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MINUTES OF THE HOUSE COMMITTEE ON ENVIRONMENT.
The meeting was called to order by Chairperson Steve Lloyd at 3:30 p.m. on February 4, 1997 in Room

526-S of the Capitol.

All members were present except: Rep. Kent Glasscock - excused

Committee staff present: Raney Gilliland, Legislative Research Department
Hank Avila, Legislative Research Department
Mary Ann Graham, Committee Secretary

Conferees appearing before the committee: Gary Hall, President Kansas Farm Bureau
Rich McKee, Executive Secretary Feedlot Division
Kansas Livestock Association
Mike Jensen, Executive Vice President Kansas Pork
Producers Council

Others attending: See attached list

Chairman Steve Lloyd called the meeting to order at 3:30 p.m. He reviewed the agenda for next week, the
week of February 10, he mentioned that the Wednesday meeting will address the deer population issue.

The Chairman welcomed the president of the Kansas Farm Bureau, Gary Hall, to the committee. Mr. Hall
spoke in response to the Performance Audit Report on the KDHE Contined Livestock Feeding Operations
Program. He distributed a Public Policy Statement (See Attachment 1) for review. Mr. Hall owns and
operated a crop and livestock farm in Dickinson county and feels the protection of water quality and our
environment is important to all citizens. He briefed the committee on the role and responsibilities of the
Kansas Farm Bureau. Discussion and questions followed.

The Chairman welcomed Rich McKee, Executive Secretary, Feedlot Division, Kansas Livestock Association,
to the committee. Mr. McKee distributed copies of testimony, (See Attachment 2) regarding the Post Audit
Report of the KDHE Livestock Program. He briefed the committee in behalf of the Kansas Livestock
Association which is a trade association representing over 7300 members on legislative and regulatory issues.
Discussion and questions by the committee followed.

Chairman Lloyd introduced Rep. Joann Flowers and former Rep. Marvin Smith, attending today’s meeting, to
the committee and guests.

The Chairman welcomed Mike Jensen, Executive Vice President, Kansas Pork Producers Council. Mr.
Jensen presented testimony, ( See Attachment 3 ) to the committee. Also a Participants Manual on the National
Pork Producers Council Environmental Assurance Program.( See Attachment 4) He gave a quick overview of
numerous projects ongoing and in the planning stages for the producers in the state. After the briefing,
discussion and questions followed. He introduced Tim Stroda, Director of Communications, Kansas Pork
Producers Council, in the audience.

The Chairman called on Karl Mueldener.Director, Bureau of Water, Division of Environment and Ellyn Sipp,
Principal Auditor, Legislative Division of Post Audit, in the audience, to answer questions concerning permit
and registration fees. Discussion and questions followed.

Chairman Lloyd thanked all of the conferees and guests for attending today’s meeting. Tomorrow’s
committee meeting will be a hearing on HB 2061. concerning drainage districts.

The meeting adjourned at 5:00 p.m.

The next meeting is scheduled for February 5, 1997

Unless specifically noted. the individual remarks recorded herein have not been transcribed
verbatim. Individual remarks as reported herein have not been submitied to the individuals 1
appearing before the committee for editing or corrections.
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. _«nsas Farm Bureau

rs. PUBLIC POLICY STATEMENT

HOUSE COMMITTEE ON THE ENVIROMENT

Re: Industry Response to the Performance Audit Report on the
KDHE Confined Livestock Feeding Operations Program.

February 4, 1997
Topeka, Kansas

Presented by

Gary Hall, President
Kansas Farm Bureau

Chairman Lloyd and members of the House Committee on the
Environment, I am Gary Hall, President of the Kansas Farm Bureau. I own and
operate a crop and livestock farm in Dickinson County.

Farm Bureau is a voluntary, general farm organization of farmers and
ranchers who are members of the 105 county Farm Bureaus across Kansas.

