively high soil adsorption are more likely to
bind to soil particles and their off-site transport is often associated with soil erosion.

o Use management practices that minimize the generation of field erosion, such as
maintaining soil cover through cover crops and conservation tillage methods.
Irrigation practices, whether as the mode of pesticide application or supplemental water,

can significantly affect pesticide leaching or transport via runoff and erosion.

o Use irrigation practices to prevent runoff, erosion or excessive leaching.

o Time irrigation based on the pesticide characteristic and mode of action.

o Schedule irrigation to prevent the leaching of soluble pesticides and ensure
irrigation doesn’t lead to runoff.

o See Chapter 7 of the Clean Water Guidance for Agriculture for irrigation practices to
prevent runoff, erosion, and excessive leaching.

Control erosion to reduce the loss of soil-adsorbed pesticides. The level of soil cover,
either in the form of residue or crop growth, affects the potential for soil erosion.

o See Chapters 1, 2, 5, and 6 for information about practices that can be used to
control erosion such as tillage and residue management, cover crops and crop
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rotations, vegetative solutions, and structural practices such as water and sediment
control basins.
e Use techniques such as spot spraying, directed spray, and band application based on
scouting to minimize the amount of pesticides applied.
e Avoid applying at high speeds or with rapid speed changes.

Application timing

e Pesticide applications should only occur under optimal environmental conditions and at
the appropriate times as specified on the product label.

e Washington State has specific rules for timing applications in certain counties. Evaluate
if county specific pesticide application rules apply to your area.

e Evaluate meteorological conditions prior, during, and following a pesticide application.

o Important considerations include wind speed and direction, preceding and
predicted precipitation and its effect on both soil moisture and potential to
generate surface water runoff or cause leaching.

e Do not apply pesticides if precipitation or irrigation is likely to cause leaching, runoff, or
erosion.

Riparian buffers & setbacks

e Follow product label requirements for safe separation distances between pesticide use
activities and rivers, streams, lakes, water impoundments, wetlands and any other
surface waters including human-made conveyances (e.g., ditches) or other conveyances
to surface waters such as swales that can transport water during precipitation and runoff
events.

e |n addition to label setback requirements, apply pesticides outside of riparian core zones
as outlined in Chapter 12 of the Clean Water Guidance (Riparian Areas and Surface Water
Protection).

e Perennial, intermittent, and ephemeral streams should have permanent riparian
vegetation consistent with Chapter 12 of the Clean Water Guidance.

o Riparian vegetation traps sediment, promotes the infiltration of runoff, and can act
as a barrier to surface waters if drift occurs.

Managing drift

e Review product labels for specific instructions to manage spray drift and avoid applying
when weather conditions are conducive to drift.

e Use correct spray nozzles, pressure, and boom heights to provide uniform coverage and
reduce off-target drift.

e Use boom spray shield to minimize horizontal and vertical spray drift.

e Apply pesticide at the label and nozzle manufacturer’s recommended pressure range.
Higher application pressures create small droplets that are likely to drift.

e Avoid nozzles that produce fine, very fine, or fog droplets whenever possible, unless
required by the label.
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Operate spray booms at a minimum height based on nozzle type and spacing. Applying
pesticides at a lower boom height reduces the distance droplets must travel to reach the
ground.

Apply when wind speeds are low (>10 mph) and avoid temperature inversions (when air
the ground is cooler than the above air canopy). Inversions can cause small spray drops
to remain suspended in the air.

Avoid applications if wind is blowing toward sensitive areas such as surface waters,
riparian areas, property lines, or sensitive crops, regardless of wind speed.

Consider half boom spray near sensitive areas.

Adjust spraying techniques for relative humidity and air temperature. Utilize larger
droplet sizes under low relative humidity (<50%) and high temperatures (<85° F).

Using pesticides with low volatilization (low vapor pressure) can help reduce drift.
Consider using additives (adjuvants) to increase drop size and reduce the potential for
drift when needed and appropriate.

Drift must be minimized in riparian areas.

Equipment calibration & maintenance

Routinely calibrate application equipment to optimize pesticide performance and avoid
waste, drift, or volatilization.

Calibrate sprayers at the beginning of the season and periodically during the season.
Maintain spray equipment by checking or replacing worn or damaged components such
as nozzles, spray lines, gauges, valves, pressure controls, and spray controllers.

Mixing & loading

Always read and follow all product label directions and precautions on or included with
pesticide containers.
Mix and load pesticides and clean pesticide equipment within an impervious curbed
loading area designed to capture and contain spills, leaks, and wash water.
o Never mix or load pesticides or clean application equipment near surface waters,
conduits to surface water, or wells, including drywells.
o Follow product label requirements for safe isolation distances between pesticide
use activities, wells, and sinkholes.
Prevent backflow of pesticides into wells, including irrigation wells, and other water
supplies by using a fixed air gap or other backflow prevention device.
Use a closed handling system when mixing and loading pesticides. This allows pesticides
to be moved from their storage container directly to application equipment without the
need to handle open pesticide containers.
Use a nurse tank-- a mobile water tank that can be used to fill equipment in the field.
Clean application equipment between incompatible products, different crops, and at the
end of the season. Dispose of rinsate according to label requirements.
Keep spill kits on hand and ensure personnel are properly trained.
Know what to do in case of pesticide poisoning and have a pesticide first aid kit readily
available.
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Storage & handling

Read and follow local, state, and federal regulations regarding pesticide handling
procedures and follow label instructions for storage.

o Federal regulations can be found on product labels.

o Always abide by the most restrictive requirements.
Pesticides should be stored in a covered, dry, and contained area with concrete flooring
and stem walls away from surface waters or conveyances to surface waters.
Store pesticides only in the original labeled container, separated from other products
(such as food, feed, and seed), and in secure, well-ventilated facilities with appropriate
warning signs.
Pressure rinse or triple rinse containers immediately after emptying. Use rinsate as
dilution water for planned applications.
Pesticides should be stored in secure, leak-proof containers away from wells, streams, or
drainage ditches.
Follow all local, state and federal regulations regarding the transport, storage and
containment of pesticides.
Provide emergency wash stations for personnel exposed to pesticides and develop a
safety plan complete with information about locations and telephone numbers of
emergency treatment centers for personnel exposed to pesticides.

Waste disposal

Dispose of unused products and residual amounts according to label directions. Never
dump pesticides into drains, ditches, or water bodies.

Dispose of empty paper bags, plastic bags and other types of containers at sanitary
landfills. Contact a waste hauler, landfill operator or the Washington State Department
of Agriculture for information or specific instructions.

Do not burn any pesticide container in an open fire, such as in the field, in trash barrels
or on burn piles.

Do not reuse pesticide containers unless they are dedicated for reuse or unless they
have been cleaned according to the pesticide manufacturer’s protocol and are
intended to be refilled with pesticides.

Washington State Department of Agriculture, in cooperation with local agencies,
operates a waste disposal program that collects unusable or unwanted agricultural and
commercial grade pesticides from residents, farmers, small businesses, and public
agencies free of charge and ships them for proper destruction or disposal.

Visit WSDA’s website for more information about the Waste Pesticide Program including
collection dates and locations.

Related NRCS practices

Pesticide Management Conservation System (code 595)
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Chapter 5: Soil Stabilization and Capture (Vegetative)

Introduction

This chapter focuses on the use of vegetation to stabilize and capture sediment on cropland,
orchards, pastures, and rangelands. The majority of recommended Best Management Practices
(BMPs) are designed to lessen or prevent the mobilization and transport of sediment during
periods of runoff. The one exception are windbreaks, which are designed to reduce the impact
of wind erosion during the dry season.

Practices designed to stabilize sediment on the field include conservation cover, contour filter
strips, and cover crops, are designed to stabilize sediment on the field. Edge-of-field practices
(with some in-field applications) that intercept and capture sediment as it leaves the field
include grassed waterways, filter strips, and vegetated treatment areas (VTASs).

These practices are not meant to be used in isolation, instead they can be used in combination
to decrease the chances of sediment transport during storm events. Most erosion occurs during
these storm events, which can vary in size and intensity. The varied nature of storm events is
likely closely related to how well these BMPs can prevent and capture erosion along with
additional variables such soil type, topography, type of agriculture and associated farming
activities.

Scope of guidance

The purpose of this chapter is to outline BMPs, that when implemented, will help prevent
negative impacts to water quality from sediment (reductions in nutrients and bacteria are a
likely benefit as well). As such, this chapter provides recommendations on how to stabilize soil
in-field and capture sediment at the edge-of-field before entering surface water.

The practices outlined in this chapter are primarily source control BMPs that are intended to
prevent pollutants from coming into contact with water and/or are designed to capture
polluted runoff. Further, these practices should be implemented in suites as their efficacy often
requires that all components are functioning properly. Ultimately, the goal is to prevent
pollution from leaving the site. While the primary focus of these recommendations are to
protect water quality, many of these practices also provide operational benefits as well.

Recommended best management practices

The following practices are recommended to prevent sediment from leaving agricultural areas
and entering surface waters using vegetation (preferably native where appropriate). These
BMPs are divided into primary (soil stabilization) and secondary (sediment capture) practices.
Other methods of erosion control related to tillage, runoff, and livestock are found in other
chapters (Chapters 1, 6 & 9, and 10 respectively).

The primary recommended practices are designed to keep soil on field and reduce the potential
for sediment, and associated contaminants, from entering surface waters. The overall goals of
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these practices are to reduce the aerial extent and amount of time agricultural fields have bare
soils. This has the added benefit of retaining soil and beneficial nutrients in-field. Secondary
practices, either in-field or directly connected to agricultural activities, reduce runoff velocities,
promote infiltration, and capture sediment in areas that are likely to have concentrated flows,
thus allowing runoff from the field to be disconnected from surface waters. The capture and
interception (secondary) BMPs generally most effective when used in combination with one or
more soil stabilization BMPs listed above. Both primary and secondary practices are more
effective when used in combination with the recommended tillage and residue management
(Chapter 1) and/or pasture and rangeland (Chapter 10) practices outlined in of the Voluntary
Clean Water Guidance for Agriculture (VCWG).

Sediment stabilization

The following practices are designed to retain soil in-field and prevent mechanical erosion from
wind and water.

e Windbreaks
e Conservation Cover
e Contour Filter Strips
e Cover Crops

Windbreaks

Windbreaks are designed to slow windspeeds at the surface level to reduce the potential for
soil to be picked up and transported off field. Wind erosion process can affect soil health and
potentially contaminate nearby surface waters.

Airborne sediment particles can be deposited on nearby water sources. This can increase
turbidity and be a transport mechanism for nutrients and contaminants that are attached to
the sediment particles. Indirect impacts to water quality can also occur through an increase in
the intensity of water erosion and drainage passageways during rain events.

A row, or multiple rows, of tall dense trees can affect surface winds for a wide swath of the
landscape, both before and after the windbreak. Conifers, especially Cedar trees, provide a
solid wall of vegetation horizontally and vertically throughout the year but may not be
applicable everywhere, as discussed below. Tall broadleaf trees, such as Poplars, can also be
effective if the leaves extend throughout the structure of the windbreak, however they are less
effective during the leaf off period.

The rows of trees are most effective when oriented perpendicular to the prevailing winds. The
United States Department of Agriculture (USDA) provides data on wind direction throughout
the country with the Wind Rose dataset?3.

13 https://www.nrcs.usda.gov/programs-initiatives/sswsf-snow-survey-and-water-supply-forecasting-
program/wind-rose-data
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There are some areas of Washington State (parts of the Columbia Plateau) that do not naturally
support large trees. An alternative practice of planting hedge rows perpendicular to the
prevailing winds can also help prevent wind erosion. Hedge rows will not be as tall as a
traditional windbreak, and they will protect less of the surrounding area. Typically, multiple
hedgerows are planted throughout the field, with crops in-between. One study found that 24
meter24-meter (79 feet) spacing between hedge rows reduced windspeed by 50% (Bohm et al.,
2014). It is likely that spacing hedge rows between 50-100 feet would be effective in most
areas, however windspeeds and wind directions vary significantly throughout the state and a
single recommendation cannot be made. Wind models and equations are presented in the
CWG Appendix** and can be used to estimate desired hedge row spacing throughout the state.

Windbreaks (hedged or treed) can also be placed strategically to provide additional protections
in sensitive areas. Placing windbreaks around streams (perennial, ephemeral, or intermittent)
will provide riparian buffer protection as well (see Chapter 12 for recommendations).
Windbreaks can also be established at the edge of field to block sediment from leaving the
area. This can also stabilize any roadside ditch that may parallel the field, filter strips (see below
for recommendations) at the base of the windbreak will also help prevent sediment from
entering roadside ditches associated with runoff.

Agroforestry is also an option to provide revenue from land converted to windbreaks. Fruit and
nut trees can be harvested annually, or trees can be planted and harvested for wood products,
such as lumber. If planting wood products it is important that windbreaks are multi-aged and
contain multiple rows so that trees can be harvested at different times and the overall structure
of the windbreak remains intact.

Recommendations and considerations

e The preferred option is for a multi-height row (or multiple rows) of conifer trees
(Western WA and parts of Eastern WA that support conifer species).
e All windbreak options should be oriented perpendicular to the prevailing winds.
e Broadleaf trees, such as Poplars, are a secondary option in areas that do not support
coniferous trees (e.g. areas with partially hydric soils).
e Primary locations should be along streams to provide riparian buffers as well (see
Chapter 12 for recommendations).
e Secondary locations should be at the edge of the field to provide additional protection of
a NRCS Field Office Technical Guide (FOTG) described Field Border (code 386).
e Hedge rows are another option in areas that do not support large trees (parts of the
Columbia Plateau).
o Multiple hedge rows may be needed throughout the field to provide the same
protection as a treed windbreak.
o Hedge rows within field could be used in combination with contour filter strips (see
below) to also prevent water erosion and temperature increases.

1 https://apps.ecology.wa.gov/publications/parts/2610045part1.pdf
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e Agroforestry can be used to provide supplemental income.
e To be used in conjunction with tillage practices recommended in Chapter 1.

Conservation cover

Perennial woody crops and cane (e.g. fruit trees, grapevines, and berry plants) are planted in
well-established rows that can persist for years or decades. The area between these rows can
have high sheet, rill, and gully erosion. This can be exacerbated by agricultural machinery that
can compact the ground or create ruts which provide pathways for concentrated flows during
rain events.

Perennial cover crops, such as grasses, stabilize the soil between rows with the root structure
and can capture sediment with the vegetated part of the plant. It is important to use perennial
species that go dormant during the dry season to maximize the erosion control benefits and
limit the competition for resources with the main crop. Mowing the cover crop at the beginning
of the dry season will induce dormancy and limit competition for water. By the start of the wet
season, vegetated parts will reemerge to provide sediment capture. Leaving the residue (i.e.
mulching) of the cover crop can also provide additional nutrients to the main crop during the
vegetative growth period of the cycle.

Areas directly under vines and berry bushes may still be susceptible to erosion when this area is
kept clear to limit competition for water with the main crop. Creeping varieties of plants can
provide cover and protection from erosion by growing over the roots of the main crop without
impacting the root structure. There is also evidence that this practice can help retain soil
moisture.

Recommendations and considerations

e Dwarf grasses (e.g. Festuca ovina) are recommended for inter-row planting in orchards,
vineyards, and berry farms.

e Mowing or mulching of the grasses should occur, at minimum, at the beginning of the dry
season.

e Additional mowings to minimize competition can be performed to coincide with different
phenological stages of the crop (See Figure 5-6 in the CWG Appendix*®).

e Creeping plants are recommended for areas directly beneath grape vines and berry
plants.

Contour filter strips

Adding filter strips to a contour farming operation can reduce runoff, trap sediment and

promote infiltration of water (See Chapter 2 for contour farming BMPs). These strips alternate
with row crops horizontally along the contour of the landscape. Filter strips can be established
on terraces or planted along the natural grade of the slope. The same concepts apply to both,

15 https://apps.ecology.wa.gov/publications/parts/2610045part1.pdf
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with terrace farming occurring on steeper slopes while contour farming is only effective on
gentler slopes.

The most crucial location of a filter strip is at the lower end of the slope. This can be an edge of
field practice or can be the outer zone of a riparian buffer (see Chapter 12). It is important that
any additional runoff that continues through the upslope filter strips is not conveyed to surface
waters. By adding filter strips upslope, runoff is reduced, water can infiltrate more slowly, and
soil is more likely to remain in-field and not be transported to surface waters. This can have the
added benefit of increasing soil moisture and health throughout the crop production area.

Filter strips are covered extensively in Chapter 12 of the VCWG as an alternative practice in the
inner or outer zones of a riparian buffer. The same widths and site-specific recommendations in
that chapter should apply to contour filter strips as well. The main difference is the location of
this practice. The effectiveness of filter strips to reduce runoff and trap sediment is related to
the structure of this practice. If the recommendations are followed, this BMP should be
effective both in-field and as part of a riparian buffer.

Recommendations and considerations

e |nareas where terracing is used to cultivate steep lands. it is recommended to plant
vegetation (e.g., filters strips or conservation cover) on the terrace slopes between
terraced crops.

e When contour farming on gentler slopes, alternating filter strips with row crops is
recommended.

e The final row, at the bottom of the slope, should be a filter strip.

e Width of the filter strips should follow the recommendations in Chapter 12 of the CWG.

o In western Washington, the width for filter strips is 15ft on Hydrologic Group A or B
soils and 25ft on Hydrologic Group C or D soils.

o In eastern Washington, the width for filter strips is 10ft on Hydrologic Group A or B
soils and 20ft on Hydrologic Group C or D soils.

e Additional guidance on filter strips from Chapter 12, that relates to site specific factors,
should also be applied.

e Priority should be given to native plants whenever possible.

e Permanent herbaceous vegetation (e.g., perennial grasses) that can withstand
sedimentation, provides a high stem density, and is suited to the site conditions and
purpose.

e Use in conjunction with tillage and residue management practices as outlined in Chapter
1.

Cover crops

After annual crops have been harvested, exposed soil is susceptible to sheet, rill, and gully
erosion. Planting cover crops after the harvest helps prevent soil loss and sediment transport to
surface waters during storm events. Tillage and residue management practices should also be
paired with this practice (See Chapter 1 for recommendations).
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Some crops (e.g. soybean and corn) are harvested closer to the onset of the fall rainy season.
This may not provide enough time for cover crops to become fully established before large
storm events occur. One method to plant earlier is to inter-seed the cover crops into the rows
of corn or soybean prior to harvest. This allows the cover crops to develop root structures and
become at least partially established before the crop is harvested. This is more likely to benefit
lands west of the Cascade Mountains where the dominant period of precipitation and runoff is
in the fall.

East of the Cascades inter-seeding may not be necessary, however selecting cold tolerant
species, like cereal rye, can help with survival of the cover crop during the winter months.
These crops can also be beneficial when late planting is needed due to harvest timings.

For recommendations on how cover crops fit into cropping strategies, see Chapter 2.

Recommendations and considerations

e Seasonal cover crops are recommended to be planted after annual crop harvest.

e Inter-seeding in the late summer or early fall is recommended in areas where fall storm
events are the primary source of precipitation and runoff (i.e. west of the Cascades).

e Cereal rye or winter wheat can be an effective crop for inter-seeding, however other
grasses may also be a good alternative, if preferred.

e Cereal rye and other cold tolerant species are recommended for snow dominated areas
(i.e. east of the Cascades).

e To be used in conjunction with tillage practices recommended in Chapter 1.

Sediment capture

The following practices are designed to capture sediment leaving an agricultural area to
prevent contamination of surface waters.

e Grassed Waterways
e Filter Strips
e Vegetated Treatment Area

Grassed waterways

Swales and other depressional areas can be a conveyance for large quantities of water moving
at high velocity during storm events. By leaving these areas uncropped and planting grasses,
water velocity is slowed and soils are stabilized, allowing for more infiltration, less erosion, and
less transport of sediment. Roots stabilize the swale, and the vegetated part of the plant
provides roughness to capture some of the sediment from connected agricultural lands. The
effectiveness of sediment capture is highly variable and should not be relied upon as a primary
sediment control practice. Instead, the main purpose of grassed waterways is to prevent gully
erosion. Man-made grassed waterways should follow the recommended design to mimic a
shallow channeled swale outlined in Chapter 9.
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Using grassed waterways to control runoff from agricultural facilities is described in detail in
Chapter 9. The recommendations to prevent gully erosion in Chapter 9 should apply here as
well. The difference is that Chapter 9 mainly focuses on diversion of clean water to avoid
contact from contaminated areas. Water coming off agricultural fields may be contaminated
with nutrients or pathogens as well as sediment. Therefore, it is important that grassed
waterways not only have a stable outlet, but that outlet should also be connected to another
BMP (e.g. filter strip or vegetated treatment area) to allow for infiltration of any contaminated
water before reaching surface water. Regular maintenance is also important, which can be
minimized by planting native grasses adapted to the local climate.

Recommendations and considerations

e Grassed Waterways are recommended for depressional areas in-field that can convey
runoff and create gullies.

e Man made grassed waterways shall consist of a wide bottom with shallow sloped walls.

e |f gully erosion has already occurred, land can be graded and smoothed into a wide-
bottomed grassed waterway.

e Stable outlets are required. This can be a large filter strip or a vegetated treatment area
(see below) or another BMP that does not discharge to surface water (e.g. sediment
control basin; see Chapter 6 for recommendations).

e Use NRCS FOTG specifications for Grass Waterways (code 412) when designing and
installing a grassed waterway.

Filter strips

The effectiveness and resulting guidance for filter strips is covered extensively in Chapter 12. As
mentioned above, in the Contour Filter Strips section, filter strips are an alternative practice for
the outer and inner zones of the recommended riparian buffers. Some of the Riparian
Management Zone (RMZ) options allow for agroforestry/silvopasture or agricultural practices
with all applicable BMPs. Including filter strips in these zones helps maximize infiltration of
surface runoff and capture, retain, and/or transform the majority of pollutants before entering
the core zone. This guidance should also apply to any areas where concentrated flow is likely to
help prevent runoff from reaching surface water.

Filter strips are also effective outside of RMZs to help prevent erosion and increase water
infiltration. Areas that have a high potential for concentrated flow during storm events also
have a high potential for erosion and potential sediment delivery to surface waters. Placing
filter strips in these areas can keep soil in-field and prevent rill and gully erosion from creating
pathways to surface water.

When pathways to surface water are already established, like areas adjacent to ditches and
other artificial waterways, it is important to provide additional protections. Adding filter strips
along ditches and artificial waterways can help stabilize the banks and prevent or minimize
sediment from entering the ditch. Ditches and artificial waterways can be conduits to streams
and other waterways, so it is important that water entering does not convey excess sediment
to natural waterways. This can be accomplished by preventing sediment from entering the
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ditch or by disconnecting the artificial waterway from waters of the state. Vegetative treatment
areas (see below for recommendations) and sediment control basins (see Chapter 6 for
recommendations) can be a suitable location for the outlet of an artificial waterway. However,
there are also some artificial waterways that may have been streams or function like perennial
or intermittent streams where full riparian protections, as outlined in Chapter 12, may be
necessary to prevent reductions in water quality.

Most effectiveness research notes that the greatest benefit of filter strips is in the ability to
maximize infiltration of runoff water into the soils. The additional benefit of roughness to
capture sediment is only partially responsible for preventing erosion. This means that wider
filter strips may be needed in areas where pathways to surface water exist to ensure that
enough area is available for the runoff to infiltrate into the soil before reaching the artificial
waterways. Steeper slopes can increase the velocity of the runoff during storm events and
therefore might also need wider filter strips. Steeper sloped fields may also benefit from in-field
contour filter strips (See Contour Filter Strips section for recommendations). Other site
conditions may need wider strips or might allow for narrow filter strips depending on the
topography of the landscape. It is also important that the flow is dispersed throughout as much
of the filter strips as possible to prevent direct pathways through the filter strip. For additional
information on the effectiveness of filter strips, see Chapter 12.

There are also some artificial waterways that may have once been streams or functioning like
perennial or intermittent streams where Ecology may recommend the riparian protections
outlined in Chapter 12.

Recommendations and considerations

e Filter strips are recommended as a part of the RMZ configurations that allow for some
agricultural uses in the inner and outer zones (see Chapter 12 for configurations and
effectiveness of the practice).

e Filter strips not within a riparian management zone shall follow the minimum width
guidelines laid out in Chapter 12 and recommended in the Contour Filter Strip section.

o In western Washington, the width for filter strips is 15ft on Hydrologic Group A or B
soils and 25ft on Hydrologic Group C or D soils.

o In eastern Washington, the width for filter strips is 10ft on Hydrologic Group A or B
soils and 20ft on Hydrologic Group C or D soils.

e Additional protections are needed for areas adjacent to artificial ditches and other
artificial waterways (e.g. in-field, roadside ditches, etc.) to protect conveyances to
surface water.

o Increase width 10ft from the minimum (determined by the Hydrologic soil group).
o Where soil slopes >8% occur within 215ft of the ditch, increase the filter strip width
by an additional 10ft (See Contour Filter Strips section for additional steep slope

recommendations).

o Alevel spreader is a recommended BMP for placement at the upslope edge of the
filter strip wherever concentrated flows (any surface runoff depth >1.2 inches) are
known or suspected to occur.
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e lLarger widths than the minimums should be implemented where: topographic
convergence occurs (e.g. swales, low spots, etc.); where surface flow is more likely to
concentrate; rills or minor gullies tend to form; the hillslope is convex within 150ft of the
ditch; and/or high intensity land uses occur adjacent to the filter strip. See examples of
high intensity land uses presented earlier in Chapter 12.

o Using the minimum filter strip widths may be implemented where topographic
divergence occurs (e.g., a toe-slope of ridge where the slope fans out) within 150ft
of the ditch; lower intensity agricultural uses are present; and/or other BMPs are
being implemented upgradient or downgradient from the filter strip (e.g.
disconnecting artificial waterways from surface water).

e Full riparian protections may be necessary for artificial waterways that are directly
connected to perennial, artificial or perennial streams if there are no, or insufficient,
upland BMPs present and/or the artificial waterway is flowing for more than 80% of a
typical water year.

o Alternatively, artificial waterways can be disconnected from surface water by
having on outlet to a vegetated treatment area (see below) or sediment control
basin (see Chapter 6).

Vegetated treatment area

Areas where large amounts of runoff from agricultural practices converge can be a conveyance
for sediment, nutrients, and pathogens to surface water. Small amounts of runoff can be
captured by filter strips and other BMPs. However, if runoff or agricultural drainage water
exceeds the capacity of a filter strip, larger areas to allow for infiltration are needed. See
Chapter 9 for recommendations related to this practice.

Recommendations and considerations

e [nstall vegetated treatment areas where the volume of water cannot be infiltrated
through a filter strip.
e Follow recommendations in Chapter 9.

Related NRCS practices

e Windbreak-Shelterbelt Establishment and Renovation (code 380)
e Conservation Cover (code 313)

e Contour Buffer Strip (code 332)

e Cover Crop (code 340)

e Grassed Waterway (code 412)

e Filter Strip (code 393)

o Vegetated Treatment Area (code 615)
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Chapter 6: Soil Stabilization & Sediment Capture
(Structural)

Introduction

This chapter focuses primarily on the capture of sediment from moderate to large flows of
concentrated runoff occurring on cropland, orchards, pastures, and rangelands. It does not
apply to animal confinement/ heavy use areas or structures, which are addressed by other BMP
chapters. Instead, it focuses on the two most common structural sediment control practices
found in scientific literature.

e Water and sediment control basin (WaSCoB): An earthen embankment or a
combination ridge and channel constructed across the slope of a minor drainageway
(i.e., a raised earthen barrier constructed parallel to the topographic contour in order to
impede the flow of downhill runoff) (NRCS, 2018).

e Sediment control basin (SCoB): A structure created in a drainageway through
excavation or building an embankment (NRCS, 2017).

Some of the general guidance below refers to both WaSCoBs and SCoBs as “sediment basins”
when addressing considerations that apply to both practices. Where appropriate
recommendations are broken into the separate practices

Lastly, general sediment basin design considerations are presented in this guidance, but the
guidance does not delve into quantitative characteristics such as the dimensions of
embankments, basins, inlets, and outlets since these aspects are highly site specific and may
require engineering services to determine.

Scope of guidance

The purpose of this guidance is to outline two structural sediment capture BMPs (WaSCoBs,
SCoBs) that when implemented correctly are designed to capture sediment during runoff
events (capture of nutrients, pesticides, and pathogens are likely additional benefits). WaSCoBs
can also be used to prevent gully erosion since they are designed to dampen peak flows. These
practices are structural means of capturing sediment transported by moderate to large,
concentrated runoff flows. For this guidance, a moderate to large flow of concentrated runoff is
one which exceeds roughly 0.5 cubic feet per second.

These practices are similar to retention ponds, detention ponds, wet-ponds, or dry-ponds, that
are more commonly described in an urban stormwater context, however, these are specific to
an agricultural setting. There are also vegetative methods of capturing sediment that are
covered in Chapter 5.

Recommended best management practices
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The primary purpose of WaSCoBs and SCoBs is to capture sediment in runoff. WaSCoBs can also
be used to prevent gully erosion since they are designed to dampen peak flows. Appropriately
designed and located sediment basins can consistently capture over 90% of the total sediment
load in runoff. This typically involves an “enhanced” outlet design that targets removal of fine
silt and clay particles and can hold a pool of water at low and high stages.

The recommendations and considerations below are divided into three groups:

e Sediment basins: General recommendations that apply to both WaSCoBs and SCoBs
e Water and sediment control basins: Recommendations specific to WaSCoBs
e Sediment control basins: Recommendations specific to SCoBs

Sediment basins

Sediment basins can be used to capture sedimentin runoff from croplands, rangelands, and
orchards in western and eastern Washington. Sediment basins are probably most suitable for
croplands within the Palouse and Columbia Plateau regions of eastern Washington whose soils
have a high potential for erosion by surface runoff, as well as western Washington croplands
that have soils of a low infiltration capacity.

With rare exception, sediment basins should be implemented as part of a series of in-field,
edge-of-field, and edge of waterway agricultural practices intended to control erosion and
sedimentation. Implementing a sediment basin along with other practices is not only so that
erosion and sediment transport can be appropriately controlled, but also because sediment
basins have a higher cost per unit of pollutant removal relative to other practices such as
contouring, strip cropping, terraces with vegetative outlets, and no-till. Ecology recommends
that sediment basins should be reserved for situations in which:

1. there is a higher relative risk of pollutant delivery to a stream channel due to proximity
of fields to stream channels (e.g., fields are adjacent to a channel and/or are
hydrologically connected by rills, gullies); and

2. alternative/ complementary BMPs will not be effective at reducing sediment, nitrogen,
and phosphorous loads to the degree necessary to protect water quality.

