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Introductory Message
I am pleased to present the 2014 Missouri Nutrient Loss Reduction Strategy. This strategy
reflects the collaborative efforts of the Department of Natural Resources, its many partners at
state and federal agencies and, more importantly, citizens from the agricultural sector and
communities across the state. This is a practical plan that builds upon partnerships that have been
successful over the past decade. The plan’s credibility is built on the experience of all of those
who contributed.

For thirty years, the people of Missouri have supported a one-tenth-of-one percent Parks, Soils
and Water Sales Tax with half the funding going toward helping our farmers implement best
management practices (BMPs) that save our soils and reduce the loss of sediment and nutrients
to our streams and lakes. Over a decade ago, Missouri issued permits for all its large animal
agriculture operations and ensured that those operations had nutrient management plans. The
Natural Resources Conservation Service (NRCS), University of Missouri and this department
have long collaborated on creating and providing technical support and training to farmers to
promote effective use of nutrients and protect water quality. Missouri universities combine
research, education and extension to bring the best science and practices to Missourians.
Through the efforts of those who put these plans into practice, Missouri’s farms remain
productive and our waters are cleaner.

Missouri communities of all sizes have worked with the department to protect human health and
the environment through common sense regulations and the use of the State Revolving Fund to
improve drinking and wastewater infrastructure. Through Our Missouri Waters, the state is
supporting watershed-based planning for water quality and quantity that gives local stakeholders
the leading role in choosing their future actions. The Community Services effort will assist small
communities that lack abundant technical resources to access the information and expertise they
need to create implementable plans to meet the needs of their communities while addressing
water quality. Missouri signed and is implementing a precedent-setting agreement with the
Environmental Protection Agency (EPA), the city of Columbia, Boone County and the
University of Missouri to use Collaborative Adaptive Management to address water quality
issues in the Hinkson Creek Watershed. Communities across Missouri have secured low interest
loans through the State Revolving Fund to improve the performance of their wastewater
collection and treatment systems. Springfield is leading the way nationwide on developing an
integrated planning approach for not only its community water and wastewater infrastructure, but
all of its environmental infrastructure needs.

This nutrient loss reduction strategy is tailored to Missouri. It addresses the incredible diversity
of Missouri watersheds, hydrology, soils, landscapes, agricultural practices and communities. It
offers a breadth of options for stakeholders from every corner of the state. By providing a catalog
of possible strategies grouped by activity, it affords an easy way for interested Missourians to
find ideas that may apply to their activities, to identify partners who can help them understand
their best options and to put the most suitable practices for reducing nutrient loss to work.

This strategy is also adaptive. Over time, we will learn more about nutrient sources, loading and

transport and gain a better understanding of the practices best suited to different parts of
Missouri. This strategy will be updated to reflect the most recent science and the most effective

l|Page



strategies. Missourians will have the information needed to meaningfully and cost-effectively
reduce nutrient loss. I want to thank all of those who contributed to the development of this
strategy. The combined expertise of its authors has yielded clear and practical guidance for
reducing nutrient losses, protecting our farmland, and safeguarding the waters of Missouri and its
downstream neighbors.

Sara Parker Pauley
Director, Missouri Department of Natural Resources
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FOREWORD: HOW TO USE THIS STRATEGY

The Missouri Nutrient Loss Reduction Strategy serves a number of purposes and is designed to
meet the needs of multiple audiences. The strategy addresses the science and policy that form the
basis of the state’s approach to nutrient loss reduction. It provides recommended actions for
those nutrient reduction practices best suited to Missouri and describes the water quality benefits
that are expected to result from these actions. The recommendations have been divided into
several major categories to allow users to focus on the areas of greatest personal interest
(Appendix A). Contact information has also been provided for organizations that can provide
assistance in choosing among and implementing the recommended actions.

The remainder of this document is divided into five major sections including: strategy
development, recommended actions, anticipated water quality improvements and plans for
evaluating and updating the strategy over time.

Strategy Development: This section explains how the strategy was developed and describes the
main drivers behind this process. It provides an overview of watershed-based planning and
collaborative adaptive management and how each of these concepts will be integrated into this
nutrient reduction strategy.

Policy: This section describes the overall vision and policies underlying Missouri’s strategy for
reducing nutrient loads to our rivers, streams and lakes. It also provides a framework for
incorporating Missouri’s strategy into the multi-state strategy to reduce nutrient delivery to the
Gulf of Mexico. It summarizes Missouri’s work to date to reduce nutrient losses through the
collaborative efforts of our farmers, communities, and state and federal agencies. This section
also includes the scientific basis for the strategy.

Recommended Actions: The actions that form the basis for implementing the strategy are based
on realistic and well-documented actions that were identified and recommended by the subject
matter experts and individuals who have and will actually implement the recommended actions.
This section provides an overview of each proposed action and the scope of implementation
expected in the next five years.

Expected Water Quality Improvements: This section addresses water quality outcomes
expected to result from the implementation of recommended actions within five years. It also
provides a framework for determining future reductions.

Next Steps: This section focuses on the actions and resources required to implement the
recommended actions, the potential impediments to implementation and approaches to overcome
the challenges. Both education and coordination will play key roles in ensuring success and
supporting the many groups that will contribute to reducing nutrients and protecting our water
quality.

Appendix A: For those most interested in potential actions, Appendix A provides the critical

information about the actions, potential partnerships and where to get help in implementing an
action to reduce nutrient loss.

3|Page



Appendix B: This contains a list of the many contributors to this strategy.

Appendix C: This contains the detailed list of actions and timelines for the Municipal and
Industrial Wastewater section.

EXECUTIVE SUMMARY

The Missouri nutrient loss reduction strategy (strategy) proposes a set of recommended actions
that aim to improve water quality in Missouri while contributing to reducing nutrients moving
downstream to the Gulf of Mexico. It combines proven actions and practices implemented over
the past decades with newer ideas drawn from the scientific literature, actions by partners within
the state of Missouri and from experiences in other states.

In creating this strategy, Missouri was led by the desire to create a practical strategy containing
reasonable recommended actions for the next few years. The strategy can then be broadened to
include additional recommendations as new technologies or approaches are proven to be
effective while maintaining momentum on existing actions.

The great diversity of Missouri landscapes, streams, soils, communities and agricultural practices
led the authors to create a document providing a wide variety of options for reducing nutrient
loadings to stream and lakes. Almost any farm, community or business should be able to choose
from the strategy’s list of recommended actions to contribute to the state’s nutrient reduction
goals.

The strategy uses an adaptive management approach recognizing the need to respond to new
information concerning the efficacy of the recommended actions on water quality and also any
associated burdens imposed on those implementing these actions. We have accepted that we
have much to learn about reducing nutrient loadings to our streams and lakes and the additional
benefits and challenges to doing so. By creating a strategy whose actions were recommended by
those most knowledgeable and most involved in implementing the actions, Missouri hopes that
the strategy will prove both workable and successful in improving water quality.

The strategy contains specific recommended actions to reduce nutrient loading to streams and
lakes in Missouri resulting in better local water quality and reduced nutrient loadings
downstream. Farmers are offered approaches to reduce nutrient loss from crop fields and
pastures and the partners that can help implement these practices. Major wastewater treatment
plant operators have proposed stricter limits on their discharges and other actions.

The greatest difficulties in implementing this plan are the need for education and funding as well
as uncertainties in the effectiveness of some practices under the wide variety of conditions found
in Missouri’s watersheds. The strategy is designed to inform farmers, community leaders and
citizens of the actions that each can take to reduce nutrient flows into our waters. Missouri has
benefitted from the sales tax that supports its Soil and Water Conservation Program (SWCP), but
more farmers need to become aware of the potential for technical and financial assistance
through their local Soil and Water Conservation District (SWCD), United States Department of
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Agriculture (USDA) Field Office Service Areas and University of Missouri (MU) Extension
offices. The State Revolving Fund has provided grants and low interest loans to communities
across Missouri to upgrade their wastewater systems, but a huge backlog of needs remain.
Finally, we need better data that support both the benefits and potential problems with many of
these actions in order to encourage more Missourians to implement these actions where
appropriate.

INTRODUCTION

Vision
Missouri’s vision to guide the development and implementation of this strategy is quite simple:

“All Missouri waters have acceptable levels of nutrients that maintain water
quality for all designated uses.”

The two-fold purpose of this document is to describe the current state of knowledge about
nutrient loading in Missouri and to present broadly-agreed upon recommended actions for
reducing nutrient loads. The Missouri Nutrient Loss Reduction Strategy was developed over a
three-year period from 2011 through 2014 using a Clean Water Act Section 104(b)(3) grant and
funding from existing state, federal, local and private resources. The strategy is a response to the
2008 Gulf Hypoxia Action Plan that established a goal for reducing the loss of nitrogen and
phosphorus to the Gulf of Mexico. However, its focus is on reducing nutrient loss to Missouri’s
waters as reductions there and elsewhere within the Mississippi River basin will eventually
correlate to reductions downstream, accounting for legacy nutrients already in freshwater
systems and lag. Nutrients, particularly phosphorus, do not move instantaneously from the edge
of a stream to the Gulf of Mexico. Instead they may be bound chemically or biologically for
some time and then continue moving downstream. Thus nutrients that may have entered a small
tributary in the past may still be present within the Mississippi Atchafalaya River Basin
(MARB). The strategy builds upon new and existing programs operating within the State of
Missouri such as Our Missouri Waters (OMW), the watershed collaboration and planning model
for all the watersheds within the state; Community Services, an effort to work with communities
to help them define and plan actions to address the environmental issues they face; and the
SWCP, NRCS and the Missouri Department of Conservation’s Private Lands Program, all
working to reduce soil loss and protect water quality.

Clean water is vital to Missouri’s economy. It is central to the lives and to the health of every
Missourian, and our economy is built on the expectation of the availability of clean water. Clean
water supports a diverse array of aquatic life and is essential to agriculture. It is clear that
additional efforts are needed to reduce nutrient loading to Missouri’s lakes and streams and must
involve many diverse sectors of Missouri’s economy: farmers, agri-business, industry, trade
associations, municipal and county governments, environmental groups and the public. Working
with representatives from all of these sectors, this document defines cost-effective and
economically-sustainable ways to reduce discharges of excessive nutrients in point source
effluents and nonpoint source runoff of nutrients from urban and agricultural lands. An important
key to our success will be collaboration to increase our efficiencies and effectiveness by working
together and sharing resources. Meeting global food demands in a sustainable manner, providing
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for economic growth in cities and towns and protecting water quality pose significant challenges.
These challenges are best met through the implementation of proven approaches, development of
new technologies and practices, promoting increased awareness of BMPs, continued scientific
research and developing greater understanding of the effectiveness of various approaches to
reduce nutrients entering our waterways.

Missourian’s have shown their passion for protecting our waters through widespread adoption of
agricultural BMPs, improvements in urban infrastructure and an increased focus on stormwater
control. However, threats to water quality remain and nutrient impacts are still on freshwater
systems and in certain near-shore environments. Many of Missouri’s communities are taking
additional steps to significantly reduce the nutrients they release; however, much more work is
needed to minimize combined sewer outfalls, inflow and infiltration and other problems. In
addition, heavy rainfall events and weather variability makes the elimination of nutrient losses
from urban areas and agricultural lands extremely difficult even when BMPs are in place.

While understanding of the sources of nutrients to waterways has advanced with our
understanding of the fate and transport of nutrients [United States Geological Survey (USGS),
2013], many significant uncertainties remain in solving the nutrient loading issue. This strategy,
therefore, takes an adaptive management approach by focusing on the next five years of
implementation and learning providing the framework for an iterative process to guide additional
actions in subsequent years.

Missouri has a diverse geography. The northern part of the state lies in the Dissected Till Plains
and the eastern section of southern Missouri is mainly part of the Ozark Plateau, while western
Missouri is the Osage Plains. The extreme southeastern portion, including Missouri’s Bootheel,
is part of the Southeastern Lowlands. Northern and parts of western Missouri reflect the
influence of multiple periods of glaciation. The glacial ice stopped roughly at the current site of
the Missouri River, but there is an extensive covering of windblown glacial sediments, loess,
especially along the Missouri and Mississippi Rivers. Also, parts of the Southeastern Lowlands
were carved out during multiple glacial outwash periods. The largest physiographic feature in
Missouri is the Ozark Plateau, which includes the Springfield Plateau to the southwest, the Salem
Plateau in south central and the St. Francois Mountains in the southeast part of Missouri. The
Salem Plateau was created by the multiple volcanic uplifts that occurred within the St. Francois
Mountains. Due to the various limestones and dolomites, the Springfield and Salem Plateaus
have Karst topography characterized by caves, large springs and losing streams. The St. Francois
Mountains are comprised of granite and rhyolite knobs dating from 1.4 — 1.8 billion years ago.
The Southeastern Lowlands region of Missouri is the northernmost extent of the Lower
Mississippi River Valley and is within the region called the Mississippi Alluvial Plain
(http://dnr.mo.gov/geology/adm/publications/map-ShdRelief.pdf) (Nigh and Schroeder, 2002).

Each physiographic region is associated with significantly different soils. Restrictive pan soils
are found throughout Missouri. Glacial till soils, which can have a clay pan, were historically
associated with humid, prairie regions in northern Missouri. Fragipan soils developed in the loess
over shale soils in western Missouri in the Osage Plains and were historically covered by mixed
prairie and deciduous forests. The Ozark Plateau also developed fragipans in the loess over
limestone soils or heavy red clay pans in the deeply weathered karst soils and were historically
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deciduous forests. The Southeastern Lowlands were formed from the alluvial deposits from
Mississippi River flooding. These soils are layers of sand, silt, clay and gravel with a very
shallow permanent water table and were historically cypress and tupelo swamps.

Missouri is second in the nation in the number of farms, trailing only Texas. Reflecting the
topography and soils, agricultural uses and cropping practices vary considerably within Missouri.
Corn and soybeans are the principle crops grown throughout the state. However, wheat is often
intercropped with corn and soybeans and rice and cotton are grown in the Bootheel region.
Missouri has a large and varied livestock industry and large amounts of pastureland are present
throughout the state. More than half of Missouri’s agricultural receipts come from corn,
soybeans, cattle, hogs and turkeys with livestock accounting for over half of the agricultural
receipts. Missouri also generally ranks in the top ten nationally in rice, cotton and grain sorghum.
The lumber industry in Missouri has always been prominent and hardwoods are harvested
statewide.

Annual temperatures and precipitation in Missouri also vary with averages of 50 degrees
Fahrenheit and 34 inches of precipitation in the northwest to 60 degrees and 54 inches in the
southeast. Missouri ranks 18" in population with 77 cities with a population of 10,000 or greater.
However, the state is also home to a large number of smaller communities and villages.

Nitrogen and phosphorus are ubiquitous elements in surface waters and serve as primary
nutrients for aquatic species. Major sources that deliver these nutrients to streams and lakes
include fertilizer lost from agricultural fields, wastewater treatment plants, septic systems,
industrial sources, urban run-off and animal agriculture. Both nutrients are susceptible to use by
organisms and in reactions with minerals and materials present in water and in streambeds and
river banks. However, phosphorus and nitrogen behave in fundamentally different ways.

Nitrogen is very reactive and found in many forms including ammonia, ammonium, nitrite and
nitrate with increasing oxygen availability, but its chemical form is influenced by a wide array of
other factors. Phosphorus tends to bind to surfaces rather than remain in solution. Significant
amounts of phosphorus may not be bioavailable, except by specific organisms. Because
measurement of phosphorus flux in riverine systems is more complex than that of nitrogen,
phosphorus loadings are more difficult to determine.

It is well-documented that nutrients, such as nitrogen and phosphorous, can lead to increased
production of algae and aquatic plants in freshwater systems. In addition, hypoxic zones have
developed on shallow, off-shore waters as a result of a complex interaction of nutrient loading,
stratification and biological activity (Gulf Hypoxia Action Plan, 2008). This increased algae
production locally may result in nonattainment of beneficial uses under certain environmental
conditions and undermines aquatic diversity by creating conditions favorable to fast growing
species, such as carp and benthivores, at the expense of other species (Edgertson and Downing,
2004). Swimming and other recreational activities may also be impaired or precluded due to
reduced water clarity associated with algae growth, which can affect the attractiveness of the
water body and prompt safety concerns (Heiskary and Walker, 1988). In extreme cases, it can
also lead to threats to human health through drinking water impacts.
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The department has completed its 2014 assessment of water quality in the state. The leading
cause of impairment in Missouri is bacteria which affects nearly 2,500 miles of streams. Low
dissolved oxygen impairs the second greatest length of streams at 887 miles. Sixty-nine streams
with stream reaches of 849 miles are proposed to be listed as impaired or have a Total Maximum
Daily Load (TMDL) established to address one or more of the following: total ammonia, low
dissolved oxygen, nutrients/eutrophication or biological indicators that may reflect nutrient
loading. The total classified stream length in Missouri is 24,491 miles for the 2014 assessment.

These numbers are likely to change significantly in the future as Missouri proposed, and EPA
approved, providing designated uses to an additional 91,000 miles of streams.

Nine lakes are listed as impaired for one or more of the following pollutants or pollutant
indicators: total nitrogen, total phosphorus, Chlorophyll-a, nutrient/eutrophication or biological
indicators that may result from nutrient loading. These impairments cover 44,825 out of 303,014
total acres assessed. Chlorophyll-a was the leading indicator of impairment with over 27,000
acres with nitrogen and nutrients causing impairment of about 8% of the lake acres each. Many
acres were impaired by a combination of nutrient-related pollutants or indicators. Mercury, as
measured in fish tissue, is the only other impairment that accounts for a significant number of
impaired acres in Missouri lakes. The vast majority of the mercury deposited in Missouri waters
is from atmospheric deposition.

Implementation of the recommended nutrient loss reduction actions in this document will be
accomplished through partnerships that leverage state and local resources with federal resources
and market-based funding opportunities. An example of these federal, state and local
partnerships is the Mississippi River Basin Healthy Watersheds Initiative (MRBI), which has
been an important tool in reducing nutrient and sediment runoff in Missouri. From 2010-2013,
Missouri applied for and received funding for 22 watershed projects through the MRBI
Cooperative Conservation Partnership Initiative (CCPI) of the USDA-NRCS.

Strategy Development
Missouri prepared this strategy using the following principles as guides to determine the actions
that make up this strategy as well as the strategy itself.

Guiding Principles

1. Solicit participation from a diverse and inclusive group of federal, state and local
agricultural, community, natural resource and environmental partners and involve the
highest levels of leadership possible.

2. Use best available science to make decisions. Use adaptive management in response to
uncertainties and improvements in scientific knowledge.

3. Identify and adopt appropriate nutrient reduction strategies that have been successfully
implemented in Missouri or other states. Modify existing strategies and develop new
strategies, as needed, to address Missouri-specific nutrient issues.

4. Develop a balanced set of management tools. Effective nutrient reduction strategies
require protective laws and regulations, broad-based public education, cost-share and
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technical assistance programs as well as market-based approaches, such as nutrient
trading.

5. Develop nutrient reduction strategies for nonpoint sources that are voluntary, incentive-
based and economically-sustainable. Effective incentives and methods of cooperation
generally include cost-share and peer influence.

6. Develop strategies that focus on addressing the underlying causes of nutrient pollution
problems rather than treating symptoms. If causes are not addressed, problems and
symptoms will persist. Focus on strategies that also provide secondary benefits, such as
preserving soils, protecting drinking water sources and reducing energy use.

7. Implement point and nonpoint source nutrient reduction strategies in parallel and through
existing programs. Identify the costs of nutrient reduction strategies in terms of
cost/pound of pollutant removed. Develop strategies that facilitate achieving the greatest
benefits at the least cost.

8. Identify available funding, additional funding needs, potential funding sources and
market-based opportunities. Develop strategies that maximize leveraging of existing
federal, state and local resources.

9. Establish clear, comprehensive and quantifiable goals and indicators of progress.
Publicize and communicate nutrient reduction strategy recommendations. Measuring
progress and publicizing results are important in maintaining leadership commitments
and public support. Conduct regular reassessments of goals and strategies by reviewing
water quality monitoring data, modeling results and other measures of success.

10. Incorporate proven nutrient reduction methods and apply those methods more broadly
across the state. Where needed, evaluate nutrient reduction strategies on a small
watershed scale using demonstration or pilot projects before applying them to larger
regions.

The strategy is based on: a) the EPA memo of March 2011; b) an inclusive process of public
engagement during the development of the strategies and the individual actions upon which it is
based; c) the use of experts to develop individual actions for use; d) use of the best science
available; and e) an adaptive management approach that acknowledges the significant
uncertainties that remain while not allowing those uncertainties to prevent action.

The strategy is built upon the eight elements of the EPA memo of 2011 (EPA, 2011). It contains
specific actions and expected implementation rates for actions by agriculture, point sources and
other nutrient sources throughout Missouri.

Missouri’s strategy was developed through the department’s existing partnership with a broad
array of interested agricultural, community, environmental and educational entities as well as
those with our state and federal agency counterparts. The department has worked with these
groups and individuals in rulemaking in the past and provided access to the process to any group
interested in contributing. Meetings were held every other month until the late stages of strategy
development when monthly meetings were held. Live-streaming video was used to expand the
availability of the meetings and to provide a record of the meetings. The transparency of this
process is critical to building credibility of its recommendations and actions.

Experts were engaged throughout the development of the strategy, including subject matter
experts from agricultural, industrial and water quality groups. Past successes on nutrient-related
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issues were used to guide development of the individual actions while additional actions were
included for development and implementation over the first five-year period of this strategy.

The strategy uses the most reliable scientific data available as a guide. Data from the USGS,
USDA-NRCS and this department and other stakeholders, provide the basis for determining past
and current loadings and for framing discussions at the watershed level.

The goal of the authors of this strategy included a desire to create an accessible document for
those not engaged in this topic on a day-to-day basis.

Policy Basis for Missouri’s Strategy
The Mississippi River Gulf Hypoxia Task Force was formed in 1999 as a collaboration between
the federal government and states in the MARB. The EPA and USDA were joined by the
National Oceanic and Atmospheric Administration (NOAA), the U. S. Army Corps of Engineers
(USACE) and USGS while states were represented by either their department of agriculture or
the state water quality agencies. Missouri joined the Task Force in 2000 with representation by
this department.

In 2001, the Task Force published its first Action Plan, calling for reduction in the delivery of
nutrients to the Gulf of Mexico as well as additional research and monitoring to understand the
sources, transport and fate of nutrients within the MARB. The plan included goals for water
quality improvement within the basin and in the Gulf of Mexico and a quality of life goal. The
Task Force remains active with a state (currently lowa) and a federal government agency (EPA)
serving as co-chairs.

The 2008 Action Plan set out the goal of state-level action and improved scientific basis for
decision-making. It also pointed to a mix of changes in nutrient loading within the Mississippi
River Basin. In a memorandum dated March 16, 2011, Nancy Stoner, Acting Assistant
Administrator of EPA, identified several key principles and eight recommended elements to
guide the development of state nutrient loss reduction strategies (EPA, 2011). The memorandum
was based on extensive discussions by the Task Force on how to proceed with addressing
nutrient loading in the MARB and the impacts of those loads on water quality both within the
basin and in the Gulf of Mexico. This memorandum provided a framework for developing state
strategies while providing states the necessary flexibility to create strategies that support local
efforts and reflect local water quality needs and conditions. Missouri’s strategy incorporates
these policy elements from the memorandum.

1. Prioritization of watersheds on a statewide basis
The geographic distribution of streams and lakes adversely affected by nutrients shows that the
south central part of the state, which is heavily forested and has less development, is the area
least affected by nutrients. The greatest concentration of water bodies listed as impaired for
nutrient-related reasons is in the southwestern corner of the state. However, the rest of the state
has streams and lakes impacted by nutrients that are spread widely within multiple 8-digit HUCs,
suggesting that targeting within watersheds is likely to be more effective than targeting by 8-digit
HUC:s.
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The OMW effort provides a framework for watershed scale planning by providing a foundation
of understanding and analysis, coordination of resources within the watershed and support of
partners’ efforts to tackle tough environmental concerns at the watershed level. OMW creates the
mechanism through which the department’s resources will be strategically applied to address
water quality and quantity issues in a comprehensive manner to those issues identified by
stakeholders. OMW is based upon HUC-8 basins, but provides a clear path to focusing on
smaller watersheds based on the data and desires of those in the watershed.

For each watershed, the first piece of OMW is an assessment of what is currently known about
each watershed and what concerns are shared by those who live, work and recreate in the
watershed. There is much information already known about Missouri’s 66 HUC-8 watersheds.
OMW seeks to collect, organize and analyze the information to have a better understanding of
the priority water resource concerns within each watershed. With regards to water quality, the
department seeks to further understand all the impacts within the watershed — from point as well
as nonpoint sources — to be able to have an open, honest discussion with local stakeholders about
what potential concerns face the waters they rely on every day and to determine how to best
address those concerns.

Along with a foundation of information and analysis about each watershed is the understanding
of what resources exist to help protect and restore watershed environments. By coordinating the
efforts of all the agencies, interest groups, private sector partner, individuals and others who have
an interest in the watershed, we can focus department staff and financial resources on priorities
and on solving tough water resource problems. The OMW effort has established a robust
Watershed Advisory Committee to ensure key partners are involved and able to freely give
advice and collaborate to make the effort a success. Members of the Watershed Advisory
Committee represent EPA, USDA, Missouri Department of Agriculture, Missouri Public
Utilities Alliance, Missouri Association of Councils of Government, The Nature Conservancy,
Missouri Department of Conservation, private industry and others.

The final key piece to the OMW effort is partnership and creating and implementing a water
resources vision at the local watershed level — where specific water resource needs are best
addressed. A one-size-fits-all approach cannot address concerns that, although they may appear
similar from watershed to watershed, are actually quite different because of the realities unique
to each locality. We acknowledge and appreciate what local citizens already know, that they
must plan realistically, taking into account the opportunities and challenges that exist within a
watershed. The watershed-based approach will also allow a common understanding of the roles,
priorities and responsibilities of all partners and citizens within a watershed.

The OMW assessment of each watershed will support targeting in three ways. The data compiled
and shared with those in each watershed will support local decision-making on those topics most
in need of attention, including nutrient loading. This will support focusing within the watershed
on those areas or point sources most important to improving water quality, addressing stream
impairments and aligning the resources with the areas of greatest need. By supporting local
decision making, OMW provides incentives for both involvement and collaboration. This will
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support much more strategic use of departmental and other resources available within the
watershed.

An example of the collaboration and local priority-setting that can be achieved through OMW is
a Section 319-funded Watershed Management Plan in the Spring River watershed. Through local
OMW discussions, citizens of the Spring River watershed identified the need to understand
nonpoint source runoff and potential actions to reduce it as a priority for the watershed. In
collaboration with several local and technical partners, the department funded the Spring River
Watershed Management Plan. The analysis performed as part of the plan illustrates the
significant variability of nutrient sources within a single HUC-8 watershed. This plan drew from
a wide range of sources to provide a robust tool for prioritizing focus areas within the watershed.
Figures 1 and 2 show nitrogen and phosphorus loading within each catchment in the Spring
River Basin. These figures show that the greatest reduction in nutrient loss would be achieved by
implementing BMPs within the northern and some southeastern sections of the watershed. This
information can be used by NRCS, the department’s SWCP, the county soil and water
conservation districts, MU’s Agricultural Extension staff and Missouri Department of
Conservation’s Private Lands staff to focus their efforts with landowners. These types of maps
will help determine where extra resources, such as MRBI and Regional Conservation Partnership
Program (RCPP) funds, could best be applied without interrupting service to other farmers.

Total P Load, Ib/ac
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Figures 1 and 2: Nitrogen and phosphorus loadings in sub-basins in the Spring River Watershed.
Finally, the information gathered will support decision-making by local soil and water districts

for reducing agricultural impacts to watersheds. These data will not only provide information for
the best opportunities for reducing nutrient and soil loss, but also through the use of the Nutrient
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Tracking Tool (NTT), help determine those practices voluntarily adopted by landowners that
would be most effective at producing the desired results. The department’s SWCP has a 30-year
history of close collaboration with the NRCS in Missouri to address soil loss and have
collaborated on basin-level water quality concerns such as MRBI. Thus, both parties to this
critical partnership are working to support basin-level action and assessment with the help of
local SWCDs.

2. Set watershed loading reduction goals based on the best available information
The framework that the OMW approach provides helps the department more effectively address
this element.

First, OMW provides a framework for a more coordinated collecting, collating and sharing of
data and information about a given watershed. The comprehensive nature of this information,
including both water quality and sources of nutrients, where known, creates the basis for
informed discussion about actions needed and priorities on a watershed basis and supports
examination of sub-watersheds for targeting of actions within a watershed. Second, the OMW
approach is ideal for basin-level goal setting and decision-making and provides a clear
mechanism to find the technical and financial support for those actions proposed by bringing the
department’s programmatic breadth to bear while also providing a link to the other major
agencies that work with water issues in Missouri. The HUC-8 scale at which OMW operates
lends itself to focusing efforts at the scale of smaller watersheds based on water quality, local
partners and knowledge about potential and actual sources within the watershed. It also provides
a more strategic alignment of financial and technical resources with areas of greatest need,
particularly when coordinated with other agencies. As an example, all the agencies that fund
drinking and wastewater infrastructure in Missouri meet on a monthly basis to coordinate their
efforts and to find the best match of funding to community needs.

3. Ensure effectiveness of point source permits in targeted/priority sub-watersheds
Missouri has over 13,000 National Pollutant Discharge Elimination System (NPDES) permits.
Of these permits, approximately 80% are NPDES general permits and the remaining 20%,
NPDES site-specific permits (Adopted from Water Protection Modernization & Streamlining
Conceptual Plan, July 2011). Of these NPDES site-specific point sources, the types of permits
are subdivided as follows: 63.3% the small domestic (<22,500 gallon per day [gpd]), 3.0% minor
state/federal, 0.7% Concentrated Animal Feeding Operations (CAFO), 0.1% large Municipal
Separate Storm Sewer System (MS4), 5.2% Industrial Stormwater, 22.3% Minor Municipal,
1.6% Major Non-municipal, 1.6% Major Municipal (> 1 million gallons per day). The most
common type of NPDES general permit is the land disturbance permit, approximately 50% of all
NPDES Permits. The contribution of this type of stormwater source is unknown and may be
difficult to quantify as discharge monitoring is not required.

The largest Publicly-Owned Treatment Works (POTW) systems were involved throughout the
development of this strategy and in writing the actions that relate to point source discharges.
Those operating as major sources have agreed to collect the data necessary to characterize and
quantify their discharges to determine where stricter limits are needed on their discharges,
demonstrating a clear commitment to reducing nutrient loadings. Missouri has permitted all
CAFOs within the state and requires each be managed as a no-discharge system, complete with a
nutrient management plan. Our largest communities have agreed to actions to reduce their
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stormwater impacts and Columbia, Boone County and MU have entered into an agreement with
the department and EPA to improve water quality in Hinkson Creek.

Missouri is also in the beginning stages of an effort to work more closely with smaller POTWs to
help create implementable plans to improve the performance of those plants, where possible, to
protect and improve water quality. This Community Services approach also involves key
partners who can help community leaders with technical, managerial and financial challenges.
Missouri is now implementing monitoring requirements for all point sources that exceed flows of
100,000 gallons per day. These data are critical to determining loading from point sources on a
watershed basis. The data will not only help determine whether current permit limits are being
obeyed, but also whether those limits sufficiently protect water quality on a watershed scale.

4. Agricultural areas
With 108,000 farms, second only to Texas, Missouri has a diverse, robust and extensive
agricultural sector. Until the mid-1980’s, Missouri was a leading state in soil loss with attendant
losses in nutrients to surface waters. At the same time, the state park system needed a significant
source of support for its operations. This led to the passage of a one-tenth-of-one percent sales
tax that is split evenly between the Missouri State Parks and the SWCP within the department. A
majority of the soil and water portion of the tax supports up to a 75% match for farmers who
want to install BMPs on their farms to retain soil and to protect water quality.

Through OMW collaboration, the department will provide each of the state’s 114 SWCDs with
the best information possible to assist with local decisions as to where state funds can best be
used to preserve soil and protect water quality. These districts work with local farmers to
implement conservation practices that best fit their farm using the guidelines established by the
Soil and Water Districts Commission.

As importantly, the funding associated with the tax initiated a very close partnership between
individual farmers, state and federal agencies, the Soil and Water Districts Commission, state
associations and local SWCDs to form an extremely effective delivery system for conservation
practice implementation on private lands. These partnerships reduced soil loss from Missouri
farmland by 48.9% (from 10.6 to 5.4 tons of soil per acre) from 1982 until 2010 (NRCS, 2013).

In 2001, Missouri had permitted all CAFOs that were required to have permits under the federal
Clean Water Act. This was done through close collaboration with producer groups and producers
and was based on an inclusive method of creating regulation and policy. Working with NRCS
and MU scientists, the department created templates for nutrient management plans and
continues to lean heavily on the technical support of those two groups to improve both the
scientific basis for nutrient management and delivery of content to farmers. While CAFOs
represent only about one-half of one percent of all farms in Missouri, having each of these
operations regulated as no-discharge systems with nutrient management plans provides a
significant level of environmental protection.

While reducing nutrient loss to the levels necessary to address water quality issues will be a

significant challenge, these key programs, all based on collaboration, demonstrate that Missouri
groups have the ability to work together to provide the critical education, training and technology
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to farmers. A coordinated effort between trade groups, farmers, our university scientists and
extension staff and government will be established based on existing partnerships to provide the
technical support to expand the use of the 4R’s: Fertilizer and manure application from the Right
Source, at the Right Rate and the Right Time with the Right Placement as well as other BMPs
and innovative approaches to nutrient, soil and crop management.

5. Stormwater and septic systems
Missouri’s regulation of on-site wastewater systems is divided between the Missouri departments
of Natural Resources and Health and Senior Services and county health departments. There is a
slow trend of regionalizing some of the systems in areas where a number of old lagoon-based
systems have been taken off line as customers were linked to the city’s system. Similarly, a
number of communities near Lake of the Ozarks are extending into new service areas and
removing septic based systems from use.

Missouri has 3 Phase I and 161 Phase II MS4 communities. Since 2003, all of these communities
have had permits that contain EPA’s six minimum control measures. In 2012, the department
published the Missouri Guide to Green Infrastructure: Integrating Water Quality into Municipal
Stormwater Management (http://www.dnr.mo.gov/env/wpp/stormwater/m0-go-guide.htm).
Implementation of additional stormwater controls continues and should reduce nutrient loading
from these urbanized and urbanizing areas.

Both of Missouri’s major metropolitan areas have developed schedules for improving
stormwater management in coordination with EPA. Each community has specific milestones that
are intended to reduce run-off and the delivery of nutrients to local streams and rivers.

6. Accountability and verification measures
As local priorities are identified through the OMW collaboration, actions and measures will also
be developed. The department will also use these local priorities to strategically plan actions and
provide complementary measuring and assessment, such as developing monitoring plans that can
assess nutrients before actions are taken and track nutrient changes after action implementation.

Both the NRCS and the department’s SWCP have enhanced their ability to assess the
implementation of agricultural BMPs, including geographically referenced information on a
broad scale to protect producer information. These systems will support verification of actions
taken and assessment of their impacts on water quality. With the 2009 expansion of the practices
supported through SWCP cost-share focusing on water quality and improved information to help
with decision making at the local level, these measures should continue to reduce upland soil loss
while also addressing nutrient loading concerns more effectively than in the past.

Monitoring now required of major point sources and continued efforts to reduce nutrient loads
from point sources will provide documentation of nutrient loadings from these facilities.
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7. Annual public reporting of implementation activities and biennial reporting of load
reduction and environmental impacts associated with each management activity in
targeted watersheds

The OMW approach has a reporting mechanism that supports sharing of information on each
watershed through the department’s web site. These reports are based on 8-digit HUCs and will
provide a ready mechanism for sharing information. As each watershed goes through a cycle of
assessment, planning and implementation, the latest information will be posted and those within
any watershed will be able to view results from other watersheds as well as their own. The
department will compile those activities directly related to reductions in nutrient loading on an
annual basis.

The department will continue to engage stakeholders to determine which actions have been
implemented, to share information about implementation successes and challenges and to assess
potential new actions. The department will periodically invite stakeholders to review additional
recommended actions and to keep the detailed listing of recommended actions as current as
possible. In addition, many of the key groups involved in helping to draft this strategy will
remain engaged as the details of the nutrient trading framework are determined.

The department will also use Clean Water Commission, the Water Protection Forum, Soil and
Water Districts Commission and other venues to share progress. The water quality results will be
incorporated into the 303(d) listing cycle to ensure that the nutrient reduction strategy is
incorporated into the major water quality reporting routinely done by the department. Using this
breadth of reporting mechanisms will ensure that the results of the nutrient strategy are visible to
the public and that the importance of the strategy and its implementation are clear.

8. Develop work plan and schedule for numeric nutrient criteria development
The Clean Water Commission is the state authority for clean water in Missouri. The department
is the delegated authority for implementing the federal Clean Water Act in Missouri. Therefore
both are responsible for the development and implementation of water quality standards in
Missouri under the Clean Water Act. The department has been working since 2005 to develop
numeric nutrient criteria for lakes and since 2009 to develop criteria for streams.

The department and its stakeholders have faced significant challenges in developing
scientifically defensible limits for total nitrogen (TN) and total phosphorus (TP). Background
concentrations of nutrients vary considerably with location, water body and watershed
characteristics. Accordingly, criteria under consideration for nutrient concentrations were
proposed to vary across the regions of the state and water body types.

Lakes

The MU’s School of Natural Resources has been providing the department with lake nutrient
data for over twenty years through the Statewide Lake Assessment Program and the Lakes of
Missouri Volunteer Program. Data are available for nearly 180 lakes for TN, TP as well as
response variables such as chlorophyll-a (chl-a) and Secchi depth.

EPA partially approved and partially disapproved the department’s first submission for numeric
nutrient criteria for lakes in 2011. The department anticipates proposing numeric nutrient criteria
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for drinking water lakes during the current triennial review to create a comprehensive set of
criteria that are all developed through the same methodology. Over 100 lakes in Missouri are
drinking water sources and thus are subject to additional concerns. Nutrient rich source water can
cause undesirable consequences, including taste and odor problems, health risks for consumers
and higher operating costs.

The goal is to promulgate these criteria into rule in 2015. Criteria for other lakes will be
addressed following this.

Rivers, Streams and Wetlands

In coordination with the USGS and many other partners, the department has collected water
quality data to determine the water quality in many of our rivers and streams. These data will
form the basis for numeric nutrient criteria for streams.

The department added 91,000 stream miles, largely smaller streams, to those that receive Clean
Water Act designated uses as part of the 2013 water quality standards revision. This process
involved a great breadth of stakeholders and was approved by the Missouri Clean Water
Commission. These additions were approved by EPA in October of 2014.

The department will begin the stakeholder process for numeric nutrient criteria for streams and
rivers after completion of the numeric nutrient criteria for lakes and work to complete these as
part of the next triennial review of water quality standards. These criteria will have to reflect the
diversity of Missouri geography, hydrography and aquatic biology as well as designated uses.

Wetlands — It is widely recognized that wetland systems provide a wide variety of ecosystem
services and benefits, especially in regard to nutrient storage and cycling. The state further
recognizes that a more rigorous and appropriate foundation for protecting and enhancing state
wetland resources is needed. As a result, the department applied for and has received a Wetland
Program Development Grant from EPA Region 7 to develop foundational water quality
standards for the state. This three year grant will enable the state to collect biological and water
quality data for the development of reference wetlands and begin development of appropriate
water quality criteria, including numeric nutrient criteria for wetlands. The development of
numeric nutrient criteria for wetlands will likely occur in subsequent triennial reviews (2018 —
2023).

Additional data needed
Missouri has a water quality monitoring program that is implemented in coordination with a
significant number of partners, including the USGS. However, the existing network is not
sufficient to address nutrient loading or other critical water quality parameters at a scale that
would best inform policy and actions. Four types of data collection will need to be enhanced to
fully support this strategy.

Water Quality - Overall water quality understanding will require a more robust network of
samples on major streams and lakes. Additional water quality data to examine nested sets of
watersheds will be needed to examine trends within basins tied to the implementation of actions
at the scale of smaller watersheds.
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Extent of the implementation of practices — NRCS now documents their practices very well
using a GIS base to provide spatial information on the implementation of practices. However,
this does not map all the practices implemented by farmers without NRCS involvement, and
tracking of non-agricultural nonpoint source actions is more difficult as there is no standard
reporting agency or tool currently available. Monitoring requirements on major discharges with
significant nutrient discharges will provide an indirect measure of point source actions.

Practice impacts — The water quality improvements resulting from any established practices are
moderately well known. However, newer practices, including cover crops, need additional data
in order to provide a clearer understanding of their beneficial effects on soil health and
phosphorus loss and nitrogen loss. Longer term understanding of nearly all of the nonpoint
action and understanding of the effectiveness of practices under a wide range of weather
conditions are less well defined.

Social — As discussed at the fall 2013 Task Force meeting in Minneapolis, there are significant
gaps in the social sciences related to BMP implementation as well. Significant gaps exist in
determining what influences the decision to implement a BMP or to support an infrastructure
project. There are three things that can help: share successes, share methods and focus on local
benefits. These discussions will need to be fostered by established and trusted voices within the
agricultural and other communities.

Building on Past Success

This strategy is based upon many years of success in improving water quality through
collaborations among a broad array of partners in Missouri. As an example, Missouri has
reduced soil loss by an estimated 170 million tons since the inception of the dedicated tax in
1984 that supports the SWCP’s work with farmers in every county. Numerous communities have
improved the performance of their wastewater treatment plants and are addressing combined
sewer overflows (CSOs) in order to improve water quality. Many of the actions proposed in this
strategy are expansions or continuations of efforts that have had measurable impacts on water
quality.

Wastewater Treatment

The city of Springfield’s Northwest Treatment Plant became the first community to use
enhanced phosphorus and nitrogen removal through the installation of equipment and tanks
which were completed in 2009. Springfield’s Southwest Treatment Plant has both biological and
chemical phosphorus removal and biological nitrogen removal treatment processes. The
additional removal of nitrogen and phosphorus is accompanied by a highly successful land
application program of the residuals removed by the advanced treatment. This plant is now
meeting its 0.5 mg/L TP permit limit. Missouri now has an effluent regulation that requires point
source discharges to meet a 0.5 mg/L TP limit in the Lake Taneycomo and Table Rock Lake
watersheds.
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Combined Sewer and Sanitary Sewer Overflow Controls

Cities and sewer districts across the state have been actively working toward reducing CSOs and
sanitary sewer overflows (SSOs) which may contribute nutrients and other pollutants to state
waters.

Kansas City initiated a pilot project to implement green infrastructure technologies to
control wet weather flows throughout a 100-acre watershed served by the city’s POTW.
Green infrastructure may include rain gardens, permeable pavement, green roofs and
other BMPs. Kansas City will use the results of the pilot project to develop a plan for
implementing green infrastructure projects across at least a 744-acre basin served by the
city’s POTW.

The city of Independence is implementing a collection system and wastewater treatment
plant remedial measures plan designed to minimize capacity-related SSOs. Projects
completed in the Mill Creek watershed have significantly reduced capacity-related SSOs
in that watershed.

Municipal Separate Storm Sewer Systems (MS4s) Education and Outreach

Since 2003, the Mid-America Regional Council (MARC) has convened a committee of
representatives from local governments and environmental organizations in the Kansas
City metropolitan area to develop a regional watershed public education program. For the
past several years, the MARC public outreach campaign has targeted two topics: storm
drain awareness and healthy lawn care. Messages include proper fertilizing methods, yard
waste disposal, rain gardens and landscaping with native plants. MARC conducts a
biennial survey to measure impacts that water quality education efforts in the region are
having on the public’s awareness and behavior.

The city of Columbia’s Show-Me Healthy Yards & Neighborhoods webpage offers
environmentally responsible alternatives to traditional lawn care and household practices
that contribute to the runoff of contaminants and excess nutrients.

The city of Springfield has also implemented a Show-Me Yards & Neighborhoods
program to encourage environmentally responsible alternatives to traditional lawn care
and reduce excess nutrient runoff. Landscape professionals can become certified in this
program. Over the last decade, local non-profit groups, state and federal agencies have
partnered to prepare over 800 site specific urban nutrient management plans for
homeowners to responsibly apply nutrients.

St. Louis County Stormwater Management Plan co-permittees print and distribute
brochures to residents and businesses on lawn care BMPs and provide annual training to
municipalities on park maintenance and landscaping. The Metropolitan St. Louis Sewer
District (MSD) Phase II program employees provide presentations about impacts of yard
waste and improper lawn care chemicals at schools and other venues using the
EnviroScape nonpoint source pollution model. MSD also supports programs like Show-
Me Rain Gardens and Bring Conservation Home to promote the benefits of rain gardens
to reduce pollution.