The livestock industry is a major agricultural enterprise on the farms and
ranches of Kansas and is a cornerstone of the strong Kansas economy. Itis
important not to pass legislation or adopt regulations that would threaten or
destroy this industry. Farm Bureau policy adopted by membership emphasizes,
“Rules and regulations promulgated by any Kansas agency should not put
Kansas producers or businesses at a competitive disadvantage with any other

state.”
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The protection of water quality and our environment is important to all
citizens, rural and urban, east to west. The high priority our farm and ranch
members place on protecting our natural resources and the environment is the
reason Kansas Farm Bureau created the Natural and Environmental Resources
(NER) Advisory Committee nine years ago. The 10-member Committee
examines issues and makes recommendations to the KFB Board of Directors on
programs, projects and activities. Additionally, all 105 county Farm Bureaus
have local NER Committees. Most are conducting watershed protection
programs with our recently acquired EnviroScape Unit, plugging abandoned
water wells, testing water and presenting Wetland Conservation Awards to
deserving landowners.

Farm Bureau membership on the Wildscape Foundation, the Kansas
Wetlands and Riparians Areas Alliance, the Kaw Valley Heritage Alliance and
participation on the Governor's Water Quality Initiative and the NRCS
Technical Advisory Committee demonstrates our commitment to working with
others to protect the State’s natural resources. Yes, we all have responsibilities
and we are trying to do our part!

We certainly appreciate your scheduling of industry response to the
Performance Audit Report recently conducted by the Legislative Division of Post
Audit on KDHE’s Confined Livestock Feeding Operations Program.

Some concern has been expressed about the Department’s design
standards. While we have no reason to believe they are not adequate, we

applaud KDHE for requesting researchers and soil scientist at Kansas State



University, the nation’s first Land Grant institution, to review and recommend
any adjustments that may be needed to adequately protect water quality.

Another section of the Farm Bureau “Environmental Standards”
resolution states, “We believe any legislation that is enacted, or any
environmental regulations which are proposed for promulgation must be based
on:

1. Factual information;

2. Scientific Knowledge; and

3. Economic impact studies.”

Yes, our livestock producers will accept changes in design standards as long
they are based upon good research and sound science.

The audit indicated the agency did not always complete all paper work or
complete the documentation of actions. We have been critical of and continue to
be concerned by the slowness of processing permits. The agency faces a large
backlog of permit renewals. The expansion of swine and dairy facilities in
southwest Kansas presents an even larger challenge for KDHE. The registration
requirement in SB 800 approved by the 1994 Legislature surfaced more than
1300 facilities for the agency to visit and examine, many resulting in new
permits.

For these reasons, we applaud Governor Graves’ supplemental request to
open a satellite office in Dodge City and his plan to add a technician to each of

the 7 District Offices and 2 to the Central Office. While we generally support
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restraint in increasing the size of government, we believe this investment is
appropriate to assure the protection of the State’s natural resources.

We acknowledge the administration of the livestock program needs
improvement, but we ask you not to “throw the baby out with the bath water.”
We remind the legislature SB 800 only recently became law. The new program
changes a number processes and increases fees. The fee increases in SB 800 are
beginning to generate significant increases in State General Fund revenues for
Kansas. We encourage increased appropriations of these new fees for
enhancing the Livestock Feeding Operations Program at KDHE.

We ask this new and improved program be given a chance to work
before major changes are made in the statutes or regulations. We suggest
building on the many successful and sound provisions of this regulatory
program.

In closing, we agree with the report that the Department does not have
enough staff to adequately administer the program in a manner expected by all
Kansans. Adequate funding and a clear legislative message that calls for
improvement in administering the program will cure many of the problems.

Thank you for this opportunity to speak on behalf of the farm and ranch

members of Kansas Farm Bureau.
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Since 1894

Testimony
presented by

Rich McKee
Executive Secretary, Feedlot Division

regarding
Post Audit Report of the KDHE Livestock Program
before the

House Environment Committee

February 4, 1997

The Kansas Livestock Association (KLA), formed in 1894, is a trade
association representing over 7,300 members on legislative and regulatory
issues. KLA members are involved in all segments of the livestock industry
including cow-calf, feedlot, seedstock, swine, dairy and sheep. In 1996 cash
receipts from agriculture products totaled over 37.3 billion, with sixty
percent of that coming from the sale of livestock. Cattle represent the
largest share of cash receipts, representing ninety percent of the livestock
and poultry marketings.
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DESIGN STANDARDS FOR

CONFINED LIVESTOCK FEEDING OPERATIONS

SITE CONSIDERATIONS
SITE SELECTION

A.