Once the above two conditions have been met it’s important to recognize that the proper
design of a sediment control basin may necessitate consultation with a licensed engineer.
Improperly designed structures may be ineffective at trapping sediment, may worsen runoff
and sediment problems, and/ or may result in a catastrophic failure of the structure.

e Ecology recommends that a landowner consult with a licensed engineer when designing
and constructing any sediment basin. This will help ensure that the structure is
constructed appropriately based on site geology, soils, climate, topographic, hydrology,
vegetation, land management, etc.
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e In general, the design of sediment basins should be consistent with Ecology’s
stormwater BMP manual specifications and comply with NRCS Field Office Technical
Guides (FOTGs).

e Sediment basins of a certain size are subject to WA State dam safety requirements.

o Most sediment basins constructed in WA State are likely to have a relatively
small basin volume (e.g. less than 10 acre-feet of storage) and be shallow in
depth. Nevertheless, it is important to note that WA State dam safety
requirements apply to sediment basins that meet or exceed certain storage
capacity and/or embankment height criteria. Dam safety requirements apply to
sediment basins with a maximum storage capacity of at least 10 acre-feet
(435,600 cubic feet; 3.26 million gallons) as measured at the embankment crest,
and/or basins that have an embankment height greater than six feet, even if
water storage is intermittent and infrequent (WAC 173-175-020(1). For more
information about dam safety requirements, visit Ecology’s Dam Safety Office

webpage?®.
e [tis recommended that an enhanced basin design be implemented when the silt and

clay fractions combined are expected to exceed 20% of the sediment load (see Ward et
al. 1977b).

e Asarough estimate, one should consider the practicality of installing sediment basins if
concentrated flows on a site tend to exceed 0.5 cubic feet per second. Lesser runoff
flows are likely to be more appropriately addressed by other vegetative and/or structural
erosion control practices.

e The basin and embankment should be vegetated with perennial, non-invasive
herbaceous vegetation. (NRCS, 2017). Rutledge, 2014 recommended installing filter
strips/ field borders around the basin to prevent flow channelization and “short-
circuiting” of the hydraulic design.

e Sediment removal can be enhanced by installing a “floating skimmer” to drain water
containing less suspended sediment from the top of the pool; installing a perforated
riser with a gravel jacket that helps “filter” out silt and clay; providing storage in both
low and high stages, which helps to reduce the resuspension of deposited sediments
during runoff events.

e Sediment basins should only be installed where appropriate upslope erosion and runoff
control BMPs (e.g., reduced/no-till, cover crops, field borders, etc.) are implemented
and maintained, but have not achieved runoff and sediment management objectives.

16 https://ecology.wa.gov/Water-Shorelines/Water-supply/Dams

Publication 26-10-045 CWG Recommended BMPs
Page 83 April 2026


https://ecology.wa.gov/Water-Shorelines/Water-supply/Dams
https://ecology.wa.gov/Water-Shorelines/Water-supply/Dams
https://ecology.wa.gov/Water-Shorelines/Water-supply/Dams

Avoidances

Sediment basins should not be implemented within perennial, intermittent, or natural
ephemeralchannels or within the riparian areas of such channels.

Sediment basins do not reduce sheet and rill erosion, so they are not recommended for
areas in which a terrace system can be implemented.

Due to the high cost per pound of phosphorus removed, sediment basins should not be
used in situations where it is feasible or economical to use other BMPs to control
pollutant transport associated with gully erosion.

Ecology does not recommend the use of flocculants (used to increase aggregation of
fine particles to inhibit transport in runoff and accelerate settling in basins) due to the
risk of certain types of flocculants causing harm to aquatic organisms.

Locating sediment basins

Select a location that will maximize the interception of runoff from the eroding lands
and will minimize the number of runoff inflows into the basin.

o For example, place at or near the downstream end of a sediment transport

channel such as a gully or a ditch used for irrigation or drainage.

Place basins in locations that will minimize interference with farm equipment or
operations.
The placement and design of basins should accommodate access by equipment that will
be needed to periodically remove accumulated sediment.

Maintenance

Inspection is recommended after significant runoff events to ensure that the basin
components are intact and will function properly during subsequent runoff events.
Basins and embankments should also be periodically inspected.
o Repair or replacement of damaged components should occur as soon as
possible.
o Periodic mowing should occur to prevent trees and shrubs from growing on
berms/embankments and may also be needed within the basin.
Periodic maintenance and removal of accumulated sediment is needed to ensure that a
basin remains functional and effective.
o Excavated sediment should be applied and graded into the contours of the
upgradient field(s) from which it was eroded.
o Sediments should be applied in fields at locations and/or during times of the
year in which it is unlikely to be eroded by runoff and should be seeded or
mulched as soon as possible.
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o If the excavated sediment contains any contaminants, such as pesticides,
disposal at any other location besides the field from which it eroded may be
subject to WA State solid waste handling regulations (see WAC 173-350).
= However, there is an exception in the solid waste handling regulations to
allow for contaminated soil to be placed at or near the location of
generation within a site (see WAC 173-350-020(2)(y).
e The maintenance schedule should be tailored to site specific conditions and basin
design, following NRCS guidance, Ecology stormwater manual guidance, and/or
recommendations from a farm planner and/or engineer.

Water and sediment control basins

e WaSCoBs may be placed in-field, edge-of-field, or in a drainageway (e.g. swales, rills,
gullies) depending on site-specific conditions.

e Locate basins where it will fit the topography, maximize storage, and will not encroach
on property boundaries.

e Placement of WaSCoBs is appropriate within fields, edge of field, or below fields where
concentrated flows tend to originate and/or are conveyed, such as:

o Topographic depressions in fields
o Swales within or below fields
o Management-induced ephemeral channels (such as rills or gullies)

e [tis recommended that landowners couple WaSCoBs in sequence with down-gradient
practices that infiltrate runoff, such as grassed waterways, riparian buffers, and critical
area plantings wherever permitted by site conditions; where a non-enhanced basin
design is to be employed, it is still recommended that landowners install a series of
sediment basins to maximize effectiveness.

e \WaSCoBs can be placed in series down a slope to increase erosion control effectiveness.

o Insituations where grade control is needed, several smaller basins in sequence
may be preferable over a single larger basin at a gully outfall.

e The hydraulic design for WaSCoBs is usually a 10-year frequency, 24-hour duration storm.

Sediment control basins

e SCoBs are typically located as the terminal practice in a series of BMPs before runoff is
discharged from a drainageway into a waterway.
e SCoBs are applicable where:

o Physical conditions or parcel ownership boundaries prevent installation of
erosion-control practices to treat a sediment source.
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o To capture large quantities of sediment over time when upgradient erosion

control BMPs are either impractical to implement or are not fully effective at
controlling erosion.

o Failure of the basin will not result in loss of life, damage to homes, commercial or
industrial buildings, highways or railroads, or public utilities.

Related NRCS practices

e Sediment Control Basin- SCoB (code 350)

e Water and Sediment Control Basin-WaSCoB (code 638)
o Brief NRCS video on WASCoBs?!’

7 https://www.youtube.com/watch?v=F2tiivkf8a0
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Chapter 7: Irrigation Systems and Management

Introduction

Irrigation is a critical component of production agricultural, ensuring that crops receive
adequate water for optimal growth. The purpose of irrigation management is to control the
timing and amount of irrigation water to meet crop needs while promoting soil quality and
protecting surface and groundwater. There are a wide range of irrigation systems in both the
way water is applied and their suitability for different soils, crop systems and water source, and
each has advantages and disadvantages. A preferred irrigation system is one that precisely
applies water at specific amounts and times while facilitating infiltration, reducing losses
through evapotranspiration and preventing erosion, runoff or excess leaching of nutrients.

Scope of guidance

The purpose of this chapter is to outline best management practices (BMPs) that can be used to
efficiently apply irrigation water while limiting impacts to surface and groundwater. Practices
outlined in this chapter are primarily source control BMPs meant to prevent erosion, runoff and
excess leaching of nutrients that can result from irrigation. Irrigation systems should be
complemented by additional practices to improve soil health and fully protect water quality
including management strategies such as nutrient, pesticide, tillage, and residue management,
as well as practices that further limit water quality impacts such as sediment basins, cover crops
and native riparian vegetation.

Recommended best management practices

The following are best management practices for managing the timing, amount and efficient
application of irrigation. The goals of these practices are to reduce water loss from evaporation,
prevent deep percolation and nutrient leaching, and minimize runoff and erosion.

Irrigation water management plans

Irrigation water management planning involves the strategic use of water to meet crop needs
while conserving resources and preventing negative impacts to surface or groundwater. It
includes evaluating water sources, understanding soil and crop requirements, selecting suitable
irrigation systems, and scheduling water applications based on climate and plant growth stages.
The goal is to apply the right amount of water at the right time to maximize yields, reduce
waste, and protect water quality.

All irrigators should develop an irrigation management plan that, at minimum, includes the
following information.

e Crop Specific Water Requirements
o Crop water requirements should, at a minimum, account crop water use
characteristics, rooting depth, moisture stress resistance, evapotranspiration and
weather.
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e Soil Characteristics

o Include a description of soil properties for all crop fields. See the Soil Characteristics
section below for more information.

o Tailor field-specific irrigation application rates and amounts based on soil
characteristics.

e |rrigation Schedules

o Outline protocols for applying water when needed and at amounts that match crop
requirements.

o Schedules should be based on crop-specific water requirements and account for
weather, soil characteristics, soil moisture, growth stage, weather and predicted
precipitation. See the section below for more information about scheduling.

e Soil Moisture Monitoring

o Describe soil moisture monitoring practices that will be used to ensure irrigation is
based on actual field conditions and crop need. See the Soil Moisture Monitoring
section below for more information.

e System Maintenance and Efficiency Testing

o Describe methods that will be used to periodically evaluate the efficiency of the
irrigation system and its ability to apply water at correct amounts and times while
preventing leaching, runoff and erosion.

o Include a schedule for evaluating the system and conducting routine maintenance
such as checking for leaks, blockages, and pressure problems, cleaning filters and
emitters, and calibrating sensors and controllers to ensure uniform water
distribution.

e Water Source and Quality

o Describe the source, availability, reliability, and quality of irrigation water, discuss
how each may affect crops and/or irrigation systems, and outline strategies to
mitigation potential impacts.

e Record Keeping and Evaluation

o Outline records that will be kept to assess system performance and identify areas
for improvement. Useful records include daily and/or weekly water use by field,
crop growth and yield data, soil moisture readings and rainfall, and maintenance
activities conducted.

e Additional Equipment & Tools

o Include a description of additional practices that will be used to ensure proper
irrigation rate and timing and efficient use by crops.

e Use resources such as the Natural Resource Conservation Service (NRCS) Field Office
Technical Guide (FOTG) for Irrigation Water Management (code 449), NRCS National
Engineering Handbook, Part 623, Section 15, and NRCS National Engineering Handbook,
Part 652, when developing an irrigation management plan.
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Irrigation application considerations

e Use more efficient systems such as sprinkler and micro-irrigation systems whenever
possible. See the Irrigation System Types & Recommendations subsections below for
more information and system specific recommendations.

e Schedule irrigation based on soil moisture, crop rooting depth, growth stage, volume of
water needed to meet crop need, soil characteristics, weather and predicted
precipitation.

e Use precise water application rates to control the rate of water application to prevent
over-irrigation and limit the transport of nutrients and chemicals through the soil profile
to groundwater or subsurface drainage.

e Ensure the volume and rate of application does not result in irrigation-induced erosion
and runoff.

e Use flow meters to determine the amount of water applied. This information is critical
for good water management and to ensure water is applied at the right amount.

e Adjust the timing and rate of irrigation based on soil type to limit the potential for runoff,
erosion or leaching of nutrients.

e Consider topography, the presence or absence of subsurface drainage and depth to
groundwater when planning irrigation.

e Monitor irrigation applications to evaluate application uniformity and adjust as needed.

e Irrigate during cooler times of the day such as early morning or late evening to minimize
losses from heat and wind.

e Coordinate irrigation with the scheduled application of nutrients and chemicals to avoid
leaching below the root zone to the groundwater or runoff to surface waters.

e Precision irrigation techniques, such as variable rate irrigation and soil moisture
monitoring, can be used optimize water application rates and minimize runoff.

e Consider using mulch to reduce surface evaporation.

e Consult a qualified professional to help develop a plan and irrigation schedules when
needed.

Soil characteristics, irrigation scheduling and soil moisture
monitoring

Soil characteristics play a fundamental role in determining how water moves and is retained in
the soil and is a critical factor influencing irrigation scheduling and soil moisture monitoring
approaches. Understanding the physical characteristics of different soil types enables
agricultural producers to tailor irrigation schedules and design effective soil moisture
monitoring systems. The following are recommendations for evaluating soil characteristics,
developing irrigation schedules and monitoring soil moisture.

Soil characteristics and soil health

Soils are generally classified based on their texture, which is determined by the relative
proportions of sand, silt, and clay particles. These textural differences significantly influence
water-holding capacity, drainage rates, and aeration. Understanding soil characteristics is

Publication 26-10-045 CWG Recommended BMPs
Page 89 April 2026



essential because they determine how often and how much water needs to be applied to
maintain optimal soil moisture levels for plant growth, and also affect the potential for runoff,
erosion, and water and nutrient leaching below crop root zones. The following are
recommendations for evaluating soil characteristics for irrigation purposes.

Identify and use soil characteristic information when selecting an irrigation system and
developing irrigation management strategies.

o Evaluate soil properties such as texture, structure, water holding capacity, depth,
organic matter content, bulk density, cation exchange capacity, and potential for
sodic or saline conditions.

o Use soil characteristics to determine the potential for leaching and runoff and use
this information to develop irrigation schedules and soil moisture monitoring
strategies including timing, duration and frequency. For example:

= Light-textured soils, such as coarse sand, have lower water-holding
capacity and higher permeability compared to finer-textured soils like
clay, making them more susceptible to water moving beyond the root
zone and nitrate leaching.
= Clay-texture soils, absorb water slowly and have higher water-holding
capacity making them more prone runoff.
= Loam soils contain a balanced mixture of sand, silt, and clay, offer
moderate water retention and good drainage.
Use resources such as the National Cooperative Soil Survey (NCSS) data and NRCS
Handbook 296 to help identify local and field-specific soil conditions and to select an
appropriate irrigation system and develop site-specific irrigation schedules.

Irrigation scheduling

Optimize irrigation efficiency by carefully planning and scheduling each irrigation event
based on an accurate measurement of soil-water depletion, crop requirements, crop
rooting depth, growth stage, soil characteristics, weather and predicted precipitation.
Avoid irrigating based on calendar dates or other fixed schedules.

Irrigation systems that continuously deliver water or operate on a fixed schedule are less
beneficial, inefficient, and have limited options for managing water delivery in
comparison to on-demand irrigation systems.

When irrigating clay soils, water should be applied slowly over a long period to allow for
infiltration and to prevent runoff.

Irrigation on sandy soils should be applied quickly but for short periods to avoid water
moving beyond the root zone and to limit nutrient leaching.

For efficient water use, sites with sandy soils may need daily irrigation for short periods.
Quick application can contribute to a broader wetting area which provides a larger zone
for roots to access. This approach may not be suitable for flood irrigation.

Use scheduling approaches such as deficit irrigation, allowable soil water depletion,
allowable soil water tension or allowable plant water stress to help determine irrigation
timing.
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Use information such as weather data, estimated evapotranspiration rates or
evapotranspiration models, soil moisture sensors, and plant status monitoring to
determine irrigation timing and to optimize schedules.

Soil moisture monitoring

Monitor soil moisture to determine when soil water within the root zone has been
depleted to a prescribed level.

Use real-time moisture sensors to monitor water at the root zone to schedule irrigation
whenever possible. Scheduling based on real-time, sensor measurements reduces the
risk of runoff, erosion and nutrient leaching.

Soil sensors such as tensiometers, moisture blocks, time-domain reflectometry and
capacitance probes can be used to evaluate soil moisture conditions.

Variable rate irrigation can be used in conjunction with real-time soil moisture
monitoring to spatially adjust irrigation rates and avoid areas where water is undesirable.
Use crop rooting depth when evaluating soil moisture.

Tailwater runoff management and surface water protection

Use best management practices to collect, store, and reuse water and prevent return
flows from discharging directly to surface waters whenever irrigation application
practices are likely to cause runoff.

Use practices such as sediment basins and water and sediment control basins to reduce
erosion, trap sediment, and manage runoff.

Use tailwater recovery to collect, store, and reuse applied water. Collecting and reusing
irrigation runoff can conserve water and minimize nutrient, pesticide, pathogen, and
sediment loading in nearby waterways.

Tailwater management practices must ensure sediment is settled and water is filtered
before leaving the field.

Consult the NRCS FOTGs for Sediment Basins (code 350), Water and Sediment Control
Basins (code 638), and Irrigation and Drainage Tailwater Recovery (code 447) when
designing and installing these practices.

Use additional best management practices to protect surface water.

Plant grass filter strips on the downhill side of fields where runoff and erosion may occur
to filter nutrients or other chemicals.

Establish native riparian vegetation along streams that border crop fields in accordance
with Chapter 12 of the Clean Water Guidelines.

Irrigation system types and recommendations

The main types of irrigation systems used in agriculture are surface, sprinkler and micro-
irrigation, and each system has its own advantages, disadvantages and limitations. The
following is a brief description of each irrigation system type and recommended best
management practices.
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Sprinkler irrigation

Sprinkler irrigation is a method of applying water to crops by spraying it through the air using as
system of pipes, pumps and sprinkler heads that operate under pressure. These systems allow
for more precise water application rates than flood irrigation systems and more efficient water
use. Sprinkler systems can be used for frost protection as well.

Sprinkler systems are divided into four basic types including single-sprinkler, solid-set, moved
lateral, and moving lateral systems. The following is a brief description of each type.

Single-sprinkler — a system designed to irrigate an entire area with only one sprinkler that
is moved periodically or automatically moves across an area.

Solid set — a system that uses a mainline and one or more laterals. The mainline is a pipe
network designed to carry water from the water source to the laterals. When the laterals
are placed permanently in one location in a field, the system is called a solid-set system.
Moved lateral - a system where laterals can be moved to multiple locations. The simplest
version of these systems can be carried by hand or pulled. Laterals can also be mounted
on wheels that suspend the pipeline above the crop, called side roll systems. Given labor
requirements, moved lateral systems often apply large amounts of water before they are
moved to a new location.

Moving lateral —a system where laterals are moved mechanically. Examples include
center pivots and linear systems. These systems use one lateral to irrigate a large area,
but since the lateral moves at a controlled speed, the depth of water applied can be
varied.

Adaptability and considerations

Sprinkler irrigation systems are suitable for most crops and are adaptable to most soils
given their wide range of discharge capacities.

o Design involves the selection of proper nozzle size, operating pressure, and

sprinkler spacing to apply water uniformly at the design rate.

The flexibility of sprinkler systems and their ability to control application rates make
them suitable for most topographic conditions.
Fixed or continuously moving systems are better-suited for conditions where light,
frequent irrigations are required such as for shallow-rooted crops or for soils with low
water-holding capacities.
Manually moved systems are best suited for crops that don’t require frequent irrigation.
Sprinkler systems require sediment and debris free water to prevent clogging and
damage.
Evaporation from wet foliage may cause plant damage through scalding.
Some crops such as grapes, apples and cherries may be damaged by salt deposits on the
fruit.

o Where these potential problems exist, consider under-tree sprinklers.

o Consider using micro-irrigation (drip) for sensitive crops.
Sprinkler systems can be designed and operated to provide frost and freeze protection.
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Best management practices

e Use efficient sprinkler packages along with automation sensors and timers to improve
efficiency and uniformity.

e Use low-pressure, low-application rate nozzles such as rotary sprinklers or micro-
sprinklers that apply water slowly, allowing it to soak in without causing runoff.

e Utilize drag hoses to apply water closer to the ground. This can reduce droplet impact
energy, promote infiltration and minimize runoff and soil erosion.

e Know the soil infiltration rate characteristics of fields and adjust applications accordingly
to avoid deep percolation, ponding and runoff.

e Use short irrigation cycles when needed to avoid surface saturation and potential runoff
(e.g., clay soils).

e Avoid overlapping spray patterns especially near slopes or field edges to prevent deep
percolation, pooling and runoff from overlap zones.

e Minimize deep percolation below the crop root zone by applying water according to crop
evapotranspiration and soil moisture.

e Minimize surface runoff and increase uniformity on sprinkler irrigated fields by
decreasing application depth or by changing nozzle and pressure configuration, height, or
droplet size as appropriate.

e Maintain sufficient surface residue to reduce overland water flow, increase moisture
retention, and prevent runoff, erosion and surface crusting.

e Use soil conservation practices such as minimum tillage or contour planting to reduce
erosion of soil sediments containing nutrients or pesticides.

e Given that sprinkler irrigation systems discharge water into the air, evaporation must be
considered.

o Time irrigation during cooler times of the day.

o Avoid windy conditions.

o Frequent, light irrigations tend to result in more evaporation than less frequent,
heavy irrigations.

e Conduct routine inspections and proper maintenance. Regularly check sprinkler heads
for:

o Pressure, uneven spray and depth and uniformity of application,

o Misaligned heads, leaks or overspray that can cause excessive watering in certain
spots, leading to erosion.

o Clogged nozzles.

Micro-irrigation

Micro-irrigation systems use laterals that contain emitters (drip irrigation), micro-sprinklers or
drip lines with continuous outflow along their lengths. Micro-irrigation is designed to irrigate
individual or groups of plants and not the entire soil surface and are often permanently
installed but may also be installed seasonally. Drip systems may be installed on the soil surface
or buried. Buried systems are referred to as subsurface drip irrigation which uses drip tubes or
drip tape to meet crop water needs.
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Adaptability and considerations

Micro-irrigation systems are often used for high-value crops where sprinkler irrigation
may case crop damage or disease issues.

Advantages of micro-irrigation systems include: 1) high efficiency, due to limited
evaporation loss; 2) reduced potential for runoff because of lower application rates; and
3) easy of system automation.

Evaporation is reduced due to enhanced infiltration and reduced wetted area.
Micro-irrigation requires less water which is especially true for wider spaced plants such
as in orchards.

Limiting evaporation can reduce the potential for salt accumulation in the soil or allow
for the use of unfiltered water containing high mineral content.

Note: salt accumulation can occur even with reduced evaporation rates. Therefore,
continued evaluation of soil mineral concentrations should be done especially in arid
locations and/or when water sources are known to have higher concentrations of
dissolved minerals.

Frequent, light water applications associated with micro-irrigation can maintain soil
water within a narrow range, which may enhance growth and yield of some crops.
Weed growth may be reduced in areas that aren’t wetted.

Micro-irrigation systems are often permanently installed and can have higher upfront
costs but can reduce labor costs.

Micro-irrigation is generally not applicable to row crop production due to the expense
and the need to remove the system each season. However, subsurface drip irrigation
may be installed beneath the tillage zone of some crops.

Best management practices

Facilitate uniform distribution by matching emitters with soil type and crop need.
Adjust emitter spacing based on soil type. Spacing is often increased on clay soils and
decrease on sandy soils.

Adapt the system to account for slopes by maintaining constant flow, using check valves
and placing irrigation laterals along slope contours.

Since the emitters and micro-sprinklers have small orifices or outlets, it is necessary to
prevent plugging by soil particles or microorganisms.

Emitter clogging adversely affects the rate and uniformity of water application and can
results in decreased crop yield if not detected and corrected.

Preventive measures include water filtration, chemical water treatment, periodic flushing
and field inspection.

Conduct routine inspections and proper maintenance. Regularly evaluate the system for
pressure, uniformity of application, and clogged emitters.

Surface irrigation

Surface irrigation, often referred to as flood irrigation, involves applying water directly to the
soil surface where water flows across a crop field by gravity and a portion of the water
infiltrates as it advances. Surface irrigation systems are used on fields with moderate, uniform
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slopes which are needed to facilitate dispersion, and in many situations, have been graded for
this purpose. Surface irrigation relies on applying large amounts of water in a short period of
time to initiate flow across fields or down furrows, and water is commonly delivered to fields
through gated pipes, siphons, or gated inlets.

Surface irrigation is commonly used for crops where water spray on crop leaves can cause
damage or when disease problems may occur from wetting the vegetation with sprinklers. The
suitability of surface irrigation and type of system used often depends on factors such soil type,
soil uniformity, slope, topography, crop type and the potential for soil salinization.

Flood irrigation is not a preferred irrigation method, and Ecology recommends the use of more
efficient systems such as sprinkler and micro-irrigation systems. However, when flood irrigation
is used, practices should be used prevent deep percolation, soil erosion, nutrient and chemical

leaching, and excess runoff.

There are three types of surface irrigation.

e Furrow irrigation — a type of flood irrigation where water flows by gravity through small,
parallel channels (furrows) between crop rows. Furrow irrigated fields are typically
graded to facilitate the flow of water and allow water to reach the end of crop rows.

e Basin irrigation — a type of flood irrigation where water is applied to enclosed fields
surrounded by small earthen embankments. Basin irrigated fields are relatively level and
water is allowed to pond in the basin where it gradually infiltrates into the soil.

e Border irrigation — a type of flood irrigation where water flows down gradient via gravity
between small levees or ridges and water soaks into the soil at it travels downhill.

Considerations

e Surface irrigation requires access to large volumes that can be applied in a short period
of time, and to irrigate uniformly, water must move across fields relatively quickly.

e Flood irrigation is prone to uneven water distribution, water loss through evaporation,
deep percolation, soil erosion, nutrient and chemical leaching, and excess runoff
(tailwater) which can carry sediments, fertilizers, and pesticides to nearby water bodies.

e Soil infiltration rate (soil texture) is especially critical for surface irrigation systems.

o Surface irrigation is most suitable for medium-textured soil (moderate infiltration
rates) that are uniform with high water-holding capacity.

o Soils with high infiltration rates (e.g., sandy soils) are less suitable for surface
irrigation as they limit water from dispersing over fields or flowing the length of
fields without excess infiltration.

o Low infiltration soils (e.g., clay soils) can result if excess runoff, pooling and
waterlogging.

o Fine texture soils are prone to erosion.

e Slope uniformity is critical to ensure even water distribution and prevent accumulations
in surface depressions; therefore, surface irrigation commonly requires grading and
leveling.
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o Surface irrigation is most suitable for flat (basin irrigation) or gentle and uniform
slopes (border and furrow irrigation) that allow water to slowly cover or flow over a
field.

o Slopes that are too steep cause excess runoff and erosion.

o Flat slopes limit dispersion.

o Deep percolation resulting from nonuniform distribution and excess infiltration is a
common problem with surface irrigation which can lead to nutrient and chemical
leaching and soil salinization.

o Excess water infiltration can transport nutrients and chemicals to groundwater.

o Raising the water table can increase soil salinity if an underlying aquifer contains
high levels of dissolved salts. Once the water table nears the surface, it can
evaporate and leave salts behind.

o Ponded water and large areas of saturation are more susceptible to evaporation
which also leaves salts behind especially when water sources contain higher levels
of dissolved minerals.

Best management practices

e Whenever possible, convert fields from flood irrigation to sprinkler or micro-irrigation
systems.
o Producers currently using flood or furrow irrigation on coarse-textured soils should
install sprinkler or micro-irrigation systems when feasible.
o Avoid flood irrigation especially where evaporation or the rising of a saline
groundwater tables can cause soil salinization.
e When conversion to high efficiency irrigation systems is infeasible, use practices to
minimize leaching, excess runoff and soil salinization.
e Choose irrigation frequencies, set times and flow rates that match soil infiltration
capacity, slope and soil water holding capacity.
e Maintain gentle, uniform grades to promote even water distribution and prevent
pooling, erosion, and deep percolation.
o Keep furrows as short as possible.
e Use tailwater recovery and reuse systems to prevent return flows from discharging
directly to surface waters.
e Maximize efficiency and uniformity on surface irrigated fields by installing surge flow
irrigation.
o Surge irrigation sends water in timed, intermittent releases of water, using on and
off periods instead of continuous flow.
o Surge flow can be used to reduce set times, facilitate more uniform infiltration and
reduce deep percolation.
o Surge flow is implemented using valves equipped with a programmable control to
cycle the water as desired
e Avoid fertigation with flood irrigation systems.
e Consider using water-soluble anionic polyacrylamide (granular or tablet) when irrigation
practices are unable to control excess runoff and erosion and converting to a more
efficient system is infeasible.
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o Avoid the use of oil-based polyacrylamide as they could result in significant hazard
to aquatic life especially if there is a potential for transport to surface water soon
after application.

Careful management is critical given the volume of water typically applied and the
potential for erosion, excessive runoff and deep infiltration.

Soil salinity management

Prevent sodic or saline soil conditions by regularly testing the soil and irrigation water.
Effective management of soil salinity involves a multi-faceted approach that includes:
Regularly testing soils for salinity levels especially in locations with higher potential for
soil salinization,

Monitoring irrigation water quality,

Implementing efficient irrigation practices, and

Adopting strategies to reduce salt accumulation in the soil profile.

Evaluate the potential for sodic or saline soil conditions and use irrigation approaches
best suited to prevent sodium and salt accumulations.

In some locations, salt leaching maybe needed to maintain productivity. When leaching
of soluble salts is needed to maintain productivity:

Time leaching to coincide with periods of low residual soil nitrate. Do not intentionally
irrigate to leach salts until the growing crop has taken up fertilizer nitrogen.

Limit leaching only to what is required for the root zone.

Use land grant university guidance when considering the use of amendments such as
gypsum or sulfuric acid to facilitate the leaching of sodium or other ions causing sodic
conditions.

In Washington, the Department of Ecology established water quality standards for
irrigation water (Groundwater Water Quality Standards'® and Surface Water Quality
Standards?®), and sources that exceed these limits may require treatment or blending
with higher-quality water to minimize the risk of soil salinization.