Stormwater Information Clearinghouse. The department’s online Stormwater Information
Clearinghouse provides resources useful for MS4 permittee public education and outreach
and other control measures to improve stormwater runoff water quality.

Missouri Guide to Green Infrastructure. The department published the Missouri Guide to
Green Infrastructure in May 2012 to aid municipalities and developers in understanding
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how to incorporate green infrastructure into development and redevelopment projects to
protect water quality.

e Stormwater Nutrient Monitoring. The three Phase I MS4 communities have been
collecting stormwater monitoring data, including nitrogen and phosphorus, in order to
judge the effectiveness of their programs.

¢ City of Independence MS4 - Other Nutrient Reduction Actions. The city of Independence
enacted stream buffer and setback regulations in 2005 to preserve riparian corridors.
(Other municipalities have also enacted stream setback ordinances.) Water quality
improvement actions incorporated into the design of new regional stormwater detention
basins include seeding with native plants. The city of Independence has also retrofitted
existing regional detention basins with native plants. Native vegetation is expected to
improve water quality by filtering nutrients and reducing erosion and sedimentation into
the receiving streams. The deeper root systems of trees, shrubs, native grasses and
wildflowers encourage water infiltration, which reduces severity of downstream erosion.

Several stream bank stabilization projects have been completed with native plantings
installed. Projects that stabilize stream banks and establish a sustainable riparian corridor
reduce sediment loadings and pollutants associated with stormwater runoff.

The GENERATIONS Program

The GENERATIONS Program is a Future Farmers of America (FFA)-farmer partnership
supported by EPA Gulf of Mexico Program funds awarded to the Conservation Technology
Information Center (CTIC). Producers within the Little River Ditches Basin in five Bootheel
counties (Dunklin, New Madrid, Pemiscot, Scott and Stoddard), located in southeast Missouri,
can sign up for cornstalk sampling and nitrate testing. The MU Delta Research Center tests the
cornstalk samples, free of charge to the producer, with financial assistance from the CTIC. “End-
of-season cornstalk testing” is a technique that can help corn producers ensure they apply enough
nitrogen to reach harvest goals and improve the profitability of their farming operations, but not
in quantities or at times when valuable fertilizer will likely wash away and impair downstream
water quality. By assessing the levels of nitrate in cornstalks prior to harvest, producers can
utilize this information as another fertilizer management tool in conjunction with soil maps, yield
maps, varietal differences and different forms of nitrogen fertilizer to give more precision to next
season’s fertilizer decisions. In addition, this test provides an important new tool for water
quality stewardship.

Environmental Resources Coalition
The Environmental Resources Coalition (ERC) has engaged in the following projects that have
contributed to nutrient loading reduction in Missouri.

* The Watershed Research Assessment and Stewardship Program (WRASP) — Stewardship
Implementation Plan (SIP) was funded by EPA, the department, Missouri Corn Growers
Association/Missouri Corn Merchandising Council (MCGA/MCMC), Syngenta, United
States Department of Agriculture-Agricultural Research Service (USDA-ARS). Between
1999 and 2005 over $5 million was spent to work with farmers to reduce atrazine levels in
several lakes in Missouri. BMPs were determined and education was provided to farmers.
Through the use of 50 automated samplers installed in northern Missouri in streams and at
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the edge of fields to track seasonal runoff, this effort documented water quality benefits.
From 2004 until 2008, the project focus expanded to atrazine, nitrogen and phosphorus
management practices and the environmental and economic impacts of their
implementation. Field-scale trials were established in multiple locations within 303(d)
listed watersheds. Sites were 40-60 acres in size and covered a total of more than 500
acres. The ERC provided one-on-one assistance with landowners to implement BMPs that
best fit their needs and used Integrated Crop Management (ICM) to increase profitability
for farmers.

A separate effort “Evaluating and Practicing Innovative Conservation (EPIC)” was funded
by the USDA-NRCS Conservation Innovation Grant (CIG) and the MCGA/MCMC from
2010 until 2013. It helped construct and evaluate edge-of-field denitrifying bioreactors
constructed wetlands. ERC planned to monitor runoff entering and leaving these structures
to determine the effectiveness of the constructed structures for nutrient loss reduction but
due the adverse weather conditions that occurred during the project period, monitoring
was never conducted.

Water Protection Program
Numeric Nutrient Water Quality Standards — Beginning in October 2005, the department
convened a multi-sector advisory group tasked with developing numeric nutrient criteria
for Missouri’s waters. The advisory group met 19 times which led to the formation of a
technical subcommittee that developed and proposed numeric nutrient criteria for lakes
and reservoirs which became effective under state rules on October 30, 2009. However, in
August 2011, EPA disapproved the general nutrient criteria component of the rule [10
CSR 20-7.031(3)(N)] asserting that its derivation and rationale “failed to demonstrate that
the values or approaches to numeric nutrient criteria will protect the designated aquatic
life or recreational uses.” Conversely, the EPA did approve site-specific numeric nutrient
criteria for lakes and reservoirs in Table M of the rule as these criteria “exhibit trophic
characteristics that are fully supportive of aquatic life.”

Effluent Limitations for Wastewater Point Source Discharges — As Missouri continues to
implement its water quality standards for bacteria and toxics (e.g., ammonia), POTWs and
other wastewater facilities that discharge to waters of the state are in many instances
required to achieve greater removal efficiencies of Biological Oxygen Demand (BOD) and
Total Suspended Solids (TSS) in order to achieve reductions that comply with Missouri’s
Water Quality Standards. With these increases in removal efficiencies, there is often a
secondary benefit of some nutrient removal. Similarly, many of these facilities have also
worked to reduce inflow and infiltration in their wastewater collection systems in an effort
to meet existing water quality-based and technology-based effluent limitations. In
addition, metropolitan areas such as St. Joseph, Kansas City and St. Louis have consent
judgments to address untreated CSOs. Planned wastewater treatment plant upgrades at a
major industrial facility that discharges directly to the Mississippi River, which in the past
discharged significant volumes of TSS, BOD and NH3, will achieve reductions of TSS
and BOD in the 90% range and NH3 in the 50-75% range. The reduction of both ammonia
toxicity and nutrient loading to the Mississippi River will have a quantifiable, positive
impact on both local and downstream water quality.

21|Page



Section 319 Nonpoint Source Projects — Section 319(h) of the federal Clean Water Act
provides the framework for states to support voluntary, watershed efforts to reduce
nonpoint sources of pollution. During FY 20032009, the department passed through
$9,471,462 in 319(h) grants to eligible project sponsors for the implementation of nutrient
reduction BMPs. Implementation projects such as rain gardens, bio-retention and
infiltration basins, riparian buffers, native plant restoration, planned grazing and watering
practices, wetland creation and nutrient management activities contributed to significant
nutrient reductions in the state. The department estimates load reductions from these
practices were in excess of 1,124,934 Ibs/year of total nitrogen and 373,026 Ibs/year of
total phosphorous. Project type, total expenditures and estimated load reductions were
derived from state and federal databases created to track 319 nonpoint source pollution
control projects (John Hoke, 2013).

Concentrated Animal Feeding Operations (CAFOs) - CAFOs are required to have nutrient
management plans. Working in cooperation with the MU Extension, the Water Protection
Program Permitting Section has assisted CAFOs develop plans that not only protect water
quality from nutrients but provide a sustainable fertilizer for farm operations.

Five years ago, the implementation of anti-degradation procedures provided three levels of
protection to prevent water quality degradation in waters of the state. The anti-degradation
reviews conducted for new or expanded point sources have led to greater protection of
receiving waters.

Continued support of the Animal Waste Treatment Loan Program in cooperation with
Missouri Department of Agriculture (MDA) to finance animal waste treatment systems for
independent livestock and poultry producers at below conventional interest rates. The
program is authorized for a total of $10 million in revolving funds.

The Missouri Innovative Nutrient Trading (MINT) Project continued a literature review of
nutrient trading and conservation marketing programs and initiatives throughout the
United States. In June 2011, a draft framework for a Missouri Water Quality Trading
Program was submitted to the department for review. In addition, several meetings were
held with the department, conference presentations were provided and plans were
developed for an enhanced nutrient trading case study.

In addition, development of 9-element watershed management plans is funded through
watershed planning grants, and implementation of department-approved watershed
management plans is funded through major subgrants that are used to install nonpoint
source control practices and monitor water quality results.

o Through the department’s Phase II Stormwater Rule the department has land
disturbance permitting for construction projects > one acre and MS4 requirements for
communities within the nine urbanized areas plus those communities of 10,000+
outside of urbanized areas. Many of the large and medium-sized MS4 stormwater
management plans that were permitted after 2002 are implementing their BMPs.
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Springfield, Kansas City and Independence have been monitoring stormwater quality
since the early 2000s. MS4s in the James River and Little Sac watersheds (Greene
County) have been monitoring to assess stormwater in response to TMDLs for about
five years now, but there is insufficient information to date to show trends.

o The requirement for 164 regulated Missouri MS4s is to implement a comprehensive
program to reduce pollutants from urban stormwater runoff. This includes required
stormwater quality criteria for new and redevelopment projects. Such criteria are
expected to address 75% urban runoff pollutant concerns over time if implemented
properly. The program also requires reductions/controls from active construction
sites, municipal operations and illicit discharges.

Soil and Water Conservation Program
Missouri once was the second worst state in the nation based on its rate of soil erosion (USDA,
2010). The department’s SWCP provides financial incentives to landowners to implement
agricultural conservation practices that help prevent soil erosion and protect water resources. By
promoting good farming techniques that help keep soil on the fields and waters clean, the
program helps conserve the productivity of Missouri’s agricultural lands. The SWCP works with
the state’s 114 county-level soil and water conservation districts to accomplish these goals.
Based on the districts' needs assessments, which evaluate resource concerns locally, an annual
cost-share allocation is provided to each district to help address those conservation concerns.
Within the SWCP, there are a number of initiatives, programs and projects that focus on nutrient
reductions. For erosion control practices approved by the local board of the soil and water
districts, the land upon which the practice is to be implemented must be eroding at rates greater
than tolerable soil loss or “T” or experiencing active gully erosion. The SWCP is funded by the
one-tenth-of-one-percent Parks, Soils and Water Sales Tax, which the SWCP shares with
Missouri State Parks (Merle Doughty, 1992).

State Cost-Share: The Missouri SWCP Cost-Share Program annually provides up to $31 million
in cost-share payments to producers and averages between 4,000-6,000 contracts. Program funds
are available to landowners to provide an incentive payment of up to 75% of the cost of applying
soil and water conservation practices to the land. Since 1982, Missouri has reduced its rate of soil
erosion on cropland more than any other state, from 10.75 tons per acre in 1982 to 5.49 in 2010
(USDA Natural Resources Inventory, 2010).

Water Quality Focus: As a result of the passage of Missouri House Bill 250 in 2009, the SWCP
was authorized to expand its soil and water conservation practices to specifically address water
quality issues on a statewide basis in addition to soil erosion. This action allows the program to
protect and improve additional water quality issues relating to agricultural land. The program has
been expanded to help many more landowners voluntarily address resource concerns in the
following categories: nutrient and pest management, irrigation management, grazing systems
management, sensitive areas (buffers, sinkhole, stream protection), woodland erosion, animal
waste management and sheet, rill and gully erosion. Soil and water conservation efforts are led
by local district boards in each county, which play an important role in determining the resource
concerns of their county through a needs assessment process. Each of the 114 soil and water
conservation districts help to determine district cost-share allocations for the implementation of
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conservation practices. Typically, the annual demand for cost-share (approximately $65-$70
million) has far exceeded the available cost-share funds (approximately $24-$31 million)
statewide.

Leveraging: Since 2010, Missouri has been very successful in leveraging federal funds due to
using the Parks, Soils and Water Sales Tax as nonfederal match. This leveraging has resulted in
successful applications for 29 projects and over $50 million dollars in additional federal cost-
share funds through the MRBI and CCPI programs of the USDA-NRCS. The MRBI is a
collaborative project with the USDA-NRCS to promote voluntary implementation of core and
supporting conservation practices that avoid, control and trap nutrient and sediment runoff,
improve wildlife habitat, restore wetlands and maintain agricultural productivity. The Southwest
Ozarks CCPI project in Newton and McDonald counties in Missouri received funds to fence
livestock from streams, implement grazing systems, install alternative water supplies with solar
pumps to conserve energy and promote renewable energy production, promote carbon
sequestration and enhance streambank protection along streams in the Elk River and Shoal Creek
watersheds listed under section 303(d) of the Clean Water Act for nutrients and bacteria.

Monitoring: USDA-NRCS developed an edge-of-field monitoring system that is being utilized
by several states participating in the MRBI. This system is being used to collect runoff data,
including nutrient data, from approximately 200 acres of farmland in Missouri. The SWCP has
committed funding to assist with this effort. The EPA Region 7 is partnering with the department
to provide monitoring support for MRBI projects. At the request of the department, EPA is
identifying, selecting and monitoring wadeable reference streams in the Lower Grand watershed,
which contains six of Missouri’s 12 MRBI projects that were awarded funding in 2010. EPA’s
monitoring team and Geographic Information Systems (GIS) group are collaborating with the
department's monitoring program in the identification of reference watershed candidates and in
the eventual selection of wadeable stream reference sites. An estimated $67,200 in services-in-
kind will be contributed by EPA in support of Missouri’s MRBI projects in the Lower Grand
watershed.

Missouri Nutrient Tracking Tool: The department contracted with the Texas Institute for Applied
Environmental Research (TIAER) of Tarleton State University from December 2011 until
September 2013 to develop and enhance the Nutrient Tracking Tool (NTT) model for use in
Missouri as a field-level farm conservation practice assessment tool. The NTT model provides
Missouri with an additional tool for evaluating the effectiveness of farm conservation practices
implemented through federal and state cost-share programs in reducing nitrogen, phosphorus and
sediment losses from individual farm fields and documenting the statewide success of these
programs. NTT is currently in use in Missouri, Mississippi, Oregon and Chesapeake Bay states.

A water quality focus group was formed to advise and provide input to TIAER during the model
development process and to provide farm management and edge-of-field water quality
monitoring data for use in validating and calibrating the model outputs. Training and certification
of SWCD technicians in the use of the NTT model is provided by the SWCP.

The tool is being calibrated and validated. Training for SWCD staff is expected to begin in 2015
to begin evaluation of practices beginning SFY 2016 (July 2015).
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U.S. Department of Agriculture - Natural Resources Conservation Service
Missouri NRCS, through its national framework, works extensively with private landowners,
especially farmers and ranchers, to implement wise use of natural resources. To accomplish this
goal, the NRCS focuses on the voluntary implementation of conservation practices that take a
systems approach to addressing environmental issues. Research has shown that conservation
practices, especially when installed as a system; make positive contributions to water quality
through sediment, nutrient and agricultural chemical reductions in both runoff and drainage
waters. The objective is to maintain a productive land that is environmentally sustainable.

NRCS Working Lands and Easement Conservation Programs - For over 70 years, landowners in
Missouri have received federal assistance to protect soil, water, air, plants and animals. From
2002-2012, over $424 million in conservation obligations were made through USDA-NRCS
working lands programs and 520 conservation easements for wetlands, grasslands and watershed
protection. These federal assistance funds have also been leveraged by funds contributed by
participants as part of program requirements. Because all planning procedures must have a
positive planning effect on the resource concerns present, the end result of the contracting
activities is an improved functioning ecosystem. Considering that many of the conservation
practices have multi-year life spans, these conservation investments will yield environmental
benefits for the nation for many years.

Mississippi River Basin Healthy Watersheds Initiative — The MRBI is a collaborative project
with the USDA-NRCS to promote voluntary implementation of core and supporting
conservation practices that avoid, control and trap nutrient and sediment runoff, improve wildlife
habitat, restore wetlands and maintain agricultural productivity. A total of 13 states, including
Missouri, are eligible to submit project proposals for MRBI funds. MRBI is not a grant program,
but a program that provides federal cost-share funding for the implementation of farm
conservation practices through a voluntary, incentive-based initiative. MRBI works with
conservation partners to address nutrient and sediment loading, which have contributed to local
water quality problems and hypoxia in the northern Gulf of Mexico. NRCS is working with
producers using a conservation systems approach to manage and optimize nitrogen and
phosphorus within fields and reduce runoff and downstream nutrient loading. A total of 22
Missouri MRBI projects have been awarded funding including 12 in 2010, six in 2011 and four
in 2012. If these projects are fully funded as planned over their four to five year project periods,
the total amount of additional federal cost-share funding for implementing conservation practices
in Missouri through this initiative will total $45.6 million. Eligible HUC-8watersheds for MRBI
projects in Missouri include the Lower Grand, North Fork Salt, South Fork Salt, Little River
Ditches, Lower St. Francis and Cache Creek. Staff from the department’s SWCP and Water
Protection Program assisted eligible SWCDs with their project proposals for MRBI funding.
State funding was committed for edge-of-field and in-stream monitoring by the Soil and Water
Districts Commission to increase the quality of the proposals and make the applications more
competitive with proposals from the other 12 states that were eligible to apply for the available
MRBI funds. Multiple local, state and federal partners contributed to the success of these
projects.

Monitoring Systems Evaluate Edge-Of-Field Runoff in Missouri’s MRBI Projects - Missouri
NRCS developed an edge-of-field monitoring system that is being utilized by several states
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participating in the MRBI. This system is being used to collect runoff data, including sediment
and nutrient data, from approximately 200 acres of farmland in Missouri. With the goal of
monitoring edge-of-field runoff, Missouri’s NRCS staff worked to create a protocol that would
support technical and financial assistance to landowners. The state uses three steps in the
protocol: flow monitoring, water quality sampling and weather information.

U.S. EPA Region 7 Partners with the Department for MRBI Projects - EPA is partnering with the
department to provide monitoring support for Missouri’s MRBI projects. At the request of the
department, EPA is identifying, selecting and monitoring wadeable reference streams in the
Lower Grand watershed, which contains six of Missouri’s 12 MRBI projects that were awarded
funding in 2010. EPA’s monitoring team and GIS group are collaborating with the department’s
monitoring program in the identification of reference watershed candidates and in the eventual
selection of wadeable stream reference sites. Once identified, the EPA monitoring team will
monitor three new reference sites for biological, chemical and physical constituents including
fish and macroinvertebrate community sampling and identification; algal sampling and
taxonomic identification; in-stream and near-stream habitat assessments; watershed condition
assessments; and water and sediment chemistry sampling and analysis. An estimated $67,200 in
services-in-kind will be contributed by EPA in support of Missouri’s MRBI projects in the
Lower Grand watershed.

National Water Quality Initiative - In 2012, the NRCS created the National Water Quality
Initiative (NWQI), a national initiative that works in priority watersheds to help farmers,
ranchers and forest landowners improve water quality and aquatic habitats in impaired streams.
In consultation with local and state entities, Missouri NRCS now offers additional assistance to
help producers implement conservation and management practices in smaller, HUC-12
watersheds in the North Fork of the Spring River, Little Medicine Creek and Troublesome
Creek. The federal efforts are leveraged with other local and state partners to magnify efforts.
Together, MRBI and NWQI accelerate funding for land treatment over and above existing NRCS
efforts.

Strategic Watershed Action Teams - The Missouri NRCS received $345,000 in annual Farm Bill
funding in 2011 to implement Strategic Watershed Action Teams (SWATSs). Through a
partnership contribution agreement with the state of Missouri, these SWATSs will provide
additional “boots on the ground” in order to accelerate implementation of Missouri’s MRBI
projects. The state of Missouri, through the department’s SWCP, pledged its support and
commitment to this effort by providing nonfederal matching funds of $115,000 to SWCDs to
cover personnel expenses for the additional full-time temporary district technicians. These
positions are unique and NRCS will be working with the SWCD boards to prepare contracts
between the boards and the new district employees to ensure that expectations and timelines are
clearly communicated. The Partnership Contribution Agreement will cover six of the 12
Missouri MRBI projects that were funded by NRCS in 2010. NRCS continues to provide
technical support to the SWCP thus assuring farmers that the implemented practices are
supported by both state and federal agencies.
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U.S. Geological Survey (USGS)
The Ambient Water Quality Monitoring Network is a joint effort between the department and the
USGS. Water quality samples are collected at each of these stations and analyzed for major ions,
nutrients and trace metals. These stations are sampled between 6 — 12 times per year. A map of
the network is shown in Figure 3. The USGS and the department entered into a joint funding
agreement to monitor various streams, springs and rivers throughout the state. The objective of
the network is to maintain a baseline of water quality monitoring data for state resource planning
activities. The network began in 1969 with 18 stations. By 1979, the department’s Division of
Environmental Quality (DEQ) was responsible for maintaining the network and began a joint
funding agreement with USGS to monitor 20 stations. This cooperative effort continued until it
reached a peak of 41 stations in 1986. By 1991, the network was reduced to five stations. Then in
1993, the department began to re-establish stations that were discontinued in the late 1980s. The
network was increased to 22 stations and continued to grow to 39 stations in 1994. The number
of stations in the network remained relatively stable from 1994 through 1999. Approximately 25
new stations were added in 2000. Currently, there are 73 stations in the network.
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Although this map has been compiled by the Missouri Department of Natural Resources, no warranty, expressed or implied,
is made by the department as to the accuracy of the data and related materials. The act of distribution shall not constitute
any such warranty, and no responsibility is assumed by the department in the use of these data or related materials.

Figure 3: The sites used for ambient water quality monitoring in Missouri.

Volunteers Efforts

The Missouri Volunteer Water Quality Monitoring Program provides training and equipment to
citizen monitoring groups for sampling of physical, chemical and biological data from
monitoring sites throughout the state. Over 8,000 citizen volunteers have attended at least one of
the training workshops. The program provides screening-level data used by state and local
decision makers to determine current stream conditions and identify potential problems or trends

in water quality. A similar program is supported for monitoring of the state’s lakes and reservoirs
(Lakes of Missouri Volunteer Program).
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Missouri Stream Teams (based on the “adopt a highway” model) are supported by a partnership
of the departments of Conservation and Natural Resources and the Conservation Federation of
Missouri. Over 4,000 teams currently exist and conduct a wide range of activities, including
clean-ups, water quality sampling and educational events. Nearly 900 volunteers have attended
Level 2 volunteer water quality monitoring training with over 100 completing the Level 3
training and 6 have completed the Level 4 course.

Water Quality Monitoring
The department partners with the USGS and the USACE to support monitoring stations within
Missouri and on other monitoring efforts. The department’s Water Resources Center cooperates
with the USGS and USACE in supporting a network of stream gages, many of which also collect
basic water quality parameters. The Water Protection Program has cooperative agreements with
the USGS to conduct water quality monitoring across the state, including programmatic and
specific, targeted sampling events.

Missouri’s ambient water quality monitoring network collects for a variety of water quality
parameters including nutrients for nitrogen and phosphorus. Currently, the Water Protection
Program supports approximately 68 USGS gage stations that collect information from each of
the three physiographic provinces (Central Lowland, Ozark Plateaus and Coastal Plains) and
their divisions (Dissected Till Plains, Osage Plains, Mississippi Alluvial Plains, Salem Plateau,
Springfield Plateau and St. Francois Mountains), main land use (e.g., agricultural, urban,
forested) or unique station. Many of these sites provide at least ten years of historical water
quality information. The frequency of data collected as part of the ambient water quality
monitoring network ranges from four to twelve times per year. The annual cost to support the
ambient network is approximately $1,264,000. Other nutrient water quality monitoring is
scheduled annually and is generally based upon WPP needs (e.g., development of water quality
standards, TMDL and permit program) and available funding.

Large Scale Trends
Multiple gages can be used to get a sense of the current conditions and water quality trends in the
state and in the MARB. Flow-normalized flux is the best measurement for determining long term
trends in water quality as it removes year-to year changes in flow as a variable. Murphy, et al.
(2013), for example, used data from eight long-term monitoring sites within the MARB to
determine the trends in nitrogen flux.

Hermann is an important gage for determining nutrient loading in Missouri as almost exactly half
of the state is within the watershed above Hermann and this gage is less influenced by other
potential areas of high nutrient loads as the long-operating gaging sites along the Mississippi
River. It captures the flow from much of the agricultural land within Missouri as well as from
one of the two largest metropolitan areas in the state. While conditions at Hermann do not reflect
the agricultural practices in Missouri’s Bootheel, measurements there are likely to be a good
indicator of statewide progress, with interpretation complicated by source changes in eastern
Kansas and Nebraska, western Iowa and small fractions of South Dakota and southwest
Minnesota.
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In 2013, the USGS examined the trends in nitrate concentration (mg/L), annual loading (106
kg/yr.) and yield (kg/km?/yr.) for a number of gauging sites within the MARB. While the
nitrogen yield measurements in the Missouri River at Hermann were significantly lower than
those at other sites, the data for 1980-2010 showed significant increase of nitrogen delivery to
this site from upstream areas. Further, the analysis showed that this increase exists even if one
adjusts for variability in flow (flow-normalized flux). Adjusted for flow, flux did not top 120x10°
kg/yr. until 2007 and exceeded that level in each of the four years 2007-2010. The largest
difference was observed at low flows leading the authors to identify the potential sources as
legacy nitrate in groundwater and/or point source discharges (Murphy, et al., 2013). Roughly
half of the Missouri River watershed above Hermann is impounded by a series of large dams
with sizable reservoirs behind them. If we assume the long residence time in these reservoirs
reduces nutrient flux to nearly zero and assign all the flux at Hermann to areas below Gavins
Point Dam, nitrogen yield in these areas appears to have risen significantly over the last 30 years
(Figure 4).
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Figure 4: The long-term, flow-normalized trends in nitrogen loadings indicated by the USGS network of
stream gages. Note the drop in the local component.

We can also isolate much of eastern Missouri and western Illinois using the Murphy et al. (2013)
estimates. By combining data from Hermann, MO (Missouri River) with that from Grafton, IL
(Mississippi River Upstream of St. Louis) and subtracting the fluxes measured at Thebes, IL
(Mississippi River downstream of St. Louis), we can determine that the flux from the intervening
1.72% of the MARB watershed accounted for roughly 7% of the nitrogen flux to the Gulf in
1980, but only about 2 percent in the 2005-2010 period, or a drop in nitrogen flux of roughly
than 3/4 over that time (Figure 4). This decline is clearly seen in the data as occurring during the
late 1990s. This area also includes run-off from west central Illinois, but provides an insight into
the success of multiple projects in the metropolitan area and their impact on water quality.

The science of nutrient sources, fate and transport continues to advance, with the USGS
monitoring stations providing a strong macro level of understanding. At the micro scale, the
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monitoring of smaller watersheds has provided a basis for further analyses of nitrogen and
phosphorus transport efficiencies and spatial trends in nutrient concentrations.

The USGS has significantly improved the SPAtially-Referenced Regression On Watershed
Attributes (SPARROW) model over the past decade through careful examination of the model
results and differences between model predictions and monitoring data (e.g., Alexander et al.
2008; Robertson and Saad, 2013). Alexander et al. (2008) comprehensively examined the
sources of nutrients to streams and the local diminution of nutrients by in-stream processes.
Their results suggest that the large reservoirs along the Missouri River do not allow significant
nutrient loading from upstream to enter the lower Missouri River. Their analyses also suggest
that smaller streams are very effective in reducing nutrient loads that are transported into the
larger streams and rivers. This result suggests that nutrients that enter small streams are much
more likely to impact local water quality than to impact downstream areas such as the Gulf of
Mexico. In contrast, nutrients discharged from point and nonpoint sources along major streams
or rivers appear to be far more likely to reach the Gulf (Alexander, et al, 2008; Figures 5).
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Figure 5: The delivery of nutrients to the Gulf of Mexico based on geographic location. From Alexander
et al, 2008.

Robertson and Saad (2013) used the newer version of SPARROW to predict that about one-half
the phosphorus loading and 60% of the nitrogen loading in the MARB is derived from
agricultural nonpoint sources. Their analysis ascribes roughly 14% of the nitrogen loading and
29% of the phosphorus loading to WWTPs and urban areas. In contrast, earlier studies predicted
that agriculture accounted for 65-80% of the nitrogen and 48-80% of the phosphorus flux while
urban sources and WWTPs were responsible for 7-13% of the nitrogen and 10-28% of the
phosphorus flux. After compensating for the effect of stream size and the assimilation/storage of
nutrients in smaller rivers, Robertson and Saad (2013) concluded that the highest nitrogen and
phosphorus yields in terms of delivery to the Gulf were from watersheds dominated by WWTPs.
Chemical fertilizers were determined to be the largest overall source of nitrogen (41%) and
fertilizers and manure were both major contributors of phosphorus (27 and 21%, respectively).
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White, et al. (2014) combined the capabilities of the Agricultural Policy/Environmental eXtender
(APEX) and the Soil And Water Assessment Tool (SWAT) to create an independently derived
model for nutrients in the MARB under the USDA’s Conservation Effects Assessment Project
(CEAP). Their results closely match those recently produced using the SPARROW model, which
adds credibility to the models’ ability to accurately portray nutrient fluxes within the MARB.
The differences between the models arise largely from differences in characterizing different
sources rather than inability to model any given type of source. Thus, these differences do not
alter the main conclusion nor do they reduce the viability of the models. The differences
generally get larger as do the relative uncertainties in the models as one looks at smaller
watersheds.

Geographically, northeast Missouri and the Bootheel are predicted to be the areas of greatest
nitrogen loss to the Gulf when source and transport factors are included. Much of northern
Missouri and the Missouri and Mississippi river corridors are also areas of significant nutrient
loss to the Gulf. The lowest rates of delivery to the Gulf come from areas in the southern part of
the state which are more forested and from areas in southwestern Missouri where reservoirs
reduce the loss to downstream rivers.

White, et al (2014) also pointed out the importance of targeting with 10% of the cultivated lands
accounting for 24% of the nitrogen loss from such lands. Targeting within watersheds should
yield similar efficiencies in nutrient loss reduction. Their models predict that conservation
practices already implemented on cultivated lands have reduced nitrogen loss by 28% and
phosphorus loss by 45% relative to a baseline without those practices.

For estimating point source contributions, EPA has worked to create a database and analysis
tools based on the Discharge Monitoring Reports (DMR) that are filed by point sources under
NPDES.

An increase in tile drainage may be contributing to the increase in nitrogen loss to the streams
that feed the Missouri River. The nearly linear increase in nitrogen flux, when flow normalized,
over the 30-year period analyzed by Murphy and others (2013) strongly suggests that tile drains
(which are known to increase nitrogen loss to streams and which have proliferated during this
period) account for much of this trend. Unfortunately, there is not a good and complete estimate
for tile drainage implementation over this period.

Missouri has documented a 45-50% reduction in soil erosion rates on agricultural lands during
the period from 1982 until 2010 (USDA, 2010). Multiple improvements in wastewater treatment
and improved stormwater controls have been implemented as well. Presumably, these
improvements should correlate to a significant reduction in phosphorus loading to river and
streams. However, the long term water quality trends do not clearly reflect these actions and
results from the SPARROW model suggest that Missouri remains a leading state in phosphorus
loading within the MARB. Potential explanations for this apparent contradiction include (1) a
significant addition of phosphorus sources, (2) increases from existing sources or (3) legacy
phosphorus that remains in the system years after being introduced.
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Missouri has also experienced a drop of nearly 24 percent in acres enrolled in the Conservation
Reserve Program (CRP) from 1997 until 2010. This may also be contributing to the lack of
progress on nutrient loading reductions in Missouri.

A potential source of legacy nutrients, particularly phosphorus, is stream bank erosion. A 2009
workshop sponsored by the Soil and Water Conservation Society and USDA focused on
sedimentation and multiple presentations showed that increasing loss of soil through river bank
erosion could be a major source of nutrients. Robertson and Saad (2013) note that areas in
Nebraska and northern Kansas as well as the Missouri River corridor in Missouri are significant
sources of geologically-derived phosphorus loads, partly because of the loess soils that are found
in this area. Increases in the intensity of rainfall events, noted in Missouri as well as in the nation
as a whole, have led to multiple anecdotal reports of enhanced stream bank erosion.

A National Research Council Report (2011) also noted that habitat improvement projects along
the Missouri River could account for a maximum of 9-12 percent of the nutrient load to the Gulf,
but that the actual amount would likely be much lower as not all of the nutrients released from
these projects would be transmitted to the Gulf and delivery of phosphorus would be spread out
over a considerable amount of time. More recent analysis from Heimann, et al. (2014) suggest
that these projects have not contributed substantial amounts of nitrogen to the Gulf and have
contributed roughly one-half of one percent of all the phosphorus delivered to the Gulf of
Mexico from 1993-2013. This corresponds to roughly 4% of the phosphorus loading attributed to
Missouri and represents a significant part of the load attributable to streambank erosion.

Many of Missouri’s communities are taking steps to significantly reduce the nutrients they
release; however, much more work is needed to eliminate combined sewer outfalls, inflow and
infiltration and other problems. In addition, heavy rainfall events and weather variability makes
the reduction of nutrient losses from urban areas and agricultural lands extremely difficult even
when appropriate BMPs are in place.

In summary, in spite of the widespread adoption of agricultural best practices, improvements in
waste water infrastructure and an increased focus on stormwater control, water quality has not
improved sufficiently to have adequately reduced nutrient impacts on fresh water systems nor in
certain near-shore environments in the Gulf. In Missouri, these actions have not reduced nutrient
loading when considered on a statewide basis, suggesting new and additional actions are needed.

Significant Uncertainties

Much has been learned about the sources, transport, processing and fate of nutrients since the
first Mississippi River/Gulf of Mexico Hypoxia Plan was completed in 2001. Science has also
increased our understanding of the longer term legacy of nutrients that entered the system years
ago and the lags in biotic and water quality response to changes in nutrient loading. However,
significant uncertainties remain, justifying the use of an adaptive management approach in the
identification and implementation of effective nutrient management policies and practices.

The effectiveness of any treatment or management action is highly dependent on local

conditions, soils and practices. Thus, determining the impact of a practice or action within a
watershed is difficult without direct measurements even if a similar action has been monitored
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elsewhere. In Missouri, this is compounded by significant differences in soils, hydrology,
precipitation (both spatially and temporally) and stream size and biotic condition among
watersheds.

While the understanding of the sources of nutrients to waterways has advanced (USGS, 2013),
many significant uncertainties remain in solving the nutrient loading issue. The science of
nutrient sources, fate and transport continues to advance with the USGS monitoring stations
providing a strong macro level understanding. Monitoring of smaller watersheds provided the
basis for further analyses of both trends and of nitrogen and phosphorus transport efficiencies. In
addition, modeling of smaller basins with and without gaging and water quality measurements
has improved in our ability to predict nutrient losses. This strategy, therefore, takes an adaptive
management approach by focusing on the next five years of implementation and using that
experience to guide actions in subsequent years.

Adaptive Management — five-year approach
The Collaborative Adaptive Management (CAM) Network is made up of practitioners of this
approach to problem-solving and provides the following definition of CAM:
(adaptivemanagement.net). “Adaptive management is a systematic management paradigm that
assumes natural resource policies and actions are not static, but are adjusted based on the
combination of new scientific and socio-economic information. Management is improved by
learning from action taken on the ecosystem being affected. A CAM approach incorporates and
links knowledge and credible science with the experience and values of stakeholders and
managers for more effective management decision-making.”

Missouri has incorporated major elements of CAM into this strategy. The shorter time frame for
immediate actions (5 years) and the frequent review of progress in implementing actions both
support learning and dissemination of the information learned. This time frame acknowledges
the rapid advancement of knowledge about both the economic and environmental impacts of
many of the proposed practices, such as cover crops. It accepts that most of the actions to be
taken will be taken on a voluntary basis by those with an interest in reducing nutrient loss to our
streams, lakes and rivers, but who must also consider economic forces in their decision-making
as well.

The department, together with EPA and three local entities, is using CAM to address water
quality in Hinkson Creek in central Missouri. This is the first time nationally that CAM has been
used to implement a TMDL to improve local water quality. CAM works well on this size
watershed because it is easy to identify and engage local stakeholders in the process. Using CAM
on a basin the size of the Mississippi-Atchafalaya basin is far more challenging because one
must accept a smaller representation of the diverse interests within the watershed. In its response
to the Mississippi River Gulf Hypoxia issue, EPA has addressed this challenge by splitting state
representation on the Task Force between the water quality and agricultural departments and by
providing interested citizens and groups frequent access to the Task Force.

While adaptive management will be applied on a statewide basis in Missouri, it will also be

applied locally where it is far more likely to be effective. OMW provides a comprehensive,
watershed-based framework for assessing water issues within each 8-digit HUC basin within
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Missouri. It includes a strong element of local public involvement and supports local decision-
making. Therefore, we propose to use the OMW framework as the basis for both prioritization
and implementation of this strategy. Adaptive management will be used to help target within
sub-basins of each 8-digit HUC as each 8-digit HUC goes through the OMW collaborative
process and to identify significant local sources and those practices or actions that best fit the
local soils, hydrology, topography and existing practices.

The use of CAM also allows Missouri to build upon a strong set of programs to reduce soil and
nutrient loss while informing future decisions. Partnerships with NRCS, the MU College of
Agriculture, Food and Natural Resources and Extension and local SWCDs have supported a
strong program for development and implementation of Missouri SWCP’s practices. These two
efforts provide a clear path to discerning which agricultural practices designed to improve water
quality are attractive to farmers and have the greatest impacts on water quality.

The approach for businesses and communities is somewhat different, but still depends on
partnerships and economic and environmental analyses of actions. The department will take the
lead in sharing the information about successful approaches with communities to foster wider
implementation. The department has developed a Community Services approach that expands
upon existing partnerships with the goals of helping smaller communities assess their needs and
to create an implementable path toward addressing their most pressing concerns. In part,
Community Services will team up the department’s clean water and drinking water expertise
with groups such as the Missouri Public Utilities Alliance, the Missouri Rural Water Association
and the local regional planning commissions to help those communities without strong technical,
managerial and/or financial expertise take steps to protect, enhance and operate their water
infrastructure. Larger POTW facilities are proposing stricter limits to reduce their contribution to
nutrient loading (see actions section). For businesses, a compliance assistance approach will
focus on getting new companies or those that have recently expanded the information they need
to reach a high level of environmental performance.

DEVELOPMENT OF ACTIONS
The recommended actions proposed in this strategy were developed by the experts working with
those who will be implementing many of these actions. We grouped the actions into categories
based on their application and then formed teams to write and review each group of actions. The
credibility of this strategy lies in their expertise and understanding of the strengths and
challenges of implementation. These groups also determined the extent of likely implementation
for each practice over the next five years to ensure that the implementation rates were also
reasonable.

For each action, the appendix lists a clear definition of the action proposed to be implemented
and the current implementation of that practice in Missouri. We also list the best information on
the efficacy of each action and the partners available to provide technical and financial support
for those seeking to implement. The expected implementation rate for the next five years
provides a basis for estimating nutrient reductions from the recommended actions on a statewide
basis. Finally, the appendix includes the challenges likely to be faced in reaching the
implementation goal and potential solutions to reach the goal for each action.
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Rather than defining a numerical goal for nutrient loss reduction over the next five years,
Missouri’s strategy calculates the effectiveness of each practice or action listed and the expected
implementation rate to calculate a reduction in nutrients for each action. These reductions are
then summed to determine the overall reductions expected. By calculating the reduction this
way, this strategy produces a credible, scientifically-based value that reflects the actions planned
instead of an arbitrary number that may prove impossible to reach.

We based many of the actions on activities and practices already in use in Missouri. These
actions have been proven to have a positive effect on water quality and to be cost-effective for
those implementing the actions, though some require financial assistance as an incentive to
defray capital costs. A few of the actions are relatively new and thus will need to be assessed to
determine their efficacy, their cost and environmental impacts.

ACTIONS

The actions proposed by each of the five groups are summarized here. Each group was made up
of volunteers with knowledge of the actions under considerations. Each group was asked to
select appropriate actions that would reduce nutrient loss to rivers, streams and lakes. The group
then assigned primary writing to one of their members and edited the text. For each action, the
groups were asked to provide a summary of the action, the current status of implementation, an
estimated level of implementation over the next five years and a list of organizations that could
support implementation of the action and a measure for each action.

The more detailed descriptions of the actions, their implementation and a list of organizations
that can provide technical and/or financial support for those who want to implement one or more

of these actions are listed in Appendix A.

Table 1. Summary of Missouri’s Nutrient Reduction Action Strategy

Category Actions proposed

Agriculture Manage Manure

Sheet, Rill, and Gully Erosion Control
Edge-of-Field Practice Installation
Cover Crop Adoption

4R Nutrient Management

Grazing Management Practices

Municipal and Industrial Wastewater | Monitor Point Source Nutrient Discharges
Determine Feasible Nutrient Reduction Targets
Establish Point Source Approaches

Evaluate Funding Sources

Municipal Integrated Planning

Outreach and Education
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Category Actions proposed

Urban Stormwater Review and Enhance Public Involvement and
Education

Structural and Non-Structural BMPs

Program Compliance and Maintenance

Other Opportunities
Decentralized (Onsite and Cluster) Improve System Management
Wastewater Develop a Statewide Inventory

Improve Operations and Management
Inspections and Monitoring
Corrective Action

Increase Education

Increase Financial Assistance

Other Actions Pilot Nutrient Trading System
Community Services

Agriculture

Animal Manure
Animal manure management practices ensure organic and inorganic nutrients excreted by
animals are managed as a fertilizer resource. The practices are designed to reduce or prevent
degradation of the soil and water resources while enhancing agricultural productivity. Animal
Manure Management Systems are planned to eliminate discharge of pollutants to surface or
groundwater and to recycle excreted nutrients back onto the land through correct application to
the soil.

Animal manure is an excellent fertilizer that poses an environmental risk only when
mismanaged. Improper planning of land applications can lead to problems such as damage to
crops or the risk of surface or groundwater pollution. Soil samples should be collected and
analyzed prior to manure spreading to ensure the nutrients applied meet but do not exceed the
plant requirements for optimal growth.

Animal manure is an inherently “unbalanced” source of plant nutrients, meaning that if one
nutrient is supplied in sufficient quantities other nutrients are over-supplied or deficient. A
common strategy is to apply manure nitrogen in sufficient amounts to supply plant needs. Doing
so usually over-applies phosphorus and often potassium as well. Continued application of
manure at these rates will build up soil test phosphorus, sometimes in concentrations that pose an
environmental risk. Another strategy is to apply manure to meet the plant phosphorus
requirement and under-supply the plant need for nitrogen. Commercial fertilizers containing
nitrogen must then be applied to make up the deficit. The recommended practice is to apply
manure based on the nitrogen need of a crop and then rotate manure applications to other fields
until subsequent crops utilize the applied phosphorus. This approach maintains phosphorus
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balance on fields, allows manure nitrogen to meet crop need in the year of application and
reduces the time needed for manure application compared to other phosphorus-based strategies
(Lory et al., 2003)

How is manure phosphorus lost from agricultural fields?

Fields with high losses of phosphorus have both a high source potential and a mechanism to
transport that phosphorus to bodies of water. Both of these conditions are most likely to be met
in surface water runoff. Phosphorus can travel to surface water attached to particles of soil or
manure eroded by water (Figure 1). Phosphorous can also dissolve into runoff water as it passes
over the surface of the field. (Lory, MU Guide G9181)

The ability of soil particles to adsorb soluble phosphorus can limit the movement and export of
phosphorus in the soluble form. Soil particles remove soluble phosphorus in water as it leaches

through and over the soil profile. Concentration of phosphorus in soil leachate can be as little as
10 percent of typical surface runoff concentrations.

Figure 6 shows the potential pathways for phosphorus loss from agricultural fields. Table 1
suggests ways to manage these factors to reduce phosphorus losses.

Rainfall

Particulate P (erosion)
Dissolved P

Surface water

Leaching
Groundwater

Figure 6: Potential pathways for phosphorus loss from agricultural fields

Nitrogen from Manure
Manure can supply much or all of the nitrogen required for crop production. However, those who
utilize manure as a nitrogen nutrient source do not always value it fully. Manure-handling
technology is improving which has lessened management difficulties and uncertainties about
nitrogen availability that have caused producer reluctance to credit manure as a major source of
nitrogen. Poorly estimated manure-N application can result from inadequate calibration of the
application equipment, uneven rates of manure application, non-uniformity of manure nitrogen
content, and the potential for error in estimating ammonium-N loss to volatilization and organic
nitrogen mineralization. New management methods and technology provide farmers the
opportunity to fully credit the nitrogen they apply in manure, and to apply no more than is
needed.

How is manure nitrogen lost from agricultural fields?