L.

eneral

The site selected for confined livestock feeding operatons should be located
such that animal waste and runoff can be controlled, stored, handled, and
disposed of in a manner that does not result in degradation of land, air, or
water resources. The site should be located as far as practical from nearby
residential dwellings, communities, streams and intermittent waterways, and
water supplies. The topography, geology, climate, and terrain must be
carefully considered to evaluate subsurface and surface drainage
characterisucs, land application requirements for waste disposal, and odor
dispersal by prevailing winds. Adequate non-inhabited areas should be located
adjacent to the feedlot for the dispersal of odors and the disposal of livestock
runoff and waste accumulatons. Careful selection and evaluation of proposed
sites for confined livestock operations and associated waste disposal areas can
prevent potential environmental problems, reduce construction costs, and
minimize operational expenses.

Site Evaluation

All proposed sites for confined livestock feeding operations will be evaluated
and appraised by Departmental personnel. Sites are not to be developed for
proposed confined livestock feeding actvites prior to being reviewed and
evaluated by Department personnel.

Registraion Applicatigns

Registration applications are to include a sketch depicting the location of all
residential dwellings, businesses, or other facilities frequented by the public
which are Jocated within one mile of the proposed feedlot site. The name,
address, and phone number of residents and property owners and their
approximately distance from the proposed operation shall be included upon
the sketch.

Plans and Specifications

Plans and specifications for proposed water pollution control facilities shall
inciude a location map showing the distance to nearby property lines and non-
owed residenual dwellings or places frequented by the public. Additonally,

the separation provided from water supplies and nearby intermittent waterways
or streams shall be identfied.

nstructon

Construction of confined livestock feeding facilities shall not be initated until
Department approval has been obtained for the proposed water pollution
control provisions to be utilized by the livestock operadon.

29
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LOCATION AND SEPARATION REQUIREMENTS

Department approval of sites for proposed confined livestock feeding operations and
water pollution control facilities is contingent upon compliance with the following:

B

Building Permits and Zoning Ordinances

The site selected for the proposed livestock feeding operation shall conform
with all existing city, township, county or other building and zoning permit
and ordinance requirements. Upon request, the feedlot operator shall furnish
assurance that these requirements have been fulfilled.

ine

A minimum separation distance of 100 feet shall be provided betwesn
property lines and the perimeter of the confined livestock feeding operation
inciuding all associated waste storage and water pollution control facilities.
Separation distances may include roadway and railroad right-of-ways as long
as a minimum of 100 fest from the property lines is observed.

Water Supplies

All potental water pollution sources associated with the livestock operation
shall be located a minimum of 100 feet from water supply wells and
reservoirs. A minimum of 50 feet separation shall be provided from rural
water district lines. Water supplies should be located up hill from livestock
facilities or adequate provisions provided to prevent contamination from either
surface or subsurface drainage from the livestock facilities.

Protection

Confined livestock feeding facilites, waste storage areas, water pollution
control facilites, and other facilities containing potental water pollutants shall
not be located in flood plains subject to inundanon more frequently than once
in ten years.

undw Protection

The lowest elevation of the feedlot or associated water pollution control
structures shall be located a minimum of 10 feet above groundwater aquifers
or seasonal perched water tables. Feedlots should not be located directly over
limestone outcropping, gravel deposits, or other porous subsurface strata
without provisions to prevent groundwater contamination.

Land Requirements

A minimum of 40 acres shall be under the direct control or ownership of the
livestock operation. For open lot feeding facilities a2 minimum of one acre
of land per acre of lot shall be under the direct control or ownership of the
livestock operation for the disposal of stormwater runoff accumulations.
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Surface Drainage

Confined livestock operations should be located upon land with slopes less
than 5%. The proposed site should permit the diversion of surface drainage
from adjacent upslope land not used for confined livestock feeding faciliues
to minimize control requirements.

Disposal Land

A minimum of one half of the property owned by or under the direct control
of the livestock operation or one acre/100 head capacity shall be readily
available for disposal of either runoff or dilute wastewater accumulations.
Additionally, for each 20 tons, on a dry weight basis, of livestock wastes
(slurries and lot scrapings) annually generated by the confined livestock
feeding facilities, a minimum of one acre of agricultural land shall be readily
available for land application. Application rates utilized for the disposal of
liquid and soiid waste accumulations should be based upon the nutrient
requirements of both the land and crops.