Improve soil health to increase water retention and irrigation efficiency

Soil health plays a critical role in determining the effectiveness and efficiency of irrigation
practices. Healthy soil, rich in organic matter and well-structured, improves water infiltration,
retention, and drainage, reducing the frequency and volume of irrigation needed. Healthy soils
also allow plant roots to access water more easily and evenly and are more resistant to crusting
and drought. Therefore, its recommended to use practices that improve soil quality in
conjunction with any irrigation strategy. Example of practices that improve soils quality include:

Conservation tillage and residue management,
Using diverse crop rotations with varying rooting depths,
Planting cover crops,

18 https://apps.ecology.wa.gov/publications/documents/9602.pdf
% https://app.leg.wa.gov/WAC/default.aspx?cite=173-201A
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e Utilizing organic sources of nutrients,
e Mulching, and
e Limiting heavy equipment traffic.

Related NRCS practices

e [rrigation Water Management (code 449)

e |rrigation and Drainage Tailwater Recovery (code 447)
e Irrigation Land Leveling (code 464)

e Irrigation System Micro-irrigation (code 441)

e |rrigation System, Surface and Subsurface (code 443)
e Nutrient Management (code 590)

e Sediment Basin (code 350)

e Water and Sediment Control Basin (code 638)
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Chapter 8: Subsurface Drainage Management

Introduction

Subsurface drainage (tile) is commonly used on agricultural fields to facilitate crop production
and timely equipment access to fields. While improving field conditions for farming, subsurface
drainage fundamentally alters how water moves through the landscape and into nearby
streams and affects pollutant exports from cropland. In general, subsurface drainage tends to
decrease surface runoff because it enhances infiltration but accelerates and increases the
volume of water leaving fields by facilitating the dewatering of soil water and shallow
groundwater. These shifts alter the way potential pollutants such as fertilizer and other
agrochemicals are transported and can also affect streamflow patterns. For example, in
watersheds with extensive tile drainage, streams often exhibit more rapid and pronounced
responses to rainfall events because water moves more quickly through the system which can
lead to more frequent and higher peak flows, increased risk of flooding, streambank erosion
and habitat degradation. Subsurface drainage can also significantly increase the transport of
soluble pollutants (e.g., fertilizer and other agrochemicals) that leach through the soil profile
because they bypass natural filtering processes that occur in surface soil and transport
pollutants directly to surface waters.

Since tile discharges are conveyed through a pipe, there are opportunities to treat this drainage
before pollutants carried through the system are delivered to surface waters. Controlled tile
drainage, saturated buffers and blind inlets are three best management practices that can be
used to address water quality challenges associated with subsurface drainage. The goals of
these practices are to control the timing and amount of water drained from agricultural fields
to match crop and farm operation needs while also limiting excess drainage, reducing pollutant
transport and promoting infiltration in lieu discharging subsurface drainage water directly to
surface waters.

Scope of guidance

The purpose of this chapter is to outline best management practices (BMPs) that can be used to
control subsurface drainage and treat it before entering surface waters. This guidance is
intended to address localized areas where drainage may be needed and to enhance existing
subsurface drainage systems. However, it is not intended to promote or provide guidance for
the installation of new subsurface (tile) drainage systems.

While these best management practices can help limit pollutants from entering and leaving
these drainage systems, they cannot fully eliminate all potential negative impacts associated
with tile drainage. Therefore, it’s critical that additional measures are taken to reduce the
potential for nutrients and other pollutants (e.g., pesticides, herbicides, bacteria from manure)
to enter subsurface drainage systems such as carefully managing the timing, source, place and
amount of fertilizer and other agrochemicals. Common practices include nutrient management,
pesticide management, irrigation management, and cover crops. Information about these and
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other practices can be found in companion chapters of the Clean Water Guidance for
Agriculture.

Recommended best management practices

The following are best management practices (BMPs) that can be used to control the timing
and amount of water drained from agricultural fields through subsurface drainage. The goals of
these practices are to prevent excess draining of soil water and shallow groundwater, reduce
pollutant transport to surface waters via subsurface drainage, and promote infiltration in lieu
discharging subsurface drainage directly to surface waters.

Controlled tile drainage

Controlled tile drainage (CTD), also known as drainage water management, is a system used to
manage the timing and amount of water leaving agricultural fields via subsurface (tile)
drainage. CTD works by adding adjustable water control structures (e.g., gates or weirs) to
existing subsurface drainage networks to raise or lower the water table to a desired level,
holding water in the field during times when drainage is not needed or likely to carry pollutants
from the field to surface waters and releasing water when drainage is needed and the risk of
pollutant transport is low.

Unlike conventional, free-draining systems that remove excess soil water or groundwater to the
installed drain pipe depth, CTD allows water levels to be adjusted for better water retention
and storage within the soil profile which can be beneficial for water quality and crops. CTD has
been shown to reduce the amount of water drained from fields and limit pollutant loads from
tile-drained agriculture, while also providing an opportunity to maintain optimal soil moisture
levels. Raising the water table during dry periods or after the growing season and lowering it
when fields need to dry out for planting or harvest can reduce water stress, improve crop
development, support better nutrient uptake and more consistent yields, and reduce the
potential for pollutant transport via subsurface drainage.

CTD is suitable for flat to gently sloping cropland with an existing and functional subsurface
drainage system. Field-specific management and schedules for adjusting water levels will vary
based on factors such as drainage system design (e.g., depth, spacing, outlet location), soil
types, climate, weather, and seasonal crop needs. CTD requires active management to ensure
crop needs are met and water quality outcomes are achieved.

Recommendations and considerations
The following are recommendations for implementing drainage water management.
e CTD should be implemented in conjunction with saturated riparian buffers whenever
feasible. Saturated buffers can reduce pollutants transported through subsurface

drainage systems and promote infiltration which helps mitigate negative impacts to
streams from tile drainage.
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e Water control structures must be installed in a manner that allow for water elevations
near the soil surface and below typical crop root depths.

e Develop a field, and/or crop-specific management calendar that identifies water control
structure outlet elevations that will be maintained during key parts of the year to meet
crop needs while limiting excess drainage and the potential pollutant transport.

o The plan should identify times when outlet levels should be raised and lowered to
support crop development and reduce the potential of pollutant loss via subsurface
drainage.

o Factors such as field conditions, weather, soil type, crops and the potential for
nutrients and other agrochemicals to reach subsurface drainage systems should be
used to establish outlet elevations at different times of the year.

o The plan should also specify conditions where additional adjustments may be
needed, such as significant rainfall events or when irrigation, fertilizer or other
agrochemicals are scheduled to be applied.

e Manage water control structure outlet levels year-round according to a management
plan.

e Subsurface drainage should not be free draining except when the water table must be
lowered for trafficability for field work and crop needs, adverse weather conditions, or
system maintenance.

e Unrestricted drainage may be necessary in the spring to allow for field work and
trafficability for machinery or livestock.

o Change the system to free drainage approximately 2 weeks before the planned
commencement of field operation.

o Continue to evaluate the need for unrestricted drainage and raise outlet levels once
field operations are complete or once optimal water levels are reached.

e Water levels should be as high as possible during the growing season. Water levels
should be set near the root zone of the crop.

e Ensure the water control structure outlet elevation is raised prior to applications of liquid
or solid manure, soluble fertilizers or other agrochemicals, or concentrated organic
fertilizers.

o The water level should be approximately 0.5 feet below the upper control elevation
or just below the root zone of an actively growing crop.

o Maintain the raised outlet elevation for at least 15 days following manure, fertilizer
or soluble chemical applications or until the next precipitation event that produces
drain flow. This will help limit the transport of soluble nutrients or other chemical
from reaching drainage pipes through soil infiltration or macropores.

e Set water levels as high as possible after harvest and/or when fields are uncropped or
fallow.

o Raise the outlet within 2 weeks after final field operations are completed following
harvest to reduce the potential nutrient leaching.

o When fields are not cropped or fallow, raise the outlet elevation of the water
control structure to within foot or less of the surface.
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o For perennial crops, keep the outlet elevation has high as possible without
negatively affecting the crop or soil conditions.

o Infields with winter cover crops, lower the outlet elevation during the winter to
within 0.5 feet of the expected cover crop rooting depth.

e In cold climates, lower the outlet elevation during winter after drain flow has stopped.
This will avoid freezing damage to the water control structures. Raise the water to the
planned elevation when flow resumes.

e Raising the outlet elevation of subsurface drainage can increase surface runoff. It’s
important to use best management practices such as tillage and residual management,
nutrient and pesticide management, irrigation management and in-field and edge-of-
field practices to reduce erosion, facilitate infiltration, and reduce the potential for
polluted runoff.

e CTD can affect crop growth, water availability, nutrient use efficiency, and crop nutrient
uptake. The effects of CTD should be considered when developing and implementing
nutrient management as it may affect nutrient application rates, timing and placement
considerations.

e Consider soliciting planning and design assistance from an engineer or other technical
service providers such as those from a local conservation district and/or Natural
Resource Conservation Service (NRCS) office.

e Use material and structural specifications outlined in the NRCS Field Office Technical
Guide (FOTG) Drainage Water Management (code 554) when planning and designing a
controlled tile drainage system.

e Manage the drainage discharges and water levels in a manner that does not cause
adverse impacts to other properties or the drainage system.

Saturated riparian buffers

A saturated riparian buffer is a vegetated buffer where a water control structure is used to
direct water from a drainage system into a subsurface, perforated pipe that distributes water
into the soils beneath and along a vegetative buffer. The primary purposes of saturated riparian
buffers are to reduce nutrient and other agrochemical loads from subsurface drain outlets,
reduce peak flows, and enhance or restore saturated conditions in riverine, lacustrine fringe, or
wetland soils.

Recommendations and considerations

The following are recommendations for implementing saturated riparian buffers.

e Saturated riparian buffers should meet Ecology’s guidelines for riparian buffers as
outlined in Chapter 12 of the Clean Water Guidance for Agriculture.

e Saturated buffers should be implemented in conjunction with controlled tile drainage
and blind inlets.

e Water leaving a subsurface drainage system or blind inlet should be routed to a
saturated buffer.
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o Additional water control structures may need to be added to the saturated buffer
distribution pipe to facilitate infiltration.

o Water control structures should be configured to allow drainage water to bypass
the saturated riparian buffer and discharge through a conventional tile outlet when
the flow rate exceeds the hydraulic capacity of the buffer to avoid soil saturation in
adjacent cropland areas.

e Adjoining field drainage should be gently sloped (approximately 2%—8%) and slightly
above the distribution pipe for the saturated buffer.

o If the elevation difference is insufficient, the water level within the saturated buffer
must be adjusted seasonally to avoid soil saturation with the adjacent field.

e Saturated buffers should be as long as practicable. Length influences the amount of
water that can infiltrate into the buffer.

o The treatment area of saturated buffers may be increased by increasing the length
or number of the distribution pipes and/or modifying distribution pipes.

= |ncluding fewer or smaller openings near the water control structure or
incorporating a geotextile or fill can increase the distance water travels
down the distribution pipe.
e Underground distribution pipes should be installed parallel to the adjacent surface
waterbody and gently slope away from the water control structure.

o For valleys with higher gradients, the distribution pipe will need to be installed
deeper in the upstream direction and shallower in the downstream direction to
keep the distribution pipes level.

e Soils within the buffer will affect infiltration rates and the potential to reduce pollutants.

o Loam or clay loam soil are ideal for infiltration and pollutant removal.

o Deep soils with high organic matter (e.g., at 1.2% ) best support nitrogen
denitrification, water storage and attenuation of other nutrients or agrochemicals.

o Gravelly or sandy soils within the top 4 feet of the surface will promote infiltration
but are less suitable for pollutant reductions due to their high permeability.

o Soils with high clay content (low permeability) may limit when and how much
water that can be infiltrated.

o Soils with a seasonally or a continuously high water table are best suited for
nitrogen reductions.

o There should be no soil voids that allow preferential flow.

e Streambanks should be less than 8 ft. high to prevent bank instability and sloughing.

o Channels incised more than 8 ft. may not be suitable for a saturated buffer unless a
slope stability analysis shows a low risk of saturated streambank failure.

o Deeply incised channels may need additional restoration such as bank reshaping,
riparian planting, and floodplain reconnection prior implementing saturated
buffers.

e Saturated buffer configuration may need be adjusted based on property boundaries or
physical barriers such as ditches, gullies, or roads that limit distribution pipe installation.

e Woody vegetation should be kept as far from the distribution pipe as possible to prevent
possible plugging.
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e Saturated riparian buffers must not be used with septic system or animal waste effluent.

e Consider soliciting planning and design assistance from an engineer or other technical
service providers such as those from a local conservation district and/or NRCS office.

e Use material, design and construction specifications outlined in the NRCS FOTG Drainage
Water Management (code 554) when implementing a saturated buffer.

e The effectiveness of saturated buffers can be improved through complementary
practices that reduce or regulate tile drain discharge and the potential for pollutants to
enter subsurface drainage systems. Examples of complementary practices include cover
crops, nutrient, irrigation and pesticide management.

e Saturated riparian buffers may be less effective at removing certain pollutants from
surface runoff in comparison to conventional riparian buffers because saturated soils will
have a reduced infiltration capacity. Use best management practices such as tillage and
residual management, nutrient and pesticide management, irrigation management, and
in-field and edge-of-field practices to reduce erosion, facilitate infiltration, and reduce
the potential for polluted runoff.

Blind inlet

Blind inlets are structures placed in farmed depressions used to drain water that collects in
these areas while providing filtration to reduce fine sediments and soluble pollutants. Blind
inlets are often implemented to replace tiles risers which are a vertical perforated pipe
connected to a subsurface drain network (tile drains). Tile risers are commonly used to drain
these depressional areas; however, they provide a direct conduit to the tile drainage system
and can convey surface runoff, sediment, and both particulate and dissolved pollutants directly
into field drainage without treatment. Blind inlets can be implemented on any cropland or
pasture where removal of surface water is necessary or an outlet for a terrace or other water-
detention structure is needed.

Recommendations and considerations

The following are recommendations for implementing blind inlets.

e Use blind inlets in lieu of tile risers. Blind inlets can be installed anywhere a tile riser is
recommended and eliminate field obstructions that need to be farmed around.
e Blind inlets can also be used in depressional areas created behind other BMPs such as
Terraces (code 600) and Water and Sediment Control Basins (code 638).
e Blind inlets should be used in conjunction with controlled tile drainage and saturated
buffers.
e Blind inlets may not be installed to drain wetlands, seasonal or perennials streams.
e Blind inlets are engineered structures and must be designed to fit each site. Principal
considerations include:
o Sizing: based on precipitation patterns and contributing area.
o Aggregate selection: materials, mix of fine and coarse materials to provide
filtration, choice of amendments if desired.
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o Hydraulics: permeability of filter media, pipe sizing, slope of piping, connection to
tile drain system or outlet.

e Use material, design and construction specifications outlined in the NRCS FOTG
Underground Outlet (620) or land grant university guidance such as Extension Bulletin
E345429 when implementing a blind inlets.

e Blind inlets require occasional maintenance to ensure continuing effectiveness. Regular
inspection and cleaning are necessary to maintain their performance and prolong their
service life.

o Sediment and vegetation should be periodically removed to a depth that exposes
clean gravel/sand at the surface. Any filter materials removed along with the
sediment should be replaced to maintain a filter layer of at least one foot thickness.

e Care is required while operating farm equipment near the blind inlet to avoid mixing soil
and sediment into the sand filter layer. Operators should minimize driving over the inlet
and lift implements while passing over the gravel/sand surface.

e Tillage and soil disturbance in the vicinity of a blind inlet can reduce its lifespan due to
soil erosion and sedimentation clogging the filter layer. Use practices such as reduced or
no-tillage or filter strips to limit sedimentation of the blind inlet.

e Blind inlets should be used in conjunction with additional field BMPs to increase water
quality benefits and decrease the amount and frequency of maintenance and lengthen
design life.

o Examples of complementary practices include filter strips, cover crops, no-till or
other tillage management practices, nutrient management, pest management and
irrigation management.

o Crop management practice that reduces erosion, soil loss and the transport of
nutrients or agrochemicals toward a blind outlet will help limit negative impacts to
water quality and help maintain the inlet’s drainage capacity.

Related NRCS practices

e Blind Inlet/Underground Outlet (code 620)
e Constructed Wetland (code 656)

e Drainage Water Management (code 554)
e Saturated Buffer (code 604)

e Subsurface Drain (code 606)

e Underground Outlet (code 620)

20 https://www.canr.msu.edu/field_crops/uploads/files/E3454 BlindInlet_Rev2.pdf
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Chapter 9: Runoff Control for Agricultural Facilities

Introduction

Managing runoff from agricultural facilities involves the use of best management practices to
collect, disperse, and infiltrate runoff from buildings and other impervious surfaces to prevent
erosion and the mixing of runoff with pollutants that can be carried to surface waters or
infiltrated to groundwater. Along with limiting the potential for polluted runoff from
agricultural facilities, stormwater control practices also reduce the potential for flooding of
farm infrastructure such as barns, feed and chemical storage areas, manure storage facilities,
and livestock confinement areas making them easier to use and manage.

Scope of guidance

The purpose of this chapter is to outline best management practices (BMPs) that can be used to
capture, disperse, and infiltrate runoff to help prevent runoff from interacting with pollution
sources associated with agricultural facilities. Practices outlined in this chapter are primarily
source control BMPs meant to prevent the generation of polluted runoff and should be
implemented in combinations to ensure runoff is properly conveyed, dispersed, and infiltrated.

The Department of Ecology has developed stormwater management manuals for western and
eastern Washington. These stormwater guidance manuals provide information, specifications,
and standards for stormwater BMPs that are used widely across Washington. Contact your local
municipality when planning a new development or redevelopment project to make sure you
follow local requirements for stormwater management.

Recommended best management practices

The following are recommendations for managing runoff from agricultural facilities. These
practices focus on methods that can be used to disperse and infiltrate runoff before it interacts
with pollution sources. While recommended practices generally fall into these two categories,
most practices are implemented in combinations. Below are brief descriptions of dispersion and
infiltration.

e Dispersion - dispersion involves the spreading out of stormwater over an area to reduce
flow and facilitate gradual infiltration into the soil before reaching a natural or artificial
waterway. Dispersion BMPs are commonly used to redirect and infiltrate runoff so that it
doesn’t reach agricultural facilities such as barns, feed and chemical storage areas,
equipment store areas, manure storage facilities, and livestock confinement areas and
generate polluted runoff.

o Infiltration - infiltration is the downward movement of water from the land surface to
the subsoil. Infiltration BMPs are used to reduce the volume and rate of surface runoff
and facilitate infiltration into the ground.
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Roof runoff structures

Roof runoff structures are practices used to convey runoff from roofs and outlet collected
water away from pollution sources to a stable location for infiltration or dispersion. At a
minimum, roof runoff structures should include gutters and downspouts. When properly sized
and installed, roof runoff structures can prevent the generation of polluted runoff,
concentrated flows and erosion, and reduce ponding and flooding.

Roof runoff structures should be installed on all buildings and other agricultural
structures where runoff is likely to interact with pollution sources and generate polluted
runoff and/or when roof runoff will cause erosion.

Roof runoff structures should also be installed on all buildings and other agricultural
structures when runoff is likely to cause flooding at or near agricultural facilities and limit
their proper use and maintenance or impact their structural integrity.

At a minimum, roof runoff structures should include gutters and downspouts that
facilitate the dispersion and infiltration of runoff prior to reaching surface waters.
Downspouts are practices used to disperse and infiltrate roof runoff without causing
erosion or generating polluted runoff.

Collected runoff from agricultural buildings and structures must be directed away from
facilities such as barns, livestock areas, manure storage locations, equipment and
chemical storage areas, and bare soils.

Roof runoff structures should have adequate capacity for anticipated water runoff
volumes.

Gutter construction may vary by region, particularly for areas of Washington that receive
a significant amount of snow, as the weight of snow could be damaging. Ensure gutter
supports can withstand the anticipated loading from precipitation including loads from
snow and ice, where applicable.

Use Downspout Dispersion Systems, Downspout Full Infiltration, or Perforated Stub-out
Connections to disperse and infiltrate roof runoff. Ecology’s Stormwater Management
Manuals should be used to properly design and implement these practices.

Do not discharge collected or rerouted water directly to streams.

Whenever feasible, do not discharge collected or redirected water directly to
constructed ditches.

Underground outlets

Underground outlets are non-perforated conveyance pipes buried in the ground used to
convey collected runoff to an infiltration area or infiltration system.

Use underground outlets when a surface outlet is impractical due to stability problems,
topography, land use, or equipment traffic.

Underground outlets should be used in conjunction with dispersion and infiltration
BMPs, and not outlet directly to surface waters.

The end of the underground outlet must provide sufficient space to incorporate
dispersion and infiltration BMPs.

Size outlets to handle the design flow from the gutter system.
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e Provide accessible cleanouts for routine maintenance.

e Use Ecology’s Stormwater Management Manuals when designing Roof Downspout BMPs
including Downspout Full Infiltration, Downspout Dispersion Systems and Perforated
Stub-out Connections.

Berms

Vegetated berms can be used to redirect water away from agricultural facilities and vulnerable
areas that can be a source of polluted runoff. They can also be used to protect agricultural
facilities from being flooded. Berms should be used in conjunction with dispersion and
infiltration BMPs, especially when redirected water is likely to cause erosion or is unlikely to be
naturally infiltrated. Berms should only be used to redirect water and are not intended to be an
edge of field practice used to reduce nonpoint source pollution.

e Berms must be designed to contain and redirect anticipated runoff volumes and
velocities. Runoff volume and velocity will vary based on factors such as area of drainage,
slope, slope length, and vegetative cover.

e Berms are most effective when used in combination with dispersion practices and
infiltration practices. Berms must include a safe and stable outlet with capacity to convey
and infiltrate the design storm volume.

e Berms must outlet as sheet flow over a vegetated, pervious area large enough for
dispersion and/or infiltration BMPs. Outlets must be stable enough to reduce erosion
and have capacity to facilitate infiltration. Examples of Natural Resource Conservation
Service (NRCS) infiltration practices include Grassed Waterways, Vegetated Treatment
Areas, Sediment Basins, and Water and Sediment Control Basins.

e Berms should be oriented on slopes in a manner that prevents concentrated flows and
facilitates infiltration while limiting ponding or pooling of water which can negatively
affect soil quality or create the potential for overflow, high velocity concentrated flows or
structural failure. It is important for berms to be designed to perform as desired and not
exacerbate runoff issues. Some sizing considerations from NRCS:

o When used as a temporary measure, design berms to convey the peak discharge
from the 2-year frequency, 24-hour duration storm.

o When used to protect agricultural land, design berms to convey the peak discharge
from a 10-year frequency, 24-hour duration storm.

o When used to protect buildings, roads, animal waste management and feed lots,
design berms to convey the peak discharge from a 25-year frequency, 24-hour
duration storm with a minimum freeboard depth of 0.3 feet. Increase the capacity
when additional hazards and conditions necessitate greater protections.

o Use criteria outlined in the NRCS Field Office Technical Guide (FOTG) on Diversion
(code 362) when designing a berm.

e Use criteria outlined in NRCS FOTG for Critical Area Planting (code 342) to establish and
maintain berm vegetation.

o Select species suited to local site conditions and the intended use.

o Use plant species that can provide adequate density, height, and vigor within an
appropriate timeframe to stabilize the berm.

Publication 26-10-045 CWG Recommended BMPs
Page 108 April 2026



If the soils or climatic conditions preclude the use of vegetation for erosion protection,
non-vegetative linings such as concrete, gravel, rock riprap, cellular block, turf
reinforcement mats, or other approved manufactured lining systems may be used. See
the Lined Waterway section below for more information.

Diversion channels

Diversion channels are used to convey surface water runoff away from vulnerable areas and
agricultural facilities to prevent erosion and the generation of polluted runoff. Channels are
constructed across slopes and include a supporting ridge on the downslope side. Redirecting
water away from agricultural facilities can help prevent the transport of sediment, pathogens,
nutrients, and other pollutants. Diversion channels are often vegetated but can be lined,
especially when conditions are not conducive for the use of vegetation only or when conditions
are likely to result in channel erosion.

Diversion channels must be designed to contain and redirect anticipated runoff volumes
and velocities. Runoff volume and velocity will vary based on factors such as area of
drainage, slope, slope length, and vegetative cover.

Diversion channels are most effective when used in combination with dispersion
practices. Diversion channels must include a safe and stable outlet with capacity to
convey the design storm volume.

Diversion channels must outlet as sheet flow over a vegetated, pervious area large
enough for dispersion and/or infiltration BMPs. Outlets must be stable enough to reduce
erosion and have capacity to facilitate infiltration. Examples of NRCS infiltration practices
include Grassed waterways, Vegetated Treatment Areas, Sediment Basins, Water and
Sediment Control Basins.

o When used as a temporary measure, design diversion channels to convey the peak
discharge from a 2-year frequency, 24-hour duration storm.

o When used to protect agricultural land, design diversion channels to convey the
peak discharge from a 10-year frequency, 24-hour duration storm.

o When used to protect buildings, roads, animal waste management and feed lots,
design diversion channels to convey the peak discharge from a 25-year frequency,
24-hour duration storm with a minimum freeboard depth of 0.3 feet, at a
minimum. Increase the capacity when additional hazards and conditions
necessitate greater protections.

o When using vegetation, diversion channels should be designed to include a stable
channel to limit stress on soil and vegetation such that soil particles will not be
detached, and the vegetation will not be damaged. The capacity of a vegetated
diversion should be based on the densest and longest vegetation resulting in the
highest expected resistance.

Use criteria outlined in NRCS FOTG for Diversion (code 362) when designing a diversion
channel.

Use criteria outlined in NRCS FOTG for Critical Area Planting (code 342) to establish and
maintain vegetation.

Select species suited to local site conditions and the intended use.
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o Use plant species that can provide adequate density, height, and vigor within an
appropriate timeframe to stabilize the channel.

e If soils or climatic conditions preclude the use of vegetation for erosion protection,
channels should be lined. Common lining materials include concrete, stone, synthetic turf
reinforcement fabrics, or other flexible permanent material. See the Lined Waterway
section for additional information.

e Use Ecology’s Stormwater Management Manuals for design criteria for Interceptor Dike
and Swale when considering the use of a lined waterway.

Lined waterways

Lined waterways are constructed conveyance channels with an erosion resistant lining used to
convey runoff. Lined waterways may be used in cases when land use practices or conditions
such as highly erosive soils or climatic conditions preclude the use of vegetation only. Lined
waterways are also used when concentrated runoff, high flows, prolonged flows, and steep
grades require lining to prevent erosion. Common lining materials include concrete, stone, or
other flexible permanent materials.

e Use lined waterways when needed to prevent erosion, especially when site or climatic
conditions limit the use of vegetation to stabilize the conveyance.

e The minimum capacity of a lined waterway must be adequate to carry the peak rate of
runoff from a 10-year frequency, 24- hour duration storm. Design capacity may be
reduced when the lined waterway is less than 1 percent.

e Provide a stable outlet with adequate capacity to prevent erosion and flooding damages.

e Lined waterways must outlet as sheet flow over a vegetated, pervious area large enough
for dispersion and/or infiltration BMPs. Outlets must be stable enough to reduce erosion
and have capacity to facilitate infiltration.

e Conduct routine maintenance to prevent lining damage.

e Use criteria outlined in the NRCS FOTG for Lined Waterway or Outlet (code 468) when
designing a diversion channel.

e See the design criteria for Riprap Channel Lining within Ecology’s Stormwater
Management Manuals when considering the use of a lined waterway.

Grassed waterways

Grassed waterways, sometimes referred to as grassed swales, are shaped and graded shallow
channels planted with dense, rough grass used to convey surface water runoff at a reduced
velocity to a stable outlet without causing erosion. Grassed waterways are often used where
added conveyance capacity and vegetative protection are necessary to prevent erosion and
improve infiltration.

e Design grassed waterways to convey the peak runoff expected from the 10-year
frequency, 24- hour duration storm. Increase the capacity as needed to account for
potential sedimentation between planned maintenance activities.

e The waterway must be large enough to provide the capacity necessary to ensure water
remains in the channel.
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Protect the waterway from concentrated flow by using flow spreader or mechanical
means of stabilization.

Use a dense and hydraulically rough grass cover to slow runoff and increase water
infiltration.

Consider the depth to groundwater table, climatic factors, and vegetative roughness
when selecting an effective vegetative species.

Include a stable outlet that facilitates dispersion and prevents erosion.

Avoid vehicle traffic in the waterway and exclude livestock.

Use NRCS FOTG specifications for Grass Waterways (code 412) when designing and
installing a grassed waterway.

Subsurface underdrains

Subsurface drains are perforated pipes installed beneath the ground surface used to manage
soil moisture conditions. Subsurface drainage may be used to reduce excessive soil moisture
near farm buildings and other agricultural structures to address adverse conditions that cause
ponding, flooding, or increased potential for polluted runoff and to increase the usability and
trafficability of agricultural facilities.

Prior to implementing subsurface drainage, evaluate whether other practices can be
used to address adverse conditions. For example, gutters, downspouts and underground
outlets may be sufficient to address saturated areas.

To limit excessive drainage of soil moisture and associated flows, limit the installation of
subsurface drainage only to those areas where adverse (e.g., saturated) conditions occur.
Subsurface drainage must not be installed in locations that receive polluted surface
runoff from agricultural facilities such a barnyard, livestock feeding and confinement
areas, feed and waste storage facilities, equipment storage locations, chemical storage
and handling areas, or other areas where runoff can transport pollutants to the drained
area.

Polluted runoff or collected polluted runoff must not be connected to subsurface drains.
Water collected by subsurface drains must not outlet directly to surface waters and
should outlet to an appropriate dispersion and/or infiltration BMP. Outlets must be
stable enough to reduce erosion and have capacity to facilitate infiltration. Examples of
NRCS infiltration practices include Grassed Waterways, Vegetated Treatment areas,
Sediment Basins, Water and Sediment Control Basins.

Subsurface drainage cannot be used to drain wetlands. If wetlands are present or if it’s
unknown whether an area contains a wetland, a wetland determination must be
conducted.

Protect drainage areas from root clogging that can result from root penetration by water-
loving shrubs and grasses.