Erosion, runoff, subsurface drainage, groundwater flow and atmospheric deposition are the major
sources of nitrogen in surface waters. Most of the nitrogen transported in runoff is organic
nitrogen; the concentration would be expected to increase as surface soil organic matter
concentration and erosion increase. Much of the organic nitrogen entering water bodies is not
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immediately available to aquatic vegetation, but a large proportion can become available over
time, especially if water cycling and re-suspension of sediments occurs. Several processes are
involved in erosion, including rain drop detachment energy, sheet and rill transport erosion and
gully erosion. Conservation practices that reduce soil removal and increase sediment trapping
reduce the amount of organic nitrogen lost from the field.

Runoff carries some inorganic nitrogen, primarily as nitrate and ammonium, at concentrations
that are commonly 3 ppm or less. Nitrate-N is generally leached through soils or taken up by
plants while ammonium nitrogen can become attached to soil particles or utilized directly by
plants. Perhaps the most vulnerable situation occurs when heavy rains cause runoff events
immediately following application, before plant uptake or soil absorption occurs (Wortmann,
2006).

Subsurface drainage, including tile and natural drainage systems, is a major mechanism of nitrate
transport to surface waters. The amount of nitrogen delivered depends on the volume of drainage
water and nitrate concentration in the soil solution. Nitrogen applied in excess of crop need
greatly increases potential for nitrate leaching from many soils.

Land Application of Manure
Spreading manure on land is a highly desirable method of recycling a natural, organic by-product
of livestock production. Land application of manure has many benefits:
* Readily available on livestock operations with minimal energy input while decreasing
fertilizer demand;
* Many livestock operations are surrounded by large areas of productive agricultural land
that can benefit from its use;
* Land application can significantly decrease crop production costs (fertilizer) by providing
plant nutrients; and
* Manure acts as a valuable soil amendment when properly managed by adding organic
matter which improves soil tilth, structure, aeration, water holding capacity and warming
properties (organic matter affects soil color, reduces soil stickiness and helps to control
soil erosion).

Table 2. Management strategies for reducing loss of manure phosphorus (P).

Concern Management Comments
High source | Select crops with a high P Pastures have little P removal capability.
potential requirement to increase P
removal.
Rotate fields receiving Increases crop removal of P.
manure.

Do not apply P fertilizer on Crop response to fertilizer P is highly unlikely

high P testing soils. on these soils.
Maintain ground cover to Use minimum tillage methods on row crops and
reduce erosion and runoff. avoid over-grazing forages.

39|Page



Concern

High
transport
potential

Management

Incorporate manure when
possible.

Do not apply to frozen or
snow-covered soils.

Do not apply when rainfall is
imminent.

Maintain ground cover to
reduce erosion and runoff.

Inject manure when possible.

Avoid application on fields
with high slope.

Maintain buffers and riparian
strips.

Comments

Inject or incorporate along the contour to
minimize erosion.

Reduces potential for flash losses of soluble P.

Prevents flash losses of soluble P.

Forages are most effective at reducing runoff
and erosion.

Inject along the contour to minimize losses due
to erosion.

Sloping fields have higher runoff potential; the
department restricts application on slopes
greater than 10 percent.

Reduces sediment transport; do not apply any
source of P to buffer or riparian areas.

The goals of every livestock producer must be to:
* Remain profitable;
* Maintain the health of the animals sent to market;
* Minimize the environmental risk created by animal manure; and
* Maximize the benefits of manure by recycling the nutrients for crops or forages

One of the best ways of achieving these goals is to inject manure or incorporate the manure into
the soil on the day of application. Where incorporation is not feasible (such as on perennial
forage crops) then apply manure when favorable weather conditions are expected. Some
livestock operations do not have an adequate land base to utilize manure that they generate. In
these cases, it is the farmer’s responsibility to identify other producers with suitable land who are
willing to accept the manure.

In addition, the nutrient management plan must conform to the requirements of the Missouri
CAFO Nutrient Management Technical Standard (NMTS). This document is available on the
Web at www.dnr.mo.gov/env/wpp/cafo/index.html or by contacting the Water Protection

Program.

Sheet, Rill and Gully Erosion

Sheet, rill and gully erosion removes surface soil material, expedites the breakdown of soil
structure and decreases soil organic matter. This creates a less favorable environment for plant
growth as it decreases root growth and depth, which in turn decreases the amount of water, air
and nutrients available to plants. Nitrogen, phosphorus and sediment, which are removed from
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the soil surface during erosion, are carried to water bodies causing algal blooms, lake
eutrophication and decreased dissolved oxygen levels. Soil erosion in the agricultural landscape
can be prevented by installing BMPs.

Sheet, rill and gully erosion is most prominent in Missouri on more than 13.5 million cropland
acres. Many tools and BMPs exist to reduce nutrient loss from agricultural production.
Whenever practicable, farmers should consider implementing conservation tillage practices,
preferably no-till and cover crops as the most affordable and cost-effective conservation
practices on cropland for reducing nitrogen, phosphorus and sediment export. In many areas,
these practices may serve as a possible cost-effective alternative or as part of a conservation
systems approach with the implementation of other structural conservation practices.

See Appendix A for specific Actions.

Cover Crop Management
A cover crop is planted primarily to manage soil fertility, soil quality, water, weeds, pests,
diseases, biodiversity and wildlife in an agro-ecosystem (Lu et al. 2000). Some of the most
important uses of cover crops are to increase soil fertility and reduce nutrient runoff and
leaching. However, they are also used to manage a wide range of soil macronutrients and
micronutrients. Of the various nutrients, the impact that cover crops have on nitrogen
management has received the most attention from researchers and farmers, because nitrogen is
often the most limiting nutrient in crop production. The potential for cover crops to reduce
nutrient losses is significant as a seven-year study in Missouri showed that 47-49% or nitrogen
and phosphorus are lost from a corn-soybean rotation during the crop-free fallow period
(Udawatta et al. 2004, 2006).

Farmers choose to grow and manage specific cover crop types based on their own needs and
goals, influenced by the biological, environmental, social, cultural and economic factors of the
food system in which farmers operate (Snapp et al. 2005). Professional conservationists plan
cover crop use to match the resource concern(s) present (e.g., erosion, nutrient cycling, soil
health, or pest control).

The main purpose of a most cover crops is to benefit the soil and/or other crops. Some of the
primary benefits from cover crops include:

* Soil quality improvements--Soil tilth is improved whenever a plant establishes roots and
grows into compacted areas. Water infiltration is improved as well. When a field lays
fallow for a period of time, the surface tends to seal and water will run off. Cover crops
protect the soil surface and reduce sealing. Beneficial organisms in the soil, such as
earthworms, thrive when a diversity of fresh plant material is decomposing. Organic
matter levels tend to improve with the addition of cover crops.

* Erosion control--Cover crops reduce wind and water erosion on all types of soils. By
having the soil protected by cover crops during the fall, winter and early spring, loss of
soil from erosion is greatly reduced.
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* Fertility improvements--Legumes can add substantial amounts of available nitrogen to
the soil. Non-legumes can be used to take up excess nitrogen from previous crops and
recycle the nitrogen as well as available phosphorus and potassium to the following crop.
This is very important after manure application, because cover crops can reduce leaching
of nutrients, especially nitrogen and phosphorus.

* Suppress weeds--A dense stand of winter rye or other cover crop can suppress weeds by
soil shading and competition.

* Insect control--Beneficial insects, such as lady beetles or ground beetles, may be
encouraged by planting cover crops.

The choice of cover crop is complex and depends on the desired results, current cropping and
schedule constraints. A list of the potential cover crops is included in the more detailed
discussion of actions in Appendix A.

4R Nutrient Management Action
Nutrients are a necessary ingredient for life on Earth. People, plants and animals rely on nutrients
not only to sustain their existence, but more importantly to thrive. Whether one is growing a
garden, forage for livestock, corn, soybeans, wheat, or any other number of crops, nutrients
provide the ingredients for life and productive growth. From an agricultural point of view, it is
nutrients, by enhancing the fertility of soil, which will make it possible for the world to support a
growing population, currently more than six billion people.

Commercial fertilizers and animal manure, along with other sources of nutrients, all play a major
role in the increased productivity of crops in today’s modern production agriculture. However,
how we plan for, manage and use crop nutrients on the farm will in-turn play a major role in the
economic return and environmental soundness of farming operations. It is clear that the
continued investment and innovation in new technologies, the expanded use and refinement of
precision-based farming along with implementation of cutting edge tools and BMPs provide a
bright future for agriculture and will afford farmers the opportunity to both grow abundant crops
and meet future environmental needs.

Goal: “Promote, expand and further implement a “4R nutrient stewardship” approach to
nutrient management on Missouri farms.”

Major crop nutrients include nitrogen (N), phosphorus (P) and potash (K), all of which are
naturally occurring elements within the environment. As plants grow, they take up nutrients from
the soil. Understanding crop nutrient need and providing those nutrients 1) in the right amounts,
2) in the right forms, 3) in the right place and 4) at the right time is the essence of the 4R (the 4
rights) approach and is an essential element to achieving the mutual goals of ensuring proper
crop nutrition, maximizing crop productivity and efficiency and achieving environmental
soundness.

The 4Rs provide a foundation for a science-based framework to achieve sustainable management

of plant nutrition. There is an existing need for improved adoption of nutrient practices that
enhance the efficiency, productivity and sustainability of cropping systems. Attempting to

42|Page



maximize productivity by over applying nutrients beyond crop need can result in both increased
environmental impacts and decreased farm profitability. In order to achieve long term
sustainable improvements, efficiency, profitability and productivity must be equally considered.

When a farmer’s nutrient management decisions result in both increased production and nutrient
use efficiency, reductions in nutrient loss to the environment will occur. While the fundamental
principles governing the 4R nutrient stewardship are universal, implementation is field-specific;
in other words there is not a repeatable management plan or set of practices that will work for
everyone in every location. Selecting practices that increase nutrient efficiency and productivity
begins with addressing the fundamental principles behind the 4Rs. Thus, nutrient management
decisions should be based on a 4R nutrient stewardship approach and should then be combined
with the use of other available conservation practices.

A variety of management practices, tools and BMPs are already currently used to address and
minimize nutrient loss from cropland. Some are more effective, feasible and appropriate for a
given farm or field than others. For practices to work and be sustainable long-term, selection of
practices and BMPs must be based on the specific characteristics of individual farms and fields
and address both efficiency and productivity. Similarly, the performance of individual BMPs can
vary widely depending on local soils, slopes and other field and climatic conditions. Clearly, a
major challenge for developing a statewide strategy is determining the appropriateness of
individual BMPs across the entire state.

For this reason, nutrient management as a strategy must be approached and designed as an
adaptive process used by farmers to manage and focus in on the right amount, right form, right
placement and the right timing of the application of nutrients to crops. In particular, these four
criteria, known within the agricultural industry as the “4R’s” of nutrient stewardship, require a
farmer to consider, adopt and/or follow a number of specific strategies and practices that focus
on improving fertilizer-use efficiency and increasing the bushels per acre for each unit of nutrient
applied without sacrificing a field’s yield or production potential. Applying proper management
practices in this way will reduce nutrient loss to the environment by minimizing nutrient
transport to surface waters and maximize crop uptake and utilization.

Therefore, one of the key differentiating elements for this strategy is to emphasize and encourage
farmers to transition to an adaptive 4R management approach to managing nutrients. By
following an adaptive 4R management approach, farmers can continually identify and overcome
challenges and tailor the best suite of practices for their farm.

Grazing Management Practices
Grazing management is the controlled grazing and management of livestock (primarily cattle) on
pasture using sound pastureland management practices to achieve optimum environmental and
economic results. Grazing management allows for the best use of soil, nutrient and water
resources through the use of forage management, rotational grazing, fencing, livestock watering
and protection of stream and riparian corridors. Grazing management can included a number of
individual BMPs used independently or together as an integrated system. The four major
management strategy categories include:
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Rotational Grazing

Rotational (or controlled) grazing is generally characterized as the periodic and systematic
movement of livestock from paddock to paddock in order to maintain adequate pasture rest
periods and to allow for adequate forage regrowth. Rotational grazing typically requires
implementation of several structural practices including: cross fencing to create smaller
paddocks, development of an adequate drinking water source (e.g., groundwater well or pond)
along with water distribution systems and troughs and pasture forage enhancement. Rotational
grazing minimizes or prevents overgrazing and allows for better forage cover, more productive
pastures, increased stocking rates, more effective riparian areas and more even distribution of
deposited manure across the pasture.

Streambank Crossing

A streambank crossing consists of a hardened structure (usually coarse rock/gravel) in the stream
and riparian area to allow for controlled livestock passage across a stream. The purpose of a
stream crossing is to provide a controlled crossing and watering access point for livestock,
thereby controlling streambank and streambed erosion, discouraging wallowing and reducing
sedimentation. Controlling crossing discourages cattle from congregating or wallowing in the
stream and reduces random trampling of streambanks and riparian areas.

Stream and Riparian Protection

Protecting a stream and riparian corridor typically requires excluding (or deterring) livestock
from the targeted area for all or certain periods of the year. Excluding livestock from target areas
prevents direct deposit of manure into water bodies, improves the vegetative health and buffering
ability of riparian areas and reduces streambank erosion. Stream and riparian areas can be
protected in several ways. One method is fencing off the entire targeted riparian area as a
riparian buffer. Access to a stream can be facilitated by a hardened stream crossing. A second
method involves fencing off the area as a dedicated riparian paddock and allowing periodic flash
grazing, thus limiting cattle access to streams to certain preferred time periods and preventing
overgrazing. This method allows the livestock producer to continue grazing the area and the
periodic, controlled removal of the riparian vegetation helps to maintain a healthy vegetative
stand. The third method involves implementing management practices that attract cattle away (or
deter) from the riparian area, such as rotational grazing, off-stream water troughs and alternative
shade areas.

Off-stream Watering Tanks/Alternative Loafing and Shade Areas

Providing off-stream livestock watering and shade away from stream, riparian and sensitive
areas will aid in better distributing activity across the pasture as well as limit livestock activity in
riparian and stream areas. Furthermore, a clean off-stream water source has been shown to
improve cattle performance.

Implementation of the grazing management practices described above can improve and/or
maintain surface and subsurface water quality in Missouri. The water quality related benefits
resulting from these practices include one or more of the following:

* Reduced soil erosion from pasturelands.

* Reduced soil compaction and increased water infiltration in heavy traffic areas.

* Reduced soil and nutrient losses in runoff.
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* Improved vigor of vegetative cover within pastures.
* Improved distribution of animal manure.

* Improved soil quality.

* Reduced streambank erosion.

* Improved stream and riparian quality.

Implementing the grazing management practices described above will reduce nutrient and
sediment losses by targeting the nutrient loss-pathways found within pasture based systems.

Municipal and Industrial Wastewater

This section outlines draft nutrient reduction strategies for municipal and industrial wastewater
point sources in Missouri. The draft calls for a five-year plan development and testing period to
be followed by the implementation of feasible and cost-effective nutrient reduction strategies that
are designed to allow Missouri to make reasonable progress in addressing nutrient loadings to the
waters of the state and downstream waters such as the Gulf of Mexico.

There is significant uncertainty about the extent to which reducing loading from point sources
will benefit the Gulf of Mexico. While model results vary, their calculation results consistently
show developed land area and point sources to be relatively small contributors to nitrogen and
phosphorous loads in the MARB (Brown et al., 2011; Alexander et al., 2008; and Robertson and
Saad, 2014). Loadings to large receiving waters from ground water (which point source
discharges typically do not effect) can lag for decades and data are indicating that groundwater
concentrations are having an effect on increasing river concentrations and flux, especially at low
flows (USGS, 2010). Thus, it is important to carefully evaluate the specific impacts of point
source reductions, including benefit-cost relationships, prior to applying discharge limitations.
Missouri should take this opportunity to build flexibilities into our approach for reducing point
source nutrient loadings by incorporating strategies such as annual average targets with flexible
trading and watershed permitting, in order to ensure economically and environmentally
sustainable nutrient reductions. In the following sections, several actions and major tasks are
proposed to establish the structure for a statewide point source nutrient reduction program. These
include incentives and funding support to public entities for early investments in nutrient
reduction efforts at POTWs.

Point Source Nutrient Reductions
On November 6, 2013, the Missouri Clean Water Commission adopted revised effluent
regulations at 10 CSR 20-7.015. These were published by the Secretary of State on January 29,
2014, and became effective under state law on February 28, 2014. The revised regulations at
10 CSR 20-7.015(9)(D)7 include the following effluent monitoring requirements for point sources
discharging nitrogen and phosphorous to waters of the state:

Statewide Monitoring for Nutrients. Point sources that have the design capacity of
greater than one hundred thousand (100,000) gallons per day (gpd) that typically
discharge nitrogen and phosphorus shall collect and analyze a minimum of one
(1) effluent sample each calendar quarter for one (1) permit cycle or up to (5) five
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vears if the first permit term is less than five (5) years. The samples shall be
analyzed for total nitrogen and total phosphorus using EPA approved test
methods. This provision shall not limit the department from imposing ongoing or
more frequent monitoring in permits that impose effluent limits for total nitrogen
or total phosphorus or in situations in which monitoring is appropriate to ensure
compliance with water quality standards. The quarterly monitoring frequency for
total phosphorus does not apply to dischargers that are subject to the specific
lake limits and monitoring requirement specified under subsections (3)(E) and (F)
of this rule.

This provision is being implemented through the inclusion of monitoring requirements in permits
issued under the NPDES. Such permits are reissued by the department on a staggered (rotating)
watershed basis and generally remain in effect for five years. Therefore, the nutrient monitoring
requirements of 10 CSR 20-7.015(9)(D)7 will not be fully implemented in the state until March
2019 or five years after the provision’s effective date.

Additional steps could be taken to expedite the collection of effluent monitoring data and to
more rapidly reduce nutrient loadings from point sources. For example, the department and the
Association of Missouri Clean Water Agencies (AMCA) are jointly encouraging all facilities to
voluntarily commence nutrient monitoring sooner than they may be required to under their
permit(s). After three years of monitoring activity, the department could assess the nutrient
loadings from these point sources on a facility by facility basis. An evaluation of this monitoring
data will aid the Department in evaluating appropriate nutrient controls or nutrient limits during
the 2019-2023 permitting cycle -- five years ahead of the schedule otherwise applied under the
state’s rotational permitting system and 10 CSR 20-7.015(9)(D)7. These and other recommended
actions are discussed in greater detail in the following paragraphs.

A. Monitor Nutrient Discharges (Years 1 — 3)
On a statewide basis, point sources are believed to contribute a comparatively small percentage
of the total nutrient loading in Missouri—10% by one recent estimate.' However, these sources
may account for a larger portion of the total nutrient loading in some watersheds. By
comparison, Robertson and Saad (2013) ascribe about 14% of the nitrogen and 29% of the
phosphorus to WWTPs and urban areas. Given that the relative contribution from point sources
varies among watersheds and that this contribution is not known with certainty in most instances,
further study of nutrient loading sources is warranted. Ideally, nutrient loading reductions from
the point source sector should be quantifiable over time and proportionate to the sector’s loading
contribution. Better data regarding nutrient contributions from both point sources and nonpoint
sources should be obtained to improve nutrient accounting, develop equitable reduction goals
and better determine the most efficient way of achieving these goals. Such data also are essential
for establishing an accurate baseline loading estimate, which can be used to evaluate the state’s
progress in reducing nutrient loadings from all sources.

' Bob Broz, Committee searching for nutrient reduction strategies, University of Missouri Extension (Feb. 12, 2013),
http://extension.missouri.edu/news/DisplayStory.aspx?N=1704.
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The first three years of the plan should include the implementation of a nutrient monitoring
program for all POTWs and all industrial wastewater treatment facilities that:
1. typically discharge nitrogen and phosphorous; and
2. for municipal dischargers, that have a design capacity to discharge greater than 1
MGD.

Samples for Total Nitrogen and Total Phosphorous should be taken monthly (>1 MGD) or
quarterly (<1 MGD and >100,000 gpd). In addition, nutrient speciation, particularly for nitrogen,
should be further evaluated to aid wastewater treatment infrastructure planning. As part of this
strategy the Missouri Effluent Regulations (10 CSR 20-7.015(9)(D)(7)) should be appropriately
revised to increase nutrient monitoring frequency and require nitrogen speciation for municipal
and industrial dischargers to a level that will allow the department and stakeholders to more
accurately characterize nutrient loadings from POTW and industrial facilities. Once the effluent
regulations are modified and or updated those requirements will need to be incorporated into
Missouri State Operating Permits for POTW and industrial facilities. As explained below,
POTWs and industrial facilities will also be asked to voluntarily collect nutrient data until their
permits are modified consistent with this strategy.

During the first three years of this strategy, the department should establish an appropriate
loading threshold for industrial facilities to trigger monitoring requirements through the proper
legislative or rulemaking process. Understanding loadings from industrial facilities will
contribute significantly to the success of this strategy. It may be the case that industries which
have substantial loadings (possibly: 80 Ibs-N/day and/or 8 Ibs-P/day, based upon loading
approximately equivalent to I MGD at 10 mg-N/L and 1 mg-P/L) should be considered for
additional early monitoring.

Additionally, during the first three years of this strategy the department should develop and
implement a voluntary early monitoring program for municipal and industrial dischargers.
Voluntary monitoring which is to be performed during the three year monitoring period in
addition to that monitoring required by Missouri’s Effluent Regulations may prove to be
essential to understanding the sources of nutrients. Under the program, facilities may voluntarily
agree to monitor when and where appropriate to enhance available data related to nutrient
loadings for this sector. As part of the voluntary early monitoring program the department should
encourage facilities to collect and provide data if possible for both discharge points as well as
upstream and downstream sampling relative to discharge locations where feasible during the
three year monitoring period. AMCA is committed to partnering with the department to ensure
that major public utilities obtain adequate data over the next three year to properly characterize
their nutrient loadings.

Other state nutrient management plans issued following the Mississippi River/Gulf of Mexico
Watershed Nutrient Task Force’s 2008 Hypoxia Action Plan either propose new nutrient
monitoring requirements or already require monitoring. This plan’s nutrient monitoring action is
generally consistent with other state plans with respect to facilities covered, nutrients monitored
and sampling frequency. Furthermore, the action to monitor effluent discharges for three years
before making specific effluent limitation decisions is mirrored in Mississippi and Minnesota’s
draft nutrient management plans.
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B. Study to Determine Feasible Nutrient Reduction Targets (Years 1-3)
During the three year monitoring period, the department should facilitate a parallel public
evaluation process for feasible statewide nutrient reduction targets for the point source sector and
cost-effective treatment technologies to meet those targets. The review should assess the costs of
nutrient removal both in terms of cost per unit of nutrients removed and in terms of cost per rate
payer to implement the technology. The objective of the review is to identify reasonable and

cost-effective approaches for reducing Missouri’s aggregate point source nutrient contribution to
the Gulf.

The final report from the study should include, at a minimum, the following elements:
* Analysis of and reporting on the available nutrient monitoring data collected to-date
in order to estimate:
a. the aggregate nutrient discharges from different classes of point sources
(municipal and industrial discharges, broken down by discharge volumes); and
b. the aggregate point source nutrient loadings per watershed or major tributary
to a significant river.

* Discussion of nutrient reduction technologies and strategies for different classes of
point source dischargers:

a. Evaluation to consider seasonal and annual performance periods;

b. Industries that contribute significant nutrient loading to prepare nutrient
loading and reduction cost-effectiveness evaluations;

c. Individual POTW facility evaluations that may be required at permit renewal;
and

d. Non-discharging alternatives for smaller facilities where feasible and
practicable.

* Evaluation of alternative approaches to statewide or site-specific discharge targets for
both phosphorus and nitrogen that are:
a. Calculated to make reasonable progress toward reducing Missouri’s
contribution of nutrients to the Gulf; and
b. Demonstrated to be technologically feasible and economically and
environmentally sustainable.

* Development of a database of existing and potential nutrient control technologies
including GIS or other locational information for these nutrient control technologies
with such database periodically updated to reflect new technologies as they are
developed and/or accepted.

*  Where feasible the data included in the final report from the study should include GIS
or other locational information for ease of reference.

Implementation of nutrient reducing treatment technologies at wastewater treatment plants has
typically been driven by receiving water quality. For instance, most states include cost-
effectiveness in their nutrient reduction plans as a factor in nutrient reduction levels and required
technologies. Mississippi proposes to conduct a cost-effectiveness study prior to making
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decisions about nutrient reduction levels and technologies. lowa’s Nutrient Reduction Strategy
(NRS) requires NPDES permit holders to conduct a nutrient study and evaluate cost-
effectiveness as part of the site-specific nutrient study”. Iowa's NRS focuses on the state’s major
municipal dischargers and industrial dischargers (>1 MGD) in terms of cost per 1,000 gallons
treated and cost per household with consideration of affordability and recent treatment system
upgrades (10-year moratorium on further upgrades following major upgrades). Missouri
proposes to take this one step further and include overall sustainability as a factor in nutrient
reduction levels and required technologies. For example, should we consider the point at which
increasing greenhouse gas emissions and associated costs related to implementation of an
advanced treatment processes outweigh the expected water quality benefits?

Decision makers frequently use the industry standard Triple Bottom Line (TBL) framework to
make informed decisions concerning sustainability. The TBL framework is comprised of three
pillars: environmental, economic and social considerations. Falk et al. (2013)’ studied
environmental and economic TBL measures involved with implementation of five different
levels of nutrient reduction at municipal wastewater treatment facilities. For this evaluation, Falk
et al. (2013) estimated greenhouse gas (GHG) emissions, receiving water quality and capital,
operations and net present worth for a theoretical greenfield wastewater treatment plant with a
design capacity of approximately 10 MGD. The authors suggest a tailored TBL analysis based
upon site-specific conditions
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Figure 7: Greenhouse gas emissions and algae production per treatment level.

? http://www.nutrientstrategy.iastate.edu/
3 Falk, M.; Reardon, D.; Neething, J.; Clark, D.; Pramanik, A. (2013) Striking the Balance between Nutrient Removal,
Greenhouse Gas Emissions, Receiving Water Quality, and Costs. Water Environ. Res., 85, 2307-2316.
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In addition to the diminishing environmental benefit $350
or potential environmental cost, economic costs
increase dramatically with more advanced treatment
processes. Falk et al. (2013) note that by increasing
treatment from Level 1 (Secondary Treatment) to
Level 2 (Biological Nutrient Removal) results in a
doubling of capital costs and a near tripling of
operation and maintenance costs. This is a
significant financial burden for most communities to

shoulder. Using the cost estimates developed by O el Lewelr  Levels  Leveld  Levels
Falk et al. (2013) for each defined level of treatment, Figure 8: Present worth costs for each
present worth costs were calculated and shown in Figure 8.  treatment level.
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Furthermore, these costs were also used to estimate s100
the incremental cost per pound of Total Nitrogen and
Total Phosphorus for each more advanced treatment
level and shown in Figure 9. This analysis reveals
that the incremental cost of nutrient load reduction
increases by about an order of magnitude for each
subsequent step in nutrient removal. .
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The sustainability considerations presented using the
TBL factors demonstrate that biological nutrient
removal represents the most efficient means of
meaningful nutrient removal absent near-field water
quality drivers. In addition, this information on the
incremental cost of nutrient load reduction is also o
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implementing advanced levels of wastewater treatment at
municipal wastewater treatment plants compared to other
nutrient reduction strategies.

Figure 9: Incremental nutrient removal
for various treatment levels.

Many Missouri communities have wet weather challenges such as combined sewer systems. It is
critical that treatment plant approaches for maximizing peak wet weather flows be integrated
carefully with sensitive nutrient removal technology. These competing goals must be evaluated
rather than just a silo approach to the cost-effectiveness of various levels of nutrient technology.

C. Establish Point Source Nutrient Approaches to Ensure Reasonable Progress
(Years 3-5+)

The results of the effluent monitoring and the evaluation of cost-effective technologies can then
be translated, along with other sector loading information, into nutrient approaches and reduction
targets. Gulf-related nutrient permit targets must be equitable, technologically and financially
achievable and environmentally sustainable. Nutrient control is complicated by the ongoing
ammonia upgrade program in Missouri and is further complicated by EPA’s new (yet to be
adopted) ammonia criteria. This warrants taking the time necessary to integrate these different
and in some ways competing requirements, especially when considered in the further context of
trying to maximize wet weather flows through POTWs.
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Any required nutrient permit targets must incorporate regulatory flexibility to minimize costs and
disruptions for rate payers. POTWs should be provided time to optimize performance of existing
systems prior to requiring nutrient removal upgrades. This approach would facilitate rapid
implementation of nutrient reduction strategies that fully utilize existing systems prior to
investing in more expensive capital projects. Once the need for upgrades is established,
compliance deadlines should be flexible to give treatment facility owners opportunity to develop
the most cost-effective nutrient reduction approach for their system. In addition, other significant
water quality and system improvement programs, such as wet weather programs, should be taken
into account when developing nutrient compliance schedules to allow the time to balance
competing priorities. Also, other upcoming plant improvements or expansions should be
considered as these represent ideal times to implement nutrient controls by leveraging with other
construction activities. Another reasonable approach relies on staggering time for upgrade
compliance deadlines that prioritizes municipalities that generate the highest nutrient loads.
Further, treatment system owners may elect to phase improvements to provide incremental
nutrient load reductions; whereby facility modifications that yield the highest benefit-cost ratio
receive priority implementation and lower benefit-cost ratio modifications receive a lower
priority. Other necessary elements of regulatory flexibility include reasonable compliance
deadlines and specifying point source nutrient targets on a seasonal or annual average basis.
Florida has gone one step further by focusing on annual geometric mean nutrient levels.

An additional consideration that should be evaluated is imposing TN/TP requirements
immediately upon new dischargers as well as imposing nutrient permit targets on those existing
facilities (with compliance schedules) that need to increase plant capacity. A statewide approach
to allocations should protect, to the extent possible, pre-existing public investments in POTW
capacity. Other states have used design flows times a reasonable TN/TP performance level to
assign point source loadings.

Among the other state nutrient reduction plans, biological nitrogen and phosphorous reduction
technologies are targeted unless localized water quality impacts warrant more advanced
treatment technologies. This approach represents the most cost-effective incremental step in
treatment processes unless existing facilities can be optimized to reduce nutrient discharges
significantly. With biological nutrient removal (BNR), the most common nutrient targets are 10
mg/L-TN and 1 mg/L-TP for facilities above an established design flow threshold, which varies
by state. Missouri should evaluate statewide point source loadings on this basis - as one possible
approach within a statewide point source trading program. However, each approach should
maximize the use of nutrient trading to accelerate reductions in the most affordable and cost-
effective fashion possible. Moreover, not every State plan includes limits. For example, Kansas
establishes technology-based nutrient goals within NPDES permits for some facilities. Also,
Wisconsin imposes no nitrogen limits unless necessary to meet local water quality standards.
Several states allow permit writers to deviate from the limits based on technological and
feasibility considerations and Ohio specifically gives permit writers flexibility to design
compliance timelines that allow agencies to manage costs. Mississippi’s plan also involves
developing nutrient limits only after a full study has been completed.
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A phase-in of point source reductions over time should be considered, similar to the approach
taken by the Long Island Sound program. As part of such an approach, the nutrient reduction
plan should consider incentives for point source dischargers to invest early in nutrient removing
technologies/optimization of existing facilities. Additionally, the department will work with
stakeholders to set up a prioritization system for implementation of controls in order to take into
consideration factors like existing loadings to receiving waters, fate and transport of nutrients
delivered to those waters, equity both within and between nutrient source sectors, existing stream
impairments and other considerations.

Finally, this strategy must consider the impact that POTW and industrial facilities have on local
water bodies in terms of nutrient loading. The Department must work with permit holders to
appropriately address downstream nutrient issues consistent with applicable water quality
standards as they may be identified and verified through the monitoring program and discuss the
role of adaptive management in nutrient control planning and implementation for near-field
nutrient concerns.

D. Evaluate Funding Options (Years 1-5)
Reducing Missouri’s nutrient loading to the Gulf of Mexico is a statewide concern. It is
imperative that state financial assistance be made available to those wastewater agencies that will
incur costs to reduce these loadings. In advance of the implementation of nutrient reduction
targets, the state should ensure that one or more funding mechanisms are in place.

Ideally, the General Assembly should fund a grant program administered by the department and
dedicated to financing nutrient reduction upgrades at POTWs. Such a program could be funded
through general fund, bonding supported by excess lottery funds, a percentage of future budget
surpluses, etc. A beneficial, but less preferable, alternative would be for the General Assembly to
create a grant equivalent program that provides interest-free loans to municipal and industrial
dischargers to install nutrient reduction technologies. In either event, priority access to the State
Revolving Fund should be given to wastewater agencies that must implement plant upgrades to
meet nutrient reduction targets specified by this plan. Lastly, an effort should be made to identify
any other sources of public or private funding that could be utilized by dischargers.

Few other state nutrient reduction plans specifically address developing sources of funding for
nutrient reduction improvements. Mississippi’s plan outlines a process of identifying and
evaluating potential sources of funding for nutrient reduction. Both Iowa and Ohio have
proposed giving priority use of their State Revolving Funds to wastewater agencies that must
implement nutrient reduction.

Additionally, as part of this strategy the department is committed to support and where
appropriate lead efforts to pursue Federal, State and other incentives and programs to facilitate
the acceleration of nutrient reduction investments. Beyond leadership grant funding, state efforts
for pursuing and supporting incentives could include SRF availability commitments, SRF grant-
equivalents (zero or negative interest, full or partial loan forgiveness, etc.). These programs
could also include recommendations which result from the Department’s efforts with its Nutrient
Trading Strategy Committee.
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E. Integrated Planning Efforts (Years 1-5)
The challenges faced by municipal facilities, are very complex and multi-dimensional.
Population growth, aging infrastructure, increasingly complex water quality issues and the
current economic challenges may stress the implementation of CWA and other environmental
programs. It is important that this strategy and the municipal point source nutrient approaches
that are developed not focus on nutrient reduction individually without full consideration of all
CWA and other environmental obligations. The incorporation of an integrated planning approach
will help the State of Missouri avoid unintended consequences and allow municipalities to
address its most pressing environmental and water quality issues first. Throughout the duration
of the implementation of this plan, integrated planning efforts should be utilized to ensure that
water quality concerns are addressed in a holistic and cost-effective manner. Existing
environmental commitments and obligations should be taken into account as point source
nutrient approaches are evaluated and adopted. The State of Missouri has a commitment through
this strategy to aid municipal facilities in addressing nutrient reduction efforts consistent with
reasonable integrated planning techniques.

For example, if nutrient control technology will significantly increase energy demand, a
treatment plant may want to prioritize a biosolids energy recovery facility to address this
competing environmental impact. The timing of such an investment would have to be considered
in relation to the nutrient technology installation, ammonia compliance, wet weather flow
maximization investments and other environmental priorities.

F. Outreach and Education Efforts (Years 3-5)
When many of the nutrient reduction actions for municipal and industrial point sources outlined
in this strategy have been adopted and/or evaluated public outreach and education will be
important. As with any effort that requires a significant investment of public money the
importance of nutrient reduction should be delivered in a well thought-out and understandable
manner. Public outreach and education efforts should reflect a focus on properly characterizing
as is best understood at the time the sources of nutrients, the reason for concern, the types of
actions being taken and the costs associated with this investment. These efforts will allow
meaningful collaboration between municipal, industrial, governmental and non-governmental
organizations in developing and delivering this message.
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Urban Stormwater Nutrient Reduction

Urban Areas in Missouri

While Missouri’s urban areas comprise a relatively small percentage of the state’s total land area,
a significant percentage of the state population resides in these urban areas. Stormwater runoff
from urban areas is typically handled either through combined sewer systems (where stormwater
and sanitary flows are combined in the same pipe), or by separate stormwater sewer systems.
Because combined systems are part of a POTW system and separate stormwater sewer systems
are the most common type of stormwater conveyance system in Missouri, this urban stormwater
nutrient reduction strategy is primarily focused on the nutrient contribution and strategy for
separate stormwater systems.

MS4s are the separate sewer systems that are owned and maintained by municipalities or other
public bodies, such as Missouri Department of Transportation, having jurisdiction for stormwater
conveyance. Regulated MS4s (those that are regulated by the department through the NPDES
program serve about 58% of the state’s population, but convey water from less than 3% of the
state’s total land area.

Urban Area Water Quality & Nutrients

Nutrients in stormwater runoff from nonpoint urban sources (e.g., residential yards, parks, vacant
land, rooftops, roads and parking lots) may degrade water quality in several ways. Pollutants
(including nitrogen and phosphorous) may simply be carried into waters with the stormwater.
Additionally, the increased stormwater runoff that results from impervious areas (e.g., roofs,
roads and parking lots) can cause erosion that releases nitrogen and phosphorous that was bound
with the sediment. Combined sewer overflows, illicit discharges from (publicly owned) sewers
and (privately owned) laterals and improperly operated privately owned wastewater treatment
facilities (e.g., onsite systems and septic tanks) can all release nutrients into waters. Improper
waste disposal may also cause or contribute to releases of nitrogen and phosphorous into
waterways.

Water quality monitoring data can be helpful to evaluating the relative importance of urban
runoff to nutrient export. While Missouri urban area water quality data are not extensive, the data
that are available from the St. Louis area may be helpful in developing and focusing nutrient
strategies for other urban areas.

The MSD has collected nitrogen and phosphorous data from the Missouri and Mississippi Rivers
(at locations near its service area) and also from several smaller streams located in St. Louis City
and County. The majority of the stormwater runoff from St. Louis City and County flows
through these smaller streams or sewer networks, where they are ultimately discharged into the
larger Missouri, Meramec and Mississippi Rivers. Figures 10 & 11 illustrate the (geometric)
average concentrations of total nitrogen and total phosphorous, respectively, across the sampling
network. Nitrogen & phosphorous concentrations measured in the (larger) Mississippi and
Missouri Rivers are typically higher than from the (smaller) tributary rivers. Also, there is no
clear evidence to suggest total nitrogen or phosphorous levels increase in big rivers as the water
flows through the Metropolitan St. Louis area. Finally, when the data are assessed on a seasonal
basis (Figure 12), total nitrogen levels in the Mississippi and Missouri Rivers show a spring
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“peak.” The peak in nitrogen concentrations is not observed in the (smaller) urban tributary
streams. Collectively, these data suggest the metropolitan St. Louis area does not make a
significant contribution to total phosphorous or nitrogen levels, relative to other sources in the
upper Mississippi and Missouri River watersheds. It seems reasonable that, given the relative
size and population of other urban areas in Missouri, that the nutrient contribution of other urban
areas in Missouri may likewise be relatively minor. (Additional data collection to evaluate this
observation is provided as a component of one strategy.)
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Figure 10: Geometric Mean of Total Phosphorus in Streams Draining the St. Louis Area
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Figure 11: Geometric Mean of Total Nitrogen in Streams Draining the St. Louis Area
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Figure 12: Seasonal Variations in Nutrients from St. Louis Area Streams.
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Because of the likely minor overall contributions of nutrients to state waters from MS4 systems,
it is important that this strategy take an iterative, efficient and cost-effective approach toward
addressing MS4 contributions. Urban MS4 nutrient loadings in Missouri are poorly understood
and need to be characterized better.

With that said, Missouri’s urban citizens and their local governments have continually
demonstrated strong support of water quality issues and environmental stewardship. The
proposals that follow herein are consistent with this legacy. For example, educational programs,
especially those in schools, have an important role in educating citizens about sources of and
impacts from nutrient pollutants. Also, in some cases, it makes sense to adjust existing programs
to address (near field) urban water quality issues (e.g., stream erosion and habitat degradation)
and these programs will also help address nutrient impacts. “Integrated Planning” is becoming
more and more important to urban municipalities and their citizens as a tool for addressing water
quality and other environmental issues.

One of the major challenges to addressing urban stormwater quality in Missouri is adequate
program funding. Municipal stormwater programs across the state are struggling to find stable
and appropriate sources of funding. The last section of this strategy addresses actions that could
enhance nutrient reduction efforts, as funding becomes available.

Enhancing Effectiveness of Existing Programs

Municipal stormwater discharges are regulated by the Clean Water Act (CWA) and like other
point sources, MS4s are regulated through the NPDES program. However, an important
distinction between the performance requirements for MS4s and other point sources is that the
CWA requires MS4s to employ BMPs to the maximum extent practicable rather than permitting
geared towards imposing numeric effluent limits to meet water quality standards as is the case
for industrial facility stormwater discharges.* This distinction is important, because MS4s
discharges do not receive traditional end-of-pipe treatment. Instead, municipalities and the land
developers that work within their communities employ BMPs as source controls to limit the
discharge of pollutants (including nutrients).

Regulated MS4s are either a “Phase I community” or a “Phase II community.” Phase |
communities include those with populations of 100,000 or more. In Missouri, Phase I
communities include Kansas City, Springfield and Independence. Phase II communities include
those with populations of 1,000 or more within urbanized areas, or 10,000 or more outside of
urban areas. The Missouri Phase II communities are shown in Table B. While the regulations
and permits that impact Phase I and Phase II communities are different, they share many
program elements. The strategies below are ones that either Phase I or Phase II communities
could take. Finally, MS4 communities should find opportunities to collaborate on the

*CWA Section 402(p)(3)(B)(iii))02(p) states: Permits for discharges from municipal storm
sewers...shall require controls to reduce the discharge of pollutants to the maximum extent
practicable, including management practices, control techniques and system, design and
engineering methods, and such other provisions as the Administrator or the State determines
appropriate for the control of such pollutants.
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effectiveness of their individual nutrient strategies. It was suggested that MS4 communities
meet every year or two to compare notes. The Missouri Water Environment Association
(MWEA) Stormwater conference was suggested as a good opportunity for this meeting.
(MWEA could be listed as a potential partner in some of the efforts below). The department
would be willing to facilitate MS4 coordination as needed.

A. Reviewing and Enhancing Public Involvement & Education Programs
Regulated MS4s will review their public involvement and education programs to identify any
appropriate enhancements to address nutrients and then follow through with program changes.
At a minimum, communities should consider the adequacy of their public education and outreach
programs for addressing residential fertilizer application, promoting phosphorous free yard
fertilizer and educating the public regarding illicit waste dumping.

Current extent of implementation:

All regulated MS4s have a public involvement and education component in their stormwater
management plans. This work has included giving presentations to the public (including
schools), printing and circulating brochures and flyers, providing websites, marking or stenciling
storm drain markers, innovative “storm drain art” programs and distributing radio and TV public
service announcements about stormwater management issues. Social media is providing new
ways to engage the public. Also, included are stream cleanups events. Some communities give
awards for citizens and organizations that provide outstanding environmental stewardship.
Surveys are sometimes used for evaluating effectiveness of these public involvement and
education programs.

MS4s will review their program and materials in the next 3 years, including recommendations
for program enhancements. Recommendations for enhancements will be implemented in years 4
and 5, consistent with available funding recognizing that the terms of permits will define
programmatic requirements. Smaller MS4 programs with limited staff and funding could
possibly take advantage of the education materials and other efforts taken by the larger
communities. Coordination of these materials could be facilitated by the department as
warranted.

B. Structural and Non-Structural Best Management Practices (BMPs)
Regulated MS4s will review their programs to determine what enhancements to structural (e.g.,
post-construction stormwater controls like bioretention) and non-structural BMPs (e.g., planning
and zoning ordinances) would be appropriate for their community and then follow through with
program changes.

Current extent of implementation:

MS4s are required to develop and implement structural and/or non-structural stormwater control
measures for regulated projects, to require that construction and post-construction best practices
are implemented to the maximum extent practicable to protect water quality. Non-structural
stormwater control measures can include stream buffer setbacks, minimizing areas of disturbance
and imperviousness, street sweeping and storm system cleaning. Structural stormwater control
measures can include constructed practices that capture and retain or detain runoff for the
purpose of managing the quality of the runoff in receiving waters.
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Regulated projects include development and redevelopment projects and pollution prevention/
good housekeeping for municipal operations. Requiring the retrofitting of existing developed
areas for stormwater controls is not recommended at this time.

MS4s will review their program (with stakeholder input) and develop recommendations for
program enhancements in the next 5 years. The Missouri Guide for Green Infrastructure is one
resource that MS4s can utilize for data to develop recommendations for managing nutrients. At a
minimum, MS4s will consider how low-impact development practices might improve nutrient
management effectiveness in their community.

Recommendations for enhancements will be implemented on an ongoing basis in the 5 years
following the review, consistent with available funding. Because the library of technical data on
BMP performance is continually being improved, the process of “reviewing” and
“implementing” best practices will be repeated for at least two additional cycles and maybe
beyond, as warranted.

C. Program Compliance and Maintenance
Regulatory programs and construction practices currently exist at the state and local levels that
have the potential to reduce nutrient loads in urban runoff. The effectiveness of these programs
and practices in reducing nutrients is dependent on compliance and maintenance.

Land Disturbance Program

The statewide land disturbance permitting program for construction sites that disturb one acre or
greater has the potential to reduce nutrients in urban runoff by controlling the nutrients
associated with sediment loading. The requirements of the state land disturbance permit are
robust. However, the level of compliance is often dependent on the level of oversight and
enforcement from a regulatory authority. Ensuring compliance with existing land disturbance
permit requirements through effective state and/or local inspection and enforcement efforts will
help to maximize the nutrient reduction potential of this program.