Residential Separation and Qdor Control

A potential significant problem with livestock waste facilites is odor. Odor
is defined as an air pollutant under Kansas statutes. Control of odor from
animal feeding operations frequently involves the waste and wastewater
handling facilities. = The responsibility for enforcing the statutes and
regulations in both of these environmental areas, air and water, has been
charged to the Department of Health and Environment. In light of these
potential odor problems KDHEs animal waste permits contain odor control
provisions.

QOdor potential and problems from livestock facilities will be handled by the
Bureau of Water Quality, Agrnicultural Waste Unit, within the air poilution
control statutes and regulations. The standard odor clause will offer a
coordinated enforcement approach through the water pollution control permit,
in essence, an enforcement of permit conditions.

The Department of Health and Environment will conduct site appraisals of
proposed livestock feeding facilities for the purpose of reviewing proposed
water pollution control facilites as well as odor control capabilities. Confined
livestock feeding facilities, including waste storage and water pollution control
facilides, are to be located a minimum of 1/4 mile (1320) from the nearest
habitaton. Guidelines for minimum site separation provisions for various
types and capacities of confined livestock facilities are provided in the table

"below.

CAPACITY' SEPARATION DISTANCE'
1,000 head or less 1,320 feet

1,000 to 5,000 head 4,000 feet

5,000 or more 5,280 feet

'Capacity is given for swine and beef organizations. For dairy
operations multiply herd size by 10 for capacity to determine separaton

53,
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distance. For poultry operations divide flock size by 10 for capacity
to determine separation distances.

’Separation distances may be reduced with the written permission of
affected property owners with residential dwellings or facilities
frequented by the public. The permission should be a written statement
from the affected individuals stating that there are no objections to the
establishment and construction of the livestock operation. The statement
shall not waive any future rights with respect to future action due to
inadequate operation and maintenance of the facility to prevent
degradation of air, water, or land sources. A copy of the statement is
to be furnished to this office, the property owners, and the owner of
the livestock operation.

The recommended minimum separation distances in the table above are meant
for use as a general guideline. Depending upon topographic features,
prevalent wind directions, type of livestock operation, wastewater or runoff
control considerations and other general operating considerations, the
Department may approve exceptions when justified.

IO. RUNOFF CONTROL FACILITIES
A. RUNOFF CONTROL SYSTEMS

L.

General

Runoff control systems are designed to retain surface drainage resulting from
precipitadon falling upon open lots, concrete feeding floors, and other open
exposed facilities which contain livestock wastes. Livestock wastes entering
runoff retention structures shall be restricted to those directly transported by
runoff occurrences. Dry weather wastewater flows entering the runoff control
facilives should be minimized and resticted to wash water, water system
overflows or other dilute liquids. Additional control capabilities are required
for contributing dry weather wastewater flows.

Location

Runoff control structures must be located at a lower elevation than the
confined livestock facilities which contributes surface drainage that requires
control provisions. When possible, the drainage characteristics of the
proposed confined feeding facilities should be selected or altered to permit the
installation of a single runoff retention facility. (See Site Selection I, Site
Considerations.)

Extraneous Drainage

The quantity of runoff requiring control provisions is directly related to the
area contributing surface drainage. Extraneous drainage from adjacent land
area not utilized by the confined livestock operation should be diverted in a
manner that prevents this drainage from contacting animal wastes or other
potential water pollutants. All channels, terraces, diversions, and other
structures utilized to exclude extraneous drainage shall not be subject to

- 4--



inundation or failure more frequently than once in ten years. Careful site
selection can mimmize or eliminate the provisions needed to exclude

extraneous drainage.

Collection Svstem

Collection systems shall be designed to control and convey surface drainage
from the open lots and facilities containing livestock waste or other water
pollutants to appropriate runoff retention structures. The channels, ditches,
berms, culverts, dikes, terraces, and other devices used by the coilecton
system to control feedlot runoff shall be designed to convey the peak hourly
flow expected once in flve years. The collection system is to be designed to
permit the removal of sediment and waste accumulations to maintain
convenience capabilines for future runoff occurrences. When possible,
collection channels and ditches should be located outside the feedlot so a
vegetation cover can be established to minimize erosion problems and to more
readily facilitate maintenance and repair work.