Use criteria outlined NRCS FOG for Subsurface Drain (code 606) when implementing
subsurface drains.
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Infiltration ponds and rain gardens

Infiltration ponds and rain gardens are used to temporarily store and infiltrate runoff; however,
they differ slightly in approach. Infiltration ponds are earthen impoundments, typically between
2 and 6 feet deep often stabilized with grass. Rain gardens are non-engineered, shallow,
landscaped depressions with amended soils and adapted plants used to temporarily store and
infiltrate runoff. Runoff that exceeds the storage capacity of a rain garden is designed to
overflow to an adjacent drainage system.

Choosing between an infiltration pond and a rain garden will depend on the capacity needed to
store and infiltrate runoff, area available, desired aesthetic, cost, maintenance requirements
and other site-specific factors.

e Use Ecology’s Stormwater Management Manuals to design and implement infiltration
ponds and rain gardens.

e For additional information about rain gardens, refer to the Rain Garden Handbook for
Western Washington: A Guide for Design, Installation, and Maintenance for rain garden
specifications and construction guidance.

Additional infiltration practices and underground injection controls

Runoff can be infiltrated in many additional ways and the method used is often site-specific.
Examples include rock-lined swales and trenches, buried perforated pipe and dry wells such as
vertical drains. Consult Ecology’s stormwater manuals when considering additional infiltration
practices to manage runoff to ensure practices are properly designed, sited, implemented, and
maintained.

It's important to know that some infiltration practices are considered underground injection
control (UIC) wells and are required to be registered with the state of Washington. According to
state regulations, all underground injection control (UIC) wells receiving runoff, except those
located on Tribal lands and UIC wells at single-family homes receiving only residential roof
runoff or used to control basement flooding, must be registered with the state of

Washington. The following is a detailed definition of UIC wells and examples.

e A UIC well is defined as a structure built to discharge fluids from the ground surface into
the subsurface; a bored, drilled, or driven shaft whose depth is greater than the largest
surface dimension; or a dug hole whose depth is greater than the largest surface
dimension; or an improved sinkhole, which is a natural crevice that has been modified; or
a subsurface fluid distribution system that includes an assemblage of perforated pipes,
drain tiles, or other similar mechanisms intended to distribute fluids below the surface of
the ground.

e Examples of UIC wells for subsurface infiltration systems include drywells, drain fields,
infiltration trenches with perforated pipe, storm chamber systems with the intent to
infiltrate, french drains, bioretention systems intended to distribute water to the
subsurface by means of perforated pipe installed below the treatment soil, and other
similar devices that discharge to the ground.
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Considerations for all infiltration practices

When planning an infiltration BMP, determine and apply the appropriate level of runoff
treatment.

When runoff is not suitable for dispersion BMPs, use infiltration BMPs.

Use Ecology’s Stormwater Management Manuals to properly design and implement
dispersion and infiltration BMPs.

Rainfall intensity varies greatly by season and region in Washington. Consider
precipitation timing, duration, and intensity of runoff when selecting and designing
infiltration BMPs.

The selection of practices to manage runoff from agricultural facilities will be site specific.
However, factors such as soil type, slope, surrounding drainage, and proximity to surface
waters or conduits to surface waters should, at a minimum, be considered when
evaluating potential solutions.

Related NRCS practices

Waterspreading (code 640)

Underground Outlet (code 620)

Water and Sediment Control Basin (code 638)
Vertical Drain (code 630)

Sediment Basin (code 350)

Grassed Waterway (code 412)

Roof Runoff Structure (code 558)

Diversion (code 362)

Publication 26-10-045 CWG Recommended BMPs
Page 113 April 2026



Chapter 10: Pasture and Rangeland Grazing

Introduction

Effective pasture and rangeland grazing management is essential for maintaining productive
livestock systems while protecting water quality, soils, and riparian habitats. This chapter
highlights best management practices (BMPs) that help livestock managers prevent pollution,
maintain healthy forage resources, and support healthy riparian and upland ecosystems.

The practices described here focus on limiting livestock impacts to riparian areas, improving
livestock distribution, and reducing the risk of erosion, compaction, and polluted runoff. Key
strategies include exclusion fencing, off-stream water facilities, seasonal confinement and
sacrifice areas, heavy use area protection, stream crossings, emergency water access points,
and grazing management approaches tailored to both upland and riparian areas.

Because many Washington grazing lands include streams or other surface waters, careful
management within Riparian Management Zones (RMZs) is especially important. This chapter
provides an overview of the requirements and recommended strategies for grazing in RMZs, as
well as broader grazing approaches such as timing, stocking rate management, and forage
monitoring that support healthy plant communities and protect water quality.

Together, these BMPs provide a practical framework for operators to maintain productive
grazing systems, meet water quality goals, and ensure the long-term sustainability of pastures
and rangelands.

Scope of guidance

The purpose of this document is to identify best management practices (BMPs) that can be
implemented by livestock managers to protect and improve water quality. Best management
practices included in this document primarily focus on systems that prevent or reduce water
quality pollution. However, in many cases, these practices support additional environmental,
animal production and grazing land benefits including improved soil health, increase forage
utilization, healthy pastures and rangeland, functional aquatic and semi-aquatic habitats and
resilient streams systems.

Recommended best management practices

The following practices are recommended to protect streamside areas, prevent the generation
and discharge of pollutant to surface waters and support healthy upland pastures and
rangeland.

e Protect and Restore Riparian Management Zones (RMZ)
e Permanent streamside exclusion fence

e Off-stream water facilities

e Seasonal animal confinement
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e Heavy use area stabilization

e Stream crossing (where applicable)

e Emergency water access point (where applicable)
e Grazing management

Riparian management zones

Riparian vegetation provides a wide range of functions such as capturing, retaining and
transforming pollutants, regulating surface runoff from uplands, inhibiting streambank erosion,
providing stream shade, supplying large woody debris and cycling nutrients. Healthy riparian
habitats are critical for maintaining healthy streams and water quality.

Recommendations and considerations

e Establish riparian areas along streams according to Chapter 12, Riparian Management
Zone (RMZ) Recommendations.

e In areas with riparian forest potential, Ecology’s preferred option is to have a fully
forested RMZ equal to 1 SPTH at 200 years.

e Where it is not feasible to restore full riparian habitat functions it’s recommended that
landowners select an alternative RMZ configuration outlined in Chapter 12.

e At a minimum, livestock must be excluded from the core zone of the Riparian
Management Zone; however, exclusion from the full Riparian Management Zone is
preferred.

Permanent exclusion fence

Restricting livestock access to streams or other types of surface waters and providing
alternative water sources benefits riparian areas, streams and water quality, and can also
improve livestock productivity, animal health and increase opportunities to improve forage
management. Permanent exclusion fencing also supports the implementation of Riparian
Management Zones (RMZs) by preventing livestock from entering streams and certain areas
within RMZs (at a minimum the core zone of the RMZ) as described in the Riparian
Management Zone recommendations, Chapter 12.

Recommendations and considerations

e The preferred option is to install permanent fencing to exclude livestock from the entire
Riparian Management Zone (RMZ) as described in 12.

e At a minimum, permanent fencing must be installed on the upland edge of riparian core
zones and may need to be installed to prevent access to filter strip areas where needed.

e See Chapter 12 to identify the core zone width for your property and information about
filter strip recommendations.

e Exclude livestock from artificial waterways and install permanent fence a minimum of
25ft from the top of bank.

o Filter strips are recommended along artificial waterways.
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e Increase fence setbacks and use of wider filter strips in areas where there are
concentrate runoff flows, signs up-gradient erosion, or conditions causing significant
volumes of polluted runoff.

e Standard post-and-wire fences are suitable as permanent fencing and may include
barbed, smooth or electrified smooth wire.

e Other types of fencing such as woven wire may also be suitable if designed to restrict the
size and type of grazing animals.

e Fencing must be constructed to Natural Resource Conservation Service specifications or
equivalent standards.

Off-stream water

A consistent supply of high-quality water is vital to maintaining healthy and productive
livestock. Off-stream watering systems create many opportunities to improve forage
management and nutrient distribution, increase livestock productivity and protect riparian
zones and water quality. Along with fencing, off-stream water is also a key practice commonly
used when implementing grazing management systems.

Livestock water sources and drinking water quality

In general, livestock do not need as high of water quality as humans and can drink water of
poorer quality though there is a limit. Animals will perform better with higher quality drinking
water, and so it’s important to consider both the quality and quantity of available water when
deciding which water source to use. Supplying the highest water quality water is recommended
whenever possible.

Groundwater, captured runoff, and surface waters such as ponds, lakes, seeps, springs and
streams are common water sources used to provide water for livestock and each may have
advantages and disadvantages. For example, groundwater quality and quantity can be more
reliable and provide the most flexibility when designing a watering system. However,
groundwater wells can be costly depending on the local conditions and typically require
installing power lines or the use of solar power to operate a pump; although, windmills or
gasoline powered pumps or generators may be used in lieu of using solar panels or installing
power lines in some situations. Surface waters can be used when in situations where installing
groundwater wells isn’t feasible or when they provide a reliable and clean source of water. In
many situations, an electrical power source is still needed to utilize surface waters; however,
gravity-fed systems or mechanical systems, such as such as nose, sling or ram pumps, may be
viable alternatives.

Watering systems

There are a wide range of options to capture, store and deliver water to livestock, and farm
level systems often utilize a combination of water sources and systems. Tanks, troughs and
ponds are common methods of providing water for livestock, and large watering tanks,
separate storage tanks or ponds are often used to store water for future use. Water is typically
delivered through mechanical and electric pumps or gravity feed systems.
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The choice of systems selected will depend on a variety of factors such as water source,
availability of electrical power, pasture layout, required volume of water, season of use, cost,
potential for seasonal freezing, reliability, need to store water and producer preferences. While
each of these factors will need careful consideration, off-stream water facilities must be
designed to provide enough water to meet the daily and seasonal needs of grazing livestock
and accommodate the maximum number of animals anticipated to drink at any one time.

The volume of water needed will vary based on the type of animal, age, size, reproductive
cycle, environmental conditions and whether livestock water in groups or individually.
Consultation with a livestock grazing specialist, knowledgeable contractor or engineer to
determine the amount of water needed and to ensure the system design will meet those needs
is highly recommended.

Pumps and gravity systems are the two main types of watering systems. Commonly used
powered pumps electric (solar powered or dedicated/generator powered), fuel and wind
pumps. Common gravity or self-operating pumps include gravity fed, hydraulic ram, nose and
sling pumps.

Recommendations and considerations

e Prioritize the most reliable and highest quality water source available, selecting
groundwater when feasible due to its stability in both quality and supply.

e Use surface water sources when groundwater development is not practical or when
surface water is clean, dependable, and accessible.

e Evaluate the availability of electrical power early in the planning process and consider
alternatives (solar, wind, mechanical pumps, or gravity-fed systems) where power is
limited or absent.

e Accurately estimate livestock water needs by considering species, age, size, production
cycle, climate conditions, and peak demand periods.

e Design watering systems to meet both daily and seasonal water requirements and
ensure they can handle maximum herd demand at any one time.

e Incorporate adequate water storage (tanks, troughs, or ponds) to ensure supply during
high-demand periods, limited inflow, or power interruptions.

e Select pump types (electric, solar, wind, nose pumps, sling pumps, hydraulic ram pumps,
fuel-powered systems) based on terrain, water source, distance, and operational
reliability.

e Consider pasture layout, travel distance for livestock, terrain features, and ease of access
when siting watering facilities.

e Plan for freeze protection in cold seasons using insulated tanks, frost-free systems,
winter-specific designs, or backup watering methods.

e Evaluate system reliability, long-term costs, ease of maintenance, and the producer’s
management capacity before final system selection.
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Water placement

Access to drinking water is a key factor that affects livestock grazing patterns. Off-stream water
has been shown to increase animal distribution and improved forage utilization when properly
placed. However, insufficient or poorly placed water developments can limit the use of
seasonal pastures and lead to uneven grazing.

Each grazing operation is unique, and the number of water facilities needed and their
placement will vary based numerous factors such as the type and number of animals, sources
of water used, terrain and watering system chosen. It’s important to consider these factors
when developing an off-stream watering systems to ensure the system can supply the amount
of water needed at the times needed while also supporting even animal distribution and forage
utilization.

Recommendations and considerations

Off-stream water facilities should be located outside Riparian Management Zones
whenever possible.

To limit traffic in or near Riparian Management Zones, it's recommended to setback off-
stream water facilities from Riparian Management Zones as far as possible. Setbacks of
250m (820 ft.) or greater are preferred when possible.

The area adjacent to the watering facility must be stabilized with heavy use are
protection that meets Natural Resource Conservation Service (NRCS) or equivalent
design and construction specifications.

When pumping water outside the Riparian Management Zone isn’t feasible, watering
locations must be outside the core zone.

o Heavy use area protection must also be installed and additional BMPs such as filter
strips may be needed downgradient of the water development if there is erosion or
excessive runoff.

o See chapters 5 and 12 for more information about filter strip implementation.

For smaller properties where the Riparian Management Zone overlaps with all or the
majority of the grazing area, locate off-stream as far from riparian buffer areas as
possible. Water locations must be outside the core zone and include heavy use area
protection. Additional BMPs such as filter strips may be needed down gradient of the
water development.

Avoid locations where significant run-on is anticipated or areas with flow paths to surface
waters.

Avoid areas that are seasonally flooded or saturated for extended periods of time during
the grazing season.

Locate water facilities in areas with slopes less than 10% and limit the vertical distance
livestock must travel to reach water. Avoid locating water developments on slopes
greater than 30%.

Limit the distance between grazing areas and water locations whenever possible. Careful
placement of water developments can support improved animal distribution and help
alleviate uneven forage utilization.
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o Inarid and semi-arid areas, it's recommended to limit the distance between
watering stations to less than 1 km (0.6 mi.) whenever possible.
= The distance between watering stations may need to be reduced on
steeper terrain or to meet forage utilization goals.
=  Stocking rates may need to be reduced if the distance between water
stations is less than 1 km (0.6 mi.).

o Intemperate areas or on irrigated pastures where forage is more readily available
and supports intensive grazing management strategies, shorter distances between
water and grazing areas are often needed to improved forage utilization.

= In these settings, it's recommended to limit the distance between grazing
areas and watering locations to 250m (820 ft.) or less whenever possible.

e Ensure off-stream water facilities can deliver the volume of water needed to meet
livestock’s daily and season needs.

e Design water facilities to accommodate the maximum number of animals that are
anticipated to drink at any one time.

¢ Implement multiple off-stream water sources to facilitate animal dispersion and improve
forage utilization whenever possible or needed.

e Consider using tanks or ponds to store water when using solar pumps or in situations
when water supplies may be seasonally limited. When properly located, stored water
supplies can be used to gravity feed additional watering stations.

e When a watering system includes an overflow outlet, direct water away from the
watering location to prevent the generation of mud and polluted runoff.

e Consult with a grazing specialist to determine the number of off-stream water facilities
needed and to identify optimal placement.

e A knowledgeable contractor or engineer can also assist in designing a system to fit the
needs of each site.

e Use NRCS guidance such as the Field Office Technical Guides (FOTG) for Livestock
Pipeline (code 516), Pond (code 378), Pumping Plant (code 533), Spring Development
(code 574), Watering Facility (code 614), Water Well (code 642), and Heavy Use Area
Protection (code 561) or equivalent construction specifications when implementing a
water system.

Wet pastures and sacrifice areas

Wet and saturated pastures are a common occurrence from late fall through spring in
Washington. As soils become wetter, they are less able to withstand livestock traffic. Traffic on
wet pastures generates mud and causes soil compaction, erosion and damages the roots and
crowns of plants. To limit soil and forage damage within pastures, it is important to take the
proper actions to protect pastures during wet periods. Not taking precautions to protect wet
pastures can cause excessive damage, reduce forage production and lead to polluted runoff.

A common solution used to prevent negative impacts to pastures and water quality is to
establish seasonal sacrifice areas. Sacrifice areas are locations where animals are fenced or
penned into a dedicated area for a period of time when grazing can be detrimental to plants,
soils and water quality. Sacrifice areas are most commonly used from mid-fall to mid-spring
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when fields are wet or saturated or when there is no available forage. However, sacrifice areas
can also be used late in the grazing season or during periods of drought to avoid damage to
recovering plants. These areas may be used to separate animals or care for sick or injured
animals as well. The main goals of sacrifice areas are to ensure the majority of grazing lands are
rested to stay productive and to prevent negative impacts to water quality.

Recommendations and considerations

Rest pastures from approximately mid-fall to early spring to avoid physical damage to
pasture soils, forage and prevent the generation of polluted runoff.

Livestock should be removed from pastures before they become excessively wet or
saturated or when minimum stubble heights have been reached.

Wait to start grazing in the spring until adequate forage heights are reached. Forage
heights should be twice the recommended residual stubble heights before grazing is
allowed.

Postpone turning out livestock in the spring if pastures are saturated, likely to be
damaged or cause polluted runoff to reach surface waters.

Utilized barns or dedicated sacrifice areas from mid-fall to early spring to avoid damage
to pastures and limit negative impacts to surface waters.

o Locate sacrifice areas as far as possible from surface waters and wellheads.

= At a minimum, sacrifice areas must be located outside Riparian
Management Zones as outlined in Chapter 12.

= A greater setback distance may be needed if the sacrifice areas is likely to
contribute polluted runoff to surface waters.

o When selecting a location, chose elevated areas with good drainage and avoid
frequently flood areas, locations that are seasonally saturated or areas that receive
significant upland runoff or runoff from adjacent buildings.

= Additional factors to consider when selecting a location include: slope;
potential for preferential flow paths; sacrifice area size, numbers of
animals; and the frequency and duration of use.

= Elevated pads constructed above grade may be used at low lying sites or
flood prone locations when necessary.

o Divert runoff from sacrifice areas such as runoff from roof, adjacent impervious
surface or upgradient slopes. Preventing runoff from entering sacrifice areas will
prolong the life of the footing materials, provide a more comfortable environment
for livestock, reduce maintenance, facility manure collection and help prevent
polluted runoff from leaving the site.

= |nstall gutters on animal shelters, barns and sheds and divert roof runoff
away from sacrifice areas.

= Use berms, swales and subsurface drains may be used to divert
upgradient runoff from sacrifice areas.

o Sacrifice areas may be unimproved if they can be sited, operated and maintained to
prevent polluted runoff from entering surface waters.
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o Locations with high annual precipitation are more likely to need an improved
sacrifice area.

o When site specific factors are likely to cause pollution to reach surface waters,
create improved sacrifice areas that meet NRCS FOTG or equivalent design and
construction specifications for Heavy Use Area Protection (code 561) and prevent
polluted runoff from entering surface waters.

= |mproved sacrifice areas include a footing material such as sand, gravel,
wood chips or other wood products such as hogfuel and a geotextile
underlayment.

= Footing is a critical component of developing a well-drained, durable
sacrifice area. Footing materials are used to build up the soil surface to
limit compact and facilitate infiltration, decrease mud and runoff, and
provide a healthy and comfortable environment for confined livestock.

= Each material has advantages and disadvantage such as cost, life span,
suitability and ease of use that should be considered prior to selection.

e Use vegetated filter strips downgradient of sacrifice areas to capture sediment and
infiltrate runoff.

e Use sturdy and safe fences to contain livestock. Sacrifice areas will need periodic
maintenance and manure removal. It’s important to periodically inspect sacrifice areas,
especially after significant precipitation events to ensure the area hasn’t become
saturated or inundated, that runoff isn’t reaching surface waters and that footing
material hasn’t been eroded.

e Perform periodic inspections and maintenance to ensure the sacrifice is performing as
designed, footing material isn’t eroding, and runoff from sacrifice areas is not reaching
surface waters.

e Routinely removed manure and store accumulated manure in a waste storage structure
until it can be land applied, properly used or disposed of.

e See chapter 9 (Runoff Control for Agricultural Facilities) and chapter 11 (Animal
Confinement, Manure Handling & Storage) for more information about practices that can
be used to control and divert runoff and to construct and manage livestock confinement
areas and manure storage facilities.

Heavy use area protection

Areas where livestock congregate frequently or for long periods of time such as watering
facilities and sacrifice areas often become unstable and are subject to compact, erosion and
muddy conditions especially after precipitation or during wet seasons. Heavy use area
protection provides a stable, non-eroding surface and is commonly used at off-stream watering
facilities and sacrifice areas especially when these sites are likely to become muddy or erode.
Heavy use area protection may also be used in other locations such as areas where mineral
supplements are provided, supplemental feeding areas and loading corrals. Concrete or
compacted gravel are typically used to stabilized areas around off-stream water developments
and feeding areas. A variety of footing materials may be used for sacrifice areas including sand,
gravel, wood chips or other wood products such as hogfuel.
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Recommendations and considerations

e Size heavy use areas protection to prevent unstable conditions near water facilities.

e Design the foundation and base according to the animal type, traffic frequency and site
soil conditions.

e Heavy use area protection areas must be designed and constructed according to NRCS
FOTG specification for Heavy Use Area Protection (code 561) or equivalent standards

e Consult with local NRCS, University Extension or conservation district staff when planning
to install heavy use area protection.

e See chapter 11 (Animal Confinement, Manure Handling & Storage) for more information
about designing and constructing heavy use area protection areas.

Stream crossings

Stream crossings are sometimes needed to provide livestock or equipment access to pastures
on the other side of a stream without damaging streambanks or the streambed. This practice
applies to ephemeral, intermittent and perennial water courses and includes fords, bridges or
culvert-type crossings.

Culverts and bridges best suited to prevent disturbances to streambanks and streambeds and
should be used in high traffic areas and where fish or large woody debris are expected. Culverts
can impede passage of fish and other aquatic organisms and must be sized and installed to
prevent obstructions.

Ford crossing are created by stabilizing the streambed with concrete or rock and geosynthetic
material. Ford crossing may be suitable for shallow, low velocity watercourses with a gentle
sloped streambanks and a firm streambed. Ford crossings are not suitable for high traffic areas
with frequent use. Bridges or culverts should be used for in high traffic situations.

Recommendations and considerations

e Stream crossings for livestock only should be less than 6ft in width and all crossings must
be no greater than 30 feet wide as measured from the upstream to downstream end.

e Bridges and culverts must be used for high traffic crossings such those used daily or
weekly.

e Ford style crossings are only suitable for low velocity streams with firm streambeds and
infrequent use.

e Stream crossing approaches must be limited in width and no wider than 30ft.

e All crossings must include permanent fence to prevent livestock access to riparian areas
(see permanent fence requirements).

e Livestock must be excluded from the stream crossing approaches using fence and gates.
Exclusion fencing and/or gates must be located on the outer, upland edge of the riparian
buffer and filter strip (when a filter strip is required).

e Use of ford crossings for livestock watering is prohibited except for emergencies (see
Emergency Water Access Points).
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e Any form of work that uses, diverts, obstructs, or changes the natural flow or bed of any
fresh water or saltwater of the state, requires a Hydraulic Project Approval (HPA)?! from
the Washington Department of Fish and Wildlife (WDFW). Therefore, all proposed
stream crossings must be reviewed by the Washington State Department of Fish and
Wildlife prior to installation.

e All stream crossings must be designed and installed according to specifications in line
with NRCS FOTG Stream Crossing (code 578) and any additional requirements that may
be required as part of obtaining an HPA from WDFW.

e Use NRCS FOTG Trails and Walkways (code 575) or equivalent construction specifications
when designing approaches to a stream crossing.

Emergency stream access points

An emergency access point is a location along a stream where livestock can temporarily access
the stream for drinking water purposes. These locations may be needed or desired as a
contingency should off-stream water equipment fail or need to be maintained or replaced.
However, they must only be used under emergency situations and may not be used as
alternatives to permanent off-stream water sources.

Ford style stream crossings may serve as emergency water access points. Where ford style
crossings aren’t installed or available, temporary access points may be created using gates and
fencing to create a narrow lane from upland areas to the stream. Lanes should not be cleared
and must maintained native riparian vegetation.

Recommendations and considerations

e Emergency access points must be no greater than 10 feet wide as measured from the
upstream to downstream end.

e Use of emergency access points must be limited to the time needed to repair off-stream
watering facilities or move livestock to an alternative location where viable off-stream
water is available.

e Access points cannot be used in lieu of installing or maintaining permanent, reliable off-
stream watering facilities.

e Riparian vegetation must be maintained in lanes created for emergency water access and
clearing in prohibited.

e Lanes should be the shortest distance possible from upland grazing areas to the stream.

e Emergency access locations must be limited in number and geographic extent.

e Use NRCS FOTGs for Trails and Walkways (code 575) and Fence (code 382) or equivalent
construction specifications when designing an emergency access point.

2! https://www.epermitting.wa.gov/site/alias__resourcecenter/10042/introduction.aspx

Publication 26-10-045 CWG Recommended BMPs
Page 123 April 2026


https://www.epermitting.wa.gov/site/alias__resourcecenter/10042/introduction.aspx

Grazing management and riparian management zones

Riparian Management Zones as outlined in Chapter 12 include streamside buffer areas were
agricultural activities including grazing are not allowed. However, agricultural activities
including grazing may be allowed within some areas of Riparian Management Zones.

Most grazing operations in Washington will have grazing areas that include Riparian
Management Zones where careful and targeted management measures are needed to ensure
Riparian Management Zones are not over-grazed or become sources of pollution. The following
sections will describe the goals of grazing management and outline strategies that can be
implemented in pasture and rangeland settings. It’s important to note that these grazing
strategies are not isolated to Riparian Management Zones and are intended to promote animal
distribution throughout riparian and upland areas. Improved animal distribution is better for
animal production and water quality, and these strategies can be used to help achieve both.

Grazing management

When properly applied, grazing management systems that incorporate timing, proper stocking
rates and forage management can be a valuable tool to help livestock managers better control
animal behavior and tendencies, maximize forage potential and utilization, promote pasture
and rangeland health and protect water quality. Knowledge of important relationships between
grazing timing, forage management and stocking rates is a good first step toward successful
grazing management.

Most grazing operations are likely to have pastures or rangeland grazing areas adjacent to
streams. Proper grazing management is important on all grazed lands and is especially critical
for the protection of water quality and to maintain healthy riparian habitats. For grazing to
occur in Riparian Management Zones (outside of core zones), operators must develop a grazing
management plan that includes specific management measures within Riparian Management
Zones. Because of the many benefits these strategies provide to forage and soil health, it’s
strongly recommended that livestock managers develop a grazing plan for all upland areas even
if they don’t contain streams and riparian areas. This is especially important if upland areas
contain other surface waters or conduits to surface waters such as drainage ditches, irrigation
canals or swales.

Recommendations and considerations

For grazing to occur in the inner and outer zone of the Riparian Management Zone, its
recommend that livestock managers have a grazing management plan that meets the
requirements of all applicable grazing management strategies outlined below, and at a
minimum, must:

e |dentify the season(s) of use for all pasture within Riparian Management Zones.

e Estimate forage availability and utilization rates.

e Develop site specific stocking rates based on available forage types, class and size of
animals, estimated utilization rates, and duration of grazing.
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o Stocking rates should also account for regional weather and climate and soil
properties (e.g. texture, depth, and water holding capacity) as these factors directly
affect forage availability.

¢ Include forage monitoring protocols to evaluate forage utilization during each season of
use and assess trends in plant communities over time.

e Set clear and measurable objectives for forage and non-forage plant communities and
soil conditions.

e Evaluate the suitability of each site/pasture for livestock grazing.

e Include strategies to facilitate animal distribution and avoid disproportionate grazing of
riparian vegetation and prevent browsing of wood vegetation.

e Establish a schedule to rest and rotate pastures to maintain and optimize forage growth
and vigor.

e |dentify times or seasons when livestock should be removed from pasture such as when
pastures are excessively wet, saturated, inundated or when flooding is expected.

Livestock grazing within Riparian Management Zones must:

e Maintain permanent vegetative cover.

e Prevent bare ground, soil compaction and erosion.

e Maintain riparian vegetation including woody vegetation.

e Limit manure accumulations.

e Not include winter grazing or animal confinement with Riparian Management Zones.

e Notinclude supplemental feeding within Riparian Management Zones.

e Prevent browsing of woody riparian vegetation.

e Prevent grazing on excessively wet or saturated soils during any season.

e Maintain vegetative cover including post grazing stubble heights of approximately 6
inches in rangeland pastures and approximately 3-4 inches in cultivated pastures.

e Limit forage utilization based on season of use and meet seasonal utilization targets.

Timing strategy recommendations

The following provides a brief overview of grazing-timing strategies commonly used in the
Pacific Northwest, along with key recommendations and overarching considerations. Because
each property is unique in its soils, vegetation, climate, and management goals, consultation
with a livestock grazing specialist to develop a site-specific grazing plan is strongly
recommended.

These strategies incorporate concepts that can be applied to both pasture and rangeland
settings, though some approaches are more typical in one context than the other. For instance,
early-, mid-, late-, and rest-rotation strategies are most frequently associated with rangeland
systems, while pasture-based operations more commonly rely on rotational or season-long
grazing, sometimes supplemented with additional timing strategies as conditions require.

Early season grazing
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Early season grazing, typically occurring from April to mid-July in the Pacific Northwest, can be
an effective strategy for improving livestock distribution across rangeland pastures that include
both upland and riparian areas. During this period, cool temperatures and abundant, palatable
upland forage can encourage cattle to use upland areas more evenly, reducing pressure on
sensitive riparian zones. This approach works best where uplands offer attractive herbaceous
forage, riparian areas remain cool and wet enough to discourage loafing, and well-drained soils
minimize risks of compaction. While early season grazing offers potential benefits, it also
requires careful monitoring to avoid soil damage and overuse of riparian vegetation, as well as
attention to plant recovery needs during their critical spring growth period. In many rangeland
areas, early season grazing is best followed by rest for the remainder of the grazing season or
until fall. If sufficient regrowth occurs, late-season grazing may be appropriate under careful
management.

Recommendations and considerations

e Evaluate soils moisture conditions prior to grazing to prevent damage to soils including
compact and erosion. Soils with high proportions of clay are likely to be wetter in the
spring and are more susceptible to detrimental effects to soil properties from early
season grazing.

e Delay grazing when soils are excessively wet or saturated when damage to soils and
vegetation is likely.

e Remove livestock while forage plants are in a vegetative state.

e Rest pastures on a rotating basis to allow plants to complete reproduction cycles.

e For rangeland areas - limit utilization to approximately 50% and maintain stubble heights
of approximately 6 inches

e For cultivated or permanent pastures — maintain stubble heights of approximately 3-4
inches.