Post-Construction Best Management Practices (BMPs)

Maintenance of post-construction BMPs may also affect the nutrient removal efficiency of post-
construction BMPs over time, but is not well understood. Thousands of stormwater BMPs
currently exist across the state. Their potential for removing nutrients from urban runoff may be
hampered by lack of maintenance. A better understanding of the effects of maintenance on the
nutrient removal efficiency of BMPs is needed to assist MS4 communities in decision-making
about BMP maintenance programs.

Current extent of implementation:

Requiring adequate operation and maintenance of BMPs is a requirement of MS4 regulations
and permits. Local programs vary in their sophistication; some programs include active
inspection programs, while others are “complaint-based.” In either case, these asset management
programs are primarily focused on addressing aesthetics, storage capacity and public
health/vectors. MS4 communities focused initially on implementing requirements for BMPs and
are gaining experience regarding how to address long-term BMP maintenance issues.
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The department will assess the level of compliance with current state land disturbance
regulations and the potential nutrient reduction benefits of improved compliance. This
assessment will determine the need for additional land disturbance inspection and enforcement
and potential paths forward including increased cooperation with MS4 communities. Partners
will work together to better understand the effects of post-construction BMP maintenance to
nutrient management.

D. Other Opportunities Requiring Grants and Additional Funding

Any actions that MS4s take have to be achieved with available resources. The decision by the
Missouri Supreme Court in Zweig et al. v. Metropolitan St. Louis Sewer District, in which the
Court held that MSD’s stormwater fee (based on impervious area) is an impermissible tax,
imposes similar challenges for local governments statewide to fund MS4 programs. Additionally,
Missouri House Bill 661 limits the ability to charge certain properties for stormwater services
(based on whether the property is residential, receives a sewer bill, has drainage into a sewer
system and others). As an example, when House Bill 661 went into effect, MSD ceased the
stormwater user charge billing of approximately 3,600 properties to comply with the law. These
are real state-mandated limitations and such limitations must be considered in this nutrient
reduction strategy. Included below are strategies which could be deployed as funding becomes
available.

a. Monitoring Nutrient Discharges (Years 1 -3)

Any nutrient reduction measures for the urban stormwater sector should be in line with its
limited contribution to total nutrient loadings. Although urban stormwater discharges account for
a small percentage of total point source nutrient discharges, the total has not been quantified with
comprehensive monitoring data. A more comprehensive monitoring program for municipal point
source stormwater discharges would provide valuable data to verify the preliminary assumption
that these sources account for a relatively minor portion of total nutrient loadings. It also would
allow nutrient reduction strategies to be targeted to municipalities where they will provide the
greatest nutrient reduction benefit and facilitate stormwater dischargers’ participation in nutrient
credit trading programs.

For the first three years of the implementation plan, MS4s serving 5,000 or more residents would
take quarterly samples from a representative number of stormwater outfalls to be tested for total
nitrogen and total phosphorus. These data will be used to better estimate average annual nutrient
discharges from urban sources.

b. Study of Nutrient Reduction Technologies and Strategies (Years 1 —3)

A study would be conducted to identify cost-effective nutrient reduction BMPs, technologies and
strategies. The scope of the study should include MS4 discharges and indirect urban and
stormwater runoff. The study should consist of, at a minimum, a literature review and a
comparative evaluation of strategies that have been employed in municipalities in Missouri and
elsewhere.
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c¢. Development of Recommended Practices (Years 4 — 5)

Using the monitoring data and study of urban runoff nutrient reduction practices, technologies
and strategies, a suite of cost-effective and regionally appropriate recommended practices for
Missouri MS4s could be better defined. These recommended practices would define in more
detail “the best management practices to the maximum extent practicable” standard for MS4s to
manage their nutrient loadings. With stakeholder participation and support, this work could
culminate in the development of a stormwater practice manual that MS4s could adopt into
practice through the SWMP. This guide could be distributed statewide to provide a consistent
reference for MS4 communities.

This is consistent with most other state plans, which address stormwater discharges through a set
of suggested BMPs rather than through quantified nutrient reduction targets. A few state plans
(e.g., Minnesota, Wisconsin) do reference required BMPs that are included in MS4 permits.

d. Demonstration Projects (Beyond Year 5)

A goal is for every city in Missouri to have at least one highly visible and effective green
infrastructure demonstration project. Highly-visible green infrastructure creates opportunities for
public conversation and education about the detrimental effects of stormwater runoff, nutrient
export and the value of clean water and healthy watersheds. Such projects also can be a catalyst
for private green infrastructure initiatives and build public support for MS4 funding needs.
Kansas City, among others, has a nationally leading green infrastructure/solutions program that
has significant support from city council and the public. This program is identifying a number of
substantial opportunities for the public to embrace green infrastructure/solutions in
neighborhoods across the city. Other cities within Missouri and nationwide are pursuing similar
opportunities such that the state of the science and “art” behind green solutions is increasing
rapidly and holds great promise for urban stormwater management.

e. Voluntary Retrofitting Programs (Beyond Year 5)
Some communities have funded voluntary stormwater retrofitting programs, whereby the
citizens that live within the watershed are provided grant funding to construct BMPs that manage
runoff on their property. An example of this type of program is the Deer Creek Watershed
Alliance RainScape Rebates Program, which is administered by the Missouri Botanical Garden.
This program is funded and supported by several cooperating organizations, both public and
private and includes a CWA Section 319 grant. With adequate funding and community interest
in the program, this type of program could be expanded to other watersheds and communities.

f. Control Technology Research & Development (Timing Independent of
Other Tasks)
The effectiveness of nitrogen and phosphorous removal using urban infiltration BMPs such as
bioretention cells has been demonstrated by researchers. In general, phosphorous removal has
been shown to be much more variable, compared to nitrogen removal. This strategy would help
fund research to better understand the factors that impact nutrient removal.

As an example, some of the most effective bioretention cells use bioretention soil media that
includes waste reuse products that contain aluminum for precipitation of phosphorous. Research
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on the effectiveness of this practice is currently being conducted at Southern Illinois University-
Edwardsville.

Decentralized (Onsite and Cluster) Wastewater

Improve Management of Decentralized Wastewater Systems
For the purpose of this document, decentralized wastewater treatment systems are defined as
managed onsite or clustered wastewater systems (commonly referred to as septic systems,
private sewage systems, individual sewage treatment systems, or onsite sewage disposal
systems) used to collect, treat and disperse wastewater into subsurface soils or on the soils
surface from individual dwellings, businesses, or small communities or service areas.
Unfortunately, many of the systems in use are improperly managed and do not provide the level
of treatment necessary to adequately protect water quality and public health. Proper management
of decentralized systems involves implementation of a comprehensive, life-cycle series of
elements and activities that address public education and participation, planning, performance,
site evaluation, design, construction, operation and maintenance, residuals management, training
and certification/licensing, inspections and monitoring, corrective actions, recordkeeping/
inventorying/reporting and financial assistance and funding. (US EPA 2003). The Missouri
departments of Health and Senior Services and Natural Resources adopted the US EPA
Voluntary National Guidelines for Management of Onsite and Clustered (Decentralized)
Wastewater Treatment Systems in 2011. Failing decentralized systems can have substantial
impacts during wet and dry conditions, but particularly during low flow, dry conditions. These
365-day-per-year sources of pollutants may need to be given priority consideration in key
watersheds.

A decentralized system inventory is the highest priority action item. Until the state develops an
inventory, only an estimate of the nutrient contribution of decentralized systems can be made.
Their contribution is considered small compared to other sources in the state, although it can be
more significant in watersheds where system management is ineffective, soil properties are not
conducive to effective treatment and where systems are densely located near surface water
bodies. As inventory data is compiled watersheds or impaired waters can be prioritized with
respect to decentralized wastewater treatment systems and nutrient loading. Impaired waters with
densely populated areas that are served by decentralized systems should be the primary focus.

Six management activities have been identified that can contribute to a reduction in nutrient
loads to waters of the state while also improving public health protection. Actions needed are to:
1) develop an inventory of Missouri’s decentralized wastewater systems, 2) improve system
operation and maintenance, 3) implement inspections and monitoring that are appropriate for
system technology, 4) implement needed corrective actions, 5) increase public education and

6) increase financial assistance.

Develop a Statewide Decentralized Wastewater Treatment System Inventory

Inventorying existing systems is an important element of all five management levels outlined in
the EPA Voluntary Guidelines. An inventory is essential to the most basic level of system
management, which also includes making owners aware of the maintenance needs of their
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system. Having information about the number, age and types of systems in an area and their
performance will support better informed decisions for community and watershed planning.

Missouri’s decentralized system inventory is incomplete and separately maintained by the
various permitting authorities. Data mainly consists of permit records for systems that were
constructed and repaired after 1996. A combined inventory, filling information gaps about older
systems and maintenance needs, would greatly improve management of decentralized systems. It
would also assist in the prioritization of areas and watersheds where system density and
malfunctions could contribute to nutrient loading.

A complete inventory of decentralized systems within the state can only be accomplished as a
cooperative effort between, but not limited to the following partners; Department of Natural
Resources, Department of Health and Senior Services, local administrative authorities
(commonly the local health department), MU Extension Service and County Soil and Water
District Offices. Other key partners such as the Missouri Smallflows Organization and watershed
groups can also assist in gathering and interpretation of the data.

The Department of Health and Senior Services should be the lead agency with respect to
compiling, interpreting and managing the inventory database. To engage partners in this effort,
as a short term goal, a planning document will be developed and distributed outlining the
proposed decentralized system inventory.

The short-term goal (five years) is to identify the areas of the state served by decentralized
systems and determine the approximate numbers of systems in those areas. This process can be
started by reviewing those communities and establishments served by wastewater treatment
systems permitted through the Department of Natural Resources NPDES permits or state
operating permits. Using that data and existing system permit data available through local
administrative authorities, the Department of Health and Senior Services can compile and use
GIS mapping to assist in determining the areas and number of decentralized systems permitted
throughout the state. This can best be accomplished with the assistance of all decentralized
system regulatory agencies in the state. A further short-term goal is to continue to address,
consistent with available funding, any known failing decentralized systems.

The mid-term goal (ten years) is to have a comprehensive statewide inventory that documents
the number, location and type of decentralized wastewater treatment systems for use in assessing
the scope of system malfunctions and unpermitted discharges. The inventory will help to identify
focus areas where our other actions could significantly reduce the contribution of decentralized
systems to the nutrient load in impaired watersheds.

The long-term goal (15 years) is to implement corrective actions for 50% of the decentralized
systems malfunctions and unpermitted discharges in high priority watersheds where dense
developments or small communities are served by systems that contribute to the nutrient load.

Because the inventory is a cooperative effort between the Department of Natural Resources and

the Department of Health and Senior Services, the two departments will work to develop a
strategic implementation planning document to serve as a guide for the inventory.
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Improve Decentralized Wastewater Treatment Systems Operation and Maintenance
Effective decentralized system management requires attention to system operation and regular
maintenance. The level of oversight needs to be appropriate for the complexity of the wastewater
treatment system technology. When systems are properly operated and maintained, wastewater
treatment goals, including public health protection and nutrient reduction, can be achieved. In
addition, managed systems will have a longer useful life with fewer malfunctions. Many
decentralized wastewater systems are operated with limited professional involvement. System
owners are generally responsible for the system but may lack basic information about their
system’s operation. This basic information would include maintenance requirements, lists of dos
and don’ts and warning signs to indicate when a professional should be called to prevent small
problems from becoming more severe. Owner education is an essential management component.

Owner awareness and education are appropriate for the most basic systems, such as a septic tank
and gravity soil treatment system. More advanced technology such as aerobic treatment tanks,
alternative dispersal systems and cluster systems need more frequent inspections and service.
Maintenance contracts or oversight by a responsible management entity are appropriate.

While the implementation of this action should be statewide, target areas can be determined as
the decentralized inventory system is developed.

Implement Inspections and Monitoring Appropriate for System Technology

It is understood that owner awareness and improved operation and maintenance activities are
needed to ensure decentralized systems function properly and to reduce the potential of nutrient
release into the waters of the state. While routine maintenance is necessary, it must be reinforced
by enhancing regulatory agencies’ ability to ensure those practices are followed. This could be
accomplished through changes in laws and rules.

Enhancing the ability of the Department of Health and Senior Services and local administrative

authorities to deal with malfunctioning and unpermitted discharging systems in a timely manner
by allowing them to investigate all complaints while amending the law to include civil penalties
will give them another tool to improve system performance and reduce the potential for nutrient
release into the waters of the state.

While the implementation of this action should be statewide, target areas can be determined as
the decentralized inventory system is developed.

Implement Corrective Actions

Decentralized wastewater system malfunctions or unpermitted discharges can be identified
through citizen complaints, during routine maintenance or inspections, when the owner or user
experiences problems, or when a property transfers. Necessary corrective actions may range
from simple service or adjustment to a major repair or replacement of the system. Major repairs,
replacement systems and new construction must be permitted. Timely correction of surfacing
malfunctions and the elimination of unpermitted discharges help protect public health and reduce
nutrient loads to surface waters.
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Each problem system and site should be evaluated carefully to ensure that the corrective action
implemented is a sustainable solution that is protective of the environment and public health and
is cost effective for the user. Several questions need to be asked when determining what action
will reduce the potential for nutrient loading for each site with its unique characteristics. Some
questions that must be addressed are:
1) Would a repair or replacement of the individual onsite system be possible?
2) Ifthe lot sizes within an underserved community are limited, would some type of
cluster system(s) prove more cost effective?
3) Would a combination of managed individual and cluster systems be more effective?
4) Would the corrective action require the use of advanced and/or performance based
technology?
5) If a centralized system (big pipe) is reasonably available, would connection to the
sewer be a cost effective and practical solution?

These and other considerations need to be evaluated along with the level of operation and
maintenance that will be required.

Whatever corrective action is required, another question that must be addressed is what
regulatory agency has jurisdiction or is it a combination? Is either a Responsible Management
Entity (RME), as described within the USEPA Voluntary National Guidelines for Management
of Onsite and Clustered (Decentralized) Wastewater Treatment Systems, or a continuing
authority, as defined within Title 10 - Department of Natural Resources, Division 20 — Clean
Water Commission, Chapter 6 — Permits, 10 CSR 20-6.010 (3) Continuing Authority, needed?

While the implementation of this action should be statewide, priority areas can be determined as
the decentralized inventory system is developed and evaluated in relation to water quality
impacts and known water quality impairments.

Increased Education

The departments of Natural Resources and Health and Senior Services and MU Extension along
with other key partners have provided training for wastewater professionals within the
decentralized industry over the past 18 years. Improvement is needed in the education provided
for system owners and community leaders focusing on the necessity of proper operation and
maintenance practices.

This type of training has proven beneficial for professionals. However, experience has shown
that unless there is a specific need or financial incentive, it is difficult to get owners and even
community leaders to voluntarily attend training. A change in law and/or rule associated with
compliance, property transfer, or financial assistance could prove helpful in getting system
owners to attend.

While the implementation of this action should be statewide, priority areas can be determined as
the decentralized inventory system is developed.
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Increase Financial Assistance

The department has assisted in providing funding to the Missouri Association of Councils of
Government for a low interest loan program to assist with the repair of individual onsite
wastewater treatment (septic) systems. At this time the program has demonstrated limited
success and should be reviewed to include a variety of decentralized wastewater treatment
system options while ensuring repayment of the low interest loans. Cost share programs that do
not require full repayment have seen more success.

Funding should focus on the repairs, upgrade and/or replacement of systems that are
malfunctioning or have unpermitted discharges within high priority watersheds where dense
developments and/or small communities are served by systems that contribute to the nutrient
load within the state.

While the implementation of this action should be statewide, priority areas can be determined as
the decentralized inventory system is developed.

Other Actions

Nutrient Trading
Missouri proposes to develop all the tools, protocols and documentation required to support
nutrient trading to establish at least a pilot trading system in the next five years. Multiple partners
have expressed an interest in trading and will help the department develop the infrastructure to
support trading. A work group will create and propose a formal trading approach to the Missouri
Clean Water Commission for approval after the department receives and responds to public
comment. Point to point and point to nonpoint source trading will be considered. The nutrients to
be traded will be recommended by the work group to the Clean Water Commission for
consideration.

Nutrient trading is in place or substantially in place in multiple areas of the country. Siems, et al.
(2005) prepared a summary of water quality trading for EPA and included case studies to
illustrate key components of a trading system. Geosyntec, 2013, worked with the Environmental
Resources Coalition to assess critical elements of a nutrient trading system in Missouri. In this
work, funded by the USDA under its Conservation Innovation Grant Program, the authors
comprehensively discussed the major elements required to establish, operate and monitor a
nutrient trading system.

Missouri currently requires all point sources with a discharge of over 100,000 gallons per day to
monitor their discharges for nutrients. These monitoring data form the basis for quantifying the
point source loadings. Smaller sources will be required to monitor as well, if they wish to
participate in nutrient trading. As noted elsewhere, Missouri has also committed to moving
forward on numeric nutrient criteria. The Missouri Nutrient Tracking Tool (NTT) is a model-
based tool to estimate the load reductions tied to specific agricultural practices. It has been
developed in coordination with Tarleton State University and is based on the tool currently
supported by NRCS for use in other states. The web-based NTT application compares
agricultural management systems to calculate a change in nutrient loss potential. Agricultural
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producers and land managers can enter a baseline (current conditions) management system and
an alternative conservation management system and produce a report showing the nutrient loss
potential difference between the two systems. Missouri is also pursuing permit synchronization
at the watershed level (8- digit HUC’s). These four developments are critical early steps to
building a viable nutrient trading program. Missouri will consider point-source to point-source
trading as it forms its trading program.

Numerous additional steps are needed to properly develop and operate a formal nutrient trading
program within Missouri that is both workable for the parties to the trade and has the
transparency needed for public accountability. First, the expected baseline performance and set
of allowable agricultural practices need to be defined and the credits assigned to each
determined. The guidelines for the practices will most likely be based on accepted NRCS and
Missouri SWCP practices.

Trading ratios and the bases for determining those ratios as well as the chemical species to trade
(the specie of trading) will be developed based on experience elsewhere. Trading service areas,
8-digit HUC watersheds as a default, will need to be defined. Allowable trades will have to
consider the impacts on smaller watersheds based on water quality data and other watershed
planning. The nutrient trading markets, implementation verification system for earning credits
and the method for reconciling trades will all have to be established.

We anticipate that certain conditions will be set for traders, such as substantial compliance with
the law. Trades will not be allowed that lead to water quality impairment in a sub-basin, result in
an increase in other pollutants of concern in the watershed or have an unacceptably negative
impact on habitat. Missouri will have to determine how to treat projects implemented with state
and/or federal funds.

The work group will also have to establish the trading agreement language and other
documentation for trading. The roles and requirements of nutrient brokers, aggregators and
exchanges will also have to be developed, based on experience in other states. The roles of the
department, the Environmental Improvement and Energy Resources Authority (EIERA), soil and
water conservation districts and the USDA state offices will also need to be defined. The major
commodity groups will be critical to creating a program that is attractive to farmers and practical
for them to implement. The trading program will also have to address failed trades, force
majeure and other circumstances.

Community Services
The Missouri Department of Natural Resources’ new Community Services effort is an assistance
program for small, technically and financially challenged communities with populations under
5,000 residents. Rural communities, particularly those with economic challenges related to rural
flight, face grave difficulty maintaining critical infrastructure and often don’t have professional
staff to support planning for their infrastructure needs. This effort seeks to improve service for
communities by coordinating technical and financial assistance and developing regulatory and
policy measures that will ensure the protection of human health and the environment in a manner
that minimizes the economic burden on small communities
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Community Services coordinators in each region will help communities to navigate what can
seem like a confusing and overwhelming regulatory process and develop environmental
management solutions that best meet their economic and environmental public health needs. A
one-on-one assistance service will include individualized planning assistance followed by
deployment of resources including grants and loans, technical assistance and training in
managerial and financial skills. Clean water and drinking water infrastructure needs will be high
priority focus areas, but the initiative will encompass all environmental media areas, as
appropriate, based on the unique needs of individual communities. The overall goal is to provide
a package of services to small and disadvantaged local governments to ensure they have the
knowledge and resources needed to sustainably manage their drinking water and waste water
systems. Invitations to these services will be provided to communities with socio-economic and
environmental factors indicating a significant need for assistance on a systematic, annually
rotating basis that is designed to ensure all such communities are eventually addressed.

Though individual smaller communities are not likely to be significant contributors to hypoxia in
the Gulf of Mexico, they can impact smaller, local water bodies and, when combined with
hundreds of other WWTP’s, can have a measurable effect on nutrient loading.

Additional, Individual Actions
Drip Irrigation or other technologies for small WWTPs — Many small communities face
challenges in meeting the ammonia requirements at their current, lagoon-based waste water
treatment plants. The department has provided State Revolving Loan funding to two
communities to implement drip irrigation systems as a way to meet this requirement while
constraining costs and technical operational demands. If successful, these types of systems will
also provide a likely reduction in nitrogen loss to streams as the nutrients will be taken up by
plants during the growing season and then harvested.

Reduce lawn fertilizer use with soil tests — While nutrients from crop land contribute
significantly to water quality problems, many urban and lawn areas have higher rates of nutrient
application and loss. Given higher amounts of run-off caused by the reduction in urban
permeable surface area, losses of nutrients from yards can be considerably higher than from
cropland. By encouraging the use of soil tests and reducing phosphorus use to those areas where
it is needed, urban streams can be healthier and nutrient delivery to downstream areas can be
reduced. An excellent example of this approach can be found in Springfield, MO where more
than 800 site specific lawn nutrient plans have been based on soil analysis over the last decade.

Pet waste disposal — While individual pets do not produce large amounts of waste, the large
number of pets do contribute nutrients to Missouri’s streams, rivers and lakes. Local ordinances
and public education can reduce these contributions considerably.

Home downspout diversions — Home downspout diversion, including rain barrels, reduce
nutrient loss from yards by reducing peak flows and storing water for use when it is needed.

Urban stream buffers — Indications from recent studies (White, et al., 2014) are that streambank
erosion is increasing as a source of both nutrients and sediment. Increasing stream buffers and
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the widths of stream buffers can reduce nutrient loss by both stabilizing streambanks and by
serving as filters for nutrients leaving upland areas. Stream buffers have long been known to be
effective in agricultural areas. Cities such as Columbia and Springfield are using buffers as a way
to address water quality in urban areas. Columbia is also experimenting with a level spreader,
which spreads water flow overland, to increase infiltration to reduce the rate of peak flow and to
allow the filtering properties of soil to reduce nutrient loading.

EXPECTED WATER QUALITY IMPROVEMENTS

This section addresses water quality outcomes expected to result from implementation of the
recommended actions within the next five years. It also provides an outlook for future
reductions. Because of significant challenges in assessing likely impacts of all of the proposed
actions on water quality, we have created a hierarchy of measures. This approach was selected
over an approach that would have produced expected reductions in nitrogen and phosphorus for
each activity and in total because of the large uncertainties in many of the critical measurements,
uncertainties in the effectiveness of the proposed actions, the unpredictability of large scale
trends in agriculture and water treatment approaches and the desire to produce a strategy that was
credible in its actions, the implementation of those actions and its expected water quality
benefits.

One of the most important goals for the next few years is to create a strong framework for
measuring results. This framework will be necessary for determining the progress being made.
The recent extension of water quality standards to an additional 91,000 stream miles and the
watershed assessments being carried out as part of the Our Missouri Waters effort will help
identify high priority areas within watersheds to allow for the most effective targeting of
resources.

The department’s agricultural programs have combined with farmer efforts and USDA programs
to reduce the upland soil erosion rates by 48.9% from 1984-2010; however, the recent expansion
of practices and added focus on water quality will require expanded monitoring to determine the
effectiveness of these actions. The increased monitoring requirements being added to the major
municipal, MS4 and industrial NPDES permits will provide much better data on the
contributions of those sources as well.

We need to be able to estimate reductions in nitrogen and or phosphorus loading to the nearby
waters and, subsequently, to the Gulf of Mexico in order to understand the water quality benefits
in relation to overall cost effectiveness.

Beyond macro nutrient reduction/impact estimates, we also need to assess the effectiveness of
various implementation practices or actions. These measures were included for many of the
actions where an implementation rate could be estimated, but the new nutrient reduction was
highly uncertain. These measures can be converted to nutrient reductions in the future as more is
learned about their water quality impacts either through direct measurement, estimates from
other states or reliable modeling of these actions. The validation and calibration of the Nutrient
Tracking Tool will provide such estimates for many of the agricultural practices not currently
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sufficiently defined within the next few years. Similarly, point source monitoring requirements
promise to support better estimates of nutrient delivery from those sources.

We also need to be able to assess those actions that may have an indirect impact on water
quality, but are critical to the overall program for achieving significant nutrient reductions. For
example, events to help farmers understand how to implement cover crops or other actions that
will benefit farmers, soil health and water quality are necessary, but do not lend themselves to
measurement in terms of nutrient reductions. However, these actions should be measured
because without such outreach efforts, the strategy is unlikely to produce the expected benefits.

Implementation
This section focuses on the actions and resources required to implement the recommended
actions, the potential impediments to implementation and our approaches to overcome the
challenges. Both education and coordination will play key roles in ensuring success and
supporting the many groups that will contribute to protecting our water quality.

The strategy builds upon strong, existing programs and relationships.

For example, the department’s SWCP anticipates making roughly $30 million per year available
through its cost-share program. This translates into over $40 million including technical
assistance also funded through the program that works closely with farmers, NRCS, MU
Extension and the Private Lands staff from the Missouri Department of Conservation to reduce
soil loss from farmland by 48.9% since 1984. A few years ago, the addition of practices that
improve water quality provides a wider suite of activities that will support the implementation of
this strategy. In addition, the department is proposing increased funding for monitoring to
determine the effectiveness of its newer practices and some practices that are under consideration
for future adoption.

Both the Metropolitan Sewer District of Greater St. Louis and the city of Kansas City have
committed to significant investments in the infrastructure that protects water quality. Given the
size and location of these two cities along major rivers, their successes will result in improved
water quality locally and downstream. Participants in creating this strategy from those two
communities have offered to share their lessons learned with other communities as a way to
promote action and education to those who will be considering implementation in their
communities. In addition, the city of Springfield is a national leader in comprehensive Integrated
Planning and will share its experiences with other communities as well.

The OMW effort has shown early signs of success in providing good and comprehensive data to
guide local watershed-driven efforts to prioritize the steps needs to ensure that local water quality
and quantity needs are met. By supporting local decision-making, OMW provides a strong
framework for having local citizens prioritize both the actions that they support and to target
those actions within their watersheds to make the most efficient use of resources while being
responsive to their needs.

Local Governments will also benefit from the Community Services efforts now underway. EPA
recently recognized these efforts in selecting Missouri for participation in its E-Enterprise
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program. The department is working with EPA, the Environmental Council of States, states and
tribal representatives to develop a Local Government Portal — an online suite of tools and
resources to assist local government officials in making informed environmental decisions for
their communities.

Implementation will require continued, close coordination among many different partners from
different sectors. The organizations that helped prepare this strategy have committed to
continued meetings to address implementation challenges and to share information about
successes and opportunities. This group will also focus on creating a shared understanding and
shared messages to promote the implementation of the necessary actions.

CHALLENGES AND HOW TO ADDRESS THEM

While we certainly expect challenges in implementing the actions proposed in this strategy,
Missouri has three major advantages in its implementation. First, the strategy itself is a product
of existing partnerships and relationships that have produced positive environmental results in
the past. Second, each set of actions was created by a group that included those most involved in
their implementation, thus major stakeholders are informed of the actions proposed and have
agreed to their reasonableness and the reasonable rate of adoption proposed. In addition, each
action is accompanied by a list of partners who can help implement each action through
educational, technical or financial support. Finally, this strategy builds on existing successes and
projects now underway. These three facts do not guarantee success, but provide a basis for
continuing action and progress.

We recognize that achieving the nutrient loss reduction goals and implementing all the actions in
this document will be challenging. Some of these challenges include:
1. Education of citizens about the need to reduce nutrient loss and to support their efforts to
do so on an individual and community basis.
2. Federal, state, local and private agencies and organization have varying missions,
objectives and regulations.
Population growth requires a greater reduction per person to reach goals.
Urban sprawl into agricultural regions often leads to a local spike in nutrient loss.
Growing more food on a smaller amount of available land.
Changes in state and federal policy and budgets that hinder long-term planning.
Identifying the areas, watersheds and practices that would provide the greatest water
quality benefits.
Balancing economic demands with the need to address water quality improvement.
9. Keeping pace with rapidly advancing science, knowledge and technology in an increasing
interconnected economy.

Nownkw

*®

To overcome each of these challenges requires significant coordination among government
organizations, a very diverse set of organizations that have an interest in nutrient management
and citizens. The diversity of Missouri, the sources of nutrients, the practices to reduce nutrient
loss and information needed to understand the impacts of individual actions under a wide range
of conditions pose significant challenges. No one sector, acting alone, can address the water
quality challenges at the scale of large watersheds. Collaboration at the watershed scale will be
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needed to encourage the broadest possible involvement in achieving nutrient loading reduction
goals. The development of this strategy is one step along that path.

Trust in the recommended actions must be built through a strong education campaign that
involves partners who routinely communicate with the public and who have built professional
and personal relationships over years, if not decades. By using existing programs that have
proven results and relying on local organizations and decision-making, Missouri can lower the
communication barriers and reach those most likely to implement changes that will produce cost-
effective water quality benefits. Both agricultural commodity groups and community groups
participated in the development of the strategy; those organizations will have central roles in
communication and advocacy of the actions included in this strategy together with the other
implementation partners listed for each.

This strategy and the recommended actions included in it were decided by participants from each
sector who will be implementing these recommendations and thus reflect what Missourians are
ready to do now. Each action was assessed according to past history of implementation, where
appropriate and the likely level of implementation over the next five years.

Missouri has chosen a five-year initial time frame for this strategy in recognition of the fast rate
of the increase in knowledge about nutrient loading of our waterways and the actions that can
reduce those loadings. Adaptive management requires learning and this shorter time frame will
cause the state to re-examine the success of the actions included and integrate new ideas more
quickly into subsequent strategic efforts.

We propose revisiting the strategy as part of the biennial report on progress to ensure that new
recommendations can be added promptly. Major revisions will be done when significant changes
in conditions or recommendations occur. This interactive and adaptive approach will also
provide a forum for continued discussions and a means to contact the major partners to share
information, successes and challenges.

The OMW efforts that form the basis of the department’s and partners’ watershed-based
planning inherently support providing the necessary information for local decision-making and
targeting. The hurdle of building public acceptance can best be accomplished through wise local
decisions supported by the best science available and coordinated with the implementing
agencies and individuals. The geographic and hydrological diversity of Missouri argue against a
statewide, one-size-fits-all approach. The involvement of local community members working at
the watershed level promises the greatest benefits for local water quality because it engages those
who have the greatest interest in the resource. By addressing both point sources and nonpoint
sources together with water quantity, the OMW approach supports a holistic effort to improve
water quality in each basin. Within the first five years of implementation, Missouri will have
conducted an assessment of all 66 of its large (8-digit HUC) watersheds and decided on the
priorities in terms of topics and of areas for focus within each of those watersheds.

Increased knowledge of point source discharges through monitoring is a necessary component of

effective targeting. However, efficient and effective targeting is always a challenge when much
of the nutrient load is coming from areas that are not now and are not expected be regulated in
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the future. Missouri does need to develop a better understanding of water quality in order to
target actions most effectively; however, working with groups and individuals ready to take
action cannot be delayed by waiting for better data or modeling.

LONGER-TERM GOALS

Vision
“All Missouri waters have acceptable levels of nutrients that maintain water quality for
designated uses.”

The ultimate goals are to use nutrients wisely and reduce nutrient loss to our rivers, streams and
lakes, improve local water quality by reducing excess nutrients in these systems, both
environmentally and economically, in Missouri and downstream. Missouri has adopted an
adaptive management approach to take advantage of the rapidly expanding growth in
understanding and in the development of new nutrient control practices. Missouri’s approach
will build upon early successes and documented benefits. Some of the newer critical practices,
such as cover crops and drip irrigation for small community waste water treatment, will be tested
during this initial five year period and may become more extensive in their application, if proven
successful. Similarly, other recommended actions will be implemented over time having an
additive effect on nutrient load reduction.

The actions in this strategy should grow with time both in number and in the breadth of
implementation. Providing proven, cost effective and implemented examples together with the
necessary support to implement those or similar actions is the strongest support that Missouri can
provide to those considering actions. Adding actions incrementally, based on expert advice and
the knowledge of those implementing the new actions, will help build credibility by ensuring that
the best methods are taken and that challenges and needs for successful implementation are well-
defined.

Finally, a strong scientific and economic basis for these actions, together with the technical
support networks offered to those implementing the recommended actions, will encourage
broader participation in nutrient loss reduction efforts.

The creation of this strategy represents a beginning. Those who contributed to this strategy
understand that success will depend on continued action and collaboration. While challenges
remain, we are confident that nutrient reductions can be achieved and water quality can be
improved based on our past successes and the broad participation in creating the strategy and the
actions within it.
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Nutrient Loss Reduction Strategy

APPENDIX A: ACTIONS

Agriculture
Animal Manure

1. Define the Action

Animal manure management practices help to manage organic sources of nutrients excreted
through animals. The practices are designed to reduce or prevent degradation of the soil and
water resources while enhancing agricultural productivity. Animal waste systems are planned to
eliminate discharge of pollutants to surface or groundwater and to recycle manure products back
onto the land through correct soil application. If not managed correctly, nutrients can be lost
from production areas or during and after land application.

Animal manure is an excellent fertilizer that poses an environmental risk only when
mismanaged. Improper planning of land applications can lead to problems such as damage to
crops or the risk of pollution. Soil samples should be collected and analyzed prior to manure
spreading to ensure the nutrients applied meet but do not exceed the plant requirements for
optimal growth.

Animal manure is an inherently “unbalanced” source of plant nutrients, meaning that if one
nutrient is supplied in sufficient quantities other nutrients are over-supplied or deficient. A
common strategy is to apply manure nitrogen in sufficient amounts to supply plant needs. Doing
so usually over-applies phosphorus and often potassium as well. Continued application of
manure at these rates will build up soil test phosphorus, sometimes in concentrations that pose an
environmental risk. Another strategy is to apply manure to meet the plant phosphorus
requirement and under-supply the plant need for nitrogen. Commercial fertilizers containing
nitrogen must then be applied to make up the deficit.

Nutrients Affect Water Quality

Nitrogen, phosphorus and potassium are required for growth by all animals and plants. They are
referred to as essential macronutrients because they are required in large quantities relative to
other essential nutrients. Lack of these nutrients can restrict growth and crop yield.

Nutrient levels in surface water can affect the growth of aquatic species. In freshwaters, such as
lakes and streams, phosphorus is typically the nutrient limiting growth, though occasionally
nitrogen is the most limiting nutrient. Potassium is not a limiting nutrient in water, so water
quality concerns focus on nitrogen and phosphorus.

Increasing the amount of nutrients entering a stream or lake can increase the growth of aquatic
plants and other organisms. Although these nutrients are necessary, excessive levels
overstimulate the growth of aquatic plants in the lake or stream. When these plants die, they
become a food source for aquatic bacteria that consume oxygen in the water, reducing the
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concentration of dissolved oxygen. Sometimes this depleted oxygen condition (called hypoxia) is
severe enough that other aquatic species cannot survive. Every year significant fish kills occur in
surface waters due to a severely depleted oxygen supply. Other issues related to excessive
nutrient concentrations are reduced water clarity and--in the most extremely degraded water--the
growth of cyanobacteria (blue-green algae) capable of producing human and animal toxins
(Lory, MU Guide G9181).

How is manure phosphorus lost from agricultural fields?

Fields with high losses of phosphorus have both a high source potential and a mechanism to
transport that phosphorus to bodies of water. Both of these conditions are most likely to be met
in surface water runoff. Phosphorus can travel to surface water attached to particles of soil or
manure eroded by water (Figure 1). Phosphorous can also dissolve into runoff water as it passes
over the surface of the field (Lory, MU Guide G9181).

The ability of soil particles to adsorb soluble phosphorus limits the movement and export of
phosphorus. Soil particles remove soluble phosphorus in water as it leaches through and over the
soil profile. Concentration of phosphorus in soil leachate can be as little as 10 percent of typical
surface runoff concentrations.

Figure 1 shows the potential pathways for phosphorus loss from agricultural fields. Table 1
suggests ways to manage these factors to reduce phosphorus losses.

Rainfall Figure 1:
Potential pathways for phosphorus loss from agricultural fields.

Runoff
- Particulate P (erosion)

Surface water

Groundwater

Table 1: Management strategies for reducing loss of manure phosphorus (P).

Concern Management Comments
High source | Select crops with a high P Pastures have little P removal capability.
potential requirement to increase P
removal.
Rotate fields receiving Increases crop removal of P.
manure.

Do not apply P fertilizer on Crop response to fertilizer P is highly unlikely

high P testing soils. on these soils.

Maintain ground cover to Use minimum tillage methods on row crops and
reduce erosion and runoff. avoid over-grazing forages.

Incorporate manure when Inject or incorporate along the contour to
possible. minimize erosion.
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Concern

High
transport
potential

Management

Do not apply to frozen or
snow-covered soils.

Do not apply when rainfall is
imminent.

Maintain ground cover to
reduce erosion and runoff.

Inject manure when possible.

Avoid application on fields
with high slope.

Maintain buffers and riparian
strips.

Nitrogen (N) from Manure
Manure can supply much or all of the nitrogen required for crop production. However, those who
utilize manure as a nitrogen nutrient source do not always value it fully. Manure-handling
technology is improving which has lessened management difficulties and uncertainties about
nitrogen availability that have caused producer reluctance to credit manure as a major source of
nitrogen. Poorly estimated manure-N application can result from inadequate calibration of the
application equipment, uneven rates of manure application, non-uniformity of manure nitrogen
content and the potential for error in estimating ammonium-N loss to volatilization and organic
nitrogen mineralization. New management methods and technology provide farmers the
opportunity to fully credit the nitrogen they apply in manure and to apply no more than what is

needed.

Comments

Reduces potential for flash losses of soluble P.

Prevents flash losses of soluble P.

Forages are most effective at reducing runoff
and erosion.

Inject along the contour to minimize losses due
to erosion.

Sloping fields have higher runoff potential; the
department restricts application on slopes
greater than 10 percent.

Reduces sediment transport; do not apply any
source of P to buffer or riparian areas.

How is manure nitrogen lost from agricultural fields?

Erosion, runoff, subsurface drainage, groundwater flow and atmospheric deposition are the major
sources of nitrogen in surface waters. Most of the nitrogen transported in runoff is organic
nitrogen; the concentration would be expected to increase as surface soil organic matter
concentration and erosion increase. Much of the organic nitrogen entering water bodies is not
immediately available to aquatic vegetation, but a large proportion can become available over
time, especially if water cycling and re-suspension of sediments occurs. Several processes are
involved in erosion, including rain drop detachment energy, sheet and rill transport erosion and
gully erosion. Conservation practices that reduce soil removal and increase sediment trapping
reduce the amount of organic nitrogen lost from the field.

Runoff carries some inorganic nitrogen, primarily as nitrate and ammonium, at concentrations
that are commonly 3 ppm or less. Nitrate-N is generally leached through soils or taken up by
plants while ammonium nitrogen can become attached to soil particles or utilized directly by
plants. Perhaps the most vulnerable situation occurs when heavy rains cause runoff events
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immediately following application, before plant uptake or soil absorption occurs. (Charles S.
Wortmann et al. Heartland Water Quality Bulletin)

Subsurface drainage, including tile and natural drainage systems, is a major mechanism of nitrate
transport to surface waters. The amount of nitrogen delivered depends on the volume of drainage
water and nitrate concentration in the soil solution.

Land Application of Manure
Spreading manure on land is a highly desirable method of recycling a natural, organic by-product
of livestock production. Land application of manure has many benefits:
* itisreadily available on livestock operations with minimal energy input;
* many livestock operations are surrounded by large areas of productive agricultural land
that can benefit from its use;
* land application can significantly decrease crop production costs (fertilizer) by providing
plant nutrients; and
* manure acts as a valuable soil amendment when properly managed by adding organic
matter which improves soil tilth, structure, aeration, water holding and warming
properties (organic matter affects soil color, reduces soil stickiness and helps to control
soil erosion).

The goals of every livestock producer must be to:
* Remain profitable;
* Maintain the health of the animals sent to market;
* Minimize the environmental risk created by animal manure; and
* Maximize the benefits of manure by recycling the nutrients for crops or forages.

One of the best ways of achieving these goals is to incorporate the manure into the soil within 48
hours of application. However, where incorporation is not feasible (such as on perennial forage
crops in the rugged Ozark Highlands) then apply manure when favorable weather conditions are
expected. Some livestock operations do not have an adequate land base to dispose of the manure
that they generate. In these cases, it is the farmer’s responsibility to identify other producers with
suitable land who are willing to accept the manure and the responsibility associated with the
application.

In addition, the nutrient management plan (NMP) must conform to the requirements of the
Missouri Concentrated Animal Feeding Operation (CAFO) Nutrient Management Technical
Standard, or NMTS. This document is available on the Web at
www.dnr.mo.gov/env/wpp/cafo/index.html or by contacting the Water Protection Program.
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2. Current Extent of Implementation
Missouri Department of Natural Resources CAFO Permitting
In Missouri, CAFOs must be designed constructed, operated and maintained as “no-discharge”
facilities which mean the operation must not allow manure products to directly enter the waters
of the U.S. They are not allowed to treat and release the wastewater to streams and rivers like
most communities and industries. All operations with 1,000 animal units or greater are Class I
CAFOs and must follow the requirements set forth in the NMTS in accordance with the
regulations found in 10 CSR 20-6.300 and have an NMP that complies with this NMTS
developed prior to issuance of an operating permit.

Animal manure is applied as a plant nutrient and should always be managed so runoff does not
occur. Best management practices (BMPs) help to ensure this. The BMPs required by the permits
are based on design requirements and the NMTS. These BMPs require on-site setbacks,
restricting manure applications from land features including streams, dwellings, public use areas,
wells, springs and property lines.

Nutrient Management Plans
All CAFOs must maintain a current NMP. The plan must be field specific. The plan must
address the following minimum criteria:
1)  Ensure adequate storage of manure, litter and process wastewater.
2)  Incorporate procedures for proper operation and maintenance of the storage facilities.
3)  Ensure proper mortality management.
4)  Ensure clean water is diverted from the production area.
5) Prevent direct contact of the operation’s animals with waters of the state.
6)  Ensure chemicals and other contaminants are disposed of properly.
7)  Identify site specific conservation practices to be implemented.
8)  Identify protocols for testing of manure, litter, process wastewater, mortality
byproducts and soil.
9) Ensure use of the nutrients in the manure, litter, or process wastewater.
10) NMPs must include a field-specific assessment of the potential for nitrogen and
Phosphorus loss from the field to surface waters.

Missouri Soil and Water Conservation Program — Waste Management

The Soil and Water Conservation Program (SWCP), is a state-funded and operated cost-share
program that provides financial incentives to landowners to implement conservation practices
that help prevent soil erosion and protect water resources. The SWCP practices promote good
farming techniques that help keep soil on the fields and waters clean as well as conserving the
productivity of Missouri’s working lands. The primary funding for SWCP cost-share practices
comes from the one-tenth-of-one-percent Parks, Soils and Water Sales Tax, which is shared by
the Department of Natural Resources” SWCP and the Division of State Parks.

The SWCP provides cost share for practices that target nutrient loss management farming
operations. A large suite of practices are available that provide nutrient management and
sensitive area treatments to minimize nitrogen and phosphorus runoff. Some of the following

practices are offered from the Animal Waste Management Resource Concern for Fiscal Year
(FY) 2015.
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Beef, Dairy, Poultry and Swine Waste Management Systems
The SWCP offers cost-share for livestock facilities that are less than 1,000 animal units. The
cost-share funds are provided to control and manage agricultural waste, manure and litter from
livestock and poultry production operations in a way that protects water and air quality and
supplies appropriate amounts of plant nutrients for crop production.

Incinerator

The purpose of an incinerator is to safely dispose of livestock and poultry carcasses to reduce

pollution of water and soil resources.

Composting Facility

The purpose of a composting facility is to naturally decompose animal manure (and animal
mortalities) that can be used to improve soil fertility and crop production.

The map below shows the proposed FY2015 cost-share in dollars to Missouri Soil and Water
Conservation Districts for the Waste Management Resource Category alone. This funding is
provided by the Missouri one-tenth-of-one-percent sales tax. This is based upon the assessments

each district submitted to the program.