Sedimentation Structures

Sedimentation structures preceding runoff retention ponds are normally
required to intercept fesdlot drainage. Relief, slope, drainage characteristics,
and other site specific considerations will influence the selection of appropriate
sedimentation control provisions. These structures shall be designed to reduce
runoff flow velocites, partally settle out suspended silt and wastes, store
sludge deposits, and facilitate the routine removal of sludge accumulations.

Sedimentation control structures shall be designed so they are not subject to
failure of inundation more frequently than once in ten years. Where closed
conduits are utilized to interconnect sedimentation controi structures with
runoff storage basins, an emergency open channe! spillway shall be provided.
The minimum storage for sludges and liquids provided within the
sedimentauon structure and/or runoff retenton pond shall be 1/2 acre-inch per
acre of controlled surface drainage.

Sedimentation control and storage provisions shall be provided in accordance
with the following:

a. Shud ponds are required for all controlled feedlot drainage areas which
are greater than 15 acres. For each acre of controlled surface drainage,
the shud pond shall provide a minimum of 1/2 acre-inch of storage
capacity. Shallow average depths and gradually sloping bottoms for
shud ponds are recommended to facilitate solid deposituon and cleanout.

b.  Debris basins which temporanly detain and subsequently release runoff
to holding ponds are acceptable for controlled drainage acres less than
15 acres. The debris basin shall provide a minimum volume of one
acre-inch per acre of controlled feedlot drainage to detain runoff flows.

c.  Channels, diversions, and terraces that collect and convey runoff to
holding ponds may be utilized as sedimentation structures for controiled
drainage areas which are less than 10 acres. These conveyance facilites

-5 -
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shall be designed with average slopes less than 1/2 foot/100 feet for
flow velocities less than 2 fps, and with flat broad bottom channels
which can support vegetation and be easily maintained. Inlet structures
to runoff holding ponds are to be designed to reduce flow velocities and
channel scouring to minimize conveyance of silt and livestock wastes.
A minimum volume of | acre-inch per acre of controlled feedlot
drainage area shall be provided within the runoff retention pond for
sludge accumulatons. '

d.  Sedimentadon structures are recommended but not required for
controlled feedlot drainage areas which are less than five acres. If
sedimentation structures are not utilized, a minimum volume of [-1/2
acre-inches per acre of controlled feedlot drainage area shail be provided
within the runoff retention pond for storage.

Runoff Retention Structures

Runoff retention structures shall be designed to control, store, and facilitate
the umely disposal of feedlot drainage resulting from a 25-year 24-hour
rainfall occurrence. The minimum volume required for runoff storage shall
provide capacity to retain a 10-year 24-hour rainfall event from the confined
feeding facilities and all other contributing drainage areas assuming no
infiltration losses. Additional storage shall be provided to retain a minimum
of four months of dry weather flows which are controlled by the runoff
retention structure. Dry weather flows shall not contain appreciable amounts
of amimal wastes or other readily settleable solids. The selection of
sedimentation control provisions will determine volume reguirements for
siudge accumulanons to be provided by runoff retention structures.

The large volumes of surface drainage requiring control provisions normally
dictates the use of diked or excavated earthen impoundments. The maximum
depth of runoff retenton ponds shall not exceed 20 feet and emergency
spilways shall be provided if overflow would likely result in structural
failure. A minimum of two feet of freeboard shall be provided berween the
minimum design water level required to control runoff, dry weather flows,
and sludge accumulations and the lowest elevation of the runoff retention
pond’s berms or its emergency spillway outlet. Closed conduits and/or open
channels used to interconnect runoff retention structures shall be designed to
convey flows without bypassing or overtlowing more frequently than once in
ten years. Staff gauges are to be installed to facilitate the measurement of
water levels to determine the available storage capacity (as feet of depth)
remaining in the runoff retenton structure.

Staff gauges are to be clearly marked at the level which the minimum
Required Storage Volume remains available above in the runoff retention
structure.

RUNOFF DISPOSAL SYSTEMS

General

Disposal provisions must be capable of maintaining runoff retention structures
so storage is available for future runoff occurrences. Normally, irrigation

<6 -
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equipment is employed to apply runoff accumulations upon agricultural land.
Design of runoff disposal facilities should facilitate operation without
degradation of land, air, and water resources.