Mid-Season Grazing

Mid-season grazing, which occurs from mid-July through late September in the Pacific
Northwest, presents notable challenges for maintaining healthy riparian vegetation. As upland
forage matures and temperatures rise, livestock naturally gravitate toward cooler riparian
zones with more palatable vegetation, increasing the risk of overuse, reduced plant vigor, and
long-term degradation of woody species. Because summer is also the most stressful period for
plant communities, with limited moisture for regrowth, repeated annual mid-season grazing
without rest or deferment can be especially detrimental. However, when carefully managed
with appropriate stocking rates, close monitoring, timely livestock removal, and strategic
placement of off-stream water, mid-season grazing can be implemented while helping to
protect riparian functions.

Recommendations and considerations

e Monitor forage utilization to prevent browsing of woody vegetation.
e Remove livestock once woody vegetation browsing begins.
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e For rangeland areas - limit utilization to approximately 50% and maintain stubble heights
of approximately 6 inches

e For cultivated or permanent pastures — maintain stubble heights of approximately 3-4
inches.

Late- season grazing

Late-season grazing, occurring from September through November, presents unique
considerations as upland vegetation becomes highly mature and less palatable, drawing
livestock toward more desirable forage in riparian areas. While grazing during this period may
have fewer impacts on herbaceous plants that have already completed their growth and
seed-setting cycles, and soil moisture is often low enough to reduce compaction risks, careful
management is still essential. Warmer late-season temperatures and declining herbaceous
quality can increase livestock browsing on woody vegetation, potentially reducing plant vigor,
limiting woody species regeneration, and compromising riparian function.

Recommendations and considerations

e Time grazing when herbaceous vegetation is readily available.

e Monitor forage utilization to prevent browsing of woody vegetation and immediately
remove livestock as soon as animals begin to browse woody vegetation.

e Evaluation soil conditions before grazing and stop grazing areas that become excessively
wet or when damage to soil and vegetation is predicted.

e For rangeland areas - limit utilization to approximately 30-40% and maintain stubble
heights of approximately 6 inches

e For cultivated or permanent pastures — maintain stubble heights of approximately 3-4
inches.

Season-long grazing

Season-long grazing, which involves keeping livestock in the same pasture for the entire
growing season, is generally not considered a formal management strategy because it provides
little to no rest for vegetation. To avoid overgrazing, stocking rates must remain low enough to
sustain forage availability, as continuous access allows livestock to selectively graze preferred
plants, potentially weakening desirable species over time. Successful use of season-long grazing
depends on careful monitoring of forage height and plant composition, much like rotational
systems, and is most feasible in flatter areas with shallow groundwater—such as wet meadows
or irrigated pastures—where consistent moisture supports plant regrowth throughout the
season.

Season long grazing should be limited to situations where animal distribution and use can be
strictly controlled, and stubble height requirements can be met. Season-long grazing is most
likely to be successful in flatter areas with supplemental irrigation. Season long grazing is
generally inappropriate for rangeland grazing.

Recommendations and considerations

e Monitor forage utilization to prevent browsing of woody vegetation.
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e Remove livestock once woody vegetation browsing begins.

e Forrangeland areas - limit utilization to approximately 50% and maintain stubble heights
of approximately 6 inches

e For cultivated or permanent pastures — maintain stubble heights of approximately 3-4
inches.

Rotational grazing

Rotational grazing systems subdivide larger management areas into smaller pastures, allowing
livestock to graze one section at a time while the remaining areas rest. By increasing stocking
density and controlling the timing, frequency, and duration of grazing, rotational systems help
limit selective grazing and reduce repeated pressure on preferred forage species. These
systems are commonly used in pastures with domesticated forage and supplemental inputs
such as irrigation or fertilization, where they can improve forage utilization and reduce the
need for mechanical harvest. However, in arid and semi-arid rangelands where forage
production is driven primarily by precipitation rather than grazing interval, intensive rotational
grazing is generally less applicable, and strategies that minimize riparian grazing during summer
and fall are often more effective. As with all grazing approaches, rotational grazing must
account for soil conditions, plant growth periods, and the protection of riparian vegetation,
ensuring rest periods are long enough to maintain forage health and soil function.

Recommendations and considerations

e Assess pastures to ensure sufficient forage quality and quantity is available.

e Improve or renovate pastures as needed.

e When Riparian Management Zones include riparian vegetation, carefully monitor and
remove livestock before browsing of wood vegetation begins.

e Evaluation soil conditions before grazing and delay grazing whenever soils are excessively
wet or when damage to soil and vegetation is predicted.

e Provide rest periods long enough to avoid progressive, long-term degradation of
vegetation and allow full recovery of the soil hydrologic conditions prior to resuming of
grazing after resting pastures.

e Maintain stubble heights of approximately 3-4 inches.

e Manage manure accumulations and prevent polluted runoff from entering surface
waters especially in spring and fall when precipitation and antecedent soil moisture is
typically higher.

e Implement filters strips prior to the grazing season if excessive manure accumulation is
anticipated.

Related NRCS practices

e Fence (code 382)

e Trails and Walkways (code 575)
e Stream Crossing (code 578)

e Watering Facility (code 614)

e Water Well (code 642)
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e Spring Development (code 574)

e Pond (code 378)

e Pumping Plant (code 533)

e Livestock Pipeline (code 516)

e Heavy Use Area Protection (code 561)
e Waste Storage Facility (code 313)
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Chapter 11: Animal Confinement, Manure Handling
and Storage

Introduction

Animal agriculture is an important industry in Washington that contributes significantly to the
state’s economy and food supply chain. According to the National Agricultural Statistics
Services, animal agriculture sales accounted for over 25 percent of the nearly $10 billion in
agricultural products sold in Washington. Beef cattle and dairy milk products sales were the
leading livestock sectors each generating about $1.1 billion in sales and combining for over 80%
of animal product sales (USDA-NASS, 2017). Beef and dairy cattle also account for nearly 90% of
the state’s livestock. For example, there were approximately 1.14 million head of cattle, 50,000
sheep, 30,000 goats and 50,000 horses in the state in 2020 (USDA-NASS, 2021). Beyond
contributing to the state’s economy, animal agriculture also supports local jobs and rural
economies and provides for a quality of life valued by many. Washington’s livestock industry is
a valuable part of state’s economy and heritage.

Whether to produce food and fiber or for personal enjoyment, most livestock owners will
confine animals either temporarily or permanently at some point. For grazing-based operations,
livestock are typically confined when there is limited forage and when the use of pastures is
likely to damage forage and soil quality. Conversely, animal feeding operations are designed to
confine and raise animals in pens or other facilities as a method to efficiently grow livestock and
produce animal products. Animal confinement areas can range from smaller sacrifice areas
used to temporarily confine animals to large feedlots. Nevertheless, any time animals are
confined, there is a risk that accumulated manure and other waste can cause polluted runoff to
enter surface waters or negatively affect groundwater. Proper design and maintenance of
confinement areas and manure storage facilities is crucial to prevent potential negative impacts
to water quality that can result from confining livestock.

This chapter focuses on BMPs to help prevent impacts to water quality from these types of
areas. As such, this chapter provides recommendations on where to locate, construction, and
set-up of sacrifice and confinement areas. The goal is to prevent pollution from leaving the site
by locating confinement areas, and waste storage facilities appropriately, diverting clean water
around these areas and containing stormwater that is generated within these areas to prevent
it from discharging to surface water.

Scope of guidance

The purpose of this chapter is to outline BMPs, that when implement, will help prevent
negative impacts to water quality from animal confinement areas, manure management
facilities and other high traffic areas used by livestock. As such, this chapter provides
recommendations on how to site, construct and implement animal confinement areas and
waste storage facilities along with additional practices used to collect, store, stabilize, and
eventually use accumulated animal waste.
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The practices outlined in this chapter are primarily source control BMPs that are intended to
prevent pollutants from coming into contact with water or are designed to capture polluted
runoff. Further, these practices should be implemented in suites as their efficacy often requires
that all components are functioning properly. Ultimately, the goal is to prevent pollution from
leaving the site or entering groundwater by locating confinement areas and waste storage
facilities appropriately, diverting clean water from these areas and properly containing
stormwater and leachate. While the primary focus of these recommendations are to protect
water quality, many of these practices also provide operational benefits and animal health
benefits as well.

It’s understood that in-ground liquid manure storage lagoons are a commonly used practice in
Washington. Given the technical complexities associated with manure storage lagoons, they
will be addressed by a subsequent chapter.

This guidance applies to non-permitted operations.

Recommended best management practices

How animal confinement areas and associated waste are managed will inevitably vary given site
specific factors, and operator goals and needs. Given the site-specific nature and potential
complexities of animal and manure management, the system and design of the BMPs
recommended by this chapter needs to be tailored to the specific operation being addressed.
This guidance serves as a start, presenting the main considerations when planning manure
management systems and heavy use areas/confinement areas; it is advised to consult with
technical experts such as an agricultural systems engineer or a conservation planner to develop
an operation-specific plan.

Function/purpose

The BMPs outlined in this chapter are largely source control BMPs. Source control is achieved
through the proper siting of confinement areas, waste storage facilities and other heavy use
areas (e.g., off-stream water facilities, supplemental feeding areas and salt licks), diverting
clean water around these areas, covering manure storage facilities, and capturing polluted
runoff from these areas.?? If implemented and maintained correctly, the purpose of these BMPs
is to prevent the discharge of pollutants from these areas.

Animal confinement areas
Key location, design, construction and management considerations

Key design considerations for the construction of a heavy use animal confinement area include:

22 Though the focus is on source control BMPs there can be some treatment of pollutants by composting which can
kill off pathogens in manure.
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e Site selection — considering aspects such as soils, slope, surrounding drainage and
proximity to surface waters or conduits to surface waters.

e Stabilization of the area—determine the appropriate pad surface area and
footing/bedding material.

e Stormwater and drainage management — diversion of clean water and capture and
treatment of polluted runoff.

e Sijte operation and maintenance — particularly manure collection and management.

Site selection

e Confinement areas siting recommendations include:

e Confinement areas and other heavy use area sites should be located away from any
surface water (perennial, intermittent, or ephemeral). Consistent with the Riparian Areas
& Surface Water Protection recommendations (Chapter 12), confinement areas and
other heavy use areas should be located outside the riparian management zone (at least
215-feet away from surface waters for western Washington locations and 150-feet away
from surface waters for eastern Washington locations)?3.

e The site should be situated on high level ground, not in depressional areas where water
collects.

e Avoid locations near conduits to surface waters such as swales, tile lines or other natural
or artificial drainage ways that outlet to surface waters.

e Avoid areas with shallow groundwater.

e Avoid areas with high leaching potential?*. Sites characterized by shallow soil, or a high
water table, or a sandy/gravelly soil with excessive drainage and high permeability are
poor or unsuitable for heavy use areas. Soil type should be considered as one of the most
important criteria for site selection.

23t is recognized that this in some cases it may not be feasible to achieve that setback distance at all sites
particularly those with established structures and small sites. Farmers and implementers are expected to follow a
stepwise process when determining feasibility. Fully consider whether the recommended setback distance can be
implemented at the site. If there are existing structures, can they be moved? Consider grant programs and other
incentives that could help cover the cost of relocating structures. At a minimum HUAs should be located outside of
the core zone. It is not acceptable to default straight to the minimum core width. Determine the maximum extent
that the HUA can located away from the surface water. We would expect to see documentation of how the
maximum setback distance was selected. Farmers and implementors should also explore additional engineered
stormwater solutions to prevent discharges from heavy use areas if they are located in the RMZ. It may be
necessary to provide a roofed structure over all or a portion of the HUA (see composted bedding pack barns
below) to prevent the discharge of pollution.

2 For existing livestock confinement areas on poor sites with high leaching potential, the best options for
protecting groundwater could be eliminating the confinement area and switching to either housed confinement
(e.g., bedded pack barns) of livestock or providing an impervious surface. Alternatively, the confinement area
could be relocated to a more suitable location.

24 For existing livestock confinement areas on poor sites with high leaching potential, the best options for
protecting groundwater could be eliminating the confinement area and switching to either housed confinement
(e.g., bedded pack barns) of livestock or providing an impervious surface. Alternatively, the confinement area
could be relocated to a more suitable location.
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e Locate and design the confinement area such that it is outside the 100-year floodplain
unless site restrictions require locating it within the floodplain. If located in the
floodplain, protect the facility from inundation or damage from a 25-year flood event.

e |[f there is the potential for ground water contamination from the heavy use area, select
another site or provide an impervious surface to reduce infiltration of pollutants.

e The surface of the heavy use area should be slightly sloped (<=2%) to direct any
generated runoff to an adjacent vegetated filter strip (VFS) or other wastewater
collection and treatment system. The VFS provides a relatively low maintenance yet
effective pollutant runoff capture alternative for most applications and should be
considered a component of the overall HUA system.

e There should be sufficient adjacent space to incorporate pad runoff treatment options
such as a vegetative filter strip or settling/storage basin, in the case of larger scale
operations. The site, including the VFS, should be situated on slopes less than 5%.

e Locate confinement areas near manure storage facilities to optimize operational
efficiencies and allowing for its more frequent collection.

Pad surface area, foundation and surface treatment

The HUA pad size is dependent on the type, number, and age of livestock it will accommodate
and the period of that accommodation. Key considerations for establishing or rehabilitating a
heavy use area are the selection of foundation and footing/bedding materials. Chief
considerations include materials that will meet the anticipated loads and frequency of use,
provide for appropriate animal health and support (i.e., hoof protection), provides for efficient
drainage, has longevity, and allows for routine manure collection.

Because of the site-specific nature of these considerations Ecology recommends consulting a
conservation district, Natural Resource Conservation Service (NRCS) or other farm planner to
determine the appropriate foundation and footing materials and determine the overall HUA
footprint.

e Ecology recommends implementing the NRCS FOTG on Heavy Use Area Protection (code
561).

Drainage considerations

A key to the long-term success of the HUA protection practice is the diversion of all significant
sources of off-site water (stormwater BMPs will be covered in Chapter 9), providing slope to the
footing surface to promote on-site drainage preferably to an adjacent vegetative filter strip or
basin, and the frequent removal of manure — daily is ideal. Careful consideration of all these
factors will significantly reduce the production of muddy conditions.

Diversion of clean water

The potential for drainage from upgradient areas and adjacent structures should be considered
when planning heavy use areas. Any drainage that could potentially enter the HUA from up-
gradient locations and adjacent structures should be diverted. Minimizing on and off-site clean
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flows allows for the site’s increased longevity while limiting the generation of contaminated
runoff.

Adjacent barns and shelters, whether existing or planned, should have gutters and downspouts
that capture and direct rooftop-generated runoff away from the heavy use area to either
dedicated curtain drains (French drain) or to adjacent grass filter strips for infiltration.

Treatment of on-site runoff

Runoff is generated when precipitation, as either rain or melting snow, is of sufficient intensity
and/or longevity to generate overland flow which, in this context, is likely to entrain manure,
bedding, and waste feed. For smaller HUAs, runoff from the pad surface should be directed to
an adjacent vegetated filter strip or vegetated treatment area for infiltration and pollutant
attenuation. This grassy area around the outside of the heavy use area will provide for
treatment of pad surface runoff reducing the potential off-site export of sediment, bacteria,
and nutrients (N and P). Runoff should enter the VFS as uniform flow and not allowed to
concentrate, a situation that significantly reduces its effectiveness. The width of the treatment
area will vary depending on the HUA pad area (a surrogate of runoff generation), soil type,
vegetation density (thickness of grass) and slope, among other factors. There are limitations to
the amount of stormwater and associated pollutants a treatment area can address. Larger
operations will likely need to use a stormwater basins to collect on-site runoff.

e Supporting NRCS FOTGs: Filter Strip (code 390), Vegetated Treatment Area (code 635)
Operation and maintenance

It's recommended that an operation and maintenance (O&M) plan be created to document
both construction specifics and the long-term maintenance needs of the greater HUA. An
important aspect of writing such a plan is the thought process; having constructed the site,
what are the critical aspects for maintaining its long-term effectiveness? The plan also provides
a document for recording the type of maintenance undertaken and when it was undertaken
allowing for a cost/benefit perspective over time. What maintenance practices are beneficial
and what require changes? An additional component of the overall site plan should include
addressing manure collection, storage, and utilization (i.e., aspects of a nutrient management
plan).

The O&M plan should, at a minimum, include:

e Construction specifics and site layout.

e Criteria applied for optimizing the use of pastureland and the HUA.

e The quantity and timing of the replacement of upper footing layer.

e Activities undertaken to maintain on and off-site drainage infra-structure including
vegetated berm areas.

e Maintenance for fencing and shelter.

e Manure collection frequency, storage (longevity and flow), utilization (application rates
and timing) considerations.
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Manure collection

Among the most important maintenance activities for heavy use areas is regular manure
collection. Methods of collection and transfer of solid forms of manure can range from a simple
shovel and wheelbarrow, for a very small farming operation, to the more typical tractor-
equipped scraper and front-end loader. Frequent collection reduces mud production (saturated
soil and intermingled urine and feces). In addition to protecting animal health, frequent manure
collection limits the potential of its migration and potential to contaminate surface and ground
waters.

Ideally, manure and soiled bedding is collected every one to three days from turnouts, barns,
stalls, and confinement areas (Harwood, 2005). However, the frequency of manure collection
will vary based on the needs of the operator, type and number of animals and other animal
health considerations. Further, the timing and frequency of manure collection should be
adjusted to avoid damage to the HUA foundation and footing materials, especially non-
cemented materials, when soils are overly wet. This is especially true when tractors or dozers
are used. Ecology recommends working with a farm planner to determine the ideal manure
collection frequency and timing, and to document it in a manure management plan.

Managing livestock mortalities

Managing mortality is an important aspect of animal operations that has its own associated
costs, implementation considerations, and requirements. Producers should refer to NRCS
guidance on animal mortality management and Ecology’s On-Farm Composting of Livestock
Mortalities guidelines?” to reduce impacts to surface water and groundwater, reduce odor, and
decrease spread of pathogens.

Additional high traffic areas
Key location, design, construction and management considerations

Confinement areas are not the only areas that can receive more intense and/or frequent use. In
pastures and range lands there are areas that livestock use more intensively including off-
stream water locations, feeding areas and salt licks. Additionally, areas used to move livestock
such as loading corrals and travel lanes often receive heavier use. Key design considerations for
the construction these other heavy use areas include:

e Site selection — considering aspects such as soils, slope, and surrounding drainage.
e Stabilizing heavy use areas to minimize erosion and limit the transport of pollutants.

Site selection

Select sites to locate off-stream water facilities, supplemental feeding areas, salt licks and other
high traffic areas away from surface waters. Siting recommendations include:

25 https://apps.ecology.wa.gov/publications/documents/0507034.pdf
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e Heavy use area sites should be located away from any surface water (perennial,
intermittent, or ephemeral). Consistent with the Riparian Areas & Surface Water
Protection recommendations (Chapter 12) confinement areas and other heavy use areas
should be located outside the riparian management zone (at least 215-feet away from
surface waters for western Washington locations and 150-feet away from surface waters
for eastern Washington locations).2®

e The site should be situated on high level ground, not in depressional areas where water
collects.

e Avoid locations where significant run-on is anticipated or areas with flow paths to surface
waters.

e Avoid areas that are seasonally flooded or saturated for extended periods of time.

e Locate as far as possible from wellheads.

e Remove accumulated manure as needed.

e Use vegetated filter strips downgradient capture sediment and infiltrate runoff when
needed.

e Conduct routine inspections especially after significant runoff events.

e See Chapter 10 for additional guidance for the placement of off-stream watering
facilities.

Stabilizing the area
Stabilizing heavy use areas helps prevent erosion, facilitates the movement of livestock, and

improve access to watering and feeding locations.

e Ecology recommends implementing practices in the NRCS FOTGs on Heavy Use Area
Protection (code 561) or Trails and Walkway (code 575).

Manure storage (semi-solid/solid)
Key location, design, construction and management considerations

Key design considerations for the construction of a Manure Storage include:

e Site selection
e Sizing

e Cover/Roofs
e Composting

26 |t is recognized that this in some cases it may not be feasible to achieve that setback distance at all sites
particularly those with established structures and small sites. Farmers and implementers are expected to follow a
stepwise process when determining feasibility. Fully consider whether the recommended setback distance can be
implemented at the site. If there are existing structures, can they be moved? Consider grant programs and other
incentives that could help cover the cost of relocating structures. At a minimum HUAs should be located outside of
the core zone. It is not acceptable to default straight to the minimum core width. Determine the maximum extent
that the HUA can located away from the surface water. We would expect to see documentation of how the
maximum setback distance was selected. Farmers and implementors should also explore additional engineered
stormwater solutions to prevent discharges from heavy use areas if they are located in the RMZ.
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e Leachate: Collection and Storage
Site selection

Semi-solid/solid manure siting recommendations include:

e Manure storage sites should be located away from any surface water (perennial,
intermittent, or ephemeral). Consistent with the Riparian Areas & Surface Water
Protection recommendations (Chapter 12) manure storage facilities should be located
outside the riparian management zone (at least 215-feet away from surface waters for
western Washington locations and 150-feet away from surface waters for eastern
Washington locations.?’

e The site should be situated on high level ground, not in depressional areas where water
collects.

e There should be sufficient adjacent space to incorporate pad runoff treatment options
such as a vegetative filter strip or settling/storage basin.

e Located near confinement areas to optimize operational efficiencies and allowing for
frequent manure collection.

e Locate and design the waste storage facility such that it is outside the 100-year floodplain
unless site restrictions require locating it within the floodplain. If located in the
floodplain, protect the facility from inundation or damage from a 25-year flood event.

Design and construction

There are a variety of manure storage facility designs that are effective at minimizing the
potential for a discharge from these areas. Manure storage facilities will range in size
depending on the operation. A professional engineer should be used to design larger facilities.
Additionally, Ecology recommends that manure storage facilities are designed in accordance
with NRCS’s Agricultural Waste Management Field Handbook?® (AWMFH). The AWMFH
includes information on construction material types, and manure facility sizing considerations.

Manure storage requirements are based on the amount of manure generated which, is a
function of the number and types of livestock present along with the type and amount of
bedding material used, if applicable. Additionally, the storage period must be considered which
is determined both by the length of time for complete composting and for when crop and

27 1t is recognized that this in some cases it may not be feasible to achieve that setback distance at all sites
particularly those with established structures and small sites. Farmers and implementers are expected to follow a
stepwise process when determining feasibility. Fully consider whether the recommended setback distance can be
implemented at the site. If there are existing storage structures/facilities, can they be moved? Consider grant
programs and other incentives that could help cover the cost of relocating structures. At a minimum manure
storage facilities should be located outside of the core zone. It is not acceptable to default straight to the minimum
core width. Determine the maximum extent that the manure storage facility can located away from the surface
water. We would expect to see documentation of how the maximum setback distance was selected. Farmers and
implementors should also explore additional engineered stormwater solutions to prevent discharges from manure
storage areas if they are located in the RMZ including secondary containment.

28 https://directives.sc.egov.usda.gov/viewerFS.aspx?hid=21430
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weather conditions are more optimal for land application. As mentioned, typically a storage
capacity should be able to accommodate up to a 6-7-month manure/bedding inflow level. This
provides flexibility with the timing of land application of the compost gaining the greatest
possible benefit from it while avoiding periods when saturated ground conditions occur, a
situation that could lead to contaminated runoff to surface waters.

Ecology recommends that manure storage facilities include the following:

e Consist of a concrete slab with stub walls.

e Have a design storage capacity sufficient to accommodate manure generation until land
application is suitable — typically a period of about 7-months, mid-September through
mid-April.

e Have sufficient surface area to provide for storage requirements while allowing for
handling equipment (tractor/loader) access and maneuverability.

e A hardened entrance to the structure (typically gravel) to limit the generation of mud in
the more highly trafficked zones.

e Located as close as possible to the primary manure source areas, minimizing transport
time, labor, and fuel costs.

e |f excessive leachate is expected from fresh-manure then the slab should be designed
using sloped surfaces to collect the leachate, directing it to down-wells to provide
temporary storage. The leachate can be recycled to increase compost pile moisture
levels, held in storage until conditions allow for field application, or directed to an
adjacent treatment system such as a vegetated filter strip when weather and ground
saturation conditions allow for its use.

Cover/roofs

Covering manure storage facilities limits the amount of precipitation that will come in contact
with manure. This limits the amount of polluted stormwater a facility must management and
the risk of a discharge to surface or groundwater from these areas. The roofing system should
include gutters and downspouts that direct collected precipitation away from the structure
with off-site infiltration optimal (i.e., French drain or vegetative filter strip). For structures not
having the ability to install a rain collection system (i.e., hoop-type roofing systems) then roof
runoff should be sequestered from the storage pad through the use of berms or other water
diversion and infiltration methods.

e Westside of the state—Ecology recommends roofed/covered structures to store
manure.

e FEastside of the state—Ecology recommends roofed structures when they are located
closer to surface water and in higher precipitation zones. If a roof is not used, an
operation will need to control stormwater from manure storage areas to prevent
discharges. Additional BMPs may be needed to prevent discharges from these areas.
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Compost bedded pack barns

Compost bedded pack barns may be used as an alternative to or in addition to manure storage
facilities. Compost bedded pack barns are a strategy for managing livestock and manure during
the winter months. It is a housing system where animals and their excreta are managed within
covered housing through the continual addition of bedding materials which creates pack over
time. The pack is then composted after winter ends and the animals are typically place back
onto pastures. This practice can function as both a confinement area and covered manure
storage.

The exterior walls of bedded pack barns should be designed to be manure tight and may be
constructed of concrete or wood posts and plank. Floors may be concrete or aggregate.

Bedded pack barns should be designed to storage manure and bedding at least 24 inches to 30
inches high. Ecology recommends working with an NRCS or CD farm planner to determine the
floor space and volume needed.

The following stocking densities may be considered with sizing a compost bedded pack barn:

Table 13. Stocking density to consider when sizing a compost bedded pack barn.

Species/Type Avg Weight Surface Function Stocking Density
(Ib.) (ft2/head)

Feeder Cattle - Calf 600 Paved Floor in Barn Without Lot 25

Feeder Cattle - 1000 Paved Floor in Barn Without Lot 35

Finishing

Bred Heifer 800 Paved Floor in Barn Without Lot 35

Beef Cow 1000 Paved Floor in Barn Without Lot 40

Beef Cow 1300 Paved Floor in Barn Without Lot 50

*Composting Dairy Facility: Use recommendations from “Evaluating the Effectiveness of Dairy
Bedded Pack Systems in Ohio” OSU Extension (11-1-2010-revised) or “Kentucky Compost-
Bedded Pack Barn Project”, University of Kentucky, April 2013.

Again, Ecology recommends consulting with an NRCS or CD farm planner to implement this
practice. In addition, Ecology recommends following:

e lLay down 18 to 24 inches of dry sawdust material in the facility before cows are
introduced and after each complete clean out.

e Bedding must be sawdust or shavings. Good quality, dry sawdust and/or shavings must
be readily available for use in the composted bedding. Do NOT use green sawdust (from
green lumber). Bedding must be no more than 18% moisture for use with dairy
composted bedded pack.
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e Expect to use a lot of sawdust or shavings. Add dry bedding when the pack begins to stick
to the animals which will typically require adding 4 to 8 inches every 2 to 5 weeks. In
spells of rainy or humid weather, more sawdust is required than in warm dry weather.

e Frequently turn at a depth of 10-12 inches is a must. The is a key management step for
the concept of composting bedded pack barns. This not only removes manure and urine
from the bedding surface, it incorporates oxygen into the pack allowing a faster aerobic
decomposition important to optimizing the composting process.

e Keep pack level and dry. Additional sawdust material should be added along the concrete
walls, to create a slightly higher area. A gradually sloped pathway will be needed for the
livestock to move to the feed alley off the dry pack.

e Do not allow the composted bedded pack to become over saturated by either rainfall or
mismanagement. Immediately apply additional dry bedding to over-saturated areas and
mix thoroughly. In extreme cases, heavy equipment may be needed to turn the entire
pack manage excess moisture and facilitate drying.

e Toremove heat and maintain dry bedding surface, excellent ventilation is a must.

e The facility must be cleaned out during the growing season and material utilized as part
of the on-farm manure management plan to ensure there is sufficient space for pack
accumulation during the following winter or when livestock are confined.

e Use a properly designed manure storage facility if bedding and manure will be stored
prior to utilization or off-site disposal.

e On-site use of compost material should be done is accordance with a nutrient
management plan.

Composting

The preferred pathway?® for manure, once collected, is composting; an aerobic bacterial-driven
process that leads ultimately to organic matter stabilization — the reduction in the manure
moisture content and mass. Additionally, a properly managed composting process can destroy
weed seeds, plant, and human pathogens, all of which present a liability when fresh manure is
directly land applied.

Leachate: containment and treatment

In this context, leachate is contaminated water that drains from a manure pile during the
storage/composting process with its production greatest when fresh manure is initially
collected and stacked. Due to its high nutrient and bacterial levels, leachate, if uncontrolled,
can potentially contaminate surface or groundwater with adverse impacts to animal and human
health. Therefore, the leachate management must be a considered component of any
storage/treatment manure composting process. The level of leachate generation is going to be
operation-specific and dependent on factors such as fresh manure moisture levels, in-flow rate,

2% While Ecology recommends composting, we recognize that not all livestock operations will undertake the more
intensive management necessary to compost. In those cases where manure is not composted, if stored in
accordance with Ecology’s other recommendations in this chapter, discharges should be prevented from the
manure storage area.
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and the level of bedding and sources of carbon added as part of the overall waste stream. This
is a factor that should be evaluated in the initial design phases of a manure management
system.

If leachate generation is expected, then the slab on which the compost pile will be situated
should be designed for its collection and potential re-use. This can be accomplished through
sloped surfaces that collect the leachate and direct it to a down-well for temporary storage. In
areas of low annual precipitation, unroofed storages frequently are used. Despite lower
precipitation, these situations still pose an environmental risk due to the expected increased
leachate generation and should be collected and stored.

Once collected, leachate can be managed through several pathways including:

e Recycled as a source of moisture for the compost pile.

e Stored and applied to crops during the dry season (depending on the level of leachate
production).

e Through controlled drainage, direct to an NRCS FOTG described Vegetative Filter Strip
(code 393) situated near the compost facility during the dry season.