Proposed FY15 Cost-Share Allocation
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USDA-Natural Resources Conservation Service

The United States Department of Agriculture-Natural Resources Conservation Service (USDA-
NRCS) provides financial and technical assistance to farmers and ranchers. Through different
programs, NRCS develops contracts with agricultural producers to implement conservation
practices to address environmental natural resource problems. Payments are made to producers
once conservation practices are completed according to NRCS requirements. There are many
practices available through the NRCS target nutrient loss farmed fields. USDA-NRCS programs
that may provide financial assistance to producers:

Program Name Description Website
Conservation Stewardship | Helps agricultural producers http://www.nrcs.usda.gov/w
Program (CSP) maintain and improve their ps/portal/nrcs/detail/nationa

existing conservation systems and I/programs/financial/csp/
adopt additional conservation
activities to address priority
resources concerns. Participants
earn CSP payments for
conservation performance—the
higher the performance, the

higher the payment.
Environmental Quality Voluntary program that provides | http://www.nrcs.usda.gov/w
Incentives Program (EQIP) | financial and technical assistance | ps/portal/nrcs/main/national
to agricultural producers through /programs/financial/eqip/

contracts up to a maximum term
of ten years in length.

Source: NRCS, 2014. http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial

University of Missouri Extension — Commercial Agriculture Program

University of Missouri Extension is a partnership of the University of Missouri campuses,
Lincoln University, the people of Missouri through county extension councils and the National
Institute for Food and Agriculture of the USDA.

Land-Grant Mission

University of Missouri is a land-grant university, meaning it is a part of a federally mandated
mission to carry the benefits of university research beyond campus. The Commercial Agriculture
Program offers publications and Web-based services. For an extensive list of tools and
publications available regarding animal manure management you can visit the following website
http://nmplanner.missouri.edu/.

3. Measures of the Impact of This Action on Water Quality (data and supporting
documentation)

Though nutrient management alone as a BMP is critical to animal producers, buffers reduce

nitrogen loading to the stream by: 1) filtering and sedimentation of organic and other particulate-

bound nitrogen; 2) increasing infiltration; 3) increasing nitrogen uptake, especially if there is

subsurface flow through the root zone; and 4) denitrification. Denitrification may be relatively

high with a mature riparian forest, intermediate with a grass buffer and least with cropland. Well-
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designed and maintained buffers can trap about 50 percent of incoming sediment, but are less
effective in reducing sediment-bound nutrients and much less effective for reducing surface
runoff of dissolved nutrients. Nitrate concentration in shallow groundwater may be reduced by
more than 50 percent due to nitrogen uptake by vegetation in the buffer, although uptake is much
less if the amount of groundwater interacting with the root zone is small. Mayer et al. (2005)
concluded that subsurface removal of nitrogen in riparian buffers is often high, especially where
denitrification is induced, for a wide range of vegetation types, while surface removal of nitrogen
by buffers is relatively inefficient.

4. Key Partners
Identify potential financial (F), technical (T) and outreach (O) partners for each strategy:

* U.S. Department of Agriculture-Natural Resources Conservation Service (F, T, O)
* Missouri Department of Natural Resources-Soil and Water Conservation Program (F, T, O)
* County Soil and Water Conservation Districts (F, T, O)

* University of Missouri Extension (T, O)

* Lincoln University (T, O)

* Missouri Farm Bureau (O)

* Missouri Soybean Association (O)

* Missouri Pork Association (O)

e Missouri Agribusiness Association (O)

* Missouri Poultry Federation (O)

* Missouri Cattlemen’s Association (O)

*  Missouri Corn Growers Association (O)

* Missouri Department of Agriculture (O)i

* U.S. Department of Agriculture-Farm Service Agency (O)

* Land Improvement Contractors Association (T, O)

S. Future Plans

A variety of practices may be employed to minimize manure contact with precipitation and
runoff. Specific practices include lining and maintaining manure storage lagoons, constructing
litter storage facilities, diverting precipitation and surface water away from manure, composting
and treating runoff. The goal of pasture management is to utilize water resources for livestock
production but minimize uncontrolled access and treat runoff from animal feeding operations.
Fencing can be used to keep livestock and from defecating in or near streams or wells.
Additionally, providing alternative water sources and hardened stream crossings for use by
livestock lessens their impact on water quality (USEPA 2001).

Good manure management practices, which include the beneficial use of treated manure, linked
to sound nutrient management, can help to minimize many problems related to other
contaminants. The USDA and their state partners provide technical and financial assistance, as
well as conservation practice standards for nutrient and manure management.

6. Challenges and Solutions (education, challenges to implement and proposals to meet

challenges)

To achieve long-term conservation goals in agricultural landscapes, it is important to understand
farmers' perspectives on what practices are effective, practical and economically attainable.
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Research and education efforts will be needed to focus on conservation and BMPs specific to
animal manure management and BMPs to prevent and treat nutrient loss. These efforts will most
likely include:

Educate farmers on multiple tools to plan proper animal manure management.

Dedicate significant resources toward research, demonstration and information
dissemination in order to reduce nutrient loss, increase nutrient efficiency.

Identify priority watersheds where the greatest improvements in water quality can be
made, where water bodies have been listed as impaired and where high concentrations of
animal manure are being improperly applied.

Coordinate with decision-makers involved in making nutrient recommendations to
enhance the implementation of nutrient stewardship strategies.

Develop a plan to coordinate agricultural industry, farmers, government and private
resources to promote educational and incentive programs that will be cost-effective and
make the most impact on priority watersheds.

Conduct targeted, specific educational and promotional activities of animal manure
management practices in priority watersheds, knowing that as additional research is
developed and refined the educational program will incorporate this knowledge and the
implementation will reflect new understandings and technologies from research.
Consider field research and demonstration projects with monitoring of nutrients in
surface water, along with economic analysis, to verify the best adaptive management
practices.

Review incentive programs and refine as necessary to assure programs offered to farmers
encourage adoption of proper animal manure management practices.

Develop a statewide campaign to educate those in agriculture and the public on 4R (right
amounts, right forms, right place and right time) nutrient stewardship practices
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Sheet, Rill and Gully Erosion

1. Define the Action

Sheet, Rill and Gully erosion removes surface soil material, expedites the breakdown of soil
structure and decreases soil organic matter. This creates a less favorable environment for plant
growth as it decreases root growth and depth, which in turn decreases the amount of water, air
and nutrients available to plants. Nitrogen, phosphorus and sediment, which are removed from
the soil surface during erosion, are carried to water bodies causing algal blooms, lake
eutrophication and decreased dissolved oxygen levels. Soil erosion in the agricultural landscape
can be prevented by modifying the landscape and leaving a protective cover on the surface to
control runoff rates.

Sheet, Rill and Gully erosion is most prominent in Missouri on more than 13.5 million cropland
acres. Many tools and BMPs exist to reduce nutrient loss from agricultural production.
Whenever practicable, farmers should consider implementing conservation tillage practices,
preferably no-till and cover crops as the most affordable and cost-effective conservation
practices on cropland for reducing nitrogen, phosphorus and sediment export. In many areas,
these practices may serve as a possible cost-effective alternative or as part of a conservation
systems approach with the implementation of other structural conservation practices.

Current Tools and Best Management Practices Implemented

Forage and Biomass Planting
Establishing adapted and/or compatible species, varieties, or cultivars of herbaceous species
suitable for pasture, hay or biomass production.

Terrace
An earth embankment, or a combination ridge and channel, constructed across the field
slope. This practice is applied as part of a resource management system for one or more of
the following purposes:

» Reduce erosion by reducing slope length

» Retain stormwater runoff for moisture conservation

Critical Area Planting

Establishing permanent vegetation on sites that have or are expected to have high erosion
rates and on sites that have physical, chemical, or biological conditions that prevent the
establishment of vegetation with normal practices. This practice may be applied to stabilize
areas with existing or expected high rates of soil erosion by water or wind or to rehabilitate
and re-vegetate degraded sites that cannot be stabilized through normal farming practices.

Diversion

A channel generally constructed across the slope with a supporting ridge on the lower side.
The primary purpose is to divert water away from active gullies or critically eroding areas.
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Grade Stabilization Structure

A structure used to control the grade and head cutting in natural or artificial channels. The
purpose of this practice is to stabilize the grade and control erosion in natural or artificial
channels, to prevent the formation or advance of gullies and to enhance environmental
quality and reduce pollution hazards.

Water and Sediment Control Basin

An earth embankment or a combination ridge and channel constructed across the slope of
minor watercourses to form a sediment trap and water detention basin with a stable outlet.
This practice may be applied as part of a resource management system to reduce watercourse
and gully erosion, trap sediment and reduce and manage onsite and downstream runoff.

Grass Waterway

A shaped or graded channel that is established with suitable vegetation to carry surface water
at a non-erosive velocity to a stable outlet. The objective is to convey runoff from terraces,
diversions, or other water concentrations, reduce gully erosion and to protect/improve water
quality.

Sediment Basin

A basin constructed with an engineered outlet, formed by an embankment or excavation or a
combination of the two. The purpose of a sediment basin is 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.

No-Till System
This practice is an incentive payment to encourage farmers to use conservation no-till to
reduce erosion on land that is experiencing significant erosion.

Sediment Retention, Erosion or Water Control Structure

Temporarily retain water to control the release of runoff water and settle out the soil particles
and nutrients. This practice is applicable to areas on farms where runoff of substantial
amounts of sediment or runoff containing pesticides or fertilizers constitutes a significant
pollution hazard.

Contour Buffer Strips
Reduce erosion and water pollution by establishing strips of permanent vegetative cover
between crops, around hill slopes and alternated downhill slopes.

Drop Pipe

Stabilize the grade and control erosion in natural or artificial channels. Reduce and manage
runoff and sedimentation entering drainage systems. Applicability of this practice is limited
to Bollinger, Butler, Cape Girardeau, Dunklin, Mississippi, New Madrid, Pemiscot, Ripley,
Scott and Stoddard counties in Missouri.
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2. Current Extent of Implementation

The map below shows the proposed FY2015 cost-share in dollars to Missouri soil and water
conservation districts for the Sheet, Rill and Gully Erosion resource concern. This funding is
provided by the Missouri one-tenth-of-one-percent Parks, Soils and Water Sales Tax and is based
on the assessments each district submitted to the Missouri SWCP.

Proposed FY15 Cost-Share Allocation
Sheet, Rill, and Gully Erosion

Proposed Allocation

| <=1$60,000.00

"1 $60,000.01 - $120,000.00
$120,000.01 - $180,000.00

I $180,000.01 - $300,000.00

I $300,000.01 - $480,000.00

I > 5480,000.00

Lincoln  {
~-\]7¢‘\ D
|St Charles/~ 7

Moniteaqc"
/ cole
Morgan\»«‘ S5 Oca
A

. Miller [

M / St Louis

9 b
gGasccnade Franklin
| Uefferson

S—
[ | Henry
Bates | | Benton | =
[ ) 1% Maries [ . b
i | i — R -
St Clair 4
‘ { J[Iickory | Samden CrawfordWashington _ e
Vemon | [ T\ | Phelps | Sté Genevieye
T | Pulaski St/Francois 9
| N\ ./ Pemy =\
Iron | S o

L [ 4
{ Dallas | [ - \
| pok Laclede | e T T }‘ — N
S | ] Madison N\
Dade | - - pe Girardeau
2

|Reynolds, — llinger
~| Greene Webster, Wright e 4 - rBo "&",

Jasper i
- Lawrenceif o Shannon Wayne

[ Christian

Newton — Douglas Carter —

L

o Howell
Stone |
‘ Taney ‘ Ozark T Oregon Ripley |

% | Barry
McDonald |

1 | ..

L
"N
" Pemiscot
4 D
ounkin|

Proposed Allocation: $17,338,797

@ Missouri Department of Natural Resources
~ Soil and Water Conservation Program
L Created on: December 10, 2013
Figure 3: Cost-Share Allocation for Sheet, Rill and Gully Erosion in 2015

Conservation Reserve Program

Under the Conservation Reserve Program (CRP), the USDA Farm Service Agency establishes
contracts with agricultural producers to retire highly erodible and other environmentally-
sensitive cropland and pasture. The program is jointly administered with technical assistance
from the NRCS and Forest Service and other non-federal partners.

The CRP reduces the nitrogen and phosphorus leaving a field in runoff and percolation. Using
models developed by the Food and Agricultural Policy Research Institute (FAPRI), in FY2010
an estimated 607 million pounds of nitrogen and 122 million pounds of phosphorus were
prevented from leaving cropland due to CRP, representing 95 and 86 percent reductions,
respectively.
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The CRP conservation covers reduce erosion and protect soil productivity. By targeting fragile
cropland and placing these lands into protective conservation covers, the CRP greatly reduces
sheet, rill and wind soil erosion. Each year since 2002, CRP reduced soil erosion by an estimated
325 million tons or more compared to pre-CRP levels. Since 1986, CRP has reduced more than 8
billion tons of soil erosion.

USDA — Natural Resources Conservation Service

For over 70 years, federal assistance to protect soil, water, air, plants and animals has been
provided to landowners in Missouri from the USDA — NRCS. The federal investments made
through the NRCS under working lands programs and conservation easements over the last
decade are substantial. In 1982, the National Resource Inventory (NRI) data estimated the
average annual sheet and rill erosion in Missouri as 10.75 tons per acre per year. In 2010, the
NRI data estimated the average annual sheet and rill erosion in Missouri as 5.49 tons per acre per
year, which represented the largest decrease in erosion rate in the nation. This accomplishment
was a direct result of Missouri citizens’ continued support of the State Parks, Soil and Water
Sales Tax.

MISSOURI CULTIVATED CROPLAND - 28 YEAR TREND, 1982-2010
FINAL SHEET AND RILL EROSION RATE ESTIMATES FROM THE 2010 NRI

1982 2010 CHANGE % CHANGE
ACRES 13,054,100 10,348,500 - 2,705,600 -20.7%
EROSION RATE 10.75 5.49 -5.26 -48.9%

Erosion estimates are for sheet and rill erosion based on USLE calculations and presented in
tons/acre/year. All rates are average annual rates based on inherent resource conditions,
cropping/management practices and long-term average weather conditions that occur at each
NRI sample site. The rates shown are weighted averages of individual rates calculated for each
land capability class/subclass.

3. Measures of the Impact of This Action on Water Quality (data and supporting
documentation)
The effectiveness, costs and economic benefits of the conservation practices in this strategy will
be provided by Tetra Tech through a U.S. Environmental Protection Agency (EPA) technical
support contract. The effectiveness of this strategy in reducing nitrogen loads is approximately
15% for Conservation Tillage, 25% for No-Till and 30% for Cover Crops. The effectiveness of
this strategy in reducing total phosphorus loads is approximately 10% for Conservation Tillage
(chisel plowing versus moldboard plowing), 40% for No-Till versus moldboard plowing and
50% for Cover Crops.

Table 2 below is from a Kansas State University publication. This table contains the
effectiveness of reducing the runoff of contaminants from the adoption of various BMPs in no-
till and conventional tillage systems. The data on reduction of runoff by adopting a BMP are
relative to a no-till corn and grain sorghum field where atrazine herbicide is applied pre-
emergence (herbicide broadcast, surface applied following crop planting but prior to crop
emergence), phosphorus and nitrogen fertilizer broadcast applied prior to planting the crop, with
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greater than 1 percent slope on upland clay or clay loam soils. For wheat and other crops, the
comparison benchmark is phosphorus and nitrogen fertilizer broadcast applied, unincorporated,
no-till prior to planting the crop, with greater than 1 percent slope on upland clay or clay loam
soils.

Table 2. Effectiveness of Reducing Runoff of Contaminants

Soluble Total Nitrogen Suspended
Phosphorus Phosphorus . Solids

Best Management Practice

(percent reduction in runoff by adopting BMP)

No-till
Crop Rotation 25 25 25 25
Establish Vegetative buffer strips 25 50 35 50
Contour Farming (without terraces) 20 30 20 20
Terraces with grass waterways (with contour farming) 30 30 30 30
Conventional
Crop Rotation 25 25 25 25
Establish Vegetative buffer strips 25 50 35 50
Conservation tillage farming(>30 percent residue cover) 0 35 15 30
No-Till Farming 0 40 25 75
Contour Farming (without terraces) 20 30 20 35
Terraces with grass waterways (with contour farming) 30 30 30 30

Kansas State University Agricultural Experiment Station and Cooperative
Extension Service; Water Quality Best Management Practices,
Effectiveness, and Cost for Reducing Contaminant Losses from Cropland;
Publication MF-2572 February 2003

4. Key Partners
Identify potential financial (F), technical (T) and outreach (O) partners for each strategy:

* U.S. Department of Agriculture-Natural Resources Conservation Service (F, T, O)
* Missouri Department of Natural Resources-Soil and Water Conservation Program (F, T, O)
¢ County Soil and Water Conservation Districts (F, T, O)

* University of Missouri Extension (T, O)

* Lincoln University (T, O)

* Missouri Farm Bureau (O)

* Missouri Soybean Association (O)

* Missouri Pork Association (O)

* Missouri Agribusiness Association (O)

* Missouri Poultry Federation (O)

* Missouri Cattlemen’s Association (O)

e Missouri Corn Growers Association (O)

e Missouri Department of Agriculture (O)

* U.S. Department of Agriculture-Farm Service Agency (O)

* Land Improvement Contractors Association (T, O)
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5. Future Plans

In the next five years, the Missouri Department of Natural Resources and its partners will
continue addressing erosion control measures through a watershed-based approach. The
department will engage with partners to help communities within watersheds identify the acres
needing treatment. Water quality trends will be tracked over time for all 8- and 12-digit
Hydrologic Unit Code (HUC) watersheds which have long-term water quality monitoring
stations located at the watershed outlets. When prioritizing watersheds, the NRI data will be an
important resource by identifying cropland acres needing treatment on highly erodible lands.

Soil and water conservation districts in Missouri will play an important role by addressing soil
and nutrient loss reductions. The districts are locally-led entities that provide non-regulatory
conservation guidance. There are 114 soil and water conservation districts in Missouri. The
districts have a responsibility to conserve soil and water resources by working with landowners
at a local level to decrease soil erosion and improve water quality. Each district has a local board
of supervisors. Agriculture in Missouri is diverse; therefore, the programs and services offered
will vary with each district. Each district develops a needs assessment in order to prioritize the
county’s needs. By reviewing the needs assessment for each of the counties, the SWCP can
utilize the locally-led process to prioritize watersheds for Sheet, Rill and Gully Erosion.

6. Challenges and Solutions (education, challenges to implement and proposals to meet
challenges)

To achieve long-term conservation goals in agricultural landscapes, it is important to understand

farmers’ perspectives on what practices are effective, practical and economically attainable.

Education efforts are needed to focus on conservation and BMPs specific to reducing runoff

from agricultural practices.

A specific information, education, technical assistance and outreach plan will be developed for
this strategy, which will include:

* Developing and distributing brochures about the effectiveness, costs and economic
benefits of the strategy and available cost-share assistance programs for producers and
landowners within targeted watersheds;

* Providing one-on-one visits with producers and landowners;

* Organizing on-farm and field day tours with producers and other experts teaching
producers;

* Organizing meetings, seminars and workshops with producers and other experts teaching
producers;

* Providing presentations at regular conferences of agencies and organizations;

*  Writing articles in local newspapers, farm magazines and agricultural newsletters;

¢ Conducting radio and television announcements; and

* Recognizing local farmers for voluntary efforts and demonstration of whole farm system
approach to soil and water conservation.
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Edge of Field Practices

1. Define the Action

The findings of a literature review conducted by Tetra Tech in May 2014 have identified the
range of reported pollutant removal efficiencies and costs for three agricultural BMP designs:
constructed wetlands, denitrifying bioreactors and controlled drainage. The review was restricted
to articles and studies conducted since 2000 and prioritized data and studies conducted in the
mid-western United States; however, data for a number of studies outside of that geographic
location were also reviewed. This memo briefly describes each of the BMPs evaluated, discusses
general findings of the studies and presents basic statistical ranges of efficiencies and costs based
on the compiled available data. In general, cost information is less widely available than removal
efficiencies. The vast majority of removal efficiency data are for nitrogen and nitrogen species;
there are a much more limited number of observations related to phosphorus removal
efficiencies.

The BMPs included in this review include constructed wetlands, denitrifying bioreactors
(bioreactors) and controlled drainage.

Constructed Wetlands

Constructed wetlands are engineered systems designed to provide retention and treatment of
runoff from agricultural lands in a way that mimics the pollutant removal processes of natural
wetlands. Treatment effectiveness from constructed wetlands increases with increasing residence
time and temperatures. Crumpton et al. (2006) compiled data from multiple wetland monitoring
sites and showed that export of phosphorus from wetlands may be larger than imports, while
nitrogen can be effectively reduced. Tomer et al. (2003) found that wetlands cannot effectively
denitrify NO; delivered with large flows and therefore may not be capable of achieving water
quality goals without additional measures.

Bioreactors

Denitrifying bioreactors have been identified as a promising method of nitrate removal from
drainage water in agricultural areas. Bioreactors consist of a subsurface carbon reservoir (often
wood chips) which acts as a food source for denitrifying bacteria. As tile drainage flows through
the carbon reservoir, the bacteria work to remove nitrogen. The two most commonly used
designs are beds and walls. Bioreactor beds have been found to be the most effective (Schipper
et al. 2010). The literature review revealed a very wide range in reported efficiencies with many
variables affecting performance including aerobic conditions of the bed, duration of operation
(seasonal or year round) and nitrogen limitation.

Controlled Drainage

Controlled drainage is an agricultural BMP similar to tile drainage but differs from tile drainage
alone in that it uses structures to control the level at which water is allowed to exit the drain.
Control structures intercept the tile drain outflow, effectively raising the groundwater level at
which water may flow out of the drain. The major limitation of this BMP is that controlled
drainage is best considered for flatter topography with slopes of 1% or less in order to minimize
the need for additional structures. Steeper slopes require installation of additional structures in
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order to maintain the proper depth to groundwater profiles resulting in added costs and
management effort.

2. Current Extent of Implementation

Missouri’s diverse landscapes contribute greatly to its agricultural diversity. Fertile soil exists all
across the state. That fertile land aids in the production of Missouri’s five top crops: soybeans,
corn, hay, wheat and cotton. In 2012, Missouri planted 5.4 million acres of soybeans, 3.6 million
acres of corn, 3.7 million acres of hay, 790,000 acres of wheat, 350,000 acres of cotton and
180,000 acres of rice. The combined total of this is 14.2 million acres, which accounts for nearly
one-half of all agricultural acres in Missouri.

USDA-NRCS and Missouri Department of Conservation

Missouri, a state that at one time boasted 4.84 million acres of wetlands in the pre-settlement era
of the 1780s, was reduced to 643,000 acres of wetlands by the 1980s. Deemed unproductive
pieces of land, wetlands were drained, dredged and filled to build a more agriculturally
productive state. Now recognized for their critical wildlife habitat, recreational opportunities,
improvement to water quality, temporary storage of floodwaters and resources for education and
research, wetlands are making a comeback in the Show-Me state.

Behind this resurgence of wetlands are the NRCS and Missouri Department of Conservation
(MDC). Bolstered by federal funding from NRCS through its Wetlands Reserve Program (WRP)
and state funding through MDC, the two agencies have worked together to restore 170,000 acres
of Missouri’s wetlands since WRP began in 1992.

“In 1976, the people of Missouri voted and passed legislation for a state sales tax that directs
one-eighth-of-one-percent to MDC for the sole purpose of conservation efforts, generating $80
to $90 million a year. A portion of funds are used for funding wetlands service biologists who sit
on each Wetland Emphasis Team (WET) in Missouri. MDC and NRCS have a strong partnership
and neither agency would have been able to accomplish as much individually as we have by
working together.”

3. Measures

Summary of Studies Reviewed

This review incorporates the findings of several very recent comprehensive literature reviews
that were conducted to support the completion of the [owa and Minnesota State Nutrient
Reduction Strategies (IDALS, IDNR, ISU CALS 2013 and MDA 2013) as well as original
literature. Because individual articles and literature compilations were included, some of the
efficiencies compiled for this effort were encountered several times during the review. In
calculating statistics, reviewers made an effort to ensure that efficiencies from a single study
were considered only once.

The review process involved collection of potentially relevant studies for each BMP and
recording critical information into a spreadsheet. Each study was reviewed and on the first tab of
the data spreadsheet, given an article identification number and basic information noted
including title, author, citations and summary information. Each study was then evaluated to
determine whether efficiency and/or cost data were reported. If so, the data were entered on the
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relevant page of the spreadsheet (removal efficiencies or cost data) so that basic statistics could
be calculated. The geographic extent covered by the studies included in the statistical analysis
vary across the U.S. and internationally (Table 3). The majority of observations are for areas in
the Midwestern U.S., from locations in lowa, Illinois, Minnesota and Ohio. The review also
included one study each from Florida, Maryland, Mississippi, North Carolina and Virginia and
two study sites in South Dakota. Internationally, the review identified efficiency data for
controlled drainage at two sites in Canada and for one bioreactor site in New Zealand. The table
indicates what BMPs are addressed by each study. All studies listed in Table 3 provided
efficiency estimates, with the exception of the two South Dakota bioreactor fact sheets (Baltic
and Montrose Fact Sheets) that provided cost data but no efficiencies. Studies that provided cost
estimates and efficiency estimates are noted. As mentioned, some observations were encountered
multiple times in the course of the review; therefore, duplicates were eliminated from calculation
as well as records for some observations outside of the desired geographic area (e.g.,
observations from the New Zealand site).
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Table 3. Geographical Extent of Studies Included in Statistical Analysis

Location | BMP Studies
FL Bioreactor Schmidt et al. 2011
Wetland Crumpton et al. 2006, Woltemade 2000, Tomer et al. 2003,
ctan MPCA 2013, Fabrizzi and Mulla 2012, Christianson 2011°
. Christianson 2011, Jaynes et al. 2008, Schipper et al. 2010,
IA Bioreactor MPCA 2013, lowa Strategy 2013 °
Controlled Drai Towa Strategy 2013 “, MPCA 2013, Fabrizzi and Mulla
ONtroTied IANAse | 1012, Ma et al. 2007 °, Thorp et al. 2008"
Wetland Crumpton et al. 2006, Tomer et al. 2013, Woltemade 2000,
© Kovacic et al. 2000, Fabrizzi and Mulla 2012
IL Bioreactor Bell 2013, Schipper et al. 2010, Fabrizzi and Mulla 2012
Controlled Drainage | Fabrizzi and Mulla 2012
MD Wetland Woltemade 2000
Wetland MPCA 2013, Fabrizzi and Mulla 2012, MN Dept. of
Agriculture 2012 (check)
MN Bioreactor MN Dept. of Agriculture 2012 *, MPCA 2013 *, Fabrizzi and
Mulla 2012, Minnesota Strategy (Lazarus 2013)°
. Minnesota Strategy (Lazarus 2013)“, MPCA 2013°,
Controlled Drainage | g1 i77i and Mulla 2012
S Wetland Shields et al. 2009
M
Controlled Drainage | Collum et al. 2006
NC Wetland Fabrizzi and Mulla 2012
o Wetland Crumpton et al. 2006
H
Controlled Drainage | Fabrizzi and Mulla 2012
SD Bioreactor Baltic Fact Sheet, Montrose Fact Sheet
VA Bioreactor Easton and Lassiter 2013 *
Vari Bioreactor Jaynes et al. 2008, Schipper et al. 2010 °
ari
o Controlled Drainage | Fabrizzi and Mulla 2012, Dinnes et al. 2002
a. Efficiencies and cost estimates
b. Modeling estimates
c. Cost estimates only

One challenge in interpreting reported BMP performance is that data reported are not always
consistent across studies. Data for constructed wetlands and for controlled drainage were
typically reported as percentage removal efficiency for nitrate. However the studies for
bioreactors reported annual percentage nitrate concentration removal, annual percent load

reduction (kg N) or a daily removal rate of nitrogen in kg N / m’. Christianson (2011) reported
all three. Table 4 summarizes the nutrient removal data and provides performance statistics for
each BMP.
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Table 4. Performance Removal Efficiencies for Constructed Wetlands, Bioreactors and
Controlled Drainage

Constructed Wetlands Bioreactors Cont.r olled
Drainage
%o Yo Remo
% Removal Re Load val Yo
0 .
mov | Reducti Rate Removal
Measure al on
2 | & z |z | & | g 5, SE’ @
= — ! — ! = ~ =
£ £z | £| 2 | & z | 7 £
= Z ~ A Z & o r4
N 70 12 9 10 9 21 37 13 15
Minimum 18.0 | (54.0)| (48.0)|24.0 | (27.0) 12 0 16 4
10th
percentile 269 | (14.6) | (20.8) | 26.7 8.2 13 1 30 27
25th
percentile 343 4.3 (1.5) | 32.3 20.0 29 1 47 32
Median 40.1 18.5 19.0 | 33.5 38.0 44 3 47 39
Average 46.0 17.1 20.2 | 364 34,9 43 4 46 38
75th
percentile 53.0 36.5 51.0 | 42.8 47.0 55 5.5 54 45
90th
percentile 78.1 42.5 59.8 | 484 66.0 74 9.8 76 49
99th
percentile 90.8 75.9 73.5 | 51.6 87.6 76.7 23.8 96 67
Maximum 92.6 80.0 75.0 | 52.0 90.0 77 30 98 70

Note: Numbers in parentheses are negative removal rates, i.e., net export of the pollutant.

As shown in Table 4, constructed wetlands exhibit highly variable removal rates. Under most
conditions, constructed wetlands removed total nitrogen and total phosphorus, but they can
become a source in some instances. However the compiled data indicate that overall there is
adequate nutrient removal from constructed wetlands, with average nitrate removal around 46
percent.

Across all three BMPs, the median percent removal for nitrate was within a narrow range of
variability (40 for wetlands, 44 for bioreactors and 39 for controlled drainage). The range of
nitrate removal efficiencies is slightly higher among bioreactors, the spread between the 10" and
90™ percentiles for nitrate removal efficiency being 62, followed by constructed wetlands (60)
and controlled drainage (45).

Cost Analysis

Of the studies reviewed, the most directly comparable presentation of cost data for the three
BMPs was that of Christianson 2011, a doctoral dissertation in which the author developed cost
effectiveness estimates ($ per kg N removed) of seven major nutrient reduction strategies related

A-20|Page




to agricultural drainage in the Midwestern U.S. The effectiveness data were developed by
establishing farm level total present value cost models for establishing and maintaining BMPs
and then converting the total present value costs to an equal annual cost (EAC) based on an
amortization over 50 years and a four percent discount rate. The EACs were then combined with
literature values of N reductions for each BMP to develop the effectiveness values. Table 5
shows that each of the three BMPs are estimated to have similar cost effectiveness. Table 6
shows minimum, average and maximum costs per area treated, per kg N removed and annual
costs per area treated. It also shows the range of reported costs for bioreactors; these were
reported total costs of installation for ten bioreactors in lowa, South Dakota and the Eastern
Shore of Virginia. Site conditions and contractor considerations are factors that can affect costs
across different locations. In general these data show higher average costs per area treated for
constructed wetlands, followed by controlled drainage and then bioreactors. However in terms of
annual costs, controlled drainage and bioreactors have similar average annual costs, with
wetlands slightly higher. Costs are reported in 2013 dollars. Costs for earlier years were adjusted
for inflation using BEA (2014). If costs referenced out of state locations, they were adjusted
using the statewide average of the RS Means (2014) city cost indices.

Table 5. BMP cost effectiveness estimates from Christianson 2011

Cost
Effectiveness EAC
(Mean)
$/kgN Min Max Avg

BMP removed $/ha $/ha $/ha

Wetland $2.08 $29.90 $41.25 $35.35

Bioreactor $2.17 $15.68 $32.64 $24.17

Controlled $2.79 §9.04 | $37.64 | $23.34

rainage
Table 6. Cost comparison from available literature
$/ha $/kgN

BMP Cost $ drained” removed $/ha/yr
min $ 355.86 $ 0.69 $ 40.93
Wetland average $ 723.99 $ 222 $ 66.60
max $ 1,059.73 $ 3.33 $ 92.28
min $ 2,716.38 $ 98.70 $ 0.46 $ 28.02
Bioreactor average $ 8,154.63 $ 503.63 $ 541 $ 3531
max $13,533.99 $ 890.65 $15.43 $ 42.59
Controlled min $ 232.08 $ 0.65 $ 21.29
Drainage avg $ 600.67 $ 1.35 $ 24.15
max $ 966.98 $ 240 $ 27.01

a. Total costs, does not include any EAC estimates
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4. Key Partners
The following are potential financial (F), technical (T) and outreach (O) partners for this

strategy:

USDA - Natural Resources Conservation Service (F, T, O)

USDA - Farm Service Agency (O)

Missouri Department of Natural Resources-Soil and Water Conservation Program (F, T,
0)

Missouri Department of Agriculture (F, O)

County Soil and Water Conservation Districts (F, T, O)

University of Missouri Extension (T, O)

University of Missouri College of Agriculture Food and Natural Resources (T, O)
Lincoln University (T, O)

Missouri Farm Bureau (O)

Missouri Corn Growers Association (O)

Missouri Soybean Association (O)

Missouri Agribusiness Association (O)

5. Challenges and Solutions (education, challenges to implement and proposals to meet

challenges)

To achieve long-term conservation goals in agricultural landscapes, it is important to understand
farmers’ perspectives on what practices are effective, practical and economically attainable.
Research and education efforts will be needed to focus on conservation and BMPs specific to
reducing nutrient runoff from agricultural lands. These efforts will most likely include:

With the implementation of the 2014 Farm Bill, WRP was replaced by the Wetland
Reserve Easement (WRE) Program. Housed under the Agriculture Conservation
Easement Program, WRE is designed to restore, protect, perpetuate and enhance
easements.

Dedicate significant resources toward research, demonstration and information
dissemination in order to reduce nutrient losses, increase nutrient efficiency and ensure
the adoption of in-field practices to enhance nutrient stewardship.

Implement Our Missouri Waters and identify where the greatest improvements in water
quality can be made and identify those watersheds that are high contributors of nutrients
to the Mississippi River.

Coordinate with decision-makers involved in making nutrient recommendations to
enhance the implementation of nutrient stewardship strategies.

Collect useful information from the agricultural fertilizer supply industry and farmers on
fertilizer use patterns and nutrient stewardship practices to prioritize efforts and provide a
more accurate picture of nutrient balances in production agriculture. Use of this data will
act as a guide for measuring adoption of nutrient stewardship practices and help prioritize
areas where education and implementation should be targeted for improvement.

Develop a plan to coordinate agricultural industry, farmers, government and private
resources to promote educational and incentive programs that will be cost-effective and
make the most impact on priority watersheds.

Conduct targeted, specific educational and promotional activities of 4R nutrient
stewardship practices in priority watersheds, knowing that as additional research is
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developed and refined the educational program will incorporate this knowledge and the
implementation will reflect new understandings and technologies realized from the
research.

Consider field research and demonstration projects with monitoring of nutrients in
surface water, along with economic analysis, to verify the best adaptive management
practices.

Review incentive programs and refine as necessary to assure programs offered to farmers
encourage adoption of enhanced nutrient stewardship practices.

Develop a statewide campaign to educate those in agriculture and the public on 4R
nutrient stewardship practices that research projects have identified and verified and
include in on-farm peer demonstrations in targeted watersheds.
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Cover Crop Management

1. Define the Action

A cover crop is planted primarily to manage soil fertility, soil quality, water, weeds, pests,
diseases, biodiversity and wildlife in an agroecosystem (Lu et al. 2000). Some of the most
important uses of cover crops are to increase soil fertility and reduce nutrient runoff and
leaching. However, they are also used to manage a wide range of soil macronutrients and
micronutrients. Of the various nutrients, the impact that cover crops have on nitrogen
management has received the most attention from researchers and farmers, because nitrogen is
often the most limiting nutrient in crop production.

Farmers choose to grow and manage specific cover crop types based on their own needs and
goals, influenced by the biological, environmental, social, cultural and economic factors of the
food system in which farmers operate (Snapp et al. 2005). Professional conservationists plan
cover crop use to match the resource concern(s) present (e.g., erosion, nutrient cycling, soil
health, or pest control).

The main purpose of a most cover crops is to benefit the soil and/or other crops. Some of the
primary benefits from cover crops include:

Soil quality improvements--Soil tilth is improved whenever a plant establishes roots and
grows into compacted areas. Water infiltration is improved as well. When a field lays
fallow for a period of time, the surface tends to seal and water will run off. Cover crops
protect the soil surface and reduce sealing. Beneficial organisms in the soil, such as
earthworms, thrive when a diversity of fresh plant material is decomposing. Organic
matter levels tend to improve with the addition of cover crops.

Erosion control--Cover crops reduce wind and water erosion on all types of soils. By
having the soil protected by cover crops during the fall, winter and early spring, loss of
soil from erosion is greatly reduced.

Fertility improvements--Legumes can add substantial amounts of available nitrogen to
the soil. Non-legumes can be used to take up excess nitrogen from previous crops and
recycle the nitrogen as well as available phosphorus and potassium to the following crop.
This is very important after manure application, because cover crops can reduce leaching
of nutrients, especially nitrogen and phosphorus.

Suppress weeds--A dense stand of winter rye or other cover crop can suppress weeds by
soil shading and competition.

Insect control--Beneficial insects, such as lady beetles or ground beetles, may be
encouraged by planting cover crops.

The following plant guides describe the characteristics of some commonly used cover crops.
They provide assistance in selecting appropriate cover crops, when and how to plant and when to
terminate or incorporate the plant into the soil. (USDA, NRCS Plant Guide)

Oats (Avena sativa) are small grains that are commonly used as a cover crop.

Cereal Rye (Secale cereale L.) is a 3-6 feet tall, cool season, annual grass. Uses include livestock
forage, hay, wildlife food, green manure and weed suppression. Cereal Rye is one of the most
common cover crops and it can be planted later than many other cover crops and it doesn’t
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winter kill. Cereal Rye will survive in dry climates, but doesn’t do well in excessive moisture. It
also grows well in low soil fertility and sandy soil conditions. Cereal Rye can grow more than 6
feet high in a wet spring and keep soils from drying out and warming up which can delay spring
planting.

Annual Ryegrass (Lolium multiflorum) is a cool-season grass. The cost of its seed is slightly less
than Cereal Rye and it’s easy to establish in the fall with adequate moisture, but its planting
period is shorter and its risk of winter kill is greater than Cereal Rye. In trials in the Midwest,
about 70 to 80 pounds of nitrogen per acre were available to the following row crop after Annual
Ryegrass was burned down with a herbicide. Annual Ryegrass performs markedly better than
Cereal Rye in breaking through layers of soil compaction, especially at soil depths below 24
inches and also breaks down more quickly than Cereal Rye.

Crimson Clover (Trifolium incarnatum) is commonly used as a winter or summer annual cover
crop in rotation with vegetables or field crops (Clark, 2007). It can be used alone or as part of a
mixture with other legumes, small grains and winter annual grasses. Crimson clover can capture
between 70 to 150 Ib/ac of nitrogen, respectively, through nitrogen fixation, depending on
whether it is used as a winter or summer annual cover crop.

Hairy Vetch (Vicia villosa Roth), also known as Sand Vetch, can enrich the soil with 70 to 150
Ib/ac of nitrogen, respectively, through nitrogen fixation depending on whether it is used as a
winter or summer annual cover crop. It can be grazed or harvested as forage. Research has
shown that hairy vetch mulch can also increase the disease resistance and prolong leaf
photosynthesis of the following cash crop.

Cowpea (Vigna unguicula) is an annual, summer cover crop that can be used for food, forage,
hay, green manure and wildlife.

Field Mustard (Brassica rapa ssp. Rapa) is an annual or biennial forb that is used as forage, or
biofumigant. There are also horticultural cultivars used as vegetable crops including turnip and

rapini or broccoli raab.

Oilseed Radish (Raphanus sativus) is a cultivated annual/biennial species in the mustard family
used as a cover crop on croplands.

Pea (Pisum sativum) is grown as green manure and cover crop because it grows quickly and
contribute nitrogen to the soil (Ingels et al., 1994; Clark, 2007).

Pigeonpea (Cajanus cajan) is a perennial, summer cover crop that can be used for food, forage,
green manure and wildlife.

Sorghum (Sorghum bicolor L.) is used as a drought tolerant, summer annual rotational cover
crop either alone or seeded in a warm season cover crop mixture.

Sunn hemp (Crotalaria juncea) is an annual, summer cover crop that can be used for forage,
green manure and wildlife.
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2. Current Extent of Implementation

USDA-NRCS

The USDA NRCS administers the EQIP, a voluntary conservation program that provides
financial and technical assistance to farmers and ranchers. Through EQIP, NRCS develops
contracts with agricultural producers to implement conservation practices to address natural
resource problems. Payments are made to producers once conservation practices are completed
according to NRCS requirements. EQIP funded practices and activities are carried out in
accordance with a conservation plan, developed in partnership between NRCS and the producer.
The plan identifies the appropriate conservation practice or measures needed to address the
applicable resource concerns on the farm.

Through USDA-NRCS in FY2014 alone there were more than 738 contracts with 18,933 acres
of cover crop applied thus through the Conservation Security, Conservation Stewardship,
Environmental Quality Incentives and the Wildlife Habitat Incentives programs. The chart below
indicates approximate occurrences of the Cover Crop (NRCS 340) practice through similar
programs from 2003-2013 compared with FY2014 alone. This illustrates the increase in
popularity of the practice when compared to 2014.

Missouri Summary of Applied Practices through the Conservation Security,
Conservation Stewardship, Environmental Quality Incentives and the Wildlife
Habitat Incentives from 10-1-2003 through 9-30-2013

Cover Crop Practice Code Number of Contracts | Financial Dollars Paid
FY2003 - FY2013 340 665 $1,861,645
FY2014 340 738 $972,326

There are many practices available through the NRCS that reduce nutrient loss from row crop
fields. The following practices can be utilized in the conservation plan to complement cover
crops. They are listed below.

NRCS Practices

NRCS 328 — Conservation Crop Rotation

NRCS 329 — Residue and Tillage Management/No-Till/Strip Till
NRCS 330 — Contour Farming

NRCS 332 — Contour Buffer Strips

NRCS 345 — Residue and Tillage Management/Mulch Till
NRCS 346 — Residue and Tillage Management/Ridge Till
NRCS 391 — Riparian Forest Buffer

NRCS 393 — Filter Strip

NRCS 386 — Field Border

NRCS 412 — Grassed Waterway

NRCS 554 — Drainage Water Management

NRCS 585 — Stripcropping

NRCS 587 — Structure for Water Control

NRCS 590 — Nutrient Management

A-26|Page



Missouri Soil & Water Conservation Program

The SWCP is a state funded and managed cost-share program that provides financial incentives
to landowners for implementation of conservation practices that help prevent soil erosion and
protect water resources. The SWCP practices promote good farming techniques that help keep
soil on the fields and waters clean as well as conserving the productivity of Missouri’s working
lands. The primary funding for SWCP cost-share practices comes from the one-tenth-of-one-
percent Parks, Soils and Water Sales Tax, which is shared by the Department of Natural
Resources” SWCP and the Division of State Parks.

Prior to July 1, 2014, SWCP funding was only available for cover crop practices in Chariton
County as part of a pilot project. Through the state level pilot, the program has introduced 693
acres of cover crops in Chariton County in the last two years. Beginning July 1, 2014, however,
all 114 Soil and Water Conservation Districts in Missouri will receive an allocation of $4,800
from the Parks, Soil and Water Sales Tax to contract with landowners the implementation of
cover crops. The landowners are allowed to pilot up to 20 acres and must implement with no-till.

The following SWCP practices are already available and may complement the piloted cover crop
practice when fully approved for statewide use:

SWCP

DSL-15 — No-Till System

DWP-03 — Sod Waterway

N332 — Contour Buffer Strips
N386 - Field Borders

N391 - Riparian Forest Buffers
N393 - Filter Strips

N554 - Drainage Water Management
N585 — Contour Stripcropping
N587 — Structure for Water Control
N590 — Nutrient Management
WQI10 — Stream Protection

3. Measures of the Impact of this Action on Water Quality (data and supporting
documentation)
Cover cropping is not a new agricultural practice, but diminished from widespread adoption over
the last 50 years. Recently, the conservation practice has become more popular across the entire
United States as a new generation of producer’s are realizing the benefits. Cover crop research
from the past was initially done in warm, humid locations such as the Southeast or in areas where
summer cover crops could be used with short crop rotations. Most cultivars of cover crops are
adapted for Mediterranean-like climates (Sims and Slinkard, 1991). Existing research data from
areas like these will not translate well for Missouri because of climate differences.
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Impacts in U.S. —
Investigators have noted reductions in nitrate load using a rye cover crop that range from
13 percent in Minnesota to 94 percent in Kentucky. In Iowa, rye and oat cover crops
reduced rill erosion following soybean in a no-tillage system by 79 percent and 49
percent. Losses of phosphorus to surface waters, which are usually linked to sediment
losses, might be reduced by a similar amount relative to no-tillage. Reductions in total
phosphorus losses ranged from 54 percent to 94 percent from research experiments using
cover crops. (Singer, Kaspar, 2006) However, the effects of cover crops on soluble
phosphorus in runoff are variable and do not always result in reductions. The
effectiveness of cover crops varies with growth of the cover crop, weather and
management of the cash crop.