Disposal Capabilities

Irrigation equipment or other suitable facilities are required to dewater and
apply upon agricultural land surface drainage retained by runoff retention
structures. Runoff control facilities which rely primarily upon evaporation
for disposal shall provide dewatering and land application capabilities for
standby use. The equipment and land utilized for runoff dewatering and
disposal activities shall be owned or under the direct control of the livestock
operation. The runoff disposal system shall be capable of applying runoff
accumulations upon agricultural land whenever storage capabilioes are not
adequate to retain the 10-year 24-hour rainfall quantity. The runoff disposal
system shall be designed so it is capable of applying 1/10 of the required
runoff storage volume each day of operation. Days suitable for dewatering
and disposal activities are those which are preceded by three days with less
than 0.05 of an inch of precipitaton per day; average temperature above
32°F, and on which there is no snow cover and the ground is not frozen.
With favorable weather conditions, it should normally be possible to empty
full runoff retention structures within two weeks following rainfall. Runoff
retention structures, evaporation ponds, and storage reservoirs that provide
storage capabilities in excess of that necessary to retain the 10-vear 24-hour
rainfall volume shall be dewatered whenever the water level infringes upon
the storage capabilites to retain a furure runoff occurrence from a 25-year 24-
hour rainrall event.

rrigation uipment

Irrigation equipment normally consists of pumping, delivery, and application
equipment. Consideration will be given to gravity withdrawal, conveyance,
and application systems provided they are capable of conducting disposal
actvites in a umely and environmentally acceptable manner. The irmigation
disposal equipment shall be in conformance with the following:

a. Irrigation equipment shall be selected so it is capable of applying /10
of the required runoff volume within 12 hours of operadon. For each
acre-foot of required runoff storage capacity, the irrigation system shall
provide a minimum pumping rate of 50 gpm.

b.  Irrigation equipment shall be capable of handling a limited amount of
solids 1 to 2 inches in diameter and should be designed to prevent
damage from freezing weather. Conventonal centrifugal and turbine
irrigation pumps are normally acceptable. Gated pipes are capable of
handling a limited amount of solids. Sprinkler systems should be
selected with orifice openings at least 1/2 inch in diameter. Inlets
should be screened to minimize plugging problems.

c.  Normally, a minimum of two pumps shall be provided for operatonal
capability and reliability. A single pump with twice the required
pumping capacity may be used in lieu of two pumps. At least one

"
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pump or dewatering method shall be available for each independent
runoff control structure so they can be dewatered simultaneously.

d. Irrigaton systems should be designed to deliver lower application rates
during winter months or when field conditions are relatively wet.
Addiuonally, the system should be portable or designed to deliver and
apply runotf upon more than one field.

Application Rates

Application of runoff accumulations upon agricultural land is to be conducted
in a manner that prevents surface runoff, detriment to land and crops, or
nuisance conditions such as odors. When possible, application rates should
be determined by crop moisture and nutrient needs. The irrigation system and
disposal land shall facilitate the following application rates:

a. Sprinkler irrigation systems shall be designed so application rates do not
exceed the soil infiltrauon rates. For furrow, flood, or high rate
sprinkler systems where application rates exceed soil infiltradon rates,
tallwater control provisions shall be provided. Tailwater control pits
must be capable of retaining 20% of the daily applied runoff quantity
and pump back or direct land application provisions shall be provided.

b.  The daily application of runoff shall be restricted to a maximum of thres
acre-inches per acre. A pumping rate of 120 gpm will deliver thres
acre-inches in 12 hours upon one acre.

G. The annual application of runoff should not apply nutrients or moisture
In excess of that required for crop producuon. Normally, the towl
annual application of nitrogen should be restricted to 250 pounds per
acre. The annual application of 6 to 12 acre-inches per acre should not
normally result in the buildup of excessive nutrient accumulations.
Normally, separate land should be utilized for the application of
concentrated livestock wastes. Soil tesung should be rouunely
conducted on land receiving runoff accumulations and/or livestock
wastes and the application of commercial fertilizer adjusted accordingly.

d.  Fresh water and runoff accumulations may be blended prior to
application. Cross-connections between runoff, irrigadon, disposal
systems and water supply systems shall be prohibited. Disconnect
irrigation lines from wells prior to use for runoff disposal. Irrigation
reservoirs or runoff retention structures should be used for blending
runoff accumulatdons prior to application.