Above ground storage tanks (Manure Storage)
Key location, design, construction and management considerations

Key design considerations for the construction of a include:

e Site selection
e Design and construction
e Secondary containment and leak detection

Site selection

Above ground storage tank (liquid manure storage) siting recommendations include:

e Manure storage sites should be located away from any surface water (perennial,
intermittent, or ephemeral). Consistent with the Riparian Areas & Surface Water
Protection recommendations (Chapter 12) manure storage facilities should be located
outside the riparian management zone (at least 215-feet away from surface waters for
western Washington locations and 150-feet away from surface waters for eastern
Washington locations.3°

30|t is recognized that this in some cases it may not be feasible to achieve that setback distance at all sites
particularly those with established structures and small sites. Farmers and implementers are expected to follow a
stepwise process when determining feasibility. Fully consider whether the recommended setback distance can be
implemented at the site. If there are existing storage structures/facilities, can they be moved? Consider grant
programs and other incentives that could help cover the cost of relocating structures. At a minimum above ground
storage tanks should be located outside of the core zone. It is not acceptable to default straight to the minimum
core width. Determine the maximum extent that the above ground storage tank can located away from the surface
water. We would expect to see documentation of how the maximum setback distance was selected. Farmers and
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e The site should be situated on high level ground, not in depressional areas where water
collects.

e Located near confinement areas to optimize operational efficiencies and allowing for
frequent manure collection.

e Locate and design the above ground storage tank such that it is outside the 100-year
floodplain unless site restrictions require locating it within the floodplain. If located in the
floodplain, protect the facility from inundation or damage from a 25-year flood event.

Design and construction

Above ground storage tanks should be designed by a professional engineer and constructed by
experienced contractors. Additionally, Ecology recommends that storage tanks are designed in
accordance with NRCS’s Agricultural Waste Management Field Handbook3! (AWMFH).

The AWMFH includes information on tank material types, and sizing. Above ground storage
tanks can be covered. If uncovered, the tank must be sized to accommodate precipitation
during the storage period.

Secondary containment and leak detection

If above ground storage tanks are located in the RMZ or near surface water conveyances,
Ecology recommends secondary containment. In other areas producers should consider
implementing secondary containment and/or have a leak detection system in place. Regular
weekly vision inspections are recommended for all tanks.

Lagoons

Liquid storage lagoons are engineered basins designed to store manure, operation-generated
wastewater, and other contaminated runoff from dairy and livestock production facilities until
land application can be safely performed. The stored effluent provides valuable nutrients and
organic matter that support crop production and improve soil health. However, land application
is not feasible year-round because nutrients are not reliably retained in soils during the non-
growing season. Consequently, manure and wastewater must be stored until conditions allow
for application during the growing season, at rates and times aligned with crop nutrient uptake,
and to avoid the risk of surface and groundwater contamination.

The following are key elements of liquid manure storage which are discussed in further detail in
subsequent sections below. These sections also include recommendations for lagoon storage
periods, storage capacity and optimizing storage, siting lagoons and selecting liners, operation
and maintenance, and lagoon closure.

implementors should also explore additional engineered stormwater solutions to prevent discharges from manure
storage areas if they are located in the RMZ including secondary containment.
31 https://directives.sc.egov.usda.gov/viewerFS.aspx?hid=21430
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e Storage volume — The design storage volume should be based on an understanding of
operational wastewater inflows expected over the storage period and should also
consider precipitation since most lagoons are uncovered.

e Liner selection — Lagoon liners are necessary to minimize seepage of stored wastewater.
Appropriate liners should be based on the recognition of environmental constraints, and
protect surface and groundwater.

e Management optimization — Various operational measures can be undertaken that
collectively provide further assurance of achieving the storage holding period without
resorting to effluent land application during inopportune times.

Liners

Various types of liners are used with agricultural liquid manure storage lagoons ranging from
compressed soils, known as an earthen liner, to synthetic liners such as high-density
polyethylene (HDPE) and geosynthetic clay lined (GCL). Each liner type has advantages and
limitations; however, the primary role of a liner is to prevent groundwater contamination.
Earthen liners tend to allow more seepage than synthetic options and are often designed not to
exceed a permeability level of 10”7 centimeters per second (cm/s). Synthetic liners have
substantially lower seepage rates compared to an earthen liner, with GCL liners reaching
permeabilities of 10° cm/s and HDPE liners reaching 1012 cm/s or less.

Selection of a suitable liner is based on several site-specific environmental factors such as soil
type, depth to the seasonal high water table elevation, depth to bedrock, shallow aquifer
characteristics, and proximity to surface waters and drinking water wells. Cost is also a major
consideration, with earthen liners having the lowest cost. Earthen liners require suitable on-site
soil conditions to reach our recommended permeability level and may require native soils to be
augmented with bentonite clay or imported soils to allow for the construction of a liner that
achieves recommended permeability levels. Earthen liners are not recommended when there is
little or no vertical separation from the seasonal high water table. In situations where increased
environmental protection is recommended, a GCL or HDPE liner are the best options due to
their low permeability; however, they may not suitable for sites with a shallow seasonal water
table as these conditions can compromise their imperviousness. Above ground storage such as
storage tanks can be used to overcome these constraints.

Liner recommendations

e Ecology recommends GCL, HDPE or double-lined (synthetic) lagoons with leak detection
as the lowest risk option for in-ground liquid storage as they provide the lowest
permeability to limit seepage. Double-lined lagoons with leak detection are considered
non-discharging lagoons.

o Consider local groundwater nitrate concentrations and aquifer susceptibility for
nitrate contamination when planning a new lagoon or retrofitting an existing
lagoon.

o Low permeability liners (GCL and HDPE) should be given consideration in locations
where groundwater exceeds the drinking water maximum contaminant level (MCL)
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of 10 mg/I or when site conditions make the underlying aquifer susceptible to
nitrate contamination.

o Site specific factors (e.g. depth to groundwater, soils, conditions that support
denitrification below the lagoon and the presence or absence of confining layers)
ultimately control whether pollutants (e.g. nitrate) reach groundwater and should
be given consideration.

e Ecology recognizes the cost to install GCL, HDPE and double-lined (synthetic) lagoons
with leak detection may not be feasible in many cases without financial assistance, or
that based on site specific factors (e.g. soils, depth to groundwater, conditions that
support denitrification below the lagoon, and the presence or absence of confining
layers) the risk to of pollutants (e.g. nitrate) making it to groundwater may be extremely
low. In those cases, Ecology recommends earthen lined lagoon liners reach a
permeability no greater than 107 centimeters per second (cm/s). For earthen lined
lagoons:

o The maximum lagoon depth to liner ratio should be 8:1 with a minimum liner
thickness of 1 foot.

o Liners that reach a permeability of 10”7 cm/s can still allow significant amounts of
seepage and therefore cannot be assumed to fully protect groundwater from
nitrate contamination.

o A hydrogeologic study can be conducted to determine the potential for an earthen-
lined lagoon to negatively impact groundwater quality including nearby drinking
water wells. See Ecology’s Implementation Guidance for the Ground Water Quality
Standards3? for a description of the requirements necessary to complete a
hydrogeology study.

o Note - additions of organic and inorganic material to an earthen-lined lagoon are
expected to further clog the interstices of the liner and reduce the permeability by
an order of magnitude (e.g., reduce the permeability from 10-6to 107cm/s). This
should be considered when designing and constructing an earthen liner, and when
evaluating its potential to cause nitrate contamination of groundwater.

e Ecology recommends using a GCL or HDPE liner, or an above-ground storage tank when a
site’s natural soils have excessive seepage rates and cannot be amended to reach a
permeability of 107 cm/s or less or when a lower permeability is needed to prevent
nitrate contamination of groundwater.

e Consult material and construction specifications outlined in NRCS FOTGs on Pond Sealing
or Lining (code 521), Waste Storage Facility (code 313) and Waste Treatment Lagoon
(code 359) when planning, designing, and installing a lagoon liner.

Siting, setbacks and additional liner recommendations

Along with liner construction, proper site selection is crucial to ensure manure storage lagoons
do not negatively impact surface and groundwater quality and to reduce the risk of inundation
and damage from flooding. The following are recommendations for the placement of lagoons

32 https://apps.ecology.wa.gov/publications/summarypages/9602.html

Publication 26-10-045 CWG Recommended BMPs
Page 144 April 2026


https://apps.ecology.wa.gov/publications/summarypages/9602.html
https://apps.ecology.wa.gov/publications/summarypages/9602.html

along with additional protections that may be needed to prevent surface and ground water
contamination based on site conditions and proximity to surface waters and drinking water
wells.

e The recommended setback from surface water is to locate lagoons outside the 100-year
floodplain or outside riparian management zones (RMZ) as outlined in Chapter 1233 of
the Clean Water Guidance Agriculture, whichever distance is greatest.

o In western Washington, the recommended setback from surface waters is 215 feet.
In eastern Washington, the recommended setback is 150 feet. Setbacks are
measured perpendicular and upgradient from a waterbody’s ordinary high-water
mark.

e |f minimum setbacks from surface waters cannot be achieved, low permeability liners
(geosynthetic and HDPE) or above-ground storage tanks should be used or the lagoon
should be constructed to achieve a seepage rate (specific discharge) equivalent to a GCL
liner with a permeability of at least 10° cm/s.

e |f site restrictions require placement of a lagoon within the 100-year floodplain, the
facility must be protected from inundation from a 25-year flood event and structural
damage from the 100-year flood event. Ecology encourages considering added
protection to account for potential future increases in flood event size and frequency.

e Avoid areas where groundwater is shallow.

o Separation from the bottom of the lagoon to the seasonal high water table
elevation should be at least 2 feet. 5 feet is preferred.

o For earthen lined lagoons, increased separation is recommended when coarser-
grained soils are present below the lagoon liner. 10 feet of separation between the
liner and the seasonal high water table is preferred.

= When coarse-grained soils are present and increased vertical separation
isn’t feasible: 1) amend boundary soils to reduce their permeability or 2)
reduce the permeability of the liner or 3) install a low permeability liner
(GCL or HDPE) or 4) use an above ground storage option.

o Separation from bedrock should be at least 10 feet.

o Use above-ground storage tanks if separation from the seasonal high-water table or
bedrock cannot be achieved.

e Lagoons should be setback as far as possible from any domestic or municipal drinking
water well and located downgradient wherever possible.

e When alagoon is located upgradient of an unconfined domestic or municipal water
supply with parent materials that are conducive to moderate to high groundwater flow
(e.g., loose sand, unconsolidated gravels, fractured and/or dissolved bedrock, steep
hydraulic gradient), low permeability liners (HDPE or GCL) or above-ground storage tanks
are recommended.

33 In western Washington the default RMZ is 215 feet. In eastern Washington, the default RMZ 150 feet for stream
reaches with riparian forest potential and 100 feet for stream reaches without forest potential. These distances are
measured from the ordinary high-water mark.
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o If a geosynthetic liner, HDPE liner, or above-ground storage tanks are infeasible,
earthen-lined lagoons should be constructed to achieve a seepage rate (specific
discharge) equivalent to or better than a GCL liner with a permeability of at least
10° cm/s.

o A hydrogeologic study may be needed to determine the potential for an earthen-
lined lagoon to negatively impact groundwater quality including nearby drinking
water wells. See Ecology’s Implementation Guidance for the Ground Water Quality
Standards for a description of the requirements necessary to complete a
hydrogeology study.

e Lagoons must not negatively impact a domestic or municipal water supply. Actions must
be taken if lagoon seepage is found to negatively impact drinking water. Options include:

o Installation of a geosynthetic liner, synthetic liner, or above-ground storage tank.

o Decommission the lagoon and construct storage downgradient of a domestic water
supply.

e A hydrogeologic study can be conducted to determine the potential for an earthen-lined
lagoon to negatively impact nearby surface waters based on setbacks and site-specific
conditions. Consider Ecology’s Implementation Guidance for the Ground Water Quality
Standards for a description of the requirements necessary to complete a hydrogeology
study.

e |n addition to the above considerations, consult guidance included in the NRCS Animal
Waste Management Field Handbook, NRCS FOTGs on Waste Storage Facility (code 313)
and Waste Treatment Lagoon (code 359), and the Department of Ecology’s Lagoon and
Liner Design Guidelines when evaluating potential lagoon liner types and potential
placement locations.

Storage period

Storage period is a time during which manure, litter, process wastewater, polluted runoff and
other organic by-products are stored because crop nutrient demand is absent or limited and/or
field and weather conditions are unsuitable for land application. Storage periods are influenced
by factors such as crop growing season, weather and precipitation, soil and field conditions,
crop acreage and types, and the volume of operational waste generated when land application
is not feasible.

It is recommended that operational wastewater inflows (e.g., manure, operation-generated
wastewater, and other polluted runoff) be stored from approximately mid-September through
mid-March for both western and eastern Washington. The storage period typically begins in
mid-September as precipitation increases and vegetative growth and nutrient uptake decline.
Conversely, the need to store wastewater generally begins to decrease around mid-March with
the onset of spring planting and perennial forage growth, along with declining precipitation. It’s
important to note that the exact start and end dates of the storage period will likely vary based
on factors such as weather, precipitation, soil and field conditions, soil nutrient levels, crop
acreage, and crops grown, and the storage period can extend when conditions are unfavorable
for the land application of waste. See the Nutrient Management Chapter for recommendations
related to application timing.
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Recommendations

e All Washington locations should, at a minimum, have capacity to store at least six months
of wastewater inflows (including precipitation and collected runoff) - from approximately
mid-September to mid-March.

e Additional capacity, beyond 6-months of inflow plus precipitation, is recommended to
provide flexibility and allow for seasonal adjustments to application timing and rate
based on weather, field conditions, crop needs, or other operational factors, and to help
ensure nutrients are applied when there is a low risk of negative impacts to surface or
ground water.

Storage capacity

Having sufficient lagoon storage capacity is critical for managing livestock waste, particularly for
operations with large numbers of animals like dairies and feedlots that generated significant
amounts of liquid or semi-solid waste and runoff. Properly sized lagoons reduce the risk of
manure overflowing during heavy rains or wet seasons and allow for proper storage until waste
can be safely land-applied, reducing the potential for negative impacts to surface and ground
water quality.

Recommendations

e Ensure the lagoon has enough capacity to store manure, wastewater, other accumulated
waste, typical monthly precipitation, and collected facility runoff during the storage
period.

e The lagoon must also have capacity for a 25-year, 24-hour precipitation event including
precipitation that falls directly on the surface of the lagoon and runoff from the facility’s
drainage area that is directed to the lagoon.

e Ensure the lagoon has capacity to maintain a minimum of 12 inches of freeboard
throughout the storage period.

Optimizing storage

Operational approaches can be used to reduce the amount of waste and wastewater that must
be stored. The following are practices that can be used to minimize the generation of additional
wastewater and to optimize storage, reducing the potential to exceed the lagoon’s storage
capacity during the storage period.

Recommendations

e Use solid/liquid separation on manure, runoff and wastewater before it’s allowed to
enter the lagoon to minimize accumulated solids and the frequency of solids removal, to
maintain adequate capacity, and to facilitate pumping and application of the stored
waste.

o Solids separation also allows for the use of a lagoon water recycle system for
flushing barn manure, providing for a significant reduction in the generation of
wastewater beyond that associated with manure and wash-water.
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o Solids separation can be done through gravity separation and mechanical methods
such as static inclined screens, vibrating screens, rotary screens, belt presses,
perforated roll presses, screw presses, and centrifuges. More advanced methods
are most appropriate for larger operations with high solids loading rates.

e Use cleaning methods that minimize the generation of additional sources of wastewater.

e Limit the amount of liquid stored in the lagoon prior to the onset of the storage period.
This provides better assurances that wastewater inflows will be retained and that land
application during inopportune times is minimized.

o When planning for the onset of the storage period, it’s critical that effluent still be
applied at agronomic rates and at times when nutrients are most likely to be used
by growing crops.

o See Chapter 3 of the Clean Water Guidance for more information about
determining the proper timing and rate of manure applications.

e Periodically remove accumulated solids to preserve lagoon storage volume.

o The method used to remove solid must consider the configuration of

impoundments and liner type to avoid damage to the liner.
e Consider using lagoon covers when feasible.

Operation and maintenance

Manure storage lagoons require routine maintenance to ensure continued performance. The
following are recommended operation and maintenance practices to maintain structural
integrity, ensure lagoon capacity, and prevent overflows.

Recommendations

e Install a depth gauge and regularly check levels to ensure they stay below the maximum
storage capacity and sufficient freeboard is maintained.

e Monitor the sludge depth at least annually and more frequently if needed.

e Periodically stir or agitate waste to prevent stratification and to facilitate pumping for
land application.

e Check inlet and outlet structures for damage or blockage.

e Routinely inspect embankments for signs of erosion, animal burrows, or cracking.

e Regularly inspect liners and embankments for leaks and immediately make repairs if
seepage is detected.

e Maintain grass cover on embankments to prevent erosion.

e Mow regularly and remove trees and woody vegetation from embankments.

e Ensure stormwater is directed away from lagoons.

e Provide safe access points for monitoring and maintenance.

Closure requirements for sub-grade and embankment-style lagoons

When a lagoon is no longer needed or no longer meets the permeability performance
expectation and cannot be repaired, it should be decommissioned. The following are general
considerations for decommissioning a manure storage lagoon. However, it's recommended to
follow detailed guidance such that included in the NRCS FOTG on Waste Facility Closure (code
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313) or Closure of Lagoons and Earthen Manure Storage Structures3* when decommissioning a
manure storage lagoon. It’s also recommended to consult an engineer or other technical
service providers such as those from a local conservation district or NRCS office when planning
and conducting lagoon decommission activities.

Lagoon material removal and disposal

e Obtain a nutrient analysis of the remaining liquid, sludge and nutrient-enriched soil.

e Remove as much liquid, sludge and nutrient enriched solids as possible and land apply
them at agronomic rates.

e Application rates must be based on soil tests and crop requirements.

e Applications must coincide with maximum crop nutrient use.

e Land application must not result in the application of more phosphorus or nitrogen
needed for the planned crop during a single growing season.

e [f a suitable location for land application is not available, removed material should be
transported to a facility that can repurpose it or properly dispose of it such as a landfill,
commercial composting facility, landscape supply center, or wastewater treatment
facility.

Above-ground embankment lagoon decommission

e Divert surface water from the storage site.

e Remove all liquid, sludge and nutrient-enriched soil and agronomically apply it or
properly dispose of it.

e Remove the embankment walls.

e Haul away embankment soils or evenly distribute them on a crop field.

e Establish a perennial or annual crop within the footprint of the lagoon.

e Harvest and remove crops to ensure nutrients are removed.

e |If the lagoon has a synthetic liner, the liner must be removed and disposed of or recycled
in a lawful manner.

Sub-grade lagoon decommission

e Divert surface water from the storage site.

e Remove all liquid, sludge and nutrient-enriched soil and agronomically apply it or
properly dispose of it.

e Fill the structure with soil to a slightly mounded surface and establish a perennial or
annual crop.

e Harvest and remove crops to ensure nutrients are removed.

e |f the lagoon has a synthetic liner, the liner must be removed and disposed of or recycled
in a lawful manner.

Conversion to water storage

e Remove all liquid, sludge and nutrient-enriched soil and agronomically apply it.

34 https://tammi.tamu.edu/files/2014/04/lagoonclosure.pdf
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e Rinse the lagoon to remove residual sludge and nutrients and agronomically the
remaining liquid or properly dispose of it.

e Continue to operation and maintain the storage lagoon to ensure the embankment and
liner integrity and manage water levels to prevent over-topping.

Temporary closure

e |f a storage lagoon is left temporarily unused, continue to routine inspections and
maintenance to ensure it remains in good working order.

e For earthen lined lagoons, prevent the liner from drying and cracking. This may require
periodic wetting or filling the lagoon with water.

Vegetated treatment areas

A vegetated treatment area (VTA) is a best management practice that uses permanent
vegetation to reduce nutrients, pathogens, and other contaminants from agricultural
wastewater associated with livestock, poultry, and other agricultural operations. VTAs can be
used treat contaminated runoff or leachate directed from agricultural facilities such as feedlots,
feed storage, compost areas, solid manure storage areas, barnyards, and other livestock
holding areas.

The following are recommendations for implementing vegetated treatment areas.

e The vegetated treatment area should consist of permanent, herbaceous vegetation.

o Use a single species or a mixture of grasses, legumes, and other forbs adapted to
the soil and climate.

o The selected species should have sufficient density, vigor and yield to treat the
volume of contaminated runoff.

o To maximize nutrient uptake, use a combination of warm and cool season species
to ensure that plants are actively growing during different times of the year.

e The size of the vegetated treatment areas should be based on the site runoff volume,
amount of nutrients entering the area, and the soil’s capacity to infiltrate and retain
runoff within the root zone.

o Use the soil’s water holding capacity in the root zone, infiltration rate, and
permeability to determine its ability to absorb and retain runoff.
o Design the VTA based on the maximum volume of runoff that will be directed to a
VTA during a 25-year, 24-hour storm event.
o The amount of nutrients directed to the VTA via runoff must not exceed the
nutrient removal potential of the selected vegetation.
= The volume of runoff treated must be based on the limiting nutrient (i.e.
nitrogen or phosphorus) to prevent the over-loading of any particular
nutrient.
= Test runoff for its nutrient content at least annually to determine how
much runoff can be directed to the VTA without over-loading nutrients.
o All runoff directed to the VTA must be infiltrated. The non-infiltrated portion must
be captured and stored.
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= |nstall a pumping system at the bottom of the VTA to either recirculate
the effluent to the top of the VTA or transfer to a waste storage facility if
all influent won’t be infiltrated.

e VTAs rely on plant uptake to reduce nutrients and other pollutants. Only use VTAs when
vegetation is actively growing (approximately March — September).

o For cool-season grasses, this begins in the spring after T-Sum 200 or T-Sum 360 is
reached (in western and eastern Washington, respectively).

o See Chapter 3 of the Clean Water Guidance for information about when cool-
season grasses use nitrogen.

e Manage the VTA to maintain vegetative treatment effectiveness throughout the growing
season.

o Periodically harvest the VTA to remove nutrients and stimulate subsequent plant
growth and nutrient uptake.

o Time harvest of the VTA so vegetation can regrow to a sufficient height and
effectively filter effluent later in the growing season.

o Provide supplemental water as necessary to maintain plant vigor suitable for the
treatment and to prevent drying and cracking. Cracking can lead to preferential
flow paths allowing untreated runoff to infiltrate below the root zone.

o Annually test soils within the VTA at the end of the growing season to evaluate soil
nutrient levels and to determine if overloading has occurred.

= Test for nitrogen and phosphorus at a minimum.

= See Chapter 3 of the Clean Water Guidance for soil sampling guidance
and end of the growing season soil nutrient levels that indicate
overloading.

e Use inlet control structures to alter the rate and timing of inflow as necessary to facilitate
infiltration, reduce the need to captured and stored runoff, and allow for routine
maintenance.

e Discharge runoff into and through VTAs as sheet flow.

e 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.

e Pretreat influent with solid separation (i.e., settling basin) whenever possible to reduce
organic solids loading, nutrient accumulations in the treatment area and limit discharge
into the VTA during rainfall events.

e Suspend the use of the treatment area during excessively wet or cold conditions and
when weather conditions are not favorable for infiltration and nutrient uptake.

e Delay use of the VTA when rainfall is likely to cause runoff or cause saturated conditions.

e Direct contaminated effluent to a waste storage facility or pretreatment settling pond
when VTAs cannot be used.

e The constructed slope of the VTA should be less that 1 percent.

e Consider using more than one VTA to allow for resting, harvesting vegetation and
additional nutrient removal, maintenance, and to reduce the potential for nutrient
overloading.
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e Prevent livestock from entering the VTA at all times.
e Use material and structural specifications outlined in the NRCS FOTG on Vegetated
Treatment Area (code 635) when planning and designing a vegetated treatment area.

Related NRCS practices

e Heavy Use Area Protection (code 561)
e Pond Sealing or Lining, Compacted Soil Treatment (code 520)
e Pond Sealing or Lining, Geomembrane or Geosynthetic Clay Liner (code 521)
e Pond Sealing or Lining, Concrete (code 522)
e Roofs and Covers (code 367)
e Solid/Liquid Waste Separation Facility (code 632)
e \egetated Treatment Area (code 635)
e Waste Storage Facility (code 313)
o See also NRCS’ Agricultural Waste Management Field Handbook3> (AWMFH)

35 https://directives.sc.egov.usda.gov/viewerFS.aspx?hid=21430
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Chapter 12: Riparian Areas and Surface Water
Protection

Introduction

The goal for this chapter is to develop guidelines for riparian management zones that, when
implemented, will help restore and protect Washington State waters from agricultural pollution
and facilitate the achievement of water quality standards.

Objective 1: summarize the effectiveness of riparian buffers at preventing surface water
pollution from sediment, temperature, nitrogen, phosphorous, pathogens, pesticides and
toxics.

Objective 2: formulate guidelines based on the attributes of riparian buffers that effectively
prevent surface water pollution at the parcel scale.

Objective 3: produce guidelines that agricultural producers and technical assistance providers
can use to determine the appropriate riparian buffer on an individual parcel.

While appropriately designed and implemented riparian buffers are a key practice, they are not
intended to treat all pollutants generated in up gradient areas. Suites of agricultural BMPs need
to be implemented with riparian buffers to minimize the generation and transport of pollutants
and protect water quality.

Scope of guidance

This guidance focuses of the effectiveness of riparian buffers at protecting water quality from
agricultural pollutants. For a comprehensive overview of the functions and values of riparian
ecosystems in Washington State, refer to the Washington Dept. of Fish & Wildlife’s Riparian
Ecosystems, Volume I: Science Synthesis and Management Implications (Quinn et al, 2020).3¢

The hydrologic scope of the riparian buffer effectiveness evaluation includes perennial,
intermittent and ephemeral streams and rivers. This includes channels that were historically
streams with riparian areas but were modified for agricultural purposes. Hydrologic features
that are not included in this part of the guidance: wetlands; marine/lake/reservoir/pond
shorelines; irrigation canals/ditches, field drainage ditches, and roadside ditches where no
channel riparian area existed prior to agriculture.

Practice definition

A Riparian Management Zone (RMZ) functions to:

e Regulate the flow of surface runoff generated from the uplands into the riparian area.

36 https://wdfw.wa.gov/publications/01987
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Capture, retain and/or transform pollutants in the flow of surface and subsurface water.
Inhibit stream bank erosion.

Provide stream shading (i.e., to prevent temperature pollution).

Provide a supply of organic materials (e.g., wood and leaf litter) to streams and riparian
areas.

Provide habitat for fish, mammals, birds, amphibians, reptiles, insects,
macroinvertebrates, etc.

Provide riparian microclimate and hyporheic zone protection.

RMZs in which agricultural activities are conducted should generally consist of three distinct
zones (core, inner, outer), which operate together to achieve the functions listed above. Within
a three-zone RMZ, the individual zones serve differing primary functions. As such, the
management and the intensity of agricultural activities differs among the zones (described later
in the document).

Where the RMZ is fully forested throughout its entire width, the three-zone configuration does
not apply as the functions listed above can be achieved solely through the forest width.

Recommended best management practices
Preferred fully forested RMZ option

For streams with riparian forest potential, Ecology recommends fully forested RMZs. This
is consistent with WDFW’s Riparian Ecosystems, Volume I: Science Synthesis and
Management Implications and Riparian Ecosystems, Volume 2: Management
Recommendations (Quinn et al, 2020; Windrope et al, 2020).
o Ecology recommends restoring forest to one site potential tree height at 200 years
in width in all other locations where there is existing agriculture in the RMZ.
o Ecology recommends retaining all forest in places where an existing riparian area
consists of forest that is at least one site potential tree height at 200 years in width.
In western Washington (WWA), Ecology recommends a 215ft default total width of the
RMZ in locations having riparian forest potential.
In eastern Washington (EWA), Ecology recommends a 150ft default total width of the
RMZ in locations having riparian forest potential.
These default RMZ widths do not apply to streams without riparian forest potential; RMZ
widths for these streams are primarily based on water quality protection.
WDFW has developed an interactive mapping application3’ that can be used to provide
site specific estimates for site potential tree height. On a case-by-case basis, these site-
specific estimates may be substituted for the default total RMZ widths.

37 https://wdfw.maps.arcgis.com/apps/MapJlournal/index.html?appid=35b39e40a2af447b9556ef1314a5622d
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Alternative three-zone RMZ configurations

Where it is not feasible to restore full riparian habitat functions (i.e., not practicable to have a
fully forested RMZ due to natural or anthropogenic factors), Ecology recommends that
landowners select an alternative RMZ configuration that allows for either:

1) Light intensity agricultural use of the inner zone, or
2) Agricultural use of the outer zone that implements a suite of additional BMPs that will
effectively control the generation and transport of pollutants

These alternative options will be protective of water quality but may not achieve full protection
of riparian ecosystem functions (Quinn et al, 2020).

Ecology also recommends a three-zone RMZ configuration for sites which streams do not have
riparian forest potential, and this condition is not due to stream adjacent wetlands.

When implementing an alternative RMZ configuration along streams with riparian forest
potential, Ecology recommends that the default total RMZ width remain 215ft in western
Washington and 150ft in eastern Washington.

e When using a site specific SPTH estimate to determine the width of these alternative
RMZ configurations, the core zone width and filter strip widths should remain
unmodified from the widths associated with the applicable default RMZ configuration
(see RMZ tables in the recommendations for RMZ configuration and management
sections).

Effectiveness of three-zone RMZs

Multiple authors have recommended the use of three-zone buffers on agricultural lands
(Welsch, 1991; Johnson and Buffler, 2008; Schultz et al, 2004; Palone et al, 1997; Sheldon et al,
2005).

Lowrance et al, 2005 found that three zone buffers were moderately effective at removing
nitrate, total N, total P, and dissolved P. Lowrance et al, 2000 found that three zone buffers
were effective at removing nitrate from groundwater in SE coastal Plain, likely through
denitrification. They also found evidence that harvest of trees in zone 2 did not affect nitrate
removal. Newbold et al. (2010) found that three zone buffers in Pennsylvania resulted in
moderately low nitrate load reductions, moderate sediment reductions, and no net reduction in
P. Sheridan et al, 1999. Georgia found high sediment load reductions from three zone buffers,
yet slightly lower reductions when tree harvest occurred in zone 2. A lack of nutrient reductions
may be a product more so of environmental conditions than a reflection of three zone buffer
effectiveness.