Impacts in Missouri -
University of Missouri and USDA — Agricultural Research Service (ARS)
Several research projects on cover crops are in progress from different perspectives
including the effects of various cover crop species on weed emergence; cover crop
impacts on flood recovery; improvement in soil fertility; effects on disease in crops;
emissions of greenhouse gas emissions in organic production; vegetable production; yield
of corn and soybean rotations; cover crop biomass production; site specific crop
management (Precision Agriculture System); effects on pasture/hayland yields.

Additional research projects on cover crops are anticipated in the future and adaptive
measures will be taken to examine the use of cover crops on soil health in rotational
studies comparing monocultures to two or more crop rotations.

USDA — Natural Resources Conservation Service Plant Materials Program

Soil health is the focus in a study in Elsberry, Missouri. Soil health is a broad category
that is composed of many different soil properties and qualities often difficult to measure
and slow to change. The study in Elsberry is a part of the NRCS national soil health study
that focused on how much effect cover crop management has on soil health. Results
reported are expected to change over the course of the study as more data are collected
and analyzed. After one year, there was only minimal improvement in soil properties
such as mean bulk density, mean soil water content, mean soil resistance and mean
percent volumetric soil water content. (USDA, National Study Progress Report)

Additional small scale projects exist from various faculty members of Missouri’s universities.
However, efforts are somewhat independent, localized and/or limited by financial resources.
Despite limited research data for Missouri, researchers can gain a general sense of a plant’s
effectiveness by comparing data from neighboring states. More research will continue to take
place and cultivars of cover crops will slowly be adapted to the climate and cropping systems of
the Midwest.

4. Key Partners
Identify potential financial (F), technical (T) and outreach (O) partners for each strategy:

* U.S. Department of Agriculture-Natural Resources Conservation Service (F, T, O)
* Missouri Department of Natural Resources-Soil and Water Conservation Program (F, T, O)
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¢ County Soil and Water Conservation Districts (F, T, O)
e University of Missouri Extension (T, O)

* Lincoln University (T, O)

* Missouri Farm Bureau (O)

* Missouri Soybean Association (O)

* Missouri Pork Association (O)

* Missouri Agribusiness Association (O)

* Missouri Poultry Federation (O)

* Missouri Cattlemen’s Association (O)

¢ Missouri Corn Growers Association (O)

¢ Missouri Department of Agriculture (O)

* U.S. Department of Agriculture-Farm Service Agency (O)

S. Future Plans

In Missouri, the outreach plan for cover crop programs is currently based on limited research and
practical experience as producers implement cover crops. It is the shared goal of state and federal
conservation agencies and stakeholders to provide demonstration data to further develop cover
crop recommendations which are best suited for a diverse Missouri agriculture. With
demonstration projects and education efforts ongoing, it is proposed that in five years more
knowledge will be obtained about which cover crop mixes work in cropland; quantified the
effects on water quality and soil erosion; quantified the potential yield and quality of forage for
livestock operations; demonstrated the best methods and benefits to landowners for
implementation on their lands. When better science is acquired, these lessons will be
incorporated into the streamline of official recommendations and program policies to Missouri
Zrowers.

Education and outreach efforts will be emphasized through efforts such as the Our Missouri
Waters (OMW) effort through the Missouri Department of Natural Resources. This is a
framework for watershed scale planning that provides a foundation of watershed level
understanding and analysis, coordination of resources within the watershed and support of
partners’ efforts to tackle tough environmental concerns at the watershed level. The OMW
process is a five year cycle of assessment, involvement, priority setting and action that supports
an orderly approach to nutrient reduction such as cover crop management.

Education and Outreach efforts will strive to:

* Engage producers, agribusinesses and scientists in an active learning process to evaluate
nutrient reductions from cover crops.

* Understand that implementation of cover crops will be unique for each area within the
state and site-specific application will be applied according to research.

* Promote active learning through the involvement of producers in on-farm
demonstrations, group discussions and surveys and distribution of demonstration results.

* Identify local leaders that are willing to share localized efforts in their watershed and how
they have adapted in the last 5 years.

* Integrate agronomy, agricultural engineering, sociology and agricultural economics to
provide a multi-faceted approach to reducing nutrient loss with cover crops.
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Cover crop research shows promise in reducing environmental concerns while increasing the
profitability of agricultural land. The Midwest is somewhat limited in past cover crop
effectiveness data but current research is helping to enhance information for Missouri and other
states. As educational outreach grows, more farmers will quickly adopt the practice of cover
crops as long as profit margins are favorable relative to the practice implementation. Also,
financial and technical assistance from state and federal programs (e.g. Extension, SWCP and
NRCS) will help farmers establish cover crops on their farms and support long term adoption
rates (Singer et al., 2007).

6. Challenges
Along with learning more about cover crops from past research, Missouri farmers will have to

learn to manage cover crops to achieve the benefits and help minimize adverse effects from
adoption (e.g., Yield reduction, Reinbott et al., 2004). Proper timing of cover crop termination is
essential when planting the subsequent cash crop, due to alterations in water and N management.
Cover crops also slow the rate of soil warmth during the spring, making it essential for farmers to
check soil temperatures before planting (Dabney et al., 2001).

Cover crops can provide a multitude of environmental benefits, including reducing soil erosion,
minimizing nitrogen leaching and increasing soil carbon storage (Delgado et al. 2007; Singer et
al. 2007; Hargrove 1991). Cover crops also have the potential to suppress weeds, control pests
and create new sources of income for farmers (Clark 2007). However, some farmers are still
reluctant to try cover crops due to the timing of planting cover crops in the fall and possible
delays in planting cash crops in the spring.

So why aren’t more farmers using cover crops? The key to greater adoption of cover crops likely
involves a combination of approaches. For instance, Singer et al. (2007) found that
“approximately 56% of farmers indicated that they would plant cover crops if cost-sharing was
available.” This suggests that cost-sharing mechanisms mentioned earlier could be effective in a
successful cover crop implementation strategy.

Establishing cover crops in Missouri is difficult because our cropping systems compel producers
to plant cover crops seeds into standing crops (Reinbott et al., 2004). As the cash crop is drying
and reaching maturity, cover crops are supposed to be establishing root growth and scavenging
nutrients from the soil that might otherwise leach into groundwater. To reach maximum
effectiveness, agronomy research should accompany state and federal programs to provide the
best possible opportunity for success by Missouri cropland managers.
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4R Nutrient Management Action

1. Define the Action

Nutrients are a necessary ingredient for life on Earth. People, plants and animals rely on nutrients
not only to sustain their existence, but more importantly to thrive. Whether one is growing a
garden, forage for livestock, corn, soybeans, wheat, or any other number of crops, nutrients
provide the ingredients for life and productive growth. From an agricultural point of view, it is
nutrients, by enhancing the fertility of soil, which will make it possible for the world to support a
growing population, currently more than six billion people.

Commercial fertilizers and animal manure, along with other sources of nutrients, all play a major
role in the increased productivity of crops in today’s modern production agriculture. However,
how we plan for, manage and use crop nutrients on the farm will in-turn play a major role in the
economic return and environmental soundness of farming operations. It is clear that the
continued investment and innovation in new technologies, the expanded use and refinement of
precision-based farming along with implementation of cutting edge tools and BMPs provide a
bright future for agriculture and will afford farmers the opportunity to both grow abundant crops
and meet future environmental needs.

Action Summary
Goal: “Promote, expand and further implement a “4R nutrient stewardship” approach to
nutrient management on Missouri farms.”

Major crop nutrients include nitrogen (N), phosphorus (P) and potash (K), all of which are
naturally occurring elements within the environment. As plants grow, they take up nutrients from
the soil. Understanding crop nutrient need and providing those nutrients 1) in the right amounts,
2) in the right forms, 3) in the right place and 4) at the right time is the essence of the 4R (the 4
rights) approach and is an essential element to achieving the mutual goals of ensuring proper
crop nutrition, maximizing crop productivity and efficiency and achieving environmental
soundness.

The 4Rs provide a foundation for a science-based framework to achieve sustainable management
of plant nutrition. There is an existing need for improved adoption of nutrient practices that
enhance the efficiency, productivity and sustainability of cropping systems. Attempting to
maximize productivity by over applying nutrients beyond crop need can result in both increased
environmental impacts and decreased farm profitability. In order to achieve long term
sustainable improvements, efficiency, profitability and productivity must be equally considered.

When a farmer’s nutrient management decisions result in increased production and nutrient use
efficiency, reductions in nutrient loss to the environment will occur. While the fundamental
principles governing the 4R nutrient stewardship are universal, implementation is field-specific;
in other words there is not a repeatable management plan or set of practices that will work for
everyone in every location. Selecting practices that increase nutrient efficiency and productivity
begins with addressing the fundamental principles behind the 4Rs. Thus, nutrient management
decisions should be based on a 4R nutrient stewardship approach and should then be combined
with the use of other available conservation practices.
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Nutrient Loss Pathways and Sources
There are fundamental differences in the behavior of nitrogen (N) and phosphorus (P) in the
environment that influence their potential and ability to be lost to surface waters.

For phosphorus, there are two primary pathways to consider, soluble P losses carried in surface
and drainage waters and particulate P losses associated with erosion. When phosphorus is
applied to crop fields, it will generally form a strong bond with the soil particles; conservation
measures that reduce cropland soil erosion will also reduce losses of phosphorus. A small
fraction of the phosphorus is vulnerable to loss as soluble P in runoff from fields. Soluble losses
are greatest when soil test levels are high and also following surface applications of fertilizer.
Soluble phosphorus does not typically readily leach down through the soil profile in large
amounts. In contrast to nitrogen, P attachment to soil particles helps limit extensive leaching of
soluble P through the soil profile except where drainage tiles may shorten the pathway from the
surface to drainage water and where excessively applied P has saturated the soil profile.

Because phosphorus is not susceptible to volatilization into the air nor readily leaches down
through the soil it will accumulate in the soil if application exceeds crop demand. This is an
outcome that can increase long-term soluble phosphorus loss in surface runoft.

With these two primary pathways in mind, the BMPs to reduce phosphorus loss from cropland
tend to focus on these three areas, 1) optimizing timing of phosphorus application, 2) optimizing
soil phosphorus levels, as well as 3) decreasing soil erosion.

Nitrogen, unlike phosphorus, is more mobile in the soil profile and readily cycles within the air,
land and water. The inorganic forms of fertilizer nitrogen are predominantly water soluble which
enables it to move within soil and water shortly after it’s applied. Nitrogen, in any given year,
will be used by the crop, leach downward into the soil profile, be carried away in surface runoff,
or be lost to the atmosphere (through denitrification or surface volatilization). Since plant
available forms of nitrogen do not normally remain in the soil from year to year, cropland soils
require regular replenishment by nitrogen fixation with legume plants and/or fertilization.

Nitrogen losses to surface water results from a host of different factors, many that are unrelated
to the fertilizer product itself. These factors include local weather and climate conditions as well
as field specific factors like soil type, slope, hydrology, irrigation and the type of crop or
vegetative cover planted. In addition, many different fertilizer management decisions also impact
the potential for nitrogen loss like the form of fertilizer used (ex., urea vs. ammonium nitrate),
the application rate and timing and the method of application.

With these factors in mind, overall strategies that target nitrogen loss reduction from fields will
tend to focus on the following areas: 1) optimizing use efficiency through the 4Rs, 2) utilizing or
“binding” left over soluble nitrogen from soil and groundwater reserves (e.g., cover crops),

3) modifying the soil hydrology to prevent leaching (Drainage Water Management) and

4) trapping and treating surface runoff and/or tile outlets (edge-of-field practices).
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This specific 4R action focuses primarily on optimizing phosphorus application and soil
phosphorus levels and optimizing nitrogen use efficiency. The other three areas listed will be
addressed in other strategy actions.

Explain the Action

A variety of management practices, tools and BMPs are already currently used to address and
minimize nutrient loss from cropland. Some are more effective, feasible and appropriate for a
given farm or field than others. For practices to work and be sustainable long-term, selection of
practices and BMPs must be based on the specific characteristics of individual farms and fields
and address both efficiency and productivity. Similarly, the performance of individual BMPs can
vary widely depending on local soils, slopes and other field and climatic conditions. Clearly, a
major challenge for developing a statewide strategy is determining the appropriateness of
individual BMPs across the entire state.

For this reason, nutrient management as a strategy must be approached and designed as an
adaptive process used by farmers to manage and focus in on the right amount, right form, right
placement and the right timing of the application of nutrients to crops. In particular, these four
criteria, known within the agricultural industry as the “4Rs” of nutrient stewardship, require a
farmer to consider, adopt and/or follow a number of specific strategies and practices that focus
on improving fertilizer-use efficiency and increasing the bushels per acre for each unit of nutrient
applied without sacrificing a field’s yield or production potential. Applying proper management
practices in this way will reduce nutrient loss to the environment by minimizing nutrient
transport to surface waters and maximize crop uptake and utilization.

Therefore, one of the key differentiating elements for this strategy is to emphasize and encourage
farmers to transition to an adaptive 4R management approach to managing nutrients. By
following an adaptive 4R management approach, farmers can continually identify and overcome
challenges and tailor the best suite of practices for their farm.

Focus of Future Action

With the rapidly expanding technical sophistication and capacity of Missouri farm operations,
farmers are more poised than ever to integrate real time data and scientific decision making into
their farming operation. To improve efficiency and utilization of crop nutrients, farmers must
have reliable site-specific data and recommendations, use that information to base yearly nutrient
management decisions and finally, implement those decisions with precision based tools and
technologies.

The challenge for farmers going forward will be selecting, validating and deploying the best
option(s) for a given farm field in a given growing season. In order to make adaptive nutrient
management more effective and meaningful at the farm or field level, planning must integrate
farm and field specific info and data into a farmer’s decision making approach. One of the bigger
challenges ahead for agriculture will be to effectively utilize and synthesize down the large
amounts of production and operational data that is and will continue to be, generated on farms to
improve nutrient and production efficiency and improve our overall environmental management.
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Therefore, to achieve greater progress on nutrient management, this strategy will encourage
further development and action on the following items:

* Provide farmers the means to evaluate and demonstrate the performance of 4R nutrient
stewardship actions on their farm.

* Develop a reliable science-based industry program that evaluates production and
environmental characteristics of 4R nutrient stewardship actions on farms and which
provides field specific data and information into a form that is usable to farmers.

* Develop ways to more effectively apply proven research and knowledge in crop science
and fertility onto Missouri farms.

* Improve on-farm research, education and outreach of agricultural BMPs and the results
of the above items.

2. Current Extent of Implementation

Missouri’s diverse landscapes contribute greatly to its agricultural diversity. Fertile soil exists all
across the state. That fertile land aids in the production of Missouri’s five top crops: soybeans,
corn, hay, wheat and cotton. In 2012, Missouri planted 5.4 million acres of soybeans, 3.6 million
acres of corn, 3.7 million acres of hay, 790,000 acres of wheat, 350,000 acres of cotton and
180,000 acres of rice. The combined total of this is 14.2 million acres, which accounts for nearly
one-half of all agricultural acres in Missouri.

Missouri farmers are early adopters of technology and have a long history of supporting and
implementing conservation practices. Missouri farmers have consistently found new and better
ways to grow more on the same amount of land (or less is some cases). One example is Missouri
corn yields. Missouri corn yields have improved nearly 120% from 1970 to 2013. The amount of
crop nutrients used per bushel of corn produced was nearly 20% less between 1990 and 2010; at
the same time total corn production went up 100% (percentages based on data from the National
Agricultural Statistics Service).

The advances in Missouri’s agricultural production, efficiency and environmental soundness
have occurred from the steadfast and collective efforts of the entire industry. While farmers have
been central to many of these advances, agri-businesses, agricultural and commodity
associations, government and private scientists and researchers, University Extension, USDA
and the state Soil and Water Conservation Program and Districts all have played and will
continue to play an important role into the future.

Advancements in Precision Based Farming

Row crop farming is more firmly rooted in and reliant upon science each day. Each and every
year, farmers are improving the management and practices in a field one step closer to
perfection. They are able to achieve this by employing and refining a method known as
“Precision Based Farming.” Large cross sections of the Missouri crop farmers employ multiple
elements of precision-based farming and the technology driving this effort improves each year.
In precision farming, farmers combine the use of cutting edge tools like seed trait technology
with Global Positioning System (GPS) based equipment to capture more of a crop’s ultimate
yield potential.
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This includes tools such as GPS guidance, auto-steer, yield/harvest monitors, along with variable
rate applications of seed, water, fertilizer and crop protection products. The use of high
resolution imagery, crop sensors and field mapping as well as integrating GPS systems with grid-
based soil sampling, soil characteristics, slopes, yields and other characteristics is a growing
trend. Even new mobile applications allow for improved communications between farmers and
crop advisors on input needs, logistics, prescription/recommendations, scouting reports and pest
identification.

Precision farming technology has made remarkable strides in the past two decades. The industry
has made numerous advances in both hardware and software and those advances continue.
Innovations such as GPS guidance and auto-steer were cutting edge a decade ago but are now
almost standard equipment on all new machinery. Now the focus is on practices and tools that
integrate GPS guidance with variable rate technology for applicators and planters with specific
cropping prescriptions for individual fields. With the abundance of production data that is
generated and stored on today’s farming operations; it will be precision based farming that will
drive agriculture production into the future.

Precision based farming will be the one key tool that enables farmers to employ an adaptive
management approach on their farm. This will enable farmers to evaluate and compare
production, economic and environmental results from their actions and practices through on-farm
trials and by providing better understanding and insight into the outcomes of their decisions and
actions. In the long run, these sorts of actions will reduce nutrient loss and strengthen the
environmental stewardship of Missouri farmland and natural resources.

In addition, there is a number of on-going state and federal conservation programs designed to
target these areas. They are listed below.

USDA-NRCS

The USDA NRCS administers federal programs authorized by the Farm Bill like the EQIP, CSP
and others. These voluntary conservation programs provide financial and technical assistance to
farmers and ranchers. NRCS develops contracts with agricultural producers to implement
conservation practices to address environmental and natural resource problems. Payments are
made to producers once conservation practices are completed according to NRCS standards and
specifications. EQIP funded practices and activities are carried out in accordance with a
conservation plan, developed in partnership between NRCS and the producer. The plan identifies
the appropriate conservation practice or measures needed to address the applicable resource
concerns on the farm. There are many practices available through the NRCS that target nutrient
loss from row crop fields. A few examples are listed below.

NRCS

NRCS 590 - Nutrient Management

NRCS 391 — Riparian Forest Buffer
NRCS 393 — Filter Strip

NRCS 386 — Field Border

NRCS 554 — Drainage Water Management
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NRCS 328 — Conservation Crop Rotation
NRCS 340 — Cover Crop

Missouri Soil & Water Conservation Program

The SWCP is a state funded and operated cost-share program that provides financial incentives
to landowners to implement conservation practices that help prevent soil erosion and protect
water resources. The SWCP practices promote good farming techniques that help keep soil on
the fields and waters clean as well as conserving the productivity of Missouri’s working lands.
The primary funding for SWCP cost-share practices comes from the one-tenth-of-one-percent
Parks, Soils and Water Sales Tax, which is shared by the Department of Natural Resources’
SWCP and the Division of State Parks.

The SWCP provides cost share for practices that target nutrient loss management in row crop
farming operations. The following SWCP practices are available and designed to promote good
nutrient management and reduce nutrient loss from fields:

SWCP

N590 — Nutrient Management

N554 - Drainage Water Management

N391 - Riparian Forest Buffers

N386 - Field Borders

N393 - Filter Strips

N430 - Irrigation Water Conveyance

N442 - Irrigation System, Sprinkler

N443 - Irrigation System, Surface and Subsurface
N447 - Irrigation System, Tailwater Recovery
N587 - Structure for Water Control

3. Measures

The general nutrient reduction effectiveness of some of the various row crop practices and BMPs
have been evaluated and quantified and are available in other state nutrient loss reduction
documents as well as peer reviewed papers. Both the lowa and Illinois Nutrient Loss Reduction
Strategy documents provide useful tables depicting potential load reductions expected from
various types of practices. For reference, the table used in the lowa plan is found at the end of
this document.

The goal of this strategy is to “Promote, expand and further implement a “4R nutrient
stewardship” approach to nutrient management on Missouri farms.” There is an existing need
for improved adoption of nutrient practices that enhance and optimize the efficiency,
productivity and sustainability of cropping systems. Nutrient management decisions that focus
on optimizing nutrient use efficiency will ultimately result in nutrient loss reductions to the
environment. Selecting and validating practices that increase nutrient use efficiency and
productivity begins with addressing the fundamental principles behind the 4Rs.

To that end, the following items below have been identified as measureable steps or actions that
will aid in assessing the progress of this strategy.
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Increase adoption of 4R nutrient stewardship approaches and practices on Missouri
farms. In particular, this includes optimizing phosphorus application and soil phosphorus
levels and optimizing nitrogen use efficiency in row crop farming systems.

Develop funding mechanisms for an ag industry based research and education program
that draws upon farmers, agricultural industry, government and private sector sources to
conduct research and education on nutrient stewardship, nutrient use efficiency, as well
as on other new or innovative practices, tools and technologies.

Develop ag industry based on-farm research and demonstration program that evaluates
production and environmental characteristics of production practices and 4R nutrient
stewardship practices on individual farms. Provide ways for farmers to select, validate
and deploy the best practices for a given farm field.

Develop new tools for measuring conservation practice performance and implementing
the right conservation practices in the right places within fields to maximize their
effectiveness in reducing nutrient loss. To the extent practicable, monitor and evaluate the
nutrient reduction performance of available practices and conduct economic analysis to
refine recommended practices for farmer fields.

Enhance the understanding of the individual nutrient loss sources and sources
corresponding contribution in Missouri to the Gulf of Mexico.

Enhance understanding of priority watersheds or areas where the greatest improvements
in water quality can be made through this action. Identify priority watersheds, identify
mechanisms and sources of the nutrient losses and then identify the best practices for
them.

Develop ways to better document and collect useful information from agricultural
fertilizer retailers or suppliers and farmers on fertilizer use patterns and use of nutrient
stewardship practices so as to prioritize efforts and provide a more accurate
understanding of current conditions. Use of this data will act as a guide for measuring
adoption of nutrient stewardship practices and help prioritize areas where education and
implementation should be targeted for improvement.

Develop the means to coordinate agricultural industry, farmers, extension, government
and private resources to promote research, educational and incentive programs that will
allow for leveraging of resources and make the most impact.

Review state and federal incentive programs and refine as necessary to ensure programs
offered to farmers encourage adoption of 4R nutrient stewardship practices.

4. Key Partners
The following are potential financial (F), technical (T) and outreach (O) partners for this

strategy:

USDA - Natural Resources Conservation Service (F, T, O)

USDA - Farm Service Agency (O)

Missouri Department of Natural Resources-Soil and Water Conservation Program (F, T,
0)

Missouri Department of Agriculture (F, O)

County Soil and Water Conservation Districts (F, T, O)

University of Missouri Extension (T, O)

University of Missouri College of Agriculture Food and Natural Resources (T, O)
Lincoln University (T, O)
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Missouri Farm Bureau (O)

Missouri Corn Growers Association (O)
Missouri Soybean Association (O)
Missouri Agribusiness Association (O)

5. Challenges and Solutions (education, challenges to implement and proposals to meet

challenges)

To achieve long-term conservation goals in agricultural landscapes, it is important to understand
farmers' perspectives on what practices are effective, practical and economically attainable.
Research and education efforts will be needed to focus on conservation and BMPs specific to
reducing nutrient runoff from agricultural lands. These efforts will most likely include:

Educate agricultural fertilizer supply industry and farmers.

Dedicate significant resources toward research, demonstration and information
dissemination in order to reduce nutrient losses, increase nutrient efficiency and ensure
the adoption of in-field practices to enhance nutrient stewardship.

Identify priority watersheds where the greatest improvements in water quality can be
made, where water bodies have been listed as impaired, or those watersheds that are high
contributors of nutrients to the Mississippi River.

Coordinate with decision-makers involved in making nutrient recommendations to
enhance the implementation of nutrient stewardship strategies.

Collect useful information from the agricultural fertilizer supply industry and farmers on
fertilizer use patterns and nutrient stewardship practices to prioritize efforts and provide a
more accurate picture of nutrient balances in production agriculture. Use of this data will
act as a guide for measuring adoption of nutrient stewardship practices and help prioritize
areas where education and implementation should be targeted for improvement.

Develop a plan to coordinate agricultural industry, farmers, government and private
resources to promote educational and incentive programs that will be cost-effective and
make the most impact on priority watersheds.

Conduct targeted, specific educational and promotional activities of 4R nutrient
stewardship practices in priority watersheds, knowing that as additional research is
developed and refined the educational program will incorporate this knowledge and the
implementation will reflect new understandings and technologies realized from the
research.

Consider field research and demonstration projects with monitoring of nutrients in
surface water, along with economic analysis, to verify the best adaptive management
practices.

Review incentive programs and refine as necessary to assure programs offered to farmers
encourage adoption of enhanced nutrient stewardship practices.

Develop a statewide campaign to educate those in agriculture and the public on 4R
nutrient stewardship practices that research projects have identified and verified and
include in on-farm peer demonstrations in targeted watersheds.
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lowa Strategy to Reduce Nutrient Loss: Nitrogen Practices

This table lists practices with the largest potential impact on nitrate-N concentration reduction {except where

noted). Corn yield impacts associated with each practice also are shown as some practices may be detrimental
to corn production. If using @ combination of practices, the reductions are not additive. Reductions are field level
results that may be expected where practice is applicable and implemented.

that makes it to a stream.

. % Nitrate-N | % Corn Yield
Practice Comments Reduction® Change*
Average (3D*) | Average (30")
Moving from fall to spring pre-plant application 6 (25) 416}
Spring pre-plant/sidedress 40-60 split
Timing ’ gﬂimﬁamd to fall-applied g 5 (28] 10171
Sidedress — Compared to pre-plant application 7137 0i3l
Sidedress — Soil test based compared to pre-plant 4 (20) 13 (221~
E Source Liguid swine manure compared to spring-applied fertilizer A1) 013
& Poultry manure compared to spring-applied fertilizer -3 (20) -2 {14}
g Nitrogen rate at the MRTN {0.10 M:com price ratio)
= N compared to current estimated application rate.
= B (ISU Corn Mitrogen Rate Calculator —
& AppFlllt.‘nnun http2//extension.agron.iastate. edu/soilfertility/nrate_aspx 10 !
_.E e can be used to estimate MRTM but this would change
= Mitrate-N concentration reduction)
H:t;{ﬂg;:?n Nitrapyrin InanEtuﬁhp;aaEiir fall-applied 9 (19) § (22)
Caver Crops Aye 31(29) -6 (7]
Dat 28(2) -5 (1]
Living Mulches e.0. Kura clover — Nitrate-N reduction from one site 41 {16} -9{32)
) Energy Crops — Compared to spring-applied fortilizer T2 (23)
; Perennial Land Retiromant {CRP) — Compared to spring-applied fertilizor 85 (9)
! Extended Rotations At least 2 years of alfalfa in a 4 or 5 year rotation 42 12} 717
Grazed Pastureas | Mo pertinent information from lowa — assume similar to CRP il
I]ram':g“ﬁ::_'iamr Mo impact on concentration 3332)
= | Shallow Drainage Mo impact on concentration 32 (18}
% Woetlands Targeted water quality 52
= Bioroactors 43 (21}
o] Only for water that interacts with the active zone below
Buffors the buffer. This would only be a fraction of all water o1 (20}

* A positive number is nitrate concentration or load reduction and 8 negative number is an increase.
* A positive com yield change is increased yield and 8 negative number is decreased yield. Practices ars not expacted to affect soybean yield.
* 5D = standard deviation. Large 30 relative to the average indicates highly variable results.

** This increase in crop yield should be viewed with caution as the sidedress treatmant from one of the main shudies had 85 Ib-Niacre for the
pre-plant treatment but 110 Ib-Nfacre to 200 Ib-Wacre for the sidedress with soil test treatment so the com yield impact may be dwe to nitrogen
application rate differences.




lowa Strategy to Reduce Nutrient Loss: Phosphorus Practices

Practices below have the largest potential impact on phosphorus load reduction. Corn yield impacts associated
with each practice also are shown, since some practices may increase or decrease corn production. If using a
combination of practices, the reductions are not additive. Reductions are field level results that may be expected
where practice is applicable and implemented.

. % P Load % Corn Yield
Practice Commesnts Reduction® Change®
Average (SD°) | Average (SD°)
Applying P based on crop removal — Assuming optimal -
;hu?ﬂ::::s STP level and P ncorporation Lo -
@ oe Soil-Test P — No P applied until STP drops to optimum 17 0
=
B Liguid swing, dairy, and poultry manura comparad to
E Sourca of commercial fartilizer — Runoff shortly after application 45 (45 -3
€ Phosphorus | Baof manure compared to commercial fartilizer — Runoff 16 {261
E shortly after application
E Broadcast incorporated within 1 week compared 36 (27) 0
= Placement of to no incorporation, same tillage
! Phosphorus | With seed or knifed bands compared to surface application, 24 (46) 0
s no iNCorporation
g' Cover Crops Winter rye 29 (37) -6 (7
= Conservation till — chisel plowing compared
o
Tillaga to moldboard plowing 33 a9) 0 {6}
Mo till compared to chisel plowing 90 (17] -6 (8)
p - Enargy Crops 34 (34)
53 ! gorennial Land Retirement (CRP] 7
Grazed pastures 59 (42)
B ; Tarraces T7019)
5:8
E & B Buffers 58 (32)
= B
23 £
...E.. 'E Control Sedimentation basins or ponds 85

3 . A positive number is P load reduction and a nagative number is increased P load.

* - A positive corn yield change is increased yield and a negative number is dacreased yisld. Practices are not expectad to affect soybean yield

“ - 50 = standard dewviation. Large S0 relative to the average indicates highly variable results.

4 _ Maximum and average estimated by comparing application of 200 and 125 kg PO 'ha, respactively, to 58 kg P,0,/ha [com-soybean rotation
requirements) (Mallarino et al., 2002).

# - Maximum and average estimates based on reducing the average STP (Bray-1] of the two highest counties in lowa and the statewide average STP
{Mallarino et al., 2011a], respactively, to an optimuem level of 20 ppm (Mallarino et al., 2003). Minimem valee assumes soil is at the optimum level.

f_ P retention in watlands is highly warishle and dependant upon such factors as hydrodogic lading and P mass input.

SPONSORS
IOWA STATE UNIVERSITY | emmeee | J), Towa Certified

Crop Advisers

Trusied Sabvice b Mol o Fou G ros

Extension and Outreach

owe Sals nreersty Exlermion and Quireach pmg rems ana aveliabis loal
withasi mgard lorace, cobor 396, relgion, naional origin, soal oroniziian
qencer dargty, gonelc inlzmation, sox, marial sihus, disabdity, or sahe s
a U5 watarar. Inquirs canba drscled fo e Semclor of Equal Cpperanty
ard Complanca, 2231 Beondshaar Hall, 1515 24-7512

AGRIMCEINESS
ARRINILATIHNN OF MWL

-

A _apen miimAAE L T

SP4E Angust MI3

A-40|Page



Grazing Management Action

1. Define the Action

Grazing management is the controlled grazing and management of livestock (primarily cattle) on
pasture using sound pastureland management practices to achieve optimum environmental and
economic results. Grazing management allows for the best use of soil, nutrient and water
resources through the use of forage management, rotational grazing, fencing, livestock watering
and protection of stream and riparian corridors. Grazing management can included a number of
individual BMPs used independently or together as an integrated system. The four major
management strategy categories include:

Rotational Grazing

Rotational (or controlled) grazing is generally characterized as the periodic and systematic
movement of livestock from paddock to paddock in order to maintain adequate pasture rest
periods and to allow for adequate forage regrowth. Rotational grazing typically requires
implementation of several structural practices including: cross fencing to create smaller
paddocks, development of an adequate drinking water source (ex., groundwater well or pond)
along with water distribution systems and troughs and pasture forage enhancement. Rotational
grazing minimizes or prevents overgrazing and allows for better forage cover, more productive
pastures, increased stocking rates, more effective riparian areas and more even distribution of
deposited manure across the pasture.

Streambank Crossing

A streambank crossing consists of a hardened structure (usually coarse rock/gravel) in the stream
and riparian area to allow for controlled livestock passage across a stream. The purpose of a
stream crossing is to provide a controlled crossing and watering access point for livestock,
thereby controlling streambank and streambed erosion, discouraging wallowing and reducing
sedimentation. Controlling crossing discourages cattle from congregating or wallowing in the
stream and reduces random trampling of streambanks and riparian areas.

Stream and Riparian Protection

Protecting a stream and riparian corridor typically requires excluding (or deterring) livestock
from the targeted area for all or certain periods of the year. Excluding livestock from target areas
prevents direct deposit of manure into water bodies, improves the vegetative health and buffering
ability of riparian areas and reduces streambank erosion. Stream and riparian areas can be
protected in several ways. One method is fencing off the entire targeted riparian area as a
riparian buffer. Access to a stream can be facilitated by a hardened stream crossing. A second
method involves fencing off the area as a dedicated riparian paddock and allowing periodic flash
grazing, thus limiting cattle access to streams to certain preferred time periods and preventing
overgrazing. This method allows the livestock producer to continue grazing the area and the
periodic, controlled removal of the riparian vegetation helps to maintain a healthy vegetative
stand. The third method involves implementing management practices that attract cattle away (or
deter) from the riparian area, such as rotational grazing, off-stream water troughs and alternative
shade areas.
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Off-Stream Watering Tanks/Alternative Loafing and Shade Areas

Providing off-stream livestock watering and shade away from stream, riparian and sensitive
areas will aid in better distributing activity across the pasture as well as limit livestock activity in
riparian implementing management practices that attract cattle away (or deter) from the riparian
area, such as rotational grazing, off-stream water troughs and alternative shade areas.

Implementation of the grazing management practices described above can improve and/or
maintain surface and subsurface water quality in Missouri. The water quality related benefits
resulting from these practices include one or more of the following:

* Reduced soil erosion from pasturelands.

* Reduced soil compaction and increased water infiltration in heavy traffic areas.

* Reduced soil and nutrient losses in runoff.

* Improved vigor of vegetative cover within pastures.

* Improved distribution of animal manure.

* Improved soil quality.

* Reduced streambank erosion.

* Improved stream and riparian quality.

Implementing the grazing management practices described above will reduce nutrient and
sediment losses by targeting the nutrient loss-pathways found within pasture based systems.
These pathways are described below.

Nutrient Loss Resulting from In-Field Surface Water Runoff and Soil Erosion

One of the primary drawbacks of an uncontrolled or unmanaged grazing system is that it can
result in significantly overgrazed pastures. Overgrazed pastures will have reduced vegetative
surface cover and forage yield and may also have increased soil compaction which reduces the
water infiltration ability of the soil. This can lead to both increased runoff volumes and increased
soil erosion. With supplemental fertilizer application (commercial or animal manure) being a
typical practice to ensure productive and healthy pastures, the risk of both nitrogen and
phosphorus loss in the runoff and soil erosion increases as well.

In most situations, the greater the surface cover, the better the soil is protected from the effects of
rainstorms, resulting in less runoff and erosion. Even though losses from pasture situations are
lower on an acre to acre basis when compared to other agricultural land uses, runoff and erosion
from overgrazed pastures have been found to be greater than those of better managed controlled
grazing systems.

Nutrient Loss from Uneven Re-Distribution of Livestock Manure

In grazing systems, livestock utilize plant nutrients for body growth and redistribute a portion of
those nutrients in concentrated form through their manure and urine. It has been shown that
livestock re-deposit a disproportionate amount of manure and urine in just a few preferred
locations. Preferred locations include areas around feeding areas, drinking watering troughs and
shaded loafing areas.

Livestock are known to congregate in stream and riparian areas, particularly in summer months,
resulting in a disproportionate amount of manure and urine being deposited in these areas. This
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can lead to elevated stream nutrient concentrations. The concentration of cattle in riparian and
stream areas also results in sustained loss of riparian vegetation and increased streambank
erosion as further explained below.

Nutrient Loss from Riparian and Stream Corridor Areas

A riparian area is the vegetated corridor directly adjacent to and along streams that form the
transition zone between streambed and upland ecosystems. Located around surface water
features like streams and lakes, these areas serve important water quality functions including
filtering sediments, regulating flow during rain events and increasing the stability and structure
of streambanks which in turn reduces streambank erosion.

In grazing management systems, the careful management of riparian areas can help reduce
nutrient loss and maintain water quality. Deeply-rooted vegetation in the riparian area helps
maintain streambank structure by holding soil in place. Through reduced streambank erosion,
less sediment is transported away which helps minimize nutrient loss. Riparian vegetation may
also act as a filter for runoff from pasture fields and therefore reduce the amount of sediment and
nutrients reaching the stream. Nutrients that are trapped within this area are then re-utilized by
the riparian vegetation itself. Lastly, riparian vegetation reduces stream velocity and dissipates
stream energy during high flows which in turn reduces streambank erosion and sediment loss.

2. Current Extent of Implementation

Missouri has substantial pasture-based agricultural land resources with the vast majority being
used to support cow/calf and feeder calf production. With over 15 million acres in pasture and
woodlands (51% of total state agricultural land) and with a large number of farms with cattle,
Missouri is a major producer of beef cows and feeder calves. In fact, nearly half of all farms in
Missouri are beef cow operations, however, more than 90% of them have less than 100 cows.
Beef cows are located in nearly all 114 counties in Missouri; however, the counties with the
greatest number are generally located (in counties south of Hwy [-70 and west of Hwy 63) in the
southwest and south central along with west central and central regions of the state.

Missouri livestock industry professionals and livestock producers have a long history of
researching, supporting and implementing grazing management practices to improve its
performance and profitability. Listed below are four (4) key organizations that contribute to
education, outreach and research or provide financial assistance for grazing management
systems.

University of Missouri College of Agriculture, Food and Natural Resources (CAFNR)

The University of Missouri’s (MU) Forage Systems Research Center near Linneus, Missouri,
was established in 1965 with the primary objective of developing and evaluating forage systems
for beef cattle in Missouri. The Center is the largest outdoor laboratory of its type in the eastern
half of the United States (U.S.). The Center’s international reputation as one of the outstanding
forage-livestock system research centers attracts visitors from around the globe each year.

Missouri Grazing School
In 1990, MU’s Forage Systems Research Center, in partnership with NRCS, established the
Missouri Grazing School (see website http://agebb.missouri.edu/mfgc/schools.htm). The Grazing

A-43|Page



School is an educational program taught by the NRCS and MU-Extension staff. The schools
serve three purposes: 1) educate producers and agency personnel in the art and science of grazing
management; 2) transfer new technology in grassland management to producers and agency
personnel; 3) qualify producers for the state soil and water conservation program cost-share.

Today the Grazing School consists of a three-day workshop, held yearly in multiple locations
throughout the state, where experts in forage systems, nutrient management, beef nutrition, weed
science, agricultural economics and grassland conservation present and demonstrate through
field exercises the mechanics of rotational grazing systems and explain how producers can make
the practices work for them.

USDA-NRCS

The USDA NRCS oversees the EQIP, a voluntary conservation program that provides financial
and technical assistance to farmers and ranchers. Through EQIP, NRCS develops contracts with
agricultural producers to implement conservation practices to address environmental natural
resource problems. Payments are made to producers once conservation practices are completed
according to NRCS requirements. EQIP funded practices and activities are carried out in
accordance with a conservation plan, developed in partnership between NRCS and the producer.
The plan identifies the appropriate conservation practice or measures needed to address the
applicable resource concerns on the farm. One of the areas targeted by EQIP is grazing
management, helping producers manage pastures to benefit the environment and increase
production.

The following is list of available NRCS EQIP practices in Missouri that target pastures and
grazing management:

* NRCS 578 — Stream Crossing: A stabilized area or structure constructed across a stream
to provide a travel way for people, livestock, equipment, or vehicles. The purpose is to
provide access to another land unit, improve water quality by reducing sediment, nutrient,
organic and inorganic loading of the stream and reduce streambank and streambed
erosion.

* NRCS 574 — Spring Development: Collection of water from springs or seeps to provide
water for a conservation need. The purpose is to improve the quantity and/or quality of
water for livestock, wildlife or other agricultural uses.

* NRCS 528 — Prescribed Grazing: Managing the harvest of vegetation with grazing and/or
browsing animals. The purpose of this practice is to improve or maintain desired species
composition and vigor of plant communities, to improve or maintain quantity and quality
of forage for grazing animals, to improve or maintain surface and/or subsurface water
quality and quantity, to improve or maintain riparian and watershed function and to
reduce soil erosion and maintain or improve soil condition.

* NRCS 516 — Livestock Pipeline: A pipeline and appurtenances installed to convey water
for livestock or wildlife. The purpose of this practice may be applied as part of a resource
management system to achieve one or more of the following purposes: to convey water to
points of use for livestock or wildlife, to reduce energy use, to develop renewable energy
systems.

* NRCS 378 — Pond: A water impoundment made by constructing an embankment or by
excavating a pit or dugout. The purpose of this practice is to provide water for livestock,
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fish and wildlife, recreation, fire control, develop renewable energy systems and other
related uses and to maintain or improve water quality.

* NRCS 642 — Water Well: A hole drilled, dug, driven, bored, jetted or otherwise
constructed to an aquifer for water supply. The purpose of this practice is to provide
water for livestock, wildlife, irrigation and other agricultural uses, to facilitate proper use
of vegetation, such as keeping animals on rangeland and pastures and away from streams
and providing water for wildlife.

* NRCS 382 — Fence: A constructed barrier to animals or people. The purpose of this
practice is to facilitate the accomplishment of other conservation objectives by providing
a means to control movement of animals and people, including vehicles.

* NRCS 315 — Herbaceous Weed Control: The removal or control of herbaceous weeds
including invasive, noxious and prohibited plants. The purpose of this practice is to
enhance accessibility, quantity and quality of forage and/or browse, to restore or release
native or create desired plant communities and wildlife habitats consistent with the
ecological site, to protect soils and control erosion.

* NRCS 561 — Heavy Use Area Protection: The stabilization of areas frequently and
intensively used by people, animals or vehicles by establishing vegetative cover,
surfacing with suitable materials and/or installing needed structures. The purpose of this
practice is to provide a stable, non-eroding surface for areas frequently used by animals,
people or vehicles and to protect and improve water quality.

Missouri Soil & Water Conservation Program

The SWCP is a state funded and operated cost-share program that provides financial incentives
to landowners to implement conservation practices that help prevent soil erosion and protect
water resources. The SWCP practices promote good farming techniques that help keep soil on
the fields and waters clean as well as conserving the productivity of Missouri’s working lands.
The primary funding for SWCP cost-share practices comes from the one-tenth-of-one-percent
Parks, Soils and Water Sales Tax, which is shared by the Department of Natural Resources’
SWCP and the Division of State Parks.

The SWCP provides cost share for practices that address grazing management. These are used in
pastureland where non-woody, permanent vegetative cover is established. These practices are
designed to promote economically and environmentally sound agricultural land management on
pastureland by demonstrating the best use of soil and water resources through the use of
rotational grazing and supporting systems. The following SWCP practices are available and
designed to promote good grazing management:

*  SWCP DSP-02 - Permanent Vegetative Cover Enhancement: Improve the vegetative
cover on pastures by introducing legumes into the grass base using no-till technology.
Improving the plant community health protects the soil by reducing erosion and prevents
water pollution.

e SWCP DSP 3.1 - Grazing System Water Development: Develop water sources (ponds,
springs or wells) for livestock watering.

*  SWCP DSP 3.2 - Grazing System Water Distribution: Develop water distribution,
including pipeline and watering tanks, for grazing areas. By providing water distribution
to individual grazing areas, livestock can more effectively utilize the resource. A planned
grazing system includes water availability in each grazing area.
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*  SWCP DSP 3.3 - Grazing System Fence: A planned rotational grazing system allows
time for vegetation to rest and recover before being grazed again. Fencing is used to
allow livestock access to a small area to be grazed.

* SWCP DSP 3.4 - Grazing System Lime: Manage the pH of soil for optimum fertility.
This is an important factor in how effectively plants can take in soil nutrients. Lime is the
most cost effective method to manage soil pH.