[and Reguirements

The amount of land required for disposal activities is dependent upon volume
of runoff controlled and the application rates which can be utilized for
disposal purposes. Additionally, the crops produced will influence appropriate
application rates and will restrict application when planting, harvesting, and
fleld work activities are conducted. The following are minimum land
requirements for runoff disposal:

-



a. A minimum of three acres of land shall be readily available for each
acre-foot of required runoff storage volume to control a 25-year 24-
hour runoff event. With no reserve runoff storage capacity and three
acres per acre-foot of disposal land, an application of four acre-inches
per acre, the equivalent of two acre-inches per acre applications, would
be required. Normally, at least twice this amount of land should be
available for runoff disposal to avoid conflicts with plating, harvesting,
and field work actvities.

b. Land utilized for the disposal of runoff accumulations should not be
adjacent to neighboring residences or near areas which would adversely
effect adjoining property owners. The disposal land shall not be subject
to flooding more frequently than once in five years. Additionaily,
disposal sites should not be immediately adjacent to Intermittent
watercourses or streams which would carry runoff from the property.
Prior to utilizing property that has well defined drainage characteristics,
appropriate tailwater control structures will normally be reguired.

c.  Foreach 12 inches of average annual rainfall, a minimum of one acre
of disposal land per acre of controlled drainage area shall be provided.
Land not owned or leased by the feedlot operation which will be used
for runoff disposal acuvities shall be under wrtten agresment.
Additonal disposal land will be required if adequate land cannot
normally be available to conduct disposal activities.

Monitoring and Reporting Reguirements

Dy 1F Alae Dwa Ty
The Divisica-of-Eavmronment is to be notfied immediately by telephone of
all overflow occurrences from runoff retention structures or discharges from
runoff disposal pracaces. Within five days following the incident, a report
of duradon, approximately volume or flow, corrective action undertaken, and
resuiting water polilution problems, is to be submitted to the department.

Monthly monitoring reports are normally required for runoff control facilities
controlling more than five (5) acres of drainage. Department personnel will
determine on a case by case basis whether monitoring reguirements, as
outlined below, will be implemented.

a. An operational log is to be maintained by the operaton, at the
operation, which will be subject to periodic review and inspecdon by
Department personnel. Monthly operadon log forms will be provided
by the Department. In the event of a discharge occurrence, reports for
a two monthly period prior to the discharge are to be submitted to the
Department to verify prudent and proper management of the runoff
control system. As outlined on the second page of a permit for a runoff
control system, the permittes is to have storage volume available which
is equivalent to the volume of a 10-year 24-hour rainfail event over the
specified drainage area. The permittes is to monitor and record the
depth representing this available storage capacity within the wastewater
retention stwuctures on Monday each week. Whenever the storage
capacity to be maintained (10-year 24-hour rainfall volume) specified
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within the second page of the issued permit is not available, the storage
capacity present in the lagoons shall be monitored and recorded daily.
The quantty of precipitation received shall be monitored and recorded
each day rainfall or other precipitation events occur. A reliable and
accurate rain gauge shall be obtained and located at a convenient and
unobstructed site to measure moisture accumulations. The permittes
shall indicate on the operation log form the days disposal is conducted,
the quantity dewatered, and the areas used for the disposal of
wastewater accumulations.

III. WASTEWATER CONTROL FACILITIES
A. WASTEWATER STORAGE AND DISPOSAL SYSTEMS

1.

General

Wastewater storage systems consist of structures and equipment to retain dry
weather wastewater accumulations for subsequent application upon agricultural
land. The control structures are primarily used to store livestock wastes,
washwaters, and other wastewater flows. Common storage structures
employed are manure pits or tanks and/or earthen holding ponds. Normally,
wastewater accumulauons are removed by slurry hauling equipment for
subsequent application upon cropland.

Location

Wastewater storage structures are to be located and constructed in a manner
that prevents surface or groundwater pollution. The control structures are
normally designed to collect and conmol wastewater by gravity. The
structures should be designed and located to exclude surface drainage from
adjacent fields.