The combined literature review conducted for this RMZ effectiveness evaluation indicates that
a three-zone buffer is likely to:
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e Disperse surface runoff to achieve non-concentrated flows to promote infiltration and
sediment trapping.

e Provide sufficient area for runoff infiltration beyond the outer zone, thereby inhibiting
transport of pollutants such as pesticides, nutrients, sediment, and pathogens (i.e. meet
instream water quality standards for conventional and toxic parameters).

e Provide sufficient shade to inhibit stream warming (e.g., meet instream water
temperature standards).

e Provide an adequate large wood supply where appropriate.

e Support a riparian microclimate.

e Allow for compatible agricultural uses in a portion of the riparian area.

RMZs in which agricultural activities are conducted should consist of a core zone, inner zone,
and outer zone. The purpose of each sub-zone is described below.

RMZ core zone

The portion of the RMZ which is closest to the streambank, and in which agricultural uses do
not occur. This zone consists of self-sustaining, native, perennial vegetation communities.

The purpose of this zone is to provide an area in which pollutants are not generated and in
which contributions to aquatic habitat functions remain undiminished. For example, this is
necessary for providing an amount of stream shading that will prevent thermal pollution. The
core zone also provides protection from stream bank erosion and flooding.

This zone receives surface and subsurface flow that has been “pre-filtered” by the outer and
inner zones of the RMZ, which are intended for runoff control and pollutant treatment. Unless
this zone is very wide, it is unlikely to adequately protect water quality on its own. Any land
management activities in this zone should maintain or improve the ability of this zone to
protect water quality, inhibit bank erosion, provide shade, leaf litter and wood to the stream,
and provide wildlife habitat.

RMZ inner zone

The portion of the RMZ located between the core zone and the outer zone. The general
purpose of this zone is to maximize infiltration of surface runoff into soils. This zone is intended
to capture, retain, and/or transform the vast majority of pollutants before surface and
subsurface flow enters the core zone. This zone also supports perennial vegetation
communities but has more management flexibility than the core zone. Along streams with
riparian forest potential, the inner zone may support carefully managed, low intensity
agroforestry and silvopasture uses as described later in this document. The proper
implementation of these types of agriculture seeks to promote soil and vegetation community
health and avoids the use of synthetic fertilizers and pesticides. When properly implemented,
agroforestry and silvopasture have a low potential for pollutant generation and transport.
Additionally, the native trees integrated into this type of agriculture can provide a
supplementary source of stream shading and organic material inputs to streams.

Publication 26-10-045 CWG Recommended BMPs
Page 156 April 2026



Where the outer zone is used for agricultural activities, the inner zone should consist of a
narrow strip of dense perennial vegetation (i.e., a filter strip) in locations where there is a
reasonable likelihood for concentrated flows to traverse from the uplands into the inner zone.
The filter strip should be predominantly herbaceous on an area basis but may also contain
shrubs or trees. The primary function of the filter strip is to disperse surface runoff, initiate
infiltration of runoff into soils, and trap larger sediment particles. Dispersing runoff at the outer
edge of the RMZ is of critical importance to its functioning because an RMZ is likely to be
ineffective at removing pollutants from flows of concentrated runoff. Agricultural activities
conducted in the filter strip should be limited to those that support its runoff dispersal and
pollutant capturing functions. For example, compatible agricultural activities may include
mowing or haying on an annual basis and short duration rotational grazing; such activities can
also help to remove accumulated nutrients and promote vegetation growth.

RMZ outer zone

This portion of the RMZ is located between the inner zone and agricultural lands outside of the
RMZ. The purpose of the outer zone is to control the generation and transport of pollutants
within close proximity of streams.

Where the inner zone of the RMZ has light intensity agricultural use, the outer zone should
consist of a narrow strip of dense perennial vegetation (i.e., a filter strip) adjacent to the inner
zone in locations where there is a reasonable likelihood for concentrated flows to traverse from
the uplands into the inner zone. The filter strip should be predominantly herbaceous on an area
basis but may also contain shrubs or trees. The primary function of the filter strip is to disperse
surface runoff, initiate infiltration of runoff into soils, and trap larger sediment particles.
Dispersing runoff at the outer edge of the RMZ is of critical importance to its functioning
because an RMZ is likely to be ineffective at removing pollutants from flows of concentrated
runoff. Agricultural activities conducted in the filter strip should be limited to those that
support its runoff dispersal and pollutant capturing functions. For example, compatible
agricultural activities may include mowing or haying on an annual basis and short duration
rotational grazing; such activities can also help to remove accumulated nutrients and promote
vegetation growth.

Where agricultural activities the outer zone of the RMZ, they should implement all applicable
agricultural BMPs in accordance with Ecology’s Voluntary Clean Water Guidance for Agriculture
in order to minimize the risk of pollutant generation and transport.

RMZ configuration and management

e RMZ configurations should adequately protect water quality, provide sufficient shading
for thermal protection, protect streambanks from accelerated erosion; provide an
ongoing source of large wood to streams (i.e., where applicable) and provide
maintenance of at least the strongest portion of stream/riparian microclimate gradient.

e Where the 100yr floodplain width and/or channel migration zone (CMZ) are wider than
the applicable RMZ width, landowners are encouraged to extend the RMZ width to the
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full 100yr floodplain width or CMZ width where feasible. It is recommended that at
minimum, no new permanent infrastructure (i.e., roads, buildings, etc.) be constructed
within the RMZ; wherever feasible, landowners are encouraged to refrain from installing
new permanent infrastructure within 100yr floodplains and CMZs.

o Where extending the RMZ to the full width of a CMZ is not feasible, Ecology
recommends that RMZs design, implementation, and management account for
anticipated channel migration. For example, landowners can shift an RMZ
accordingly as a channel migrates in order to preserve the original width of the
RMZ.

e RMZ configuration should vary according to:

o Climate region (eastern WA vs. western WA)

o Potential natural riparian vegetation community (e.g., forested vs. non-forested
riparian potential)

o Channel size

o Soil hydrologic group
o Topography

o Land use

e RMZs that are fully forested should be composed of a “minimally-managed” “site
potential plant community”. RMZs that implement a three-zone configuration should
have a core zone composed of a “minimally-managed” “site potential plant community”.
Details about minimally managed site potential plant communities are provided below;
see also the definitions section.

o Asite potential (SP) plant community is composed of native vegetation species and
has a plant density that would occur in a minimally managed condition on a site
(e.g. a Douglas fir forest community, Black cottonwood forest community, Sandbar
willow community, etc.).

o “Minimally-managed” riparian vegetation (see definitions section earlier in the
document) should be established and maintained with the intent of achieving a
native species mixture and plant densities that are within the range of natural
variability for the site’s native vegetation community potential. “Minimally
managed” includes activities such as:

= Establishment or supplemental planting of native vegetation

= Minimal thinning that is only intended to increase growth of remaining
plants (e.g., where growth of the desired dominant native tree species is
suppressed in a densely crowded stand).

= Minimal harvest of mature trees for personal use.

= Control of invasive/noxious plant species, preferably through non-
chemical means. Chemical weed/pest management should be limited to
prescriptions identified within a RMZ management plan as being
necessary to support ecological functions; use of pesticides included in
the National List of substances allowed under the National Organic
Program (7 CFR 205) is highly encouraged.
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= |t does not include harvesting of trees, removal of fallen trees, growing
crops, or livestock grazing.

o The width of the core zone should vary based on stream hydrology and potential
natural riparian community (e.g., forested, non-forested, wetland)

= The core zone should be composed of native species, with species
mixtures and plant densities that are consistent with native riparian
forest communities in the region.

e Use current Level IV EPA ecoregions, Natural Resource
Conservation Service (NRCS) Land Resource Area designations,
and/or other resources to help determine appropriate native
plant communities.

e The vegetation community potential should be based current
NRCS ecological site descriptions and/or an equivalent assessment
of the potential natural vegetation community.

o For agroforestry/silvopasture within an inner zone, compatible activities include:

= Organic agroforestry/silvopasture that establishes and retains native tree
species

= Establishment of perennial forage, i.e., sod-forming grasses and/or
perennial legumes.

= Soil disturbance that is restricted to that required to establish perennial
plants.

= Periodic mowing of herbaceous vegetation to remove nutrients and
promote vigor.

= Light intensity rotational grazing (e.g., rest-rotation) by livestock,
excluding horses; note that trees need be protected from damage.

=  Fruit/nut/fungus/ornamental/medicinal plant production.

= Precision applications of low-solubility organic fertilizers.

= Spot application of pesticides following all applicable BMPs; use of
pesticides included in the National List of substances allowed under the
National Organic Program (7 CFR 205) is highly encouraged.

o Streams without riparian forest potential due to adjacent wetlands should follow
Ecology’s wetland buffer guidance (Granger et al, 2005); other streams without
riparian forest potential (eastern WA) should have RMZs similar in design to those
with forested potential but with modifications to account for the lack of trees to
contribute shade, large wood, etc.

o Itis not feasible to provide detailed species mixtures and plant density
recommendations for all of the potential native riparian vegetation communities
throughout the state. Suggestions on resources to consult for determining the
appropriate native species mixtures and plant densities for a given site are provided
in Ecology’s RMZ Implementation guidance.

o Infrastructure (crossings, bridges, structures) etc. should occupy no more than 5%
of the recommended buffer area within a parcel. This does not apply to fencing.

o No portion of the core zone or inner zone widths should be less than what is
indicated in the applicable RMZ table, except where property boundaries or
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infrastructure (e.g., roads, railways, bridges, pipelines, power lines, buildings, etc.)
prohibit the applicable widths.
= |n some cases, the increased risk to water quality due to a buffer width
reduction may be mitigated by implementing site-specific BMPs above
and beyond the standard suite of BMPs on a parcel; this approach would
require careful consideration of site-specific factors including but not
limited to climate, soils, surface/subsurface hydrology, vegetation, and
land use factors.
=  Where portions of a buffer are reduced in width from the original
prescription, the original cumulative buffer area (channel length x default
buffer width) for the site should remain the same whenever feasible; to
achieve this, additional width should be added to the portions of the
buffer with lesser width constraints and/or areas with higher vulnerability
to generate and/or transport pollutants (e.g. seeps/springs/wetlands,
areas where surface runoff develops or converges, areas adjacent to
more intensive land use or infrastructure, sections of stream more
vulnerable to solar radiation, etc.)

e Ecology recommends adhering to WDFW'’s guidance regarding the following activities
that may occur in an RMZ, in order to minimize their impacts on riparian ecosystem
function (See Vol. 2, section 3.2.1 of WDFW’s PHS guidance for riparian ecosystems
(Windrope et al, 2020) for more information):

On-site Sewage Systems (OSS)

Bank hardening

Clearing, grading, and placement of fill

Removal of noxious weeds

Forest practices and conversions

Firewise and wildfire hazard reduction

Removal of hazard trees

Non-compensatory restoration and enhancement

Emergency activities

Educational or Recreational Areas

O O O O O O O O O O

Additional information on implementation and maintenance of RMZs is presented in the
implementation guidance for RMZs.
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Western Washington RMZ configurations

Below are five options for RMZ configurations in areas of Western Washington with riparian
forest potential, including:

e Ecology’s preferred option of a fully forested RMZ for all stream types
e Options for perennial and intermittent stream reaches

o Option 1: Inner zone agroforestry/silvopasture

o Option 2: Variable width core zone (based on stream size)
e Options for ephemeral (seasonal) streams

o Option 1: Inner zone agroforestry/silvopasture

o Option 2: Outer zone agriculture

Preferred fully forested RMZ

This is Ecology’s preferred RMZ option for all stream types in areas with riparian forest
potential.

Table 14. Western Washington fully forested RMZ (No agricultural activities in all three zones).

Channel Core Zone Inner Zone Outer Zone Total
Width (ft) Width (ft)
All >215ft minimally N/A N/A >215
Channel managed site

Widths potential (SP) forest

Alternative three-zone RMZs

Below are some alternative configurations of RMZs with some allowances for agricultural
activities in the inner or outer zones and depending on stream type. Each table provides a
minimum core zone width and a range of widths for the inner and outer zones to provide some
flexibility due to site-specific factors.

Perennial and intermittent stream reaches

Table 14 and Table 15 lay out two options for RMZ configurations along perennial and
intermittent streams in areas with riparian forest potential. Both allow for some agricultural
activities within the inner or outer zones along with a filter strip to capture sediment and other
pollutants.
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Option 1: Inner zone agroforestry/silvopasture

Table 15. Variable width inner zone agroforestry and outer zone filter strip (see Filter strip
guidelines) configuration (for perennial / intermittent streams in WWA).

Channel

Width (ft)

Core Zone

Inner Zone

Outer Zone

Total

Width (ft)

All
Channel
Widths

>80ft minimally
managed site
potential (SP) forest

110-135ft
agroforestry /

silvopasture within

native forest

0-25ft filter strip,

depending on

topography, soils,

land use

2215

Option 2: OQuter zone agriculture

Table 16. Variable width core zone (based on channel width) and inner zone filter strip (see
Filter strip guidelines) with agricultural activities (see Applicable Ag BMPs) in the outer zone (for

perennial / intermittent streams in WWA).

Channel

Width (ft)

Core Zone

Inner Zone

Outer Zone

Total
Width (ft)

<5 265ft minimally 0-25ft filter strip, 125-150ft of 2215
managed site depending on agriculture
potential (SP) forest  topography, soils, implementing all
land use applicable Ag BMPs
5to 30 >80ft minimally 0-25ft filter strip, 110-135ft of 2215
managed SP forest depending on agriculture
topography, soils, implementing all
land use applicable Ag BMPs
30to 150  >100ft minimally 0-25ft filter strip, 90-115ft of 2215
managed SP forest depending on agriculture
topography, soils, implementing all
land use applicable Ag BMPs
>150 >125ft minimally 0-25ft filter strip, 65-90ft of 2215
managed SP forest depending on agriculture
topography, soils, implementing all
land use applicable Ag BMPs
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Ephemeral stream reaches

Table 16 and Table 17 lay out two options for RMZ configurations along ephemeral streams in
areas with riparian forest potential. Both allow for some agricultural activities within the inner
or outer zones along with a filter strip to capture sediment and other pollutants.

Option 1: Inner zone agroforestry/silvopasture

Table 17. Variable width inner zone agroforestry and outer zone filter strip (see Filter strip
guidelines) configuration (for ephemeral streams in WWA).

Channel Core Zone Inner Zone Outer Zone Total
Width (ft) Width (ft)
All >35ft minimally 155-180ft 0-25ft filter strip, 2215
Channel managed SP forest = agroforestry / depending on
Widths silvopasture within topography, soils,

native forest land use

Option 2: OQuter zone agriculture

Table 18. Variable width inner zone filter strip (see Filter strip guidelines) with agricultural

activities (see Applicable Ag BMPs) in the outer zone (for ephemeral streams in WWA).

Channel Core Zone Inner Zone Outer Zone Total
Width (ft) Width (ft)
All >35ft minimally 0-25ft filter strip, 155-180ft of 2215
Channel managed SP forest depending on agriculture
Widths topography, soils, implementing all

land use applicable Ag BMPs

RMZs for stream adjacent wetlands without riparian forest potential

The most likely scenario for streams on agricultural lands in western Washington that have an
absence of riparian forest potential is because there are stream adjacent wetlands whose
conditions are not suitable for tree establishment and persistence. Under this circumstance,
Ecology recommends landowners follow Ecology’s guidance for protecting and managing
wetlands. For more information please see: Wetlands in Washington State - Volume 238,

Additional considerations and guidance

e All RMZs with forest riparian potential in western Washington should be a minimum of
215ft in width, regardless of the RMZ configuration option selected.

38 https://apps.ecology.wa.gov/publications/documents/0506008.pdf
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e The RMZ and subzone widths in this guidance should be treated as estimates. The goal
should be to implement an effective RMZ based on known site conditions, yet with the
knowledge that future modifications may be needed in order to achieve water quality
and habitat protection goals.

e Stream hydrology (perennial, intermittent, ephemeral) is based on flow conditions that
would occur in the absence of flow modifications by dams, surface water withdrawals,
groundwater withdrawals, or other land uses that may influence stream hydrology.

e Channel width is based on the average width of the bankfull channel in straight sections
of the stream.

Filter strip guidelines

e Afilter strip is a recommended BMP wherever concentrated flows may enter the RMZ.

e Filter strip width is partly determined based on the dominant type of soils located within
the RMZ

e In western Washington, the range for filter strips is 0 to 15ft on Hydrologic Group A or B
soils and 0 to 25ft on Hydrologic Group C or D soils

e Soil hydrologic group should be determined only for soils within the RMZ. Soil Hydrologic
Group can be determined by consulting the NRCS’s Web Soil Survey internet application
(https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm). Assistance with this
application may be provided by the local conservation district and/or NRCS office.
Multiple soil types may be present along a stream reach within a parcel; therefore, RMZ
configuration may vary along a stream reach within a parcel.

e The lower end of the filter strip width range should be implemented where topographic
divergence occurs (e.g. a toe slope of a ridge where the slope fans out) within 215ft of
the stream.

e The middle of the filter strip width range should be implemented: on linear (e.g., a
uniform slope uphill) or concave hillslopes where there is neither slope convergence nor
divergence (i.e., uniform across the hill) within 215ft of the stream; or where moderate
intensity land uses occur in or adjacent to the RMZ. See examples of moderate intensity
land uses presented earlier in this document.

e The higher end of the filter strip width range should be implemented where:
topographic convergence occurs (e.g., swales, low spots, etc. where surface flow is more
likely to concentrate; rills or minor gullies tend to form; the hillslope is convex within
215ft of the stream; and/or high intensity land uses occur in or adjacent to the RMZ. See
examples of high intensity land uses presented earlier in this document.

e Where soil slopes >8% occur within 215ft of the stream, increase the filter strip width by
an additional 10ft.

e Alevel spreader is a recommended BMP for placement at the upslope edge of the filter
strip wherever concentrated flows (any surface runoff depth >1.2 inches) are known or
suspected to occur.

Applicable agricultural BMPs

e At minimum, all applicable BMPs include: all BMPs identified by Ecology’s Clean Water
Guidance for Agriculture such as:
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Pasture and rangeland grazing BMPs

Manure storage BMPs

Heavy use area BMPs

Conservation tillage & residue management BMPs

Structural (e.g., sediment control basins) and vegetative (e.g. cover crops, grassed
waterways) BMPs for erosion and sediment control

Nutrient management BMPs

Integrated pest management BMPs

o Irrigation management BMPs

O O O O O

o O
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Eastern Washington RMZ configurations

Below are five options for RMZ configurations in areas of eastern Washington with riparian
forest potential, including:

e Ecology’s preferred option of a fully forested RMZ for all stream types
e Options for perennial and intermittent stream reaches

o Option 1: Inner zone agroforestry/silvopasture

o Option 2: Variable width core zone (based on stream size)
e Options for ephemeral (seasonal) streams

o Option 1: Inner zone agroforestry/silvopasture

o Option 2: Outer zone agriculture

Due to climate conditions in parts of eastern Washington there are an additional three RMZ
configurations for areas without riparian forest potential, by stream type:

e Perennial streams
e |ntermittent streams
e Ephemeral streams

Preferred fully forested RMZ

This is Ecology’s preferred RMZ option for all stream types in areas with riparian forest
potential.

Table 19. Eastern Washington fully forested RMZ (No agricultural activities in all three zones).

Channel Core Zone Inner Zone Outer Zone Total
Width (ft) Width (ft)
All >150ft minimally N/A N/A >150
Channel managed site

Widths potential (SP) forest

Alternative three-zone RMZs

Below are some alternative configurations of RMZs with some allowances for agricultural
activities in the inner or outer zones and depending on stream type. Each table provides a
minimum core zone width and a range of widths for the inner and outer zones to provide some
flexibility due to site-specific factors.

Perennial and intermittent stream reaches

Table 19 and Table 20 lay out two options for RMZ configurations along perennial and
intermittent streams in areas with riparian forest potential. Both allow for some agricultural
activities within the inner or outer zones along with a filter strip to capture sediment and other
pollutants.
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Option 1: Inner zone agroforestry/silvopasture

Table 20. Variable width inner zone agroforestry and outer zone filter strip (see Filter strip
guidelines) configuration (for perennial / intermittent streams in WWA).

Channel

Width (ft)

Core Zone

Inner Zone

Outer Zone

Total

Width (ft)

All
Channel
Widths

>60ft minimally
managed site
potential (SP) forest

70-90ft agroforestry
/ silvopasture within

native forest

0-20ft filter strip,

depending on

topography, soils,

land use

2215

Option 2: OQuter zone agriculture

Table 21. Variable width core zone (based on channel width) and inner zone filter strip (see
Filter strip guidelines) with agricultural activities (see Applicable Ag BMPs) in the outer zone (for

perennial / intermittent streams in WWA).

Channel

Width (ft)

Core Zone

Inner Zone

Outer Zone

Total
Width (ft)

<5 >50ft minimally 0-20ft filter strip, 80-100ft of 2150
managed site depending on agriculture
potential (SP) forest  topography, soils, implementing all
land use applicable Ag BMPs
5to 30 260ft minimally 0-20ft filter strip, 70-90ft of 2150
managed SP forest depending on agriculture
topography, soils, implementing all
land use applicable Ag BMPs
30to 150  >75ft minimally 0-20ft filter strip, 55-75ft of 2150
managed SP forest depending on agriculture
topography, soils, implementing all
land use applicable Ag BMPs
>150 >100ft minimally 0-20ft filter strip, 30-50ft of 2150
managed SP forest depending on agriculture
topography, soils, implementing all
land use applicable Ag BMPs
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Ephemeral stream reaches

Table 21 and Table 22 lay out two options for RMZ configurations along ephemeral streams in
areas with riparian forest potential. Both allow for some agricultural activities within the inner
or outer zones along with a filter strip to capture sediment and other pollutants.

Option 1: Inner zone agroforestry/silvopasture

Table 22. Variable width inner zone agroforestry and outer zone filter strip (see Filter strip
guidelines) configuration (for ephemeral streams in WWA).

Channel Core Zone Inner Zone Outer Zone Total
Width (ft) Width (ft)
All >35ft minimally 95-115ft agroforestry | 0-20ft filter strip, 2150
Channel managed SP forest  / silvopasture within depending on
Widths native forest topography, soils,

land use

Option 2: OQuter zone agriculture

Table 23. Variable width inner zone filter strip (see Filter strip guidelines) with agricultural

activities (see Applicable Ag BMPs) in the outer zone (for ephemeral streams in WWA).

Channel Core Zone Inner Zone Outer Zone Total
Width (ft) Width (ft)
All 235ft minimally 0-20ft filter strip, 95-115ft of >150
Channel managed SP forest depending on agriculture
Widths topography, soils, implementing all

land use applicable Ag BMPs

Stream reaches without riparian forest potential

Table 23, Table 24, and Table 25 lay out RMZ configurations along different stream types in
areas without riparian forest potential, due to climate conditions (i.e. the Columbia Plateau). In
these areas the core zones are comprised of non-forest site potential vegetation3?. All three
allow for agricultural activities in the outer zone along with a filter strip in the inner zone to
capture sediment and other pollutants.

39 Use current Level IV EPA ecoregions, NRCS Land Resource Area designations, and/or other resources to help
determine appropriate native plant communities. The vegetation community potential should be based current
NRCS ecological site descriptions and/or an equivalent assessment of the potential natural vegetation community.
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Perennial streams

Table 24. Variable width inner zone filter strip (see Filter strip guidelines) with agricultural
activities (see Applicable Ag BMPs) in the outer zone (for perennial streams without riparian

forest potential in EWA).

Channel Core Zone Inner Zone Outer Zone Total
Width (ft) Width (ft)
All >50ft minimally 0-20ft filter strip, 30-50ft of >100
Channel managed site depending on agriculture
Widths potential (SP) topography, soils, implementing all

vegetation land use applicable Ag BMPs

Intermittent streams

Table 25. Variable width inner zone filter strip (see Filter strip guidelines) with agricultural
activities (see Applicable Ag BMPs) in the outer zone (for intermittent streams without riparian

forest potential in EWA).

Channel Core Zone Inner Zone Outer Zone Total
Width (ft) Width (ft)
All >35ft minimally 0-20ft filter strip, 45-65ft of >100
Channel managed site depending on agriculture
Widths potential (SP) topography, soils, implementing all

vegetation land use applicable Ag BMPs

Ephemeral streams

Table 26. Variable width inner zone filter strip (see Filter strip guidelines) with agricultural
activities (see Applicable Ag BMPs) in the outer zone (for ephemeral streams without riparian

forest potential in EWA).

Channel Core Zone Inner Zone Outer Zone Total
Width (ft) Width (ft)
All >25ft minimally 0-20ft filter strip, 55-75ft of >100
Channel managed site depending on agriculture
Widths potential (SP) topography, soils, implementing all
vegetation land use applicable Ag BMPs
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RMZs for stream adjacent wetlands without riparian forest potential

Some agricultural lands in eastern Washington have an absence of riparian forest potential due
to stream adjacent wetlands whose conditions are not suitable for tree establishment and
persistence. Under this circumstance, it is recommended that landowners follow Ecology’s
guidance for protecting and managing wetlands. For more information please see: Wetlands in
Washington State - Volume 249,

Additional considerations and guidance

e All RMZs with forest riparian potential in eastern Washington should be a minimum of
150ft in width, regardless of the RMZ configuration option selected.

e The RMZ and subzone widths in this guidance should be treated as estimates. The goal
should be to implement an effective RMZ based on known site conditions, yet with the
knowledge that future modifications may be needed in order to achieve water quality
and habitat protection goals.

e Stream hydrology (perennial, intermittent, ephemeral) is based on flow conditions that
would occur in the absence of flow modifications by dams, surface water withdrawals,
groundwater withdrawals, or other land uses that may influence stream hydrology.

e Channel width is based on the average width of the bankfull channel in straight sections
of the stream.

Filter strip guidelines

(@)

A filter strip is a recommended BMP wherever concentrated flows may enter the
RMZ.

Filter strip width is partly determined based on the dominant type of soils located
within the RMZ

In eastern Washington, the range for filter strips is 0 to 10ft on Hydrologic Group A
or B soils and 0 to 20ft on Hydrologic Group C or D soils

Soil hydrologic group should be determined only for soils within the RMZ. Soil
Hydrologic Group can be determined by consulting the NRCS’s Web Soil Survey
internet application (https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm).
Assistance with this application may be provided by the local conservation district
and/or NRCS office. Multiple soil types may be present along a stream reach within
a parcel; therefore, RMZ configuration may vary along a stream reach within a
parcel.

The lower end of the filter strip width range should be implemented where
topographic divergence occurs (e.g., a toe slope of ridge where the slope fans out)
within 150ft of the stream.

The middle of the filter strip width range should be implemented: on linear (e.g., a
uniform slope uphill) or concave hillslopes where there is neither slope
convergence nor divergence (i.e., uniform across the hill) within 150ft of the

40 https://apps.ecology.wa.gov/publications/documents/0506008.pdf

Publication 26-10-045 CWG Recommended BMPs

Page 170

April 2026


https://apps.ecology.wa.gov/publications/documents/0506008.pdf
https://apps.ecology.wa.gov/publications/documents/0506008.pdf

stream; or where moderate intensity land uses occur in or adjacent to the RMZ. See
examples of moderate intensity land uses presented earlier in this document.

o The higher end of the filter strip width range should be implemented where:
topographic convergence occurs (e.g., swales, low spots, etc. where surface flow is
more likely to concentrate; rills or minor gullies tend to form; the hillslope is convex
within 150ft of the stream; and/or high intensity land uses occur in or adjacent to
the RMZ. See examples of high intensity land uses presented earlier in this
document.

o  Where soil slopes >8% occur within 150ft of the stream, increase the filter strip
width by an additional 10ft.

o Alevel spreader is a recommended BMP for placement at the upslope edge of the
filter strip wherever concentrated flows (any surface runoff depth >1.2 inches) are
known or suspected to occur.

Applicable agricultural BMPs

o Pasture and rangeland grazing BMPs

o Manure storage BMPs

o Heavy use area BMPs

o Conservation tillage & residue management BMPs

o Structural (e.g., sediment control basins) and vegetative (e.g., cover crops, grassed
waterways) BMPs for erosion and sediment control

o Nutrient management BMPs

o Integrated pest management BMPs
o Irrigation management BMPs

Adaptive management

Adaptive management is important for the conservation and protection of natural resources.
The goal of adaptive management in RMZ implementation should be to tailor land management
actions to site specific circumstances in a way that ensures protection of water quality and
habitat. In this regard, the management of an RMZ should be adjusted based on site specific
data and information. For example, in some cases, site specific data and information may
indicate that a more restrictive RMZ than recommended in this guidance is needed to protect
water quality where, for example, there are poorly draining soils, steep slopes, or urban land
uses in close proximity. In other cases, site specific data and information may be used to show
that water quality and habitat can be adequately protected with lesser restrictions on the use
of the inner and outer zones of the RMZ, and a slightly smaller core zone. In any regard, it is
imperative that the basis for adjusting RMZ configuration management is driven by the
availability of better scientific data and information about what is needed to achieve adequate
water quality protection and not simply landowner or technical assistance provider preference.
Such data and information is typically obtained by working with professionals having expertise
in the specific issue(s) at hand (e.g. soil scientists/conservationists, hydrologists, biologists,
agronomists, etc.).
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Related NRCS practices

e Riparian Forest Buffer (code 391)

e Riparian Herbaceous Cover (code 390)

e (Critical Area Planting (code 350)

e Filter Strip (code 393)

e Silvopasture (code 381)

e Tree-shrub Establishment (code 612)

e Tree-shrub Site Preparation (code 490)

e Stream Habitat Improvement and Management (code 395)
e Streambank and Shoreline Protection (code 580)
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Glossary

Adjuvant: Supplemental substance added to a spray mixture to enhance the performance
and/or physical properties of a pesticide. In Washington State these are considered registered
pesticides and pesticide laws apply (RCW 15.58.030 (31(c)).

Adsorption (soil): The adhesion of atoms, ions, or molecules from a gas, liquid, or dissolved
solid to a surface. Positively charged pesticide molecules become physically adsorbed to
negatively charged soil particles, particularly those high in clay and organic content.

Aerial application: Fertilizer is applied using aircraft, such as airplanes or drones.

Agroforestry: A land use management system in which crops, or pastureland are integrated
among stands of trees or shrubs.