*  SWCP DSP 3.5 - Grazing System Seed: Interseed legumes in an established grass pasture
grazing system to improve plant health and diversity and protect soil from erosion.

*  SWCP C650 - Streambank Stabilization: Uses large stones or anchored cedar trees as
mechanical protection of highly eroded stream banks to provide a stable area to establish
grasses or other vegetation to protect the soil and water resource from erosion losses and
contamination.

*  SWCP N391 - Riparian Forest Buffer: Protect soil and shallow groundwater from
contamination by sediments, chemicals, nutrients, pesticides or organic matter and
protect stream banks from erosion by planting woody species along the stream course and
protecting the buffer area from trampling and grazing.

*  SWCP N393 - Filter Strip: Establish permanent grass filter strips below crop, hay and
grazing land; and to prevent sediments, chemicals or nutrients from entering sensitive
areas or water bodies.

*  SWCP N574 - Spring Development: Protect groundwater resources from contamination
with collection points that provide dependable, safe water sources in a desired location
for livestock watering.

¢ SWCP WQIO0 - Stream Protection: Exclude livestock from stream corridors to allow
revegetation with grasses and trees on the streambank. This also provides a filter to trap
sediments, chemicals and nutrients.

* SWCP N472 - Livestock Exclusion: Install exclusion fence around existing ponds,
woodlands, sinkholes, streams, or sensitive areas where vegetation, soil condition and
water quality are in need of protection from livestock.

The map below shows the proposed FY2015 cost-share in dollars to Missouri Soil and Water
Conservation Districts for the Grazing Management resource concern. This funding is provided
by the Missouri one-tenth-of-one-percent sales tax. This is based upon the assessments each
district submitted to the program.
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Proposed FY15 Cost-Share Allocation
Grazing Management
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Figure 4: Cost Share Allocation for Grazing Management in 2015

3. Measures of the Impact of This Action on Water Quality (data and supporting
documentation)

The effectiveness of grazing management practices in reducing sediment and nutrient loading is

evaluated below and is based upon readily available literature. Corresponding references are

cited.

The U.S. Geological Survey report entitled “Evaluating the potential for watershed restoration
to reduce nutrient loading to Upper Klamath Lake” provided a useful table (Table 7)
summarizing a literature review of BMP effectiveness. This table is shown below for reference.
Highlights of the findings include
* Practices aimed at providing stream and riparian protection through fencing and livestock
exclusion provides up to 50% reduction in Total Phosphorus and up to nearly 80%
reduction in total suspending solids. Percentages will vary depending on the degree of
livestock exclusion and permanence of the fencing.
* Riparian Forest buffers provide 50-85% reduction in total phosphorus and 80-98%
reduction in total nitrogen. Similarly, it found that vegetative filter strips provided 60-
90% reduction in phosphorus and 80-90 % reduction in nitrogen.
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Table 7. BMP Effectiveness

Table 1. Summary of literature review of BMP effectiveness in reducing phosphorus and nitrogen

nutrients.
P reduction, .
Source BMP Type Implemented in percent N reduction,
except as noted In percent

Anderson, 1998 Temporary fencing 30
Anderson, 1998 Permanent fencing 40
Anderson, 1998 Permanent fencing, Riparian 50

restoration
Braskerud, 2002 Constructed wetlands 2144
Clausen and Meals, 1989 Filter strip 86
Cooper and Gilliam, 1984 Forest buffer strip 50
Coveney and others, 2001 Constructed wetlands 30-67
Dillaha, and others, 1989 Grass buffer strip 61-79 54-73
Doyle and others, 1977 Forest buffer strip 98
Fink and Mitsch, 2004 Constructed wetlands 28-59
Fisher and Acreman, 2004 Natural wetlands 5-100
Gearhart, and others, 1995 Wetlands 1040
Gearhart, and others, 1995 Riparian fencing 2040
Graham and others, 2005 Lakeshore wetlands 0.4-0.45 g/m’/ yr
Inamdar and others, 2001 Combined Strip cropping, Low till, and 4 26

Filter strips
Meals, 1993 Combined Manure storage, Barnyard  In watershed,

runoff, Milkhouse waste management, 2-44

and Erosion control 4-32
Meals, 1996 Vegetated filter strip 89 92
Meals, 2002 Riparian fencing 12-34
Meals, 2004 Riparian exclosures, Streambank 2141

revegetation, Hardened stream

crossings
Meals and Hopkins, 2002 Combined Exclosure and fencing 2141
Mitsch, 1994 Natural and constructed Wetlands 14 g/m’ /yr
Mitsch and others, 1995 Constructed wetlands 0.5-3.0 g/m’/ yr
Osborne and Kovacic, 1993 Forest buffer strip 50-85 79-98
Peterjohn and Correll, 1984 Forest buffer strip 74-85 79
Plunkett and others, 2002 Constructed wetlands 2
U.S. Department of Agriculture,  Grass-lined ditches 45
1992
Vache and others, 2002 No till 54-75 54-75
Winegar, 1997 Stream channel fencing Total suspended solids,

48-79

Young and others, 1980 Grass buffer strip 83 84

In addition, the University of Arkansas’ Division of Agriculture has provided a useful
characterization of the effectiveness of grazing management practices in two specific
publications. In its publication entitled “Strategies for Livestock Management in Riparian Zones
in Arkansas, ” research showed that providing watering devices off-stream as an alternative to

A-48|Page



stream access yielded a 77% reduction in streambank erosion, a reduction in total suspended
solids by 90%, total nitrogen by 54% and total phosphorus by 81%. {Philipp, Dirk. Strategies for
Livestock Management in Riparian Zones in Arkansas. University of Arkansas Division of
Agriculture}

In its publication entitled “Grazing Management Affects Runoff Water Quality and Forage
Yield,” research showed that rotational grazing practices provided 60-75% reduction in lbs. of
soil loss (erosion) and approximately 60% reduction in runoff volume and Total Phosphorus
loading when compared to other overgrazed pastures. {Pennington, John, Sharpley, Andrew, et
al. Grazing Management Affects Runoff Water Quality and Forage Yield. University of Arkansas
Division of Agriculture}

The following items below have been identified as measureable steps or actions that will aid in
assessing the progress of this strategy.

1. In the last two years, landowners have installed over 1,392 number of grazing
management systems, 1,042 acres of stream corridors excluded from livestock and 31
acres of riparian forest buffers have been established. The needs assessment conducted by
the 114 Soil and Water Districts for FY2015 indicates continued strong demand for cost-
share assistance on SWCP grazing management practices. This is a positive sign and the
primary goal of this action is to continue this current level of funding, but also as state
cost share funds allow, increase funding for areas identified as priority watersheds for this
action.

2. Increase adoption of grazing management practices on Missouri farms. In particular, this
includes the areas identified earlier in this action including rotational grazing, streambank
crossing, stream and riparian protection, off-stream watering tanks and alternative loafing
and shade areas.

3. Develop new tools for measuring conservation practice performance and implementing
the right conservation practices in the right places on farms to maximize their
effectiveness in reducing nutrient loss. To the extent practicable, monitor and evaluate the
nutrient reduction performance of available practices and conduct economic analysis to
refine recommended practices for farm fields.

4. Enhance the understanding of the individual nutrient loss sources and sources
corresponding contribution in Missouri to the Gulf of Mexico.

5. Enhance understanding of priority watersheds or areas where the greatest improvements
in water quality can be made through this action. Identify priority watersheds, identify
mechanisms and sources of the nutrient losses, and then identify the best practices for
them.

6. Develop ways to better document and collect useful information from agricultural
retailers or suppliers and farmers on grazing management use patterns and use of
practices so as to prioritize efforts and provide a more accurate understanding of current
conditions. Use of this data will act as a guide for measuring adoption of practices and
help prioritize areas where education and implementation should be targeted for
improvement.

7. Develop the means to coordinate agricultural industry, farmers, extension, government
and private resources to promote research, educational and incentive programs that will
allow for leveraging of resources and make the most impact.

A-49|Page



8. Review state and federal incentive programs and refine as necessary to ensure programs
offered to farmers encourage adoption of grazing management practices.

9. In addition, Missouri may use the Nutrient Tracking Tool (NTT) to evaluate the
effectiveness of grazing management practices implemented through federal and state
cost-share programs. Once developed, this tool will be useful in quantifying the reduction
in nitrogen, phosphorus and sediment loss from farm fields.

4. Key Partners
The following are potential financial (F), technical (T) and outreach (O) partners for this

strategy:
¢ USDA - Natural Resources Conservation Service (F, T, O)
* USDA - Farm Service Agency (O)
* Missouri Department of Natural Resources-Soil and Water Conservation Program (F, T, O)
* Missouri Department of Agriculture (F, O)
¢ County Soil and Water Conservation Districts (F, T, O)
¢ University of Missouri Extension (T, O)
* University of Missouri College of Agriculture Food and Natural Resources (T, O)
* Lincoln University (T, O)
* Missouri Farm Bureau (O)
¢ Missouri Corn Growers Association (O)
* Missouri Soybean Association (O)
* Missouri Agribusiness Association (O)
* Missouri Cattlemen’s Association (O)
* Missouri Dairy Association (O)

5. Future Plans

In the next five years the Missouri Department of Natural Resources, in collaboration with
partners, will continue to support and encourage adoption of good grazing management and
pasture based practices through a watershed based approach. The department will support and
collaborate with partners to help rural communities within a given watershed identify and
address priority water quality concerns. Water quality trends will be tracked over time for all 8-
and 12-digit HUC watersheds which have long-term water quality monitoring stations located at
the watershed outlets.

Soil and Water Conservation Districts in Missouri will play a crucial role by providing financial
support for practices. Missouri Soil and Water Districts are locally led entities that provide non-
regulatory conservation direction. There are 114 soil and water conservation districts in
Missouri. The districts have a responsibility to conserve soil and water resources by working
with landowners at a local level to decrease soil erosion and improve water quality. Each district
has a local board of supervisors. Agriculture in Missouri varies as does its land therefore the
programs and services offered will vary with each district. Each district develops a needs
assessment in order to prioritize the county’s needs. By reviewing the needs assessment for each
of the counties, the SWCP can utilize the local decision process to prioritize watersheds for
grazing management practices.
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6. Challenges and Solutions (education, challenges to implement and proposals to meet
challenges)

To achieve long-term conservation goals in agricultural landscapes, it is important to understand

farmers' perspectives on what practices are effective, practical and economically attainable.

Education efforts will be needed to focus on conservation and BMPs specific to reducing nutrient

runoff from agricultural lands.

The department will develop an education and outreach plan to include:

* Developing and distributing brochures about the effectiveness, costs and economic
benefits of the strategy and available cost-share assistance programs for producers and
landowners within targeted watersheds;

* Providing one-on-one visits with producers and landowners;

* Organizing on-farm and field day tours with producers and other experts teaching
producers;

¢ Organizing meetings, seminars and workshops with producers and other experts teaching
producers;

* Providing presentations at regular conferences of agencies and organizations;

*  Writing articles in local newspapers, farm magazines and agricultural newsletters;

¢ Conducting radio and television announcements; and

* Recognizing local farmers for voluntary efforts and demonstration of whole farm system
approach to soil and water conservation.
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Municipal and Industrial Wastewater

This Section outlines draft nutrient reduction strategies for municipal and industrial wastewater
point sources in Missouri. The draft calls for a five-year plan development period to be followed
by the implementation of feasible and cost-effective nutrient reduction strategies that are
designed to allow Missouri to make reasonable further progress in addressing nutrient loadings
to the waters of the state and downstream waters such as the Gulf of Mexico.

There is significant uncertainty about the extent to which reducing loading from point sources
will benefit the Gulf of Mexico. While model results vary, their calculation results consistently
show developed land area and point sources to be relatively small contributors to nitrogen and
phosphorus loads in the Mississippi-Atchafalaya River Basin (MARB) (Brown et al., 2011;
Alexander et al., 2008; and Robertson and Saad, 2014). Loadings to large receiving waters from
ground water (which point source discharges typically do not effect) can lag for decades and data
are indicating that groundwater concentrations are having an effect on increasing river
concentrations and flux, especially at low flows (USGS, 2010). Thus, it is important to carefully
evaluate the specific impacts of point source reductions, including benefit-cost relationships,
prior to applying discharge limitations. Missouri should take this opportunity to build flexibilities
into our approach for reducing point source nutrient loadings by incorporating strategies such as
annual average targets with flexible trading and watershed permitting, in order to ensure
economically and environmentally sustainable nutrient reductions. In the following sections,
several actions and major tasks are proposed to establish the structure for a statewide point
source nutrient reduction program. These include incentives and funding support to public
entities for early investments in nutrient reduction efforts at Publicly-Owned Treatment Works
(POTWs).

Point Source Nutrient Reduction Strategy

Current Missouri Nutrient Monitoring Requirements

On November 6, 2013, the Missouri Clean Water Commission adopted revised effluent
regulations at 10 CSR 20-7.015. These were published by the Secretary of State on January 29,
2014, and became effective under state law on February 28, 2014. The revised regulations at 10
CSR 20-7.015(9)(D)7 include the following effluent monitoring requirements for point sources
discharging nitrogen and phosphorus to waters of the state:

Statewide Monitoring for Nutrients. Point sources that have the design capacity of greater
than one hundred thousand (100,000) gallons per day (gpd) that typically discharge nitrogen
and phosphorus shall collect and analyze a minimum of one (1) effluent sample each
calendar quarter for one (1) permit cycle or up to five (5) years if the first permit term is less
than five (5) years. The samples shall be analyzed for total nitrogen and total phosphorus
using EPA approved test methods. This provision shall not limit the department from
imposing ongoing or more frequent monitoring in permits that impose effluent limits for total
nitrogen or total phosphorus or in situations in which monitoring is appropriate to ensure
compliance with water quality standards. The quarterly monitoring frequency for total
phosphorus does not apply to dischargers that are subject to the specific lake limits and
monitoring requirement specified under subsections (3)(E) and (F) of this rule.
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This provision is being implemented through the inclusion of monitoring requirements in permits
issued under the National Pollutant Discharge Elimination System (NPDES). Such permits are
reissued by the department on a staggered (rotating) watershed basis and generally remain in effect
for five years. Therefore, the nutrient monitoring requirements of 10 CSR 20-7.015(9)(D)7 will not
be fully implemented in the state until March 2019 or five years after the provision’s effective
date.

Additional steps could be taken to expedite the collection of effluent monitoring data and to
more rapidly reduce nutrient loadings from point sources. For example, all facilities will be
encouraged by the department and the Association of Missouri Cleanwater Agencies (AMCA) to
voluntarily commence nutrient monitoring sooner than they may be required to under their
permit(s). After three years of monitoring activity, the department could assess the nutrient
loadings from these point sources on a facility by facility basis. An evaluation of this monitoring
data will aid the department in evaluating appropriate nutrient controls or nutrient limits during
the 2019-2023 permitting cycle -- five years ahead of the schedule otherwise applied under the
state’s rotational permitting system and 10 CSR 20-7.015(9)(D)7. These and other recommended
actions are discussed in greater detail in the following paragraphs.

A. Monitor Nutrient Discharges (Years 1 — 3)

On a statewide basis, point sources are believed to contribute a comparatively small percentage
of the total nutrient loading in Missouri — 10% by one recent estimate.' However, these sources
may account for a larger portion of the total nutrient loading in some watersheds. By
comparison, Robertson and Saad (2013) ascribe about 14% of the nitrogen and 29% of the
phosphorus to wastewater treatment plants (WWTPs) and urban areas. Given that the relative
contribution from point sources varies among watersheds and that this contribution is not known
with certainty in most instances, further study of nutrient loading sources is warranted. Ideally,
nutrient loading reductions from the point source sector should be quantifiable over time and
proportionate to the sector’s loading contribution. Better data regarding nutrient contributions
from both point sources and nonpoint sources should be obtained to improve nutrient accounting,
develop equitable reduction goals and better determine the most efficient way of achieving these
goals. Such data also are essential for establishing an accurate baseline loading estimate, which
can be used to evaluate the state’s progress in reducing nutrient loadings from all sources.

The first three years of the plan should include the implementation of a nutrient monitoring
program for all POTWs and all industrial wastewater treatment facilities that:
1. typically discharge nitrogen and phosphorous; and
2. for municipal dischargers, that have a design capacity to discharge greater than 1
MGD.

Samples for Total Nitrogen (TN) and Total Phosphorus (TP) should be taken monthly (>1 MGD)
or quarterly (<1 MGD and >100,000 gpd). In addition, nutrient speciation, particularly for

nitrogen, should be further evaluated to aid wastewater treatment infrastructure planning. As part
of this strategy the Missouri Effluent Regulations (10 CSR 20-7.015(9)(D)7) should be

' Bob Broz, Committee searching for nutrient reduction strategies, University of Missouri Extension (Feb. 12, 2013),
http://extension.missouri.edu/news/DisplayStory.aspx?N=1704.
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appropriately revised to increase nutrient monitoring frequency and require nitrogen speciation
for municipal and industrial dischargers to a level that will allow the department and
stakeholders to more accurately characterize nutrient loadings from POTW and industrial
facilities. Once the effluent regulations are modified and or updated those requirements will need
to be incorporated into Missouri State Operating Permits for POTW and industrial facilities. As
explained below, POTWs and industrial facilities will also be asked to voluntarily collect
nutrient data until their permits are modified consistent with this strategy.

During the first three years of this strategy, the department should establish an appropriate
loading threshold for industrial facilities to trigger monitoring requirements through the proper
legislative or rulemaking process. Understanding loadings from industrial facilities will
contribute significantly to the success of this strategy. It may be the case that industries which
have substantial loadings (possibly: 80 Ibs-N/day and/or 8 lbs-P/day, based upon loading
approximately equivalent to I MGD at 10 mg-N/L and 1 mg-P/L) should be considered for
additional early monitoring.

Additionally, during the first three years of this strategy the department should develop and
implement a voluntary early monitoring program for municipal and industrial dischargers.
Voluntary monitoring which is to be performed during the three year monitoring period in
addition to that monitoring required by Missouri’s Effluent Regulations may prove to be
essential to understanding the sources of nutrients. Under the program, facilities may voluntarily
agree to monitor when and where appropriate to enhance available data related to nutrient
loadings for this sector. As part of the voluntary early monitoring program the department should
encourage facilities to collect and provide data if possible for both discharge points as well as
upstream and downstream sampling relative to discharge locations where feasible during the
three year monitoring period. AMCA is committed to partnering with the department to ensure
the state’s major public utilities obtain adequate data over the next three years to properly
characterize their nutrient loadings.

Other state NMPs issued following the Mississippi River/Gulf of Mexico Watershed Nutrient
Task Force’s 2008 Hypoxia Action Plan either propose new nutrient monitoring requirements or
already require monitoring. This plan’s nutrient monitoring action is generally consistent with
other state plans with respect to facilities covered, nutrients monitored and sampling frequency.
Furthermore, the action to monitor effluent discharges for three years before making specific
effluent limitation decisions is mirrored in Mississippi and Minnesota’s draft NMPs.

B. Study to Determine Feasible Nutrient Reduction Targets (Years 1-3)

During the three year monitoring period, the department should facilitate a parallel public
evaluation process for feasible statewide nutrient reduction targets for the point source sector and
cost-effective treatment technologies to meet those targets. The review should assess the costs of
nutrient removal both in terms of cost per unit of nutrients removed and in terms of cost per rate
payer to implement the technology. The objective of the review is to identify reasonable and
cost-effective approaches for reducing Missouri’s aggregate point source nutrient contribution to
the Gulf.
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The final report from the study should include, at a minimum, the following elements:

* Analysis of and reporting on the available nutrient monitoring data collected to-date in
order to estimate:

a. the aggregate nutrient discharges from different classes of point sources
(municipal and industrial discharges, broken down by discharge volumes);

b. the aggregate point source nutrient loadings per watershed or major tributary
to a significant river;

* Discussion of nutrient reduction technologies and strategies for different classes of point
source dischargers:

a. evaluation to consider seasonal and annual performance periods;

b. industries that contribute significant nutrient loading to prepare nutrient
loading and reduction cost-effectiveness evaluations;

c. individual POTW facility evaluations that may be required at permit renewal;
and

d. no-discharging alternatives for smaller facilities where feasible and
practicable.

* Evaluation of alternative approaches to statewide or site-specific discharge targets for
phosphorus, nitrogen and other parameters/indicators that are:

a. calculated to make reasonable further progress toward reducing Missouri’s
contribution of nutrients to the Gulf; and

b. demonstrated to be technologically feasible and economically and
environmentally sustainable.

* Development of database of existing and potential nutrient control technologies including
Geographic Information System (GIS) or other locational information for these nutrient
control technologies with such database periodically updated to reflect new technologies
as they are developed and/or accepted.

*  Where feasible the data included in the final report from the study should include GIS or
other locational information for ease of reference.

Implementation of nutrient reducing treatment technologies at WWTPs has typically been driven
by receiving water quality. However, without a near-field water quality impact and the relatively
complex nature of MARB nutrient loading, other factors must also be taken into consideration
given our limited resources and the growing concern over global climate change. For instance,
most states include cost-effectiveness in their nutrient reduction plans as a factor in nutrient
reduction levels and required technologies. Mississippi proposes to conduct a cost-effectiveness
study prior to making decisions about nutrient reduction levels and technologies. lowa’s Nutrient
Reduction Strategy (NRS) requires NPDES permit holders to conduct a nutrient study and
evaluate cost-effectiveness as part of the site-specific nutrient study”. Iowa's NRS focuses on the
state’s major municipal dischargers and industrial dischargers (>1 MGD) in terms of cost per
1,000 gallons treated and cost per household with consideration of affordability and recent
treatment system upgrades (10-year moratorium on further upgrades following major upgrades).
Missouri will consider taking this evaluation one step further and include overall sustainability as
a factor in nutrient reduction levels and required technologies. For example, at what point do
increasing greenhouse gas emissions, countervailing environmental impacts and associated costs

? http://www.nutrientstrategy.iastate.edu/
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related to implementation of an advanced treatment processes outweigh the water quality
benefits?

Decision makers frequently use the industry standard Triple Bottom Line (TBL) framework to
make informed decisions concerning sustainability. The TBL framework is comprised of three
pillars: environmental, economic and social considerations. Falk et al. (2013)’ studied
environmental and economic TBL measures involved with implementation of five different
levels of nutrient reduction at municipal wastewater treatment facilities. For this evaluation, Falk
et al. (2013) estimated greenhouse gas (GHG) emissions, receiving water quality and capital,
operations and net present worth for a theoretical greenfield WWTP with a design capacity of
approximately 10 MGD. The authors suggest a tailored TBL analysis based upon site-specific
conditions for a more thorough understanding of the TBL for specific treatment projects. The
results of the evaluation show that receiving water quality benefit (theoretical algal production)
diminishes exponentially with more advanced treatment levels, while GHG emissions increase
considerably (Figure 5).
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Figure 5: Greenhouse gas emissions and algae production per treatment level.

3 Falk, M.; Reardon, D.; Neething, J.; Clark, D.; Pramanik, A. (2013) Striking the Balance between Nutrient Removal,
Greenhouse Gas Emissions, Receiving Water Quality and Costs. Water Environ. Res., 85, 2307-2316.
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In addition to the diminishing environmental benefit $350
or potential environmental cost, economic costs
increase dramatically with more advanced treatment
processes. Falk et al. (2013) note that by increasing
treatment from Level 1 (Secondary Treatment) to
Level 2 (Biological Nutrient Removal) results in a
doubling of capital costs and a near tripling of
operation and maintenance costs. This is a
significant financial burden for most communities to

shoulder. Using the cost estimates developed by O el Lewelr  Levels  Leveld  Levels
Falk et al. (2013) for each defined level of treatment, Figure 6: Present worth costs for each treatment
present worth costs were calculated and shown in Figure 6. level.
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Furthermore, these costs were also used to estimate
the incremental cost per pound of TN and TP for
each more advanced treatment level and shown in
Figure 7. This analysis reveals that the incremental
cost of nutrient load reduction increases by about an
order of magnitude for each subsequent step in .
nutrient removal. 10000
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The sustainability considerations presented using the
TBL factors demonstrate that biological nutrient
removal represents the most efficient means of
meaningful nutrient removal absent near-field water
quality drivers. In addition, this information on the “
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incremental cost of nutrient load reduction is also Figure 7: Incremental nutrient removal costs for
useful to understand the cost effectiveness of implementing ~ Various treatment levels.

advanced levels of wastewater treatment at municipal

wastewater treatment plants compared to other nutrient reduction strategies.

C. Establish Point Source Nutrient Approaches to Ensure Reasonable Further Progress
(Years 3-5+)
The results of the effluent monitoring and the evaluation of cost-effective technologies can then
be translated, along with other sector loading information, into nutrient approaches and reduction
targets. Gulf-related nutrient permit targets must be equitable, technologically and financially
achievable and environmentally sustainable. As noted above, nutrient control is complicated by
the ongoing ammonia upgrade program in Missouri and is further complicated by EPA’s new
(yet to be adopted) ammonia criteria. This warrants taking the time necessary to integrate these
different and in some ways competing requirements, especially when considered in the further
context of trying to maximize wet weather flows through POTWs.

Any required nutrient permit targets must incorporate regulatory flexibility to minimize costs and
disruptions for rate payers. POTWs should be provided time to optimize performance of existing
systems prior to requiring nutrient removal upgrades. This approach would facilitate rapid
implementation of nutrient reduction strategies that fully utilize existing systems prior to
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investing in more expensive capital projects. Once the need for upgrades is established,
compliance deadlines should be flexible to give treatment facility owners opportunity to develop
the most cost-effective nutrient reduction approach for their system. In addition, other significant
water quality and system improvement programs, such as wet weather programs, should be taken
into account when developing nutrient compliance schedules to allow the time necessary to
balance competing priorities. Also, other upcoming plant improvements or expansions should be
considered as these represent ideal times to implement nutrient controls by leveraging with other
construction activities. Another reasonable approach relies on staggering time for upgrade
compliance deadlines that prioritizes municipalities that generate the highest nutrient loads.
Further, treatment system owners may elect to phase improvements to provide incremental
nutrient load reductions; whereby facility modifications that yield the highest benefit-cost ratio
receive priority implementation and lower benefit-cost ratio modifications receive a lower
priority. Other necessary elements of regulatory flexibility include reasonable compliance
deadlines and specifying point source nutrient targets on a seasonal or annual average basis.
Florida has gone one step further by focusing on annual geometric mean nutrient levels.

An additional consideration that should be evaluated is imposing TN/TP requirements
immediately upon new dischargers as well as imposing nutrient permit targets on those existing
facilities (with compliance schedules) that need to increase plant capacity. A statewide approach
to allocations should protect, to the extent possible, pre-existing public investments in POTW
capacity. Other states have used design flows times a reasonable TN/TP performance level to
assign point source loadings.

Among the other state nutrient reduction plans, biological nitrogen and phosphorus reduction
technologies are targeted unless localized water quality impacts warrant more advanced
treatment technologies. This approach represents the most cost-effective incremental step in
treatment processes unless existing facilities can be optimized to reduce nutrient discharges
significantly. With biological nutrient removal (BNR), the most common nutrient targets are 10
mg/L-TN and 1 mg/L-TP for facilities above an established design flow threshold, which varies
by state. Missouri should evaluate statewide point source loadings on this basis - as one possible
approach within a statewide point source trading program. However, each approach should
maximize the use of nutrient trading to accelerate reductions in the most affordable and cost-
effective fashion possible. Moreover, not every State plan includes limits. For example, Kansas
establishes technology-based nutrient goals within NPDES permits for some facilities. Also,
Wisconsin imposes no nitrogen limits unless necessary to meet local water quality standards.
Several states allow permit writers to deviate from the limits based on technological and
feasibility considerations, and Ohio specifically gives permit writers flexibility to design
compliance timelines that allow agencies to manage costs. Mississippi’s plan also involves
developing nutrient limits only after a full study has been completed.

A phase-in of point source reductions over time should be considered, similar to the approach
taken by the Long Island Sound program. As part of such an approach, the nutrient reduction
plan should consider incentives for point source dischargers to invest early in nutrient removing
technologies/optimization of existing facilities. Additionally, the department will work with
stakeholders to set up a prioritization system for implementation of controls in order to take into
consideration factors like existing loadings to receiving waters, fate and transport of nutrients
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delivered to those waters, equity both within and between nutrient source sectors, existing stream
impairments and other considerations.

Finally, this strategy must consider the impact that POTW and industrial facilities have on local
water bodies in terms of nutrient loading. The department must work with permit holders to
appropriately address downstream nutrient issues consistent with applicable water quality
standards as they may be identified and verified through the monitoring program and discuss the
role of adaptive management in nutrient control planning and implementation for near-field
nutrient concerns.

D. Develop Nutrient Trading and Watershed Permitting Program (Years 1-5)

A key element of an efficient nutrient reduction plan is a nutrient trading program that would
allow market participants to sell and purchase nutrient credits. Every other state NMP either
references an existing nutrient trading scheme or proposes to develop one. These programs are
generally broad, allowing trading between point and nonpoint sources. At least one state,
Minnesota, is considering the development of an interstate nutrient trading program.

At least initially, trading should be available between regulated or unregulated sources within
Missouri. Trading should also be available between wastewater entities or functions of the same
entity. It would be beneficial to coordinate with other states subject to the Hypoxia Action Plan
to evaluate the feasibility of interstate nutrient trading. Work should begin to design and
implement this program as soon as practicable. For point sources, the Virginia Nutrient Credit
Exchange should be considered along with others to determine model approaches for Missouri.
The Environmental Resources Coalition and Geosyntec’s Missouri Innovative Nutrient Trading
(MINT) and Evaluating and Practicing Innovative Conservation (EPIC) Projects evaluated the
impacts of several policy decisions on the viability of nutrient trading in Missouri. These results
should be evaluated as Missouri’s trading program develops.

Missouri has already taken steps to synchronize NPDES permits by HUC-8 watersheds, which
lends to development of a watershed permitting program to work in concert with a nutrient
trading program. Watershed permitting could allow dischargers to share nutrient allocations as a
group rather than establishing facility-specific limits. Watershed permitting has been a very
useful tool in other states, such as North Carolina and Oregon, to provide more flexibility in
meeting target nutrient reductions in the most expeditious and cost-effective manner. Therefore,
the department will evaluate this permitting approach during this nutrient reduction
implementation period.

E. Evaluate Funding Options (Years 1-5)

Reducing Missouri’s nutrient loading to the Gulf of Mexico is a statewide concern. It is
imperative that state financial assistance be made available to those wastewater agencies that will
incur costs to reduce these loadings. In advance of the implementation of nutrient reduction
targets, the state should ensure that one or more funding mechanisms are in place.

Ideally, the General Assembly should fund a grant program administered by the department and

dedicated to financing nutrient reduction upgrades at POTWs. Such a program could be funded
through general fund, bonding supported by excess lottery funds, a percentage of future budget
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surpluses, etc. A beneficial, but less preferable, alternative would be for the General Assembly to
create a grant equivalent program that provides interest-free loans to municipal and industrial
dischargers to install nutrient reduction technologies. In either event, priority access to the State
Revolving Fund (SRF) should be given to wastewater agencies that must implement plant
upgrades to meet nutrient reduction targets specified by this plan. Lastly, an effort should be
made to identify any other sources of public or private funding that could be utilized by
dischargers.

Few other state nutrient reduction plans specifically address developing sources of funding for
nutrient reduction improvements. Mississippi’s plan outlines a process of identifying and
evaluating potential sources of funding for nutrient reduction. Both Iowa and Ohio have
proposed giving priority use of their State Revolving Funds to wastewater agencies that must
implement nutrient reduction.

Additionally, as part of this strategy the department is committed to support and where
appropriate lead efforts to pursue Federal, State and other incentives and programs to facilitate
the acceleration of nutrient reduction investments. Beyond leadership grant funding, State efforts
for pursuing and supporting incentives could include SRF availability commitments, SRF grant-
equivalents (zero or negative interest, full or partial loan forgiveness, etc.). These programs
could also include recommendations which result from the department’s efforts with its Nutrient
Trading Strategy Committee.

F. Integrated Planning Efforts (Years 1-5)

The challenges faced by municipal facilities, are very complex and multi-dimensional.
Population growth, aging infrastructure, increasingly complex water quality issues and the
current economic challenges may stress the implementation of CWA and other environmental
programs. It is important that this strategy and the municipal point source nutrient approaches
that are developed not focus on nutrient reduction individually without full consideration of all
CWA and other environmental obligations. The incorporation of an integrated planning approach
will help the state of Missouri avoid unintended consequences and allow municipalities to
address its most pressing environmental and water quality issues first. Throughout the duration
of the implementation of this plan, integrated planning efforts should be utilized to ensure that
water quality concerns are addressed in a holistic and cost-effective manner. Existing
environmental commitments and obligations should be taken into account as point source
nutrient approaches are evaluated and adopted. The state of Missouri has a commitment through
this strategy to aid municipal facilities in addressing nutrient reduction efforts consistent with
reasonable integrated planning techniques.

G. Outreach and Education Efforts (Years 3-5)

When many of the nutrient reduction actions for municipal and industrial point sources outlined
in this strategy have been adopted and/or evaluated public outreach and education will be
important. As with any effort that requires a significant investment of public money the
importance of nutrient reduction should be delivered in a well thought-out and understandable
manner. Public outreach and education efforts should reflect a focus on properly characterizing
as is best understood at the time the sources of nutrients, the reason for concern, the types of
actions being taken and the costs associated with this investment. These efforts will allow
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meaningful collaboration between municipal, industrial, governmental and non-governmental
organizations in developing and delivering this message.

Measures of Success

An objective evaluation of this strategy and the actions taken pursuant to it will find it successful
if a number of important goals are realized. These important goals vary and include but are not
limited to those listed below. These goals should be assessed, reevaluated and updated as
necessary throughout the implementation of the nutrient reduction strategy:

1. After three years the municipal and industrial point source sector in Missouri should
know or have a significantly enhanced understanding of the percent of TN and TP it
contributes to the Gulf of Mexico;

2. After five years there should be an equitable approach developed to ensure affordable and
cost effective point source compliance with any nutrient reduction efforts adopted by the
department;

3. After five years there should be a flexible nutrient trading and watershed permitting
program that allows for affordable and cost-effective point source compliance;

4. Regulatory provisions should be developed to ensure regulatory flexibility for point
source controls and provide regulatory certainty;

5. Many recommendations and results of this strategy will need to be incorporated into State
Law and/or regulation. The department should develop a strategic plan to ensure that this
happens in a timely and efficient manner;

6. The State should consider legislation for funding to support statewide nutrient reduction
strategies;

7. The public in Missouri should have access to accurate well-developed and timely
information regarding Missouri’s nutrient reduction strategies; and

8. The state’s municipal and industrial point source sector should do its part in the effort to
reduce the transport of nutrients from Missouri to the Gulf of Mexico and to address local
water quality problems in Missouri stemming from nutrient enrichment pursuant to
applicable Missouri water quality standards. This reduction should be proportionate to
the sector’s nutrient contribution.
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Urban Stormwater Nutrient Reduction Strategy

Background

Urban Areas in Missouri

While Missouri’s urban areas comprise a relatively small percentage of the state’s total land area,
a significant percentage of the state population resides in these urban areas. Stormwater runoff
from urban areas is typically handled either through combined sewer systems (where stormwater
and sanitary flows are combined in the same pipe), or by separate stormwater sewer systems.
Because combined systems are part of a POTW system and separate stormwater sewer systems
are the most common type of stormwater conveyance system in Missouri, this urban stormwater
nutrient reduction strategy is primarily focused on the nutrient contribution and strategy for
separate stormwater systems.

Municipal separate storm sewer systems (MS4s) are the separate sewer systems that are owned
and maintained by municipalities or other public bodies (such as MoDOT) having jurisdiction
for stormwater conveyance. Regulated MS4s (those that are regulated by the Department of
Natural Resources through the NPDES program) serve about 58 percent of the state’s population,
but convey water from less than 3 percent of the state’s total land area.

Urban Area Water Quality & Nutrients

Nutrients in stormwater runoff from nonpoint urban sources (e.g., residential yards, parks, vacant
land, rooftops, roads and parking lots) may degrade water quality in several ways. Pollutants
(including nitrogen and phosphorous) may simply be carried into waters with the stormwater.
Additionally, the increased stormwater runoff that results from impervious areas (e.g., roofs,
roads and parking lots) can cause erosion that releases nitrogen and phosphorous that was bound
with the sediment. Combined sewer overflows, illicit discharges from (publicly owned) sewers
and (privately owned) laterals and improperly operated privately owned wastewater treatment
facilities (e.g., onsite systems and septic tanks) can all release nutrients into waters. Improper
waste disposal may also cause or contribute to releases of nitrogen and phosphorous into
waterways.

Water quality monitoring data can be helpful to evaluating the relative importance of urban
runoff to nutrient export. While Missouri urban area water quality data are not extensive, the data
that are available from the St. Louis area may be helpful in developing and focusing nutrient
strategies for other urban areas.

The Metropolitan St. Louis Sewer District (MSD) has collected nitrogen and phosphorous data
from the Missouri and Mississippi Rivers (at locations near its service area) and also from
several smaller streams located in St. Louis City and County. The majority of the stormwater
runoff from St. Louis City and County flows through these smaller streams or sewer networks
where they are ultimately discharged into the larger Missouri, Meramec and Mississippi Rivers.
Figures 8 & 9 illustrate the concentrations of total nitrogen and total phosphorous, respectively,
across the sampling network. Nitrogen & phosphorous concentrations measured in the (larger)
Mississippi and Missouri Rivers are typically higher than from the (smaller) tributary rivers.
Also, there is no clear evidence to suggest total nitrogen or phosphorous levels increase in big
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rivers as the water flows through the Metropolitan St. Louis area. Finally, when the data are
assessed on a seasonal basis (Figure 10), total nitrogen levels in the Mississippi and Missouri
Rivers show a spring “peak.” The peak in nitrogen concentrations is not observed in the
(smaller) urban tributary streams. Collectively, these data suggest the metropolitan St. Louis area
does not make a significant contribution to total phosphorous or nitrogen levels, relative to other
sources in the upper Mississippi and Missouri River watersheds. It seems reasonable that, given
the relative size and population of other urban areas in Missouri, that the nutrient contribution of
other urban areas in Missouri may likewise be relatively minor. (Additional data collection to
evaluate this observation is provided as a component of one strategy.)
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Figure 8: Total Phosphorus Geometric Mean
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Figure 9: Total Nitrogen Geometric Mean
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Figure 10: Data assessed on a seasonal basis.
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Because of the likely minor overall contributions of nutrients to State waters from MS4 systems,
it is important that this strategy take an iterative, efficient and cost-effective approach toward
addressing MS4 contributions. We anticipate that urban MS4 nutrient loadings will be less than
10 percent of the overall loadings.

With that said, Missouri’s urban citizens and their local governments have continually
demonstrated strong support of water quality issues and environmental stewardship. The
proposals that follow herein are consistent with this legacy. For example, educational programs,
especially those in schools, have an important role in educating citizens about sources of and
impacts from nutrient pollutants. Also, in some cases, it makes sense to adjust existing programs
to address (near field) urban water quality issues (e.g., stream erosion and habitat degradation)
and these programs will also help address nutrient impacts. “Integrated Planning” is becoming
more and more important to urban municipalities and their citizens as a tool for addressing
environmental issues.

One of the major challenges to addressing urban stormwater quality in Missouri is adequate
program funding. Municipal stormwater programs across the state are simply struggling to find
stable and appropriate sources of funding. The last section of this strategy addresses actions that
could enhance nutrient reduction efforts, as funding becomes available.

Enhancing Effectiveness of Existing Programs

Municipal stormwater discharges are regulated by the CWA and like other point sources, MS4s
are regulated through the NPDES program. However, an important distinction between the
performance requirements for MS4s and other point sources is that the CWA requires MS4s to
employ BMPs to the maximum extent practicable rather than permitting geared towards
imposing numeric effluent limits to meet water quality standards as is the case for industrial
facility stormwater discharges.* This distinction is important, because MS4s discharges do not
receive traditional end-of-pipe treatment. Instead, municipalities and the land developers that
work within their communities employ BMPs as source controls to limit the discharge of
pollutants (including nutrients).

Regulated MS4s are either a “Phase I community” or a “Phase II community.” Phase |
communities include those with populations of 100,000 or more. In Missouri, Phase I
communities include Kansas City, Springfield and Independence. Phase II communities include
those with populations of 1,000 or more within urbanized areas, or 10,000 or more outside of
urban areas. While the regulations and permits that impact Phase I and Phase II communities are
different, they share many program elements. The strategies below are ones that either Phase I or
Phase II communities could take. Finally, MS4 communities should find opportunities to
collaborate on the effectiveness of their individual nutrient strategies. It was suggested that MS4
communities meet every year or two to compare notes. The Missouri Water Environment

*CWA Section 402(p)(3)(B)(iii))02(p) states: Permits for discharges from municipal storm
sewers...shall require controls to reduce the discharge of pollutants to the maximum extent
practicable, including management practices, control techniques and system, design and
engineering methods and such other provisions as the Administrator or the State determines
appropriate for the control of such pollutants.
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Association (MWEA) Stormwater conference was suggested as a good opportunity for this
meeting. (MWEA could be listed as a potential partner in some of the efforts below). The
department would be willing to facilitate MS4 coordination as needed.

Reviewing and Enhancing Public Involvement & Education Programs

1. Define the Action

Regulated MS4s will review their public involvement and education programs to identify any
appropriate enhancements to address nutrients and then follow through with program changes.
(At a minimum, communities should consider the adequacy of their public education and
outreach programs addressing residential fertilizer application, promoting phosphorous free yard
fertilizer and education regarding illicit waste dumping.)

2. Current Extent of Implementation

All regulated MS4s have a public involvement and education component in their stormwater
management plans. This work has included giving presentations to the public (including
schools), printing and circulating brochures and flyers, providing websites, marking or stenciling
storm drain markers, innovative “storm drain art” programs and distributing radio and TV public
service announcements about nonpoint source pollutant issues. Social media is providing new
ways to engage the public. Also, included are stream cleanups events. Some communities give
awards for citizens and organizations that provide outstanding environmental stewardship.
Surveys are sometimes used for evaluating effectiveness of these public involvement and
education programs.

3. Key Partners
Partners include municipal (MS4) staff, department staff, school district staff, non-governmental

organizations, watershed organizations, stream teams and other interested members of the public.

4. Future Plans

MS4s will review their program and materials in the next 3 years, including recommendations
for program enhancements. Recommendations for enhancements will be implemented in years 4
and 5, consistent with available funding. For purposes of permit compliance, existing terms of
these and any future permits will govern programmatic requirements. Smaller MS4 programs
with limited staff and funding could possibly take advantage of the education materials and other
efforts taken by the larger communities. Coordination of these materials could be facilitated by
the department.

5. Challenges and Solutions

Some municipalities may not have funds for implementing specific recommendations. The
timeline for implementation should be flexible so that recommendations can be implemented as
resources become available.

Some municipalities may need technical assistance in completing the recommendations.
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Structural and Non-Structural Best Management Practices

1. Define the Action

Regulated MS4s will review their programs to determine what enhancements to structural (e.g.,
post-construction stormwater controls like bio-retention) and non-structural BMPs (e.g., planning
and zoning ordinances) would be appropriate for their community, and then follow through with
program changes.

2. Current Extent of Implementation

MS4s are required to develop and implement structural and/or non-structural stormwater control
measures for regulated projects, to require that construction and post-construction best practices
are implemented to the maximum extent practicable to protect water quality. Non-structural
stormwater control measures can include stream buffer setbacks, minimizing areas of disturbance
and imperviousness, street sweeping and storm system cleaning. Structural stormwater control
measures can include constructed practices that capture and retain or detain runoff for the
purpose of managing the quality of the runoff in receiving waters.

Regulated projects include development and redevelopment projects, and pollution
prevention/good housekeeping for municipal operations. Requiring the retrofitting of existing
developed areas for stormwater controls is not recommended at this time.

3. Key Partners
Partners include municipal (MS4) staff, department staff, elected officials, land developers,

planners, architects, engineers, builders and operators associated with land development projects.

4. Future Plans

MS4s will review their program (with stakeholder input) and develop recommendations for
program enhancements in the next five years. The Missouri Guide for Green Infrastructure is one
resource that MS4s can utilize for data to develop recommendations for managing nutrients. At a
minimum, MS4s will consider how low-impact development practices might improve nutrient
management effectiveness in their community.

Recommendations for enhancements will be implemented on an ongoing basis in the five years
following the review, consistent with available funding. Because the library of technical data on
BMP performance is continually being improved, the process of “reviewing” and
“implementing” best practices will be repeated for at least two additional cycles and maybe
beyond, as warranted.