Agronomic rate: Application amounts that provide sufficient nutrients for optimal crop yield
while simultaneously ensuring that excess nutrients are not left in the soil or lost to the
environment.

Algal blooms: Rapid growth or excessive accumulation of algae in marine or freshwaters
commonly caused by the overabundance of nutrients such as nitrogen and phosphorus. Algae
that reaches high concentrations can negatively affect water quality and produce toxic effects
on humans and wildlife.

Alley cropping: Trees or shrubs planted in sets of single or multiple rows with alleys of
agronomic crops or forage between the sets of woody plants to prevent or minimize erosion
and the transport of nutrients and other contaminants from entering the waterways and to
improve soil health and microclimate.

Allowable plant water stress: An irrigation scheduling method where irrigation occurs before
soil water has been depleted below a lower limit.

Allowable soil water depletion: an irrigation scheduling method where irrigation occurs before
the soil water tension at one or more depths in the root zone, or averaged over the root zone,
reaches a predetermined limit.

Allowable soil water tension: An irrigation scheduling method where irrigation occurs before
the plant water stress in some part of the plant reaches a limit as indicated by one of several
measurement techniques.

Ammonia volatilization: a process where ammonium (NH;*) is chemically reduced and
converted to ammonia gas (NH,) which is released to the atmosphere.

Publication 26-10-045 CWG Recommended BMPs
Page 173 April 2026



Animal confinement areas: Lots, yards, corrals, barns or similar structures in which the
concentration of livestock is such that a vegetative cover is not maintained. Confinement areas
are sometimes referred to sacrifice areas or winter paddocks.

Animal Feeding Operations (AFOs): Agricultural operations where animals are kept and raised
in confined areas. An operation is considered an AFO if animals have been, are, or will be
stabled or confined and fed or maintained for a total of 45 days or more in any 12-month
period, and crops, vegetation, forage growth, or post-harvest residues are not sustained in the
normal growing season over any portion of the lot or facility.

Aquatic life benchmark: Are based on toxicity values from scientific studies that EPA reviewed
and used to estimate risk to freshwater organisms from exposure to pesticides and their
degradates. Benchmarks are EPA-developed and are informational values used as reference
points for assessing pesticide risks.

Banding: Nutrients are applied in a concentrated band near the root zone for more efficient
uptake, particularly in areas where nutrient leaching or loss is a concern.

Basin irrigation: A type of flood irrigation where water is applied to enclosed fields surrounded
by small earthen embankments.

Berm: A constructed practice used to redirect runoff flow away from pollution sources to
prevent the generation of polluted runoff.

Biogeochemical transformations: Natural pathways that convey fundamental nutrients and
chemical elements between living organisms and the environment and transform chemical
compounds within the environment.

Biological control: Use of natural enemies such as predators, parasites, pathogens, and
competitors to control pests and their damage.

Bioswales: Planted or mulched channels that slow water, allowing it to infiltrate into the soil.

Blind inlet: Structures placed in farmed depressions used to drain water that collects in these
areas while providing filtration to reduce fine sediments and soluble pollutants.

Border irrigation: A type of flood irrigation where water flows down gradient via gravity
between small levees or ridges and water soaks into the soil at it travels downhill.

Broadcast application: Fertilizer is spread evenly across the surface of the soil.

Buffer capacity: The ability of soils to resupply cations for those in soil water that were
removed by plant roots or leached. The higher the cation exchange capacity, the greater the
ability to resupply additional cations.
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Cation exchange capacity (CEC): A measure of the total negative charges within the soil and
relative ability to adsorb plant nutrient cations such as calcium magnesium, potassium,
ammonium and sodium. CEC is a property of a soil that describes its capacity to supply plant
nutrient cations for plant uptake.

Cation exchange: Process where adsorbed cations exchange with other cations in soil solution.

Channel migration zone (CMZ): Areas in a floodplain where a stream or river channel can be
expected to move naturally over time in response to gravity and topography.

Channel width: The average width of the stream at the bankfull channel elevation in straight
sections of a stream reach.

Chemical control: Use of pesticides to control specific pests.

Chemigation: Chemigation is the application of pesticides through an irrigation system. Only
pesticides labeled for chemigation can be used in irrigation systems. The pesticide label will
identify approved irrigation systems, safety measures, and worker protection requirements.
The installation of a backflow safety device and system interlocks is required for irrigation
systems before the addition of pesticides is allowed.

Composting bedded pack: These are permanently covered facilities where livestock are
housed. The manure and bedding material builds up in the housing area to a design depth and
is periodically removed. The facility is managed in such a way that the solids content of the
manure is high enough that it will not flow.

Composting: An aerobic bacterial-driven process of stabilizing organic materials such as
livestock manure.

Concentrated animal feeding operations (CAFOs): Animal feeding operations (AFOs) that meet
the regulatory definition of a concentrated animal feeding operation (CAFO) and is regulated
under an NPDES permitting program.

Concentrated flow: Any surface runoff that is not shallow overland or sheet flow.

Conservation Cover: Permanent herbaceous vegetative cover planted in areas that would
otherwise be exposed earth (e.g. between rows of grapevines, fruit trees, etc.) to prevent
erosion.

Continuous grazing: Grazing a particular pasture or management area the entire year including
the dormant season.

Contour farming: Aligning the ridges, furrows, and roughness formed by tillage. Also, planting
and performing other operations at a grade near the contour to alter the velocity or the
direction of water flow to prevent or minimize erosion and the transport of nutrients and other
contaminants from entering the waterways.
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Contour filter strip: Strips of permanent vegetative cover established on the contours of a
hillslope which alternates downslope with wider cropped strips, also farmed along the contour
(NRCS, 2016).

Controlled tile drainage: System used to manage the timing and amount of water leaving
agricultural fields via subsurface (tile) drainage.

Conventional tillage: System that uses full-width tillage operations (such as plowing and
disking) that leave very little crop residue on the soil surface.

Cover crops: Herbaceous vegetative cover planted as seasonal cover in rotation with annual
production crops to prevent or minimize erosion and the transport of nutrients and other
contaminants from entering the waterways.

Concentrated flow: Any surface runoff that is not shallow overland or sheet flow.

Critical area: An area to be treated with special consideration because of inherent site factors,
size, location, condition, values, or significant potential use conflicts.

Cultural controls: Practices that reduce pest establishment, reproduction, dispersal, and
survival. Examples of cultural controls include crop rotations, intercropping, irrigation
schedules, variations in planting and harvesting schedules, and selection of pest resistant or
pest-tolerant crops.

Decomposition: A biological process (i.e., composting) through which organic materials are
reduced to simpler organic and inorganic components.

Deep placement: fertilizer is placed several inches below the surface near the plant roots, often
using specialized equipment.

Deferment: A period of time during the growing season when a management area is not
grazed.

Deferred rotation: Deferred rotation involves dividing a management area into two or more
units with each unit receiving deferment until seed set every other year. Deferred rotation can
be modified to include multiples pastures, but the key feature is that each pasture periodically
receives deferment. Common deferment cycles are every two to four years depending on the
number of grazing units and forage recovery needs.

Deficit irrigation: Irrigation strategy that deliberately apply less water than optimal to achieve
water savings while maintaining acceptable crop yields.

Denitrification: A process where nitrite and/or nitrate are converted to gaseous forms of
nitrogen including nitrous oxide (N2O), nitrogen oxides (NO and NOx) and dinitrogen gas (N2).
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Direct root zone (DRZ) Irrigation: irrigation techniques that precisely target water delivery to
plant root systems.

Direct seed: A practice similar to no-till in which the seed is placed directly into untilled soil
with minimal disturbance, preserving residue cover.

Dispersion outlet: Practices used to spread out concentrated runoff to facilitate sheet flow and
promote infiltration.

Dispersion: The spreading out of stormwater over an area to reduce flow and facilitate gradual
infiltration into the soil before reaching a natural or artificial waterway.

Diversion channel: Constructed conveyance waterways used to redirect surface water away
from vulnerable areas and agricultural facilities to prevent erosion and the generation of
polluted runoff.

Dry wells: A well used to transmit water underground, and is deeper than its width at the
surface.

Early-season grazing: Grazing that occurs from early April to mid-July.

Earthen liner: Common liner-type for manure storage lagoons constructed of compressed soils.
An earthen line option must have on-site or supplemented soils with sufficient fine clay
presence to be a viable option ensuring, once operational, that a specific discharge level of 10”7
cm/s or less is achieved.

Eastern Washington: All counties east of the Cascade Mountain Range crest.

Ephemeral stream reach: a reach that does not intersect the water table for any part of the
year; flows only in direct response to surface and shallow subsurface runoff following rain or
snowmelt events; flow generally occurs for less than 10% of a typical water year (Hedman and
Osterkamp, 1982).

Erosion: The removal of land surface due to water, wind, ice, or other geological causes.

Eutrophication: A process of an increase in the rate of supply of organic matter to an
ecosystem.

Evapotranspiration: The actual total loss of water by evaporation from soil, waterbodies, and
transpiration from vegetation over a given area with time.

Fertigation: Fertilizer is dissolved in irrigation water and applied through the irrigation system.

Filter strip: Also known as a Vegetative Filter Strip (VFS) are typically comprised of grass and
designed to receive runoff for the purpose of pollutant removal (NRCS, 2017).
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Foliar application: Liquid fertilizer is applied directly to plant leaves or the soil.

Footing (HUA): Material typically sand, wood chips, gravel or concrete that supports livestock
hoof pressure while preventing the formation of muddy conditions.

Free stall barn: An animal management method, commonly used in dairy operations, that
allows cows greater freedom to enter and leave both stalls, where they may lie down and rest,
in addition to the shelter of the barn.

Freeboard: The vertical distance between the liquid level in a waste storage lagoon and the top
of the lagoon embankment.

Fungicide: Pesticide used to kill parasitic fungi or their spores.

Furrow irrigation: A type of flood irrigation where water flows by gravity through small, parallel
channels (furrows) between crop rows.

Geo-membrane: Geomembranes are impermeable synthetic materials (membranes) commonly
used for lagoon liners. They can take the form of a variety of materials including a synthetic
polymer such as reinforced polypropylene, high density polyethylene (HDPE), or polyvinyl
chloride (PVC). The typical material used has a thickness of between 35 and 60 mils (1 mil =
1/1000% of an inch).

Geo-synthetic clay liner (GCL): Geosynthetic Clay Liners consist of a thin layer, about % inch, of
sodium bentonite sealed between two geotextile layers. The geotextiles are either sewn or
needle punched together. A GCL can achieve a permeability of 10° centimeters per second
(cm/s).

Geo-textile: Geotextiles are permeable fabrics and are typically used in lagoon construction to
provide protection of geomembranes from punctures, separate soil layers, and can be used for
venting of vapors. Geotextiles are used in the manufacturing of products such as geo-composite
drainage nets, strip drains, GCLs and reinforcing layers. Needle punched and heat bonded
geotextiles are used for cushioning (padding) to reduce punctures, as a layer to improve
interface shear strength, or for soil separation.

Grassed waterway: Shaped and graded shallow channels planted with dense, rough grass used
to convey surface water runoff at a reduced velocity to a stable outlet without causing erosion.

Groundwater ubiquity score (GUS): An experimentally calculated value that relates to a
particular pesticide’s half-life and the organic carbon/water partition coefficient (Koc) to
determine its relative vulnerability to leaching. The GUS may be used to rank pesticides for their
potential to leach to groundwater. GUS = log10 (half-life) x [4 - log10 (Koc)].[1]

Groundwater: Saturated underground zones where water has infiltrated below the land surface
and is retained in the pores and fractures of materials such as sand, gravel or rock.
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Growing season: Period of the year where environmental conditions such as temperature, day
length, and moisture are suitable for plant growth and crop development.

Gully erosion: Similar to rill erosion with larger channels.

Health advisory level: The concentration of a contaminant in drinking water at which adverse
health effects and/or aesthetic effects are not anticipated to occur over specific exposure
durations (e.g., 1 day, 10 days, a lifetime).

Heavy use area (HUA): Locations where livestock congregate or use intensively. Examples of
these areas include confinement areas, as well as high traffic area such as the areas around bale
feeders and off-stream water facilities, gateways, and alleyways.

Heavy use area protection (HUAP): Stabilization or protection of an intensely used area (NRCS
Code 561).

Herbicides: Pesticides used to kill or inhibit the growth of unwanted plants (weeds). Commonly
used herbicides include glyphosate, atrazine, acetochlor, and metolachlor.

High density polyethylene (HDPE): High-density polyethylene (HDPE) or polyethylene high-
density (PEHD) is a thermoplastic polymer produced from the monomer ethylene.

Hydraulic conductivity: The capability of soil to transmit water under pressure and its
magnitude forms a central determinate on the rate of groundwater flow.

Infiltration basins: Reduce stormwater discharge volume by enhancing groundwater recharge.

Infiltration berm: Built-up earthen embankments with sloping sides to divert, retain, and
promote infiltration, slow down, or divert stormwater flows.

Infiltration pond: Earthen impoundments used to temporarily store and infiltrate runoff.
Infiltration: Downward movement of water from the land surface to the subsoil.
Insecticide: Pesticides that prevents, repels, kills or mitigates insects.

Integrated Pest Management (IPM): IPM is a systems approach to pest control. Fundamentally,
less emphasis is placed on pesticide use as the sole and first line of defense for pest control and
instead is integrated into a series of measures that examine when and why pest manifestation
occur within a farming operation and implement practice changes to disrupt the cycle.

Intercropping and strip cropping: Growing crops in a systematic arrangement of strips in a field
to prevent or minimize erosion and the transport of nutrients and other contaminants from
entering the waterways.
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Intermittent stream reach: A reach that intersects the water table for only part of the year;
may have discontinuous sections of surface flow or may become entirely dry during the dry
season; continuous flow conditions generally occur for 10 to 80% of a typical water year
(Hedman and Osterkamp, 1982).

Irrigation and drainage tailwater recovery: A system designed to collect, store, and convey
irrigation tailwater, rainfall runoff, field drain water, or combination thereof for reuse and
distribution to crops.

Irrigation management: Practice that involves determining and controlling the volume,
frequency, and application rate of irrigation water to optimize crop yields while conserving
water resources.

Irrigation scheduling: Procedure used to determine the timing and quantity of water
application.

Lagoon: A liquid waste storage impoundment that includes a liner designed to limit seepage to
a specific rate.

Late- season grazing: Grazing that occurs from September through November.

Leachate: A liquid emanating from a material (i.e., manure pile) that carries dissolved and
suspended components.

Leaching: Downward movement of dissolved nutrients through the soil profile via percolating
water.

Leaching: When there is sufficient rain and/or irrigation to move dissolvable nitrates into below
the roots zone of plants. Nitrates end up in underground aquifers or surface water due to
drains and underground flow.

Lined waterway: Constructed conveyance channels with an erosion resistant lining used to
transport runoff.

Macronutrients: Elements used by plants in large quantities. Macronutrients can be further
defined as primary or secondary.

Manure: The combination of livestock urine and feces.

Maximum contaminant level (MCL): The maximum contaminant level (MCL) is the highest level
of a contaminant that is allowed in drinking water, minimizing risk to human health.

Maximum contaminant level goal: The level of a contaminant in drinking water below which
there is no known or expected risk to health. MCLGs allow for a margin of safety and are non-
enforceable public health goals.
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Mechanical and physical controls: Practices used to kill a pest directly, block pests out, or make
the environment unsuitable for it. Examples of physical controls include mulches for weed
management, steam sterilization of the soil for disease management, barriers such as screens
or row covers to keep pests out, or modifying environmental conditions such as heat or
humidity in greenhouses.

Metabolites (pesticide): A pesticide transformation or degradation product resulting from
chemical, environmental, and biological influences.

Microbial control: Use of pathogenic bacteria, fungi, microsporidia, nematodes, viruses, and
microbes to combat pests.

Micro-irrigation: Irrigation methods that combine low-pressure sprayers, misters, and
specialized emitters for precise water application.

Micronutrients: Nutrients needed in very small quantities but are essential for plant survival.
Micronutrients include iron (Fe), boron (B), copper (Cu), chlorine (Cl), Manganese (Mn),
molybdenum (Mo), zinc (Zn), cobalt (Co), and nickel (Ni).

Mid-season (summer) grazing: Grazing that occurs between mid-July and late September.
Mil: Refers to material thickness in units of a thousandth of an inch (0.001”)

Mineralization: Process of converting organic soil nutrients (from decomposed plants and
applied organic fertilizers like manure) into inorganic, plant-available forms.

Minimally managed riparian vegetation: A native vegetation community with a species mixture
and density that is within the range of natural variability for the site’s ecological potential.

Mode of action: The biochemical pathway or physiological process a pesticide targets within an
organism to kill or control it.

Moving lateral: A system where laterals are moved mechanically.

Mulch till: Full-width tillage that disturbs the soil but retains a significant amount of crop
residue on the surface to reduce erosion.

Mulching: Using organic fertilizers as a mulch material which naturally breaks down and adds
nitrogen and other nutrients to the soil.

Nitrification: Process of converting ammonium to nitrate.

Nitrogen fixation: Process where atmospheric nitrogen (N,) is converted to ammonia (NHs) or
ammonium (NH4") via specific types of nitrogen-fixing bacteria or by lightning.
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Nitrogen immobilization: Process where soil microorganisms convert plant available, inorganic
nitrogen into organic forms making it temporarily unavailable.

No-till: A planting method where crops are seeded directly into undisturbed soil with previous
crop residues left on the surface; no full-width tillage is performed.

Nutrient use efficiency (NUE): The ability of a crop to utilize available nutrients in the most
effective way for growth and development. NUE is commonly used as a tool to assess how well
a crop or crop system uses a given amount of nutrient inputs relative to yield or other desired
outcomes.

Organic carbon/water partition coefficient (Koc) - A measure of a pesticide’s relative level of
adsorption to organic matter. Higher values indicate more binding. For this reason, Koc values
can be used to predict whether a specific pesticide will be more susceptible to off-site
migration via erosion or in a dissolved phase. Koc is a sorption coefficient that has been
normalized for organic carbon content and can estimate toxicity through estimating the
bioavailability of a toxicant in the sediment.

Pasture: Pastures are lands comprised primarily of introduced or enhanced native species
which are grown specifically for livestock grazing and receive treatment or enhancement to
improve forage quality and yields. Pasture differs from rangeland in that vegetation has been
primarily planted to provide forage for grazing livestock. Pasture lands may be irrigated or non-
irrigated.

Pathogens: A disease-causing micro-organism such as a bacterium or virus.

Percent base saturation: The proportion of a soil’s cation exchange capacity (CEC) that is
occupied by acid cations (H* and AI**) and basic cations, primarily calcium (Ca2*), magnesium
(Mg?*), potassium (K*), and sodium (Na*). The relative proportion of acids and bases
determines a soil's pH

Perennial stream reach: A reach that has year-round flow in a typical year; the channel
intersects the water table for most of the year; continuous flow generally occurs for more than
80% of a typical water year (Hedman and Osterkamp, 1982).

Permeable paver: A type of pavement with high porosity that allows rainwater to pass through
to the ground.

Persistence: The ability of a pesticide to remain active in its original form for an extended
period before degrading. A measure of persistence is based on a particular pesticide’s half-life
which is the time, typically in days, required for half of the original concentration of pesticide to
degrade to other chemicals.

Pest: Any organism such as insects, weeds, fungi, rodents, microorganisms that cause damage,
nuisance, or harm to humans, animals, crops, and structures.
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Pesticide drift: The off-site movement of pesticides by wind or air currents.

Pesticide volatilization: When a pesticide transitions into a gas or vapor. A pesticide’s
susceptibility to volatilization is based on its chemical structure but is enhanced by air
temperature with off-site migration associated with wind.

Pesticide: Any substance or mixture of substances intended for preventing, destroying,
repelling, or mitigating any pest, or intended for use as a plant regulator, defoliant, or
desiccant, or any nitrogen stabilizer.

Pond (retention and detention): A water impoundment made by constructing an embankment,
excavating a dugout, or a combination of both. It can be used for to store water for flow
detention, and is used to improve water quality.

Pre-planting: Where nutrients are applied during soil preparation or before planting. It is
usually via incorporation or a subsurface method.

Primary nutrients: Macronutrients including nitrogen (N), phosphorus (P), and potassium (K).

Rain gardens: Non-engineered, shallow, landscaped depressions with amended soils and
adapted plants used to temporarily store and infiltrate runoff

Rangeland: Rangelands are lands that consist mostly of native vegetation that are
predominantly grasses, forbs and dispersed trees and shrubs. Plant communities can include
both native and introduced plants. Rangelands may include grasslands, savannas, shrublands,
forests, marshes and meadows.

Realistic yield goal: An anticipated amount of crop production (e.g. weigh or volume) that is
achievable based site-specific factors such as such climate, crop variety and genetics, water
availability, soil fertility and crop management.

Rest rotation: Under rest-rotation, larger management units are partitioned into several
smaller units and each is grazed in a planned sequence. As part of the rotation, each unit is
rested an entire year while the remaining areas are grazed seasonally. The timing of grazing
under a rest-rotation strategy varies but grazing units are typically used during the early or late
season and that sequence is rotated every year.

Retention ponds: Control stormwater by retaining and treating runoff.

Ridge till: A system where crops are planted on ridges formed during previous seasons, with
cultivation used to maintain ridge shape and manage weeds.

Rill Erosion: Erosion by concentrated flow in small, sometimes parallel, channels.

Riparian area (a.k.a. riparian “ecosystem” or “ecotone”): the terrestrial environment that is
transitional between aquatic and upland environments. A key defining characteristic is the
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presence of soils which tend to have greater moisture availability for plant communities than in
the adjacent uplands. This area is delineated by features of the natural environment rather
than management actions.

Riparian buffer: A vegetative strip, of varying width, adjacent to a surface water, that provides
for water quality benefits through shading and runoff pollutant removal.

Riparian Management Zone (RMZ): Land adjacent to surface waters for which management
actions are tailored to maintain specific resource objectives, in particular, water quality
protection and the provision of aquatic and riparian habitat for fish and wildlife.

RMZ core zone: The portion of the RMZ which is closest to the streambank.
RMZ inner zone: The portion of the RMZ located between the core zone and the outer zone.

RMZ outer zone: The portion of the RMZ located between the inner zone and agricultural lands
outside of the RMZ.

Roof runoff structures: Systems used to convey runoff from roofs and outlet collected water
away from pollution sources to a stable outlet or infiltration area.

Rotation: Scheduled movement of grazing animals from one management unit to another.

Rotational grazing: Rotational grazing is a pasture management system where livestock are
allowed to use a portion of a grazing area while the remainder is rested. With rotational
grazing, pastures are divided into smaller areas referred to as paddocks and animals are moved
from one paddock to the next based the forage conditions in each paddock. This system
commonly includes periods of high stocking rates follow by nongrazing periods of rest to allow
plant recovery and regrowth. Rotational grazing systems many include a few or numerous
paddocks; however, the concept is to have enough paddocks to allow for sufficient rest periods
between grazing.

Saline soils: Soils containing high levels of soluble salts. lons most commonly associated with
soil salinity include chloride, sulfate, carbonate, sodium, calcium, magnesium and potassium.

Saturated buffer: A vegetated buffer where a water control structure is used to direct water
from a drainage system into a subsurface, perforated pipe that distributes water into the soils
beneath and along a vegetative buffer.

Season-long grazing: Grazing a particular pasture or management area the entire grazing
(growing) season.

Secondary nutrients: Nutrients needed in medium quantities in comparison to macronutrients
and micronutrients and include calcium (Ca), magnesium (Mg), and sulfur (S).
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Sediment basin: A constructed basin with an engineered outlet used to capture and detain
sediment-laden runoff or other debris for a sufficient length of time to allow it to settle out in
the basin.

Sediment load: The amount of sediment being transported in water runoff or in a river. There is
dissolved, suspended, and bed load.

Sedimentation: When wind or water runoff transports soil particles to a stream or body of
water.

Set time: The duration a particular zone or field will be watered.

Sheet erosion: A shallow uniform layer of water that picks up and transports sediment over a
wide area.

Side-dress: Applied during the growing season to meet nutrient demands as plants grow,
especially for crops that require additional nutrients.

Silvopasture: A form of agroforestry that integrates trees, forage, and the grazing of
domesticated animals in a mutually beneficial way.

Single-sprinkler: A system designed to irrigate an entire area with only one sprinkler that is
moved periodically or automatically moves across an area.

Site potential (SP) plant community: The native plant community that would occurin a
minimally managed condition on a site, e.g. a Douglas fir forest community, Black cottonwood
forest community, Sandbar willow community, etc.

Site potential tree height (SPTH): The average maximum height of the tallest dominant trees
for a given site class (WDFW, 2018); the index tree age is 200 years, except where shorter-lived
trees (such as cottonwoods) are the tallest dominant trees.

Sodic soils: Soils that have a high concentration of exchangeable sodium relative to other
cations.

Soil aeration: process of ensuring adequate oxygen is present in the soil pore spaces to support
the respiration of plant roots and soil organisms, while also allowing for the removal of carbon
dioxide and other gases.

Soil hydrologic group: Soil hydrologic groups describe the surface runoff potential for a soil.

Solid set: A system that uses a mainline and one or more laterals where the laterals are placed
permanently in one location in a field.

Solids separation: Involves the partial removal of organic and inorganic solids from the manure
waste stream prior to its entrance to the treatment lagoon.
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Solubility: The ability of a substance, the solute, to form a solution with another substance,
the solvent, typically water. Solubility is the measure of a pesticides ability to dissolve in water
to the point of saturation. Pesticides with higher solubility are more difficult to retain on-site as
they can migrate with surface runoff or leach through the soil to groundwater.

Source control practice: Type of best management practice that proactively prevent pollutants
from being generated and transported to surface or groundwater.

Specific discharge: Specific discharge is the volume of water that flows through a unit cross-
sectional area of porous media per unit time. (The rate of flow of groundwater divided by the
normal cross-sectional area through which the flow is directed.)

Sprinkler irrigation: A method of applying water to crops by spraying it through the air using as
system of pipes, pumps and sprinkler heads that operate under pressure.

Storage period: A period of time during which manure, litter, process wastewater, and other
organic by-products are stored because crop nutrient demand is absent or limited and/or field
and weather conditions are unsuitable for land application. Storage periods typically extend
from fall through early spring and are influenced by factors such as weather, precipitation, soil
and field conditions, soil nutrient levels, crop acreage, and crops grown.

Storage tank: A liquid manure storage alternative that commonly takes the form of a cylindrical
shaped glass-fused metal tank. It has a higher cost than other forms of manure storage but it
provides for increased environmental protection and presents a viable alternative if site
constraints such as elevated seasonal groundwater or shallow bedrock exist.

Strip-till: A system that tills only narrow strips where seeds will be planted, leaving the area
between rows untilled and covered with residue.

Subsurface (tile) drainage: A network of underground pipes (called "tiles") to remove excess
water from the soil, especially in fields with poor natural drainage.

Suite of practices: Combination of recommended source control and treatment best
management practices that when fully implemented are expected to protect water quality.

Surface and subsurface drip systems: Irrigation system that delivers water through buried or
surface-level tubes, providing consistent moisture while minimizing evaporation losses.

Surface drain field ditch: A graded channel on a field surface for collecting and conveying
excess water (NRCS Code 607).

Surface irrigation: An irrigation system that involves applying water directly to the soil surface
where water flows across a crop field by gravity and a portion of the water infiltrates as it
advances.

Surface runoff: When the infiltration capacity of soil is exceeded by rainfall rate.
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Swale: A shallow depression in the ground that collects and transports water.

System potential shading: The total potential amount of vegetative shading that could occur at
a stream site during a specific index period (e.g., season, day, time). The estimate of potential
shading potential assumes the presence of a minimally managed, mature native plant
community having a species mixture, canopy height and plant density within the natural range
of variability for the site.

Terrace: An earth embankment or combination ridge and channel constructed across a sloped
field (NRCS Code 600).

Tillage: The mechanical manipulation of soil to prepare a seedbed, manage residues, control
weeds, or incorporate amendments.

Top-dress: Spreading fertilizer on the surface of the soil around plants.

Total dissolved solids: The total concentration of minerals, salts, and metals dissolved in a
water sample.

Total volatile solids: The organic portion of a water sample that is lost following its heating at
550 Celsius for one hour.

Treatment practice: Type of best management practices designed to prevent or minimize
pollution.

Treatment threshold: The level of pest infestation or crop damage that triggers a decision to
apply controls, aiming to prevent economic losses or other harm while minimizing unnecessary
pesticide use. Management actions taken are determined by the total cost of the action, value
of crop, and potential environmental impact.

T-Sum 200: A metric used to estimate when fertilization of perennial, cool-season grasses can
begin. It is determined when the summation of daily average temperatures, in degrees Celsius,
beginning January 1, reaches 200. Temperatures below freezing are not considered.

UIC well: Structure built to discharge fluids from the ground surface into the subsurface. See
the additional information section for a complete definition.

Underground outlets: Pipes buried in the ground used to convey collected runoff to a suitable
outlet.

Urine: The liquid by-product of metabolism in animals expelled during process of urination.

Vadose zone: The vadose zone is the unsaturated soil strata between the land surface and the
top of water table.
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Vegetated treatment area: An area of permanent herbaceous, woody, or mixed vegetation
established to allow for infiltration and processing of agricultural runoff (NRCS, 2023).

Vegetative filter strip (VFS): A vegetative area, typically grass, that is designed to receive runoff
for the purpose of pollutant removal.

Watershed: An area of land from which water drains into a river, stream or other waterbody.
Watersheds include surface water (lakes, streams, reservoirs, and wetlands) and underlying
groundwater.

Waste storage facility: An agricultural waste storage impoundment or containment structure
(NRCS Code 313).

Waste treatment lagoon: A waste treatment impoundment made by constructing an
embankment and/or excavating a pit or dugout (NRCS Code 359).

Water and sediment control basin: An earthen embankment or ridge and channel constructed
across the slope of a minor drainageway used to reduce gully erosion, trap sediment and
reduce and manage runoff.

Water table: The boundary between the unsaturated and saturated zone underground. Below
the water table, groundwater fills spaces between sediment and rock.

Windbreak: also known as a shelterbelt, consists of single/multiple rows of trees and/or shrubs
planted in a linear, or curvilinear, fashion perpendicular to prevailing winds (NRCS, 2022).
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