5. Challenges and Solutions

Evaluating the nutrient management effectiveness of various practices is a challenging endeavor.
The Missouri Guide to Green Infrastructure is only one resource, and the BMP performance
cited in it is largely based on literature and extrapolations from other communities. Local water
quality studies are costly. However, a study and development of recommended practices for a
suite of cost-effective and regionally appropriate recommended practices for Missouri MS4s
would greatly assist in this evaluation.
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Program Compliance and Maintenance

1. Define the Action

Regulatory programs and construction practices currently exist at the state and local levels that
have the potential to reduce nutrient loads in urban runoff. The effectiveness of these programs
and practices in reducing nutrients is dependent on compliance and maintenance.

Land Disturbance Program

The statewide land disturbance permitting program for construction sites that disturb one acre or
greater has the potential to reduce nutrients in urban runoff by controlling the nutrients
associated with sediment loading. The requirements of the state land disturbance permit are
robust. However, the level of compliance is often dependent on the level of oversight and
enforcement from a regulatory authority. Ensuring compliance with existing land disturbance
permit requirements through effective state and/or local inspection and enforcement efforts will
help to maximize the nutrient reduction potential of this program.

Post-Construction Best Management Practices

Maintenance of post-construction BMPs may also affect the nutrient removal efficiency of post-
construction BMPs over time, but is not well understood. Thousands of stormwater BMPs
currently exist across the state. Their potential for removing nutrients from urban runoff may be
hampered by lack of maintenance. A better understanding of the effects of maintenance on the
nutrient removal efficiency of BMPs is needed to assist MS4 communities in decision-making
about BMP maintenance programs.

2. Current Extent of Implementation

Requiring adequate operation and maintenance of BMPs is a requirement of MS4 regulations
and permits. Local programs vary in their sophistication; some programs include active
inspection programs, while others are “complaint-based.” In either case, these asset management
programs are primarily focused on addressing aesthetics, storage capacity and public
health/vectors. MS4 communities focused initially on implementing requirements for BMPs, are
gaining experience on how to address long-term maintenance.

3. Key Partners
Partners include the department, MS4-regulated communities and potentially academic and

agency researchers.

4. Future Plans

The department will assess the level of compliance with current state land disturbance
regulations and the potential nutrient reduction benefits of improved compliance. This
assessment will determine the need for additional land disturbance inspection and enforcement
and potential paths forward including increased cooperation with MS4 communities. Partners
will work together to better understand the effects of post-construction BMP maintenance to
nutrient management.
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5. Challenges and Solutions

There is a significant database and information management component to this initiative.
Additional information is needed to understand the potential nutrient reduction benefits of this
action. One of the biggest challenges to more effective program implementation is funding, for
both the department and local communities.

Exploring Nutrient Trading as Part of Integrated Planning

Most MS4 permit holders support exploring nutrient trading as a component of a strategy to
manage urban wet weather issues. The trading program should consider point-to-point and point-
to-nonpoint source trading. This program should consider a flexible market-based approach in
which pollution sources facing regulatory requirements to reduce nitrogen or phosphorus loads
can buy nitrogen or phosphorus reduction credits from other regulated or unregulated sources,
which can achieve nutrient reductions at much lower costs. A separate initiative that addresses
nutrient trading is scheduled to begin in 2015.

Other Opportunities Requiring Grants and Additional Funding

Any actions that MS4s take have to be achieved with available resources. The decision by the
Missouri Supreme Court in Zweig et al. v. Metropolitan St. Louis Sewer District, in which the
Court held that MSD's stormwater fee (based on impervious area) is an impermissible tax,
imposes similar challenges for local governments statewide to fund MS4 programs. Additionally,
Missouri House Bill 661 limits the ability to charge certain properties for stormwater services
(based on whether the property is residential, receives a sewer bill, has drainage into a sewer
system and others). As an example, when House Bill 661 went into effect, MSD ceased the
stormwater user charge billing of approximately 3,600 properties to comply with the law. These
are real state-mandated limitations and such limitations must be considered in this nutrient
reduction strategy. Included below are strategies which could be deployed as funding becomes
available.

Monitoring Nutrient Discharges (Years 1 — 3)

Any nutrient reduction measures for the urban stormwater sector should be in line with its
limited contribution to total nutrient loadings. Although urban stormwater discharges account for
a small percentage of total point source nutrient discharges, the total has not been quantified with
comprehensive monitoring data. A more comprehensive monitoring program for municipal point
source stormwater discharges would provide valuable data to verify the preliminary assumption
that these sources account for a relatively minor portion of total nutrient loadings. It also would
allow nutrient reduction strategies to be targeted to municipalities where they will provide the
greatest nutrient reduction benefit and facilitate stormwater dischargers’ participation in nutrient
credit trading programs.

For the first three years of the implementation plan, MS4s serving 5,000 or more residents will
take quarterly samples from a representative number of stormwater outfalls to be tested for total
nitrogen and total phosphorus. These data will be used to better estimate average annual nutrient
discharges from urban sources.
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Study of Nutrient Reduction Technologies and Strategies (Years 1 — 3)

A study would be conducted to identify cost-effective nutrient reduction BMPs, technologies and
strategies. The scope of the study should include MS4 discharges and indirect urban and
stormwater runoff. The study should consist of, at a minimum, a literature review and a
comparative evaluation of strategies that have been employed in municipalities in Missouri and
elsewhere.

Development of Recommended Practices (Years 4 —5)

Using the monitoring data and study of urban runoff nutrient reduction practices, technologies
and strategies, a suite of cost-effective and regionally appropriate recommended practices for
Missouri MS4s could be better defined. These recommended practices would define in more
detail “the best management practices to the maximum extent practicable” standard for MS4s to
manage their nutrient loadings. With stakeholder participation and support, this work could
culminate in the development of a stormwater practice manual that MS4s could adopt into
practice through the Storm Water Management Plan. This guide could be distributed statewide to
provide a consistent reference for MS4 communities.

This is consistent with most other state plans, which address stormwater discharges through a set
of suggested BMPs rather than through quantified nutrient reduction targets. A few state plans
(e.g., Minnesota, Wisconsin) do reference required BMPs that are included in MS4 permits.

Demonstration Projects (Beyond Year 5)

A goal is for every city in Missouri to have at least one highly visible and effective green
infrastructure demonstration project. Highly-visible green infrastructure creates opportunities for
public conversation and education about the detrimental effects of stormwater runoff, nutrient
export and the value of clean water and healthy watersheds. Such projects also can be a catalyst
for private green infrastructure initiatives and build public support for MS4 funding needs.
Kansas City, among others, has a nationally leading green infrastructure/solutions program that
has significant support from the city council and the public. This program is identifying a
number of substantial opportunities for the public to embrace green infrastructure/solutions in
neighborhoods. Other cities within Missouri are pursuing similar opportunities such that the
science and art behind green solutions is advancing rapidly.

Voluntary Retrofitting Programs (Beyond Year 5)

Some communities have funded voluntary stormwater retrofitting programs, whereby the
citizens that live within the watershed are provided grant funding to construct BMPs that manage
runoff on their property. An example of this type of program is the Deer Creek Watershed
Alliance RainScape Rebates Program, which is administered by the Missouri Botanical Garden.
This program is funded and supported by several cooperating organizations, both public and
private and includes a Clean Water Act (CWA) Section 319 grant. With adequate funding and
community interest in the program, this type of program could be expanded to other watersheds
and communities.

Control Technology Research & Development (Timing Independent of Other Tasks)

The effectiveness of nitrogen and phosphorous removal using urban infiltration BMPs such as
bioretention cells has been demonstrated by researchers. In general, phosphorous removal has
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been shown to be much more variable, compared to nitrogen removal. This strategy would help
fund research to better understand the factors that impact nutrient removal.

As an example, some of the most effective bioretention cells use bioretention soil media that
includes waste reuse products that contain aluminum for precipitation of phosphorous. Research
on the effectiveness of this practice is currently being conducted at Southern Illinois University-
Edwardsville.
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Decentralized (Onsite and Cluster) Wastewater

Improve Management of Decentralized Wastewater Systems

1. Define the Action

For the purpose of this section, decentralized wastewater treatment systems are defined as
managed onsite or clustered wastewater systems (commonly referred to as septic systems,
private sewage systems, individual sewage treatment systems, or onsite sewage disposal
systems) used to collect, treat and disperse wastewater into subsurface soils or on the soils
surface from individual dwellings, businesses, or small communities or service areas.
Unfortunately, many of the systems in use are improperly managed and do not provide the level
of treatment necessary to adequately protect water quality and public health. Proper management
of decentralized systems involves implementation of a comprehensive, life-cycle series of
elements and activities that address public education and participation, planning, performance,
site evaluation, design, construction, operation and maintenance, residuals management, training
and certification/licensing, inspections and monitoring, corrective actions,
recordkeeping/inventorying/reporting and financial assistance and funding. (US EPA 2003). The
Missouri Departments of Health and Senior Services and Natural Resources adopted the US EPA
Voluntary National Guidelines for Management of Onsite and Clustered (Decentralized)
Wastewater Treatment Systems in 2011. Failing systems can have substantial impacts during wet
and dry conditions.

A decentralized system inventory is the highest priority action item. Until the state develops an
inventory, only an estimate of the nutrient contribution of decentralized systems can be made.
Their contribution is considered small compared to other sources in the state, although it can be
larger in watersheds where system management is ineffective and where systems are densely
located near surface water bodies. As inventory data is compiled, watersheds or impaired waters
can be prioritized with respect to decentralized wastewater treatment systems and nutrient
loading. Impaired waters with densely populated areas that are served by decentralized systems
should be the primary focus.

Six management activities have been identified that can contribute to a reduction in nutrient
loads to waters of the state while also improving public health protection. Actions needed are to,
1) develop an inventory of Missouri’s decentralized wastewater systems, 2) improve system
operation and maintenance, 3) implement inspections and monitoring that are appropriate for
system technology, 4) implement needed corrective actions, 5) increase public education and

6) increase financial assistance.

Develop a Statewide Decentralized Wastewater Treatment System Inventory

Inventorying existing systems is an important element of all five management levels outlined in
the EPA Voluntary Guidelines. An inventory is essential to the most basic level of system
management, which also includes making owners aware of the maintenance needs of their
system. Having information about the number, age and types of systems in an area and their
performance will support better informed decisions for community and watershed planning.
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Missouri’s decentralized system inventory is incomplete and separately maintained by the
various permitting authorities. Data mainly consists of permit records for systems that were
constructed and repaired after 1996. A combined inventory, filling information gaps about older
systems and maintenance needs, would greatly improve management of decentralized systems. It
would also assist in the prioritization of areas and watersheds where system density and
malfunctions could contribute to nutrient loading.

A complete inventory of decentralized systems within the state can only be accomplished as a
cooperative effort between, but not limited to the following partners; Department of Natural
Resources, Department of Health and Senior Services, local administrative authorities
(commonly the local health department), University of Missouri Extension Service and County
Soil and Water District Offices. Other key partners such as the Missouri Smallflows
Organization and watershed groups can also assist in gathering and interpretation of the data.

The Department of Health and Senior Services should be the lead agency with respect to
compiling, interpreting and managing the inventory database. To engage partners in this effort,
as a short term goal, a planning document will be developed and distributed outlining the
proposed decentralized system inventory.

The short-term goal (five years) is to identify the areas of the state served by decentralized
systems and determine the approximate numbers of systems in those areas. This process can be
started by reviewing those communities and establishments served by wastewater treatment
systems permitted through the Department of Natural Resources NPDES permits or state
operating permits. Using that data and existing system permit data available through local
administrative authorities, the Department of Health and Senior Services can compile and use
GIS mapping to assist in determining the areas and number of decentralized systems permitted
throughout the state. This can best be accomplished with the assistance of all decentralized
system regulatory agencies in the state. A further short-term goal is to continue to address,
consistent with available funding, known failing decentralized systems.

The mid-term goal (ten years) is to have a comprehensive statewide inventory that documents
the number, location and type of decentralized wastewater treatment systems for use in assessing
the scope of system malfunctions and unpermitted discharges. The inventory will help to identify
focus areas where our other actions could significantly reduce the contribution of decentralized
systems to the nutrient load in impaired watersheds.

The long-term goal (15 years) is to implement corrective actions for 50% of the decentralized
systems malfunctions and unpermitted discharges in high priority watersheds where dense
developments or small communities are served by systems that contribute to the nutrient load.

Because the inventory is a cooperative effort between the Department of Natural Resources and

the Department of Health and Senior Services the two departments will work to develop a
strategic implementation planning document to serve as a guide for the inventory.
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Improve Decentralized Wastewater Treatment Systems Operation and Maintenance
Effective decentralized system management requires attention to system operation and regular
maintenance. The level of oversight needs to be appropriate for the complexity of the wastewater
treatment system technology. When systems are properly operated and maintained, wastewater
treatment goals, including public health protection and nutrient reduction, can be achieved. In
addition, managed systems will have a longer useful life with fewer malfunctions. Many
decentralized wastewater systems are operated with limited professional involvement. System
owners are generally responsible for the system but may lack basic information about their
system’s operation. This basic information would include maintenance requirements, lists of dos
and don’ts and warning signs to indicate when a professional should be called to prevent small
problems from becoming larger. Owner education is an essential management component.

Owner awareness and education are appropriate for the most basic systems, such as a septic tank
and gravity soil treatment system. More advanced technology such as aerobic treatment tanks,
alternative dispersal systems and cluster systems need more frequent inspections and service.
Maintenance contracts or oversight by a responsible management entity (RME) are appropriate.

While the implementation of this action should be statewide target areas can be determined as
the decentralized inventory system is developed.

Implement Inspections and Monitoring Appropriate for System Technology

It is understood that owner awareness and improved operation and maintenance activities are
needed to ensure decentralized systems function properly and to reduce the potential of nutrient
release into the waters of the state. While routine maintenance is necessary, it must be reinforced
by enhancing regulatory agencies’ ability to ensure those practices are followed. This could be
accomplished through changes in laws and rules.

Enhancing the ability of the Department of Health and Senior Services and local administrative

authorities to deal with malfunctioning and unpermitted discharging systems in a timely manner
by allowing them to investigate all complaints while amending the law to include civil penalties
will give them another tool to improve system performance and reduce the potential for nutrient
release into the waters of the state.

While the implementation of this action should be statewide target areas can be determined as
the decentralized inventory system is developed.

Implement Corrective Actions

Decentralized wastewater system malfunctions or unpermitted discharges can be identified
through a neighbor’s complaint, during routine maintenance or inspections, when the owner or
user experiences problems, or when a property transfers. Necessary corrective actions may range
from simple service or adjustment to a major repair or replacement of the system. Major repairs,
replacement systems and new construction must be permitted. Timely correction of surfacing
malfunctions and the elimination of unpermitted discharges help protect public health and reduce
nutrient loads to surface waters.
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Each problem system and site should be evaluated carefully to ensure that the corrective action
implemented is a sustainable solution that is protective of the environment and public health and
is cost effective for the user. Several questions need to be asked when determining what action
will reduce the potential for nutrient loading for each site with its unique characteristics. Some
questions that must be addressed are:
1) Would a repair or replacement of the individual onsite system be possible?
2) Ifthe lot sizes within an underserved community are limited, would some type of
cluster system(s) prove more cost effective?
3) Would a combination of managed individual and cluster systems be more effective?
4) Would the corrective action require the use of advanced and/or performance based
technology?
5) If a centralized system (big pipe) is reasonably available would connection to the
sewer be a cost effective and practical solution.

These and other considerations need to be evaluated along with the level of operation and
maintenance that will be required.

Whatever corrective action is required another question that must be addressed is what
regulatory agency has jurisdiction or is it a combination? Is either a Responsible Management
Entity (RME), as described within the USEPA Voluntary National Guidelines for Management
of Onsite and Clustered (Decentralized) Wastewater Treatment Systems, or a continuing
authority, as defined within Title 10 - Department of Natural Resources, Division 20 — Clean
Water Commission, Chapter 6 — Permits, 10 CSR 20-6.010 (3) Continuing Authority, needed?

While the implementation of this action should be statewide target areas can be determined as
the decentralized inventory system is developed.

Increased Education

The Department of Natural Resources, Department of Health and Senior Services, University of
Missouri Extension along with other key partners have provided training for wastewater
professionals within the decentralized industry over the past 18 years. Improvement is needed in
the education provided for system owners and community leaders focusing on the necessity of
proper operation and maintenance practices.

This type of training has proven beneficial for professionals. However, experience has shown
that unless there is a specific need or financial incentive, it is difficult to get owners and even
community leaders to voluntarily attend training. A change in law and/or rule associated with
compliance, property transfer, or financial assistance could prove helpful in getting system
owners to attend.

While the implementation of this action should be statewide target areas can be determined as
the decentralized inventory system is developed.

Increase Financial Assistance

The Department of Natural Resources has assisted in providing funding to the Missouri
Association of Councils of Government for a low interest loan program to assist with the repair
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of individual onsite wastewater treatment (septic) systems. At this time the program has
demonstrated limited success and should be reviewed to include a variety of decentralized
wastewater treatment system options while ensuring repayment of the low interest loans. Cost
share programs that do not require full repayment have seen more success.

Funding should focus on the repairs, upgrade and/or replacement of systems that are
malfunctioning or have unpermitted discharges within high priority watersheds where dense
developments and/or small communities are served by systems that contribute to the nutrient
load within the state.

While the implementation of this action should be statewide target areas can be determined as
the decentralized inventory system is developed.

2. Current Extent of Implementation

Department of Health and Senior Services and Local Administrative Authorities

Several management elements including site evaluation, design, construction and training and
certification have been addressed by Department of Health and Senior Services’ Minimum
Construction Standards. Minimum standards were implemented in 1996 and cover decentralized
systems treating 3,000 gallons or less per day. Local standards can be more stringent to better
protect public health and prevent contamination of groundwater and sensitive surface waters.
Compliant decentralized systems that are operated using BMPs have been shown to contribute
little to nutrient loading.

Over the past several years the Department of Health and Senior Services has been working on
amending their current regulations to improve their oversight of technology based systems and
ensure they are properly maintained. They are also developing an informational web based
system that will not only help professionals and regulators within the decentralized industry but
the end user such as the owners and community leaders. This website will focus on decentralized
wastewater system rules, technology, operation and maintenance and more.

Department of Natural Resources

The Department of Natural Resources has had a residential housing development rule since 1974
with the current regulation effective March 30, 1999. The current residential housing
development regulation is based upon a check and balance of our knowledge of the
soil/landscape model and its ability to treat and disperse effluent. The rule addresses individual,
cluster systems or a combination. The purpose of the rule is to determine the method of
wastewater treatment and allow developers to determine that method during the early planning
and not as an afterthought.

The current residential housing rule is being amended not only to be consistent with the USEPA
Voluntary National Guidelines for Management of Onsite and Clustered (Decentralized)
Wastewater Treatment Systems but to ensure it continues to work with the Department of Health
and Senior Services standards for decentralized (individual and cluster) systems under their
jurisdiction.
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The Department of Natural Resources is continuing efforts to assist developments and small
communities to convert existing discharging systems to no-discharging facilities. Utilizing
surface or subsurface soil dispersal systems reduces the potential for nutrient loads to the waters
of the state.

The Department of Natural Resources has begun a watershed initiative to create a coordinated,
holistic approach to protect water resources. One of the keys to the approach will be managing
water resources at the local watershed level where specific needs can be addressed. This
initiative can help in prioritizing different watersheds with respect to decentralized wastewater
treatment systems and nutrient loading.

University of Missouri Extension

The University of Missouri Extension has collaborated with the Department of Natural
Resources and Department of Health and Senior Services in the development of water quality
guides and other publications relating to individual onsite wastewater treatment (septic) systems,
operation and maintenance and related regulations. They have also offered continuing education
for decentralized industry professionals, realtors, homeowners, private inspectors, etc.

Missouri Smallflows Organization

For the past 18 years, the Missouri Smallflows Organization has conducted conferences along
with continuing education classes to educate onsite wastewater treatment installers, regulators,
onsite soil morphology evaluators, private inspectors and other professionals involved in the
decentralized wastewater industry about the latest technologies available. The organization
provides a forum to demonstrate best industry practices and to encourage education of
homeowners, homeowner associations and other system owners on the location, operation and
maintenance of their wastewater treatment system. Classes are recognized by the Department of
Natural Resources and the Department of Health and Senior Services for continuing education
credit required for state registration.

It should also be noted several other key partners also offer accredited continuing education
classes for decentralized wastewater professionals. Continuing education has proven beneficial
to professionals within the decentralized wastewater treatment industry: however, as stated
previously a greater effort is required in the continued education of the owners and community
leaders who use these systems.

3. Measures of Success

Determining the water quality impact of the action items may be quantified by fewer neighbor
complaints from residents related to decentralized systems working improperly and by the
number and severity of complaints received and acted upon by the regulatory authorities. This
data can be included as part of the state decentralized system inventory data base. Measures of
success may also be quantified by improved appearance and water quality of lakes and coves
where residents are served by decentralized systems. Performance measures may also include:
1) the number and type of corrective actions taken, 2) the number of community outreach/
training events, 3) progress of the decentralized system inventory via map production and

4) fewer 303(d) listings where decentralized systems are identified as a pollution source.
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4. Key Partners
The following are potential financial (F), technical (T) and outreach (O) partners for this

strategy:
e US EPA Region 7 (F, T, O)
* Missouri Department of Natural Resources, Water Protection Program (F, T, O)
e Missouri Department of Health and Senior Services, Onsite Wastewater Program (T, O)
* Local County Health Departments (T, O)
¢ County Soil and Water Conservation Districts (F, T, O)
e Missouri Smallflows Organization (T, O)
*  Our Missouri Waters (T, O)
¢ Lake of the Ozarks Watershed Alliance (T, O)
¢ James River Basin Partnership (T, O)
* Ozarks Water Watch (T, O)
e Table Rock Lake Water Quality (T, O)
* Missouri Association of Councils of Government (F, T, O)
* Missouri Home Builders Associations (T, O)
* Missouri Bankers Association (F, O)
* Missouri Association of Realtors (O)
e University of Missouri Extension (T, O)
* Lincoln University (T, O)
* U.S. Department of Agriculture Farm Service Agency (O)

5. Future Plans

In the next five years, develop and implement a program for compiling a comprehensive
inventory of decentralized wastewater treatment systems, including type and function of systems
and service requirements and monitoring. Using this inventory, identify sensitive watersheds and
densely developed areas served by decentralized systems and particularly areas where
decentralized systems were installed before minimum state standards were implemented.

In the next five years with the assistance or lead of our partners, offer education and resources to
communities, small and large, regarding decentralized system’s sustainability and ability to meet
public health and water quality goals. Increase the information/education available to citizens
regarding the importance of maintenance and proper operation of decentralized wastewater
systems. Increase funding assistance availability and utilization for installation and repair of
decentralized systems.

In the next fifteen years, complete a current inventory of decentralized systems and prioritize the
implementation of US EPA decentralized wastewater system management models to address
public health impacts and to reduce nutrient loads in targeted watersheds.

6. Challenges and Solutions

Funding is needed for the decentralized system inventory. Use Section 319 Nonpoint Source
Program resources to compile preliminary estimates and maps of the number of decentralized
systems and to develop an inventory database. Identify funding to implement the inventory
program.
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Baseline data is needed to identify target watersheds or areas and measure any reductions
resulting from implementing actions. Use available geographic information to estimate the
number and density of decentralized systems in watersheds with impaired waters. Identify
priority watersheds and any available water quality data.

There are statutory limitations on the Department of Health and Senior Services or local
administrative authority with respect to inspections, compliance and enforcement activities of
decentralized systems. Advocate for enhanced ability to investigate reported wastewater system
malfunctions.
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Other

Nutrient Trading

1. Define the Action

Missouri proposes to develop all the tools, protocols and documentation required to support
nutrient trading to establish at least a pilot trading system in the next five years. Multiple partners
have expressed an interest in trading and will help the department develop the infrastructure to
support trading. A work group will create and propose a formal trading approach to the Missouri
Clean Water Commission for approval after the department receives and responds to public
comment. Point to point and point to nonpoint source trading will be considered. The nutrients to
be traded will be recommended by the work group for consideration and adoption by the
Missouri Clean Water Commission.

Nutrient trading is in place or substantially in place in multiple areas of the country. Siems, et al.
(2005) prepared a summary of water quality trading for EPA and included case studies to
illustrate key components of a trading system. Geosyntec (2013) worked with the Environmental
Resources Coalition to assess critical elements of a nutrient trading system in Missouri. In this
work, funded by the USDA under its Conservation Innovation Grant Program, the authors
comprehensively discussed the major elements required to establish, operate and monitor a
nutrient trading system.

Missouri currently requires all point sources with a discharge of over 100,000 gallons per day to
monitor their discharges for nutrients. These monitoring data form the basis for quantifying the
point source loadings. Smaller sources will be required to monitor as well, if they wish to
participate in nutrient trading. As noted elsewhere, Missouri has also committed to moving
forward on numeric nutrient criteria. The Missouri NTT is a model-based tool to estimate the
load reductions tied to specific agricultural practices. It has been developed in coordination with
Tarleton State University and is based on the tool currently supported by NRCS for use in other
states. The web-based NTT application compares agricultural management systems to calculate a
change in nutrient loss potential. Agricultural producers and land managers can enter a baseline
(current conditions) management system and an alternative conservation management system
and produce a report showing the nutrient loss potential difference between the two systems.
Missouri is also pursuing permit synchronization at the watershed level (8-digit HUC). These
four developments are critical early steps to building a viable nutrient trading program. Missouri
will consider point-source to point-source trading as it forms its trading program.

Numerous additional steps are needed to properly develop and operate a formal nutrient trading
program within Missouri that is both workable for the parties to the trade and has the
transparency needed for public accountability. First, the expected baseline performance and set
of allowable agricultural practices need to be defined and the credits assigned to each
determined. The guidelines for the practices will most likely be based on accepted NRCS and
Missouri SWCP practices.

Trading ratios and the basis for determining those ratios as well as the chemical species to trade
(the species of trading) will be developed based on experience elsewhere. Trading service areas,
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8-digit HUC watersheds as a default, will need to be defined. Allowable trades will have to
consider the impacts on smaller watersheds based on water quality data and OMW planning. The
nutrient trading markets, implementation verification system for earning credits and the method
for reconciling trades will all have to be established.

We anticipate that certain conditions will be set for traders, such as substantial compliance with
the law. Trades will not be allowed to lead to water quality impairment in a sub-basin, result in
an increase in other pollutants of concern in the watershed or have an unacceptably negative
impact on habitat. Any nutrient trading will have to meet all state and federal water quality
requirements. Missouri will have to determine how to treat projects implemented with state
and/or federal funds.

The work group will also have to establish the trading agreement language and other
documentation for trading. The roles and requirements of nutrient brokers, aggregators and
exchanges will also have to be developed, based on experience in other states. The roles of the
department, EIERA, Soil and Water Conservation Districts and the USDA state offices will also
need to be defined. The major commodity groups will be critical to creating a program that is
attractive to farmers and practical for them to implement. The program will also have to address
failed trades, force majeure and other circumstances.

2. Current Extent of Implementation

Missouri is not currently supporting formal nutrient trading as the structures and protocols to
support trading do not yet exist. Nutrient trading is occurring elsewhere in the Unites States.
Missouri expects to learn from other nutrient trading systems as it builds its trading program.
Expansion of trading will depend on early results and the extent to which point sources view this
approach as cost-effective and efficient for their areas.

3. Measures

The key measure will be the establishment of a viable trading system within five years. We do
not anticipate significant reductions in nutrient loads until the program for trading is well-
established and is linked to permit limits/requirements or numerical nutrient or other criteria to
encourage participation by point sources. However, a few systems have expressed an interest in
developing trading with local farmers knowing that the regulatory environment is moving toward
numeric criteria and potentially stricter permit limits.

4. Key Partners
EPA and NRCS recently issued a joint statement of support for nutrient trading as a way to

improve water quality. The key partners will include local WWTP systems that seek credits as a
cost-effective way to reduce loading in their watersheds, farmers who want to implement
practices to further protect water quality and partners who serve to validate the trades. The
department will continue to work closely with EPA, NRCS, MU Extension, trade partners and
others to support the development of a sound trading platform, to create good validation
techniques and to provide the best information to farmers to encourage participation in trading,
where appropriate and where it will provide benefits to the participating farmer.
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MDNR - Logistical support for trading market development
Support for the development of the Nutrient Tracking Tool
Coordinate the work group that will create the system for nutrient trading
NRCS — Set technical standards for agricultural practices
Provide technical support for some farmers
MU Extension — Supply technical support for farmers
Agricultural Commodity groups — Help create the framework for trading
Help educate farmers about trading and its potential benefits

5. Future Plans

Develop the necessary structure and protocols for a pilot nutrient trading program within
Missouri. Provide opportunity for public comment on these through the Missouri Clean Water
Commission. Develop the infrastructure to support nutrient trading where local point sources
seek to trade.

6. Challenges and Solutions

Establishing nutrient trading will require significant work to create systems that are technically
sound, supported by parties on both sides of the trades and have the transparency and
responsibility needed to build and keep public support for nutrient trading. A broad coalition of
communities and farming groups will be required to create a viable system that provides proper
incentives for participation and assurances of the water quality benefits of trading.

One challenge in the early stages of trading is to build trust in the system; we anticipate a breadth
of partners who represent buyers, sellers and, potentially, brokers to work to build a system that
is transparent and clear in order to prompt the early adopters to engage in trading and to promote
the benefits of trading to their peers.

Community Services

1. Define the Action

The Missouri Department of Natural Resources” new Community Services effort is an assistance
program for small, technically and financially challenged communities with populations under
5,000 residents. Rural communities, particularly those with economic challenges related to rural
flight, face grave difficulty maintaining critical infrastructure and often don’t have professional
staff to support planning for their infrastructure needs. This effort seeks to improve service for
communities by coordinating technical and financial assistance and developing regulatory and
policy measures that will ensure the protection of human health and the environment in a manner
that minimizes the economic burden on small communities

Community Services coordinators in each region will help communities to navigate what can
seem like a confusing and overwhelming regulatory process and develop environmental
management solutions that best meet their economic and environmental public health needs. A
one-on-one assistance service will include individualized planning assistance followed by
deployment of resources including grants and loans, technical assistance and training in
managerial and financial skills. Clean water and drinking water infrastructure needs will be high
priority focus areas, but the initiative will encompass all environmental media areas, as
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appropriate, based on the unique needs of individual communities. The overall goal is to provide
a package of services to small and disadvantaged local governments to ensure they have the
knowledge and resources needed to sustainably manage their drinking water and waste water
systems. Invitations to these services will be provided to communities with socio-economic and
environmental factors indicating a significant need for assistance on a systematic, annually
rotating basis that is designed to ensure all such communities are eventually addressed.

2. Current Extent of Implementation

A pre-screening matrix was developed that organizes communities into groups with similar
issues and sustainability capacity and further organizes communities within each group by
watershed and region to provide the ability to manage staff assignments. This approach provides
the department the ability to better understand the overall scope of economic and environmental
problems in small communities, leading to the ability to design alternatives that most
appropriately meet the needs of communities. The type of assistance provided and
recommendations made to the community must be consistent with a community’s capacity.

Invitations to the comprehensive planning assistance service will be provided to communities
with socio-economic and environmental factors indicating a significant need for assistance on a
systematic, annually rotating basis that is designed to ensure all such communities are eventually
addressed. The department intends to offer this assistance to all small local governments, but
must prioritize the work based on staff resources. The planning assistance program will begin
with invitations to approximately 25 communities in mid-2015.

The department is also working with the U.S. EPA, the Environmental Council of States, states,
and tribal representatives to develop a Local Government Portal — an online suite of tools and
resources to assist local government officials in making informed environmental decisions for
their communities.

3. Measures

The early stages of this effort will be most accurately measured in the number of communities
that we engage through this process and the number of communities with integrated
environmental plans. Results measurable in community actions taken, such as the number of
high priority drinking water and/or waste water issues addressed after a Community Service
engagement, should be available within two years. Those can be translated to nutrient reductions
as they are completed and become operational.

4. Key Partners
The department will coordinate with partner organizations and agencies that provide technical

assistance, financial assistance and training for counties and municipalities and publicly-owned
drinking water and wastewater treatment systems. The department is pursuing partnerships with
organizations and agencies willing to collaborate and provide services to communities in
connection with Community Services. Services may range from facilitating communication and
outreach efforts to providing specific technical assistance services. While the department will
ultimately be responsible for managing the process, deployment of services to address each
community’s needs must be a collaborative effort with partners. Community Services is an effort
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intended to leverage and empower other organizations and agencies rather than replace existing
relationships with these external entities.

In addition, the USDA, the Missouri Department of Economic Development (DED) and the
department meet monthly as the Missouri Water and Wastewater Committee (MWWC) to
review projects suitable for funding and work to find the best match between available funding
and community needs. By providing better and more uniform data and well-planned projects to
this group, we hope to enhance its operations as well.

Missouri Rural Water Association — Helps communities with a wide range of services; helps
communities deal with system failures or other serious, sudden problems.

Missouri Public Utilities Alliance - Members include many of the communities that are the focus
of this effort; has significant data about these communities and their wastewater and drinking
water systems.

Missouri Association of Councils of Government and Regional Planning Commissions —
Regional planning commissions have a great deal of data about community and regional needs;
work closely with communities on planning.

USDA Rural Development — Coordinates funding of infrastructure projects through MWWC;
helps finance projects in communities throughout Missouri.

EPA — Supports the State Revolving Funds and supplies technical support on permitting and
water quality standards.

DED - Coordinates funding of infrastructure projects through the MWWC; helps fund projects
in communities throughout Missouri.

Missouri Municipal League - represents municipalities throughout the states; provides training
and resources to local governments.

S. Future Plans

Once the department has completed a pilot work cycle and made improvements as necessary, a

refined system will be deployed with the next set of community assistance assignments in 2016.
Projections for the number of years and number of staff needed to reach each target community
can be made at the close of the pilot year, and will align with NPDES permit cycles.

Community Services will allow the department and communities to focus on the areas of greatest
need and greatest environmental impact or risk to more efficiently make use of the resources
available to help communities meet their needs and the regulatory requirements to improve water
quality.

6. Challenges and Solutions
By providing assistance and technical and planning support (including engineering grants), the
department expects that more of these communities will be able to put together proposals for
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funding to address their areas of greatest need. Challenges for this effort include capacity within
communities to utilize resources made available through the effort; communities of this size
often lack of technical and professional expertise within the community. While online services
can be utilized to the some extent, many communities will often require one-on-one assistance
from department staff and partners. Thus, the amount of department staff resources and partner
resources devoted to this effort will be a limiting factor.
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AGRICULTURE NUTRIENT SOURCE GROUP

Name Functions Email Address
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Steve Taylor C,PR staylor@mo-ag.com

Steve Walker W, PR steve.walker(@dnr.mo.gov

GC  Group Coordinator
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ONSITE AND DECENTRALIZED WASTEWATER NUTRIENT SOURCE GROUP

Name Functions Email Address
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Bob Broz C BrozR@missouri.edu
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David Casaletto C,PR dcasaletto@ozarkswaterwatch.org
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Steve Walker W, PR steve.walker(@dnr.mo.gov
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MUNICIPAL AND INDUSTRIAL WASTEWATER NUTRIENT SOURCE GROUP

Name

Kristol Whatley
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C
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PR
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GC  Group Coordinator

C Cooperator

\Y Writer

PR Peer Reviewer
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Alan.Freeman@dnr.mo.gov
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Charles.stevens(@kcmo.org

LindemanC@missouri.edu
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walter.fett@dnr.mo.gov
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URBAN NONPOINT SOURCE/STORMWATER/MS4 NUTRIENT SOURCE GROUP

Name Functions
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Steve Walker W, PR
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C Cooperator

w Writer

PR Peer Reviewer
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paul@aqualaw.com

smeyer@springfieldmo.org

steve.walker(@dnr.mo.gov

todd.blanc@dnr.mo.gov
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OTHER SOURCES AND STRATEGIES NUTRIENT SOURCE GROUP

Name Functions
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Jan Millington C

Joe Slater C

Kat Logan Smith C, PR
Leslie Holloway PR

Lorin Crandall W, C, PR
Nikita Mullings W, PR
Paul Calamita C

Steve Meyer PR

Steve Walker W, PR
Todd Blanc PR

GC  Group Coordinator
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1) Monitoring Nutrient Discharges (Years 1 — 3)
2) Study to Determine Feasible Nutrient Reduction Targets (Years 1-3)
3) Establish Point Source Nutrient Approaches to Ensure Reasonable Further Progress (Years 3-5+)

4) Develop Nutrient Trading and Watershed Permitting Program (Years 1-5)

5) Evaluate Funding Options (Years 1-5)
6) Integrated Planning Efforts (Years 1-5)
7) Outreach and Education Efforts (Years 3-5)

APPENDIX C: MUNICIPAL AND INDUSTRIAL POINT SOURCE ACTIONS

Current Extent of

Measures of

Challenges (C) and

i Key Partners Future Plans .
Action Implementation Success ey € uture Solutions (S)

* EPA Region 7

and HQ * C— Develop new monitoring
rule

* MDNR Water
Protecti * S— Early stakehold
program Update 10 CSR 20- nvolvement

& 7.015(9)(D)7 to reflect
Monitor * AMCA - additional monitoring * C—Understand industrial
. * Enhanced - . .
Nutrient . Association of frequency and discharger loadings
. . understanding . . .
Discharges, | * Point source . Missouri parameters (Nitrogen) .
. . . L of approximate * S —Industrial stakeholder
including a nutrient monitoring . o Cleanwater . . ) L
. Missouri point . Establish loading involvement, Existing
Voluntary required by 10 CSR . Agencies . . . . .

L source nutrient threshold for industrial (Missouri, Region 7,
Monitoring 20-7.015(9)(D)7 . . . . . .
Program loading to Gulf * MPUA - Missouri dischargers National) data review

g of Mexico Public Utility .
(Years 1-3) Alliance Develop and ® C—Increasing voluntary
implement voluntary monitoring participation
* REGFORM - monitoring program
& prog * S—Early stakeholder
Regulatory .
. involvement
Environmental
Group for
Missouri
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Current Extent of

Measures of

Challenges (C) and

Action Key Partners Future Plans
10 Implementation Success ey € uture Solutions (S)
* EPA Region 7
* MDNR Water
Protection )

e Current NRS Program . FZ— Nutrlfent removal.
strategy planning . AMCA Conduct nutrient |nformat|on/aljce|tnat|ves for
and development T removal cost- small systems is limited

p Association of ffocti d
efforts Missouri fe ec'Flveness stu Yto e S—Stakeholder
* Point source Cleanwater identify technologies involvement to identify
o and strategies for :
Study to nutrient monitoring Enhanced Agencies | fg . alternatives/costs
b . required by 10 CSR understanding c.asses of point source . lecti .
ete.rmlne 20-7.015(9)(D)7 of feasibility, ¢ MPUA - Missouri dischargers C- Cq ec‘tlon an
Feasible : costs and Public Utility _ organization of data
Nutrient e Limited ber of o Al Analyze point source
. Imited number o sustainability of lance nutrient monitorin * S—MDNR serve as data
Reduction disch it . g .
ischarger/site- nutrient « Mississiopi data clearinghouse
Targets specific nutrient reduction ISSISSIppI
(Years 1-3) reduction studies technologies E/llver/Gulf of Develop feasible and * C~- Cost associated with
exico sustainable discharge efforts to perform study
* Treatment cost Watershed

estimates presented
in ERC and
Geosyntec’s MINT
and EPIC projects

Nutrient Task
Force

* REGFORM -
Regulatory
Environmental
Group for
Missouri

targets

Develop georeferenced
database

* S— MDNR/EPA assist in
finding new funding
sources.
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Current Extent of

Measures of

Challenges (C) and

Action . Key Partners Future Plans .
Implementation Success 4 Solutions (S)
¢ C- Competing compliance
i L * Equitable requirements
Establish * A limited number of q e Devel itti 9
Point .  faciliti approach to evelop permitting .
Source Missouri facilities ensure targets and approaches S— Incorporat(? N
_ currently have affordable and * EPA Region 7 for point sources regulatory flexibility
Nutrient nutrient reduction . including system .
A h ) cost-effective . gsy * C—Ensuring affordable and
pproaches technology in place X MDNR Water timizati ;
to Ensure point source Protection optimization, cost-effective
Reasonable | ® Many facilities are compliance Program compliance schedule implementation
Furth conducting adjustments, or default
urther - * Provisions to (BNR) d * S—Evaluate
Progress monitoring only : upgrade . .
(Years 3. oursuant to NPDES provide requirements for new socioeconomic impacts,
c permits regulatory or expanded facilities phased implementation,
+) flexibility protect pre-existing

public investments
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Current Extent of

Measures of

Challenges (C) and

Action Key Partners Future Plans
10 Implementation Success ey € uture Solutions (S)
* C— Watershed permitting is
a new approach in Missouri
¢ S—Continue to
implement watershed
* EPA Region 7 permitting, assess
benefits and necessary
* MDNR Water modifications moving
* Our Missouri Protection forward
Waters Initiative Program
* C— Feasibility of intrastate
* MDNR’s ongoing * MDNR Soil and trading unknown
NPDES permit Water
Develop synchronization Conservation e Further evaluate * S—Consult other states
Nutrient * Enhanced p . subject to Hypoxia
utrien process ; rogram watershed permitting
. understanding Action Plan
Tradingand | |oe g of viability of USDA/NRCS
. an ¢ * Evaluate feasibility of
Watershed , ; d . . y * C— BMP performance/cost
I Geosyntec’s MINT inter an . . oint-to-point and
Permitting " . . * Missouri Farm P p data limited
Program 2013 “Nutrient intrastate Bureau point-to-nonpoint
(Years 1-5) Tr.ac.iing in !V”SSOUHI nutrient trading Federation trading in Missouri * S—Mine information
Critical Policy from national
Factors and * Missouri Corn databases/studies
Program Growers (www.bmpdatabase.org)
Recommendations” Association
report N * C—Incorporating trading
¢ Add.ltlonal provision into individual
Agricultural NPDES permits

Organizations

S — Evaluate process in
other states with viable
trading program, consult
with MDNR Water
Protection Program
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Current Extent of

Measures of

Challenges (C) and

Action . Key Partners Future Plans .
Implementation Success 4 Solutions (S)
* C—these efforts are
o historically underfunded or
* Legislation to unfunded
support * MDNR Water
statewide Protection * S—Since the State has
nutrient Program o made a commitment to
. * Evaluate feasibility of . .
reduction e Missouri General developing grant reduce nutrient loadings
* Funding options are strategies Assembly program dedicated to to.I'T:ekGuI;fofl\/lfxmo it
. . . will take efforts to
Evalu.ate currently * Development of | « ysgpa financing nutrient sUbbort that
Funding underdeveloped to financial reduction upgrades ppor i all
Options support the State’s incentive * USDA commitment financially
R i ¢ Evaluate feasibility of _
(Years 1-5) commitment to programs to * Mississippi oroviding interestyfree ¢ C - Communities have
nutrient reduction - s ; ;
support the River/Gulf of loans for nutrient limited funding previously
development of ; . committed to different wet
. Mexico reduction upgrades
early nutrient Watershed weather concerns

removal at
Missouri
facilities

Nutrient Task
Force

* S—find other states that
have successfully set up
funding structures for
nutrient efforts

C-102|Page




Current Extent of

Measures of

Challenges (C) and

Action Implementation Success Key Partners Future Plans Solutions (S)
* C—Integrated planning is
new in Missouri
* EPA Region 7 ) * S—Find “lessons
* Incorporate EPA’s learned” from other
¢ Preliminary * Implementation | * MDNR Water Integrated Municipal states or municipalities
Integrated implementation pathway for Protection Stormwater and currently pursuing
Planning discussions municipalities Program Wastewater Planning integrated plans
Efforts between MDNR to pursue .« Mi . framework into _
(Years 1-5) and interested integrated 'SS.OL_m . nutrient reduction * C—Develop integrated
stakeholders planning municipalities approaches, where planning implementation
ahd sewer appropriate framework and expectations
districts for Missouri

* S—Early stakeholder
involvement
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Current Extent of

Measures of

Challenges (C) and

Action . Key Partners Future Plans .
Implementation Success v Solutions (S)
* MDNR Water
Protection
Program
e Missouri * C— Coordinate outreach and
municipalities education efforts across
and sewer state
e Public access to districts * S—Direct outreach
0 h We”_developed e AMCA — efforts through MDNR
utreac . .
and * Individual and timely Association of Webs.lte to improve
Education municipality/sewer information Missouri ¢ Develop public consistency
Efforts district outreach rega.rding Clean\{vater outreach website? * C - Developing outreach and
(Years 3-5) efforts nutrient Agencies education materials
reduction in . . )
Missouri MPU_A i I\./I.lssoun * S—MDNR and
PUF)|IC Utility municipalities should
Alliance coordinate to
e REGFORM - consolidate existing
Regulatory information
Environmental
Group for
Missouri
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