Surface drainage retained by wastewater control structures should be
minimized by installing roof gutters and diversions to direct surface drainage
away from buildings and control structures. Surface drainage from exposed
concrete feeding floors normally will require control provisions. (See Section
I - Site Considerations)

llection Svstem

Paved floors are to be sloped to control wastewater flows. Drains and pipes
are to be designed to facilitate cleanout. Conduits used for gravity
conveyance of wastewater flows to control structures shall be a minimum of
6 inches in diameter. Cleanout provisions shall be located every 200 feet,
change in grade, or change in direcdon. Collection lines shall be laid on a
minimum slope of 0.5%.

Wastewater Storage Structures

All wastewater storage structures are to be designed to facilitate pump-out and
removal of wastewater accumulations. Wastewater storage systems shall not
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provide less than four months of storage capacity. Storage capacity to be
provided shall be in conformance with the following:

a.

Liquid manure pits and tanks shall provide a minimum of 120 days
storage for average dry weather wastewater flows. Additional storage
shall be provided for surface drainage from exposed contributing surface
areas to rewin the 10-year 24-hour rainfall occurrence assuming no
infiltration.

Earthen holding ponds shall provide a minimum of 120 days storage for
average dry weather wastewater flows. Additonally, storage shall be
provided for surface drainage and rainfall entering the earthen holding
pond from a 10O-year 24-hour rainfall occurrence assuming no
infiltration. Earthen holding ponds shall provide a minimum of 2 7 feet
of freeboard above the design water level providing the required storage
capacity. A minimum of 3 to 1 side slopes shall be used and earthen
holding ponds are to be constructed without an emergency’ spillway.
Berms and dikes are to be seeded and inlet structures designed to
minimize erosion problems.

Concrete manure pits shall provide a minimum of 30 days storage from
average dry weather wastewater flows when interconnected with earthen
holding ponds. The earthen holding pond shall provide a minimum of
120 days storage for average dry weather wastewater flows. The
earthen holding pond shall provide additional storage to retain surrace
drainage and rainfall entering the structure from a 10-year 24-hour
rainfall occurrence assuming no infiltration losses. The earthen

retenton pond shall be constructed with a minimum of 2 fest of

fresboard above the design water level. A mimimum of 3 to 1 side
slopes are to be utilized on the inside siope and a minimum of 2'4 0
1 side slopes on the backslope and the structure is to be designed
without an emergency spillway. The dikes and berms are to be seeded
and splash pads provided for inlet structures to minimize soil erosion
problems. Wastewater control systems are to be designed to permit the
pump-out and removal of liquid and solid waste accumulations. Pump-
out ports are to be located a minimum of every 40 feet along the side
wall of concrete manure pits. Earthen holding ponds shall not be wider
than 100 feet at the design water level to facilitate the removal of the
majority of solid accumulations and deposits in the bottom of these
structures. The maximum depth for concrete manure pits and earthen
holding ponds shall be 10 feet unless specifically designed for removal
of liquid wastes and accumulations at the bottom of the structures.

Wastewater Disposal Equipment

Equipment to dewater and apply wastewater accumulations upon
cropland shall be owned or readily available. The equipment shall be
capable of removing both liquid and solid accumulations from the
wastewater control structures. The disposal equipment shall be capable
of dewatering and applying 60 days of wastewater accumulations and
the surface dra.inage from a 10-year 24-hour rainfall occurrence within
5-12 hour days with favorable weather conditions. Cropping practices

- 11 -

29
2-/2



should be compatible with required wastewater disposal pracdces.
Wastewater accumuladons are to be applied upon land not subject to
erosion and in a manner that prevents surface runoff problems.
Consideration will be given to other disposal methods provided they can
be conducted in an environmentally acceptable manner. Wastewater
disposal equipment shall be in conformance with the following:

a.  Liquid manure pumps should be capable of agitating wastewater
accumujations. Irmigation equipment is acceptabie for disposal of
dilute wastewater concentratons such as washwater from milk
parlors, or the liquid overflow from concrete manure pits.

b.  Liquid manure wagons used to pump, haui, and apply wastewater
accumulatons shail be of water-tight construction and designed
to prevent spillage.

c.  Nutrients applied annually through the application of liquid and
solids wastes from wastewater control structures shall be restricted
to that level required by the specific crops or crops under
productuon. Normally, the total applications of nitrogen should
be restricted to 250 pounds per acre. A yearly application rate
of 5000 to 10,000 gallons of slurry wastes per acre will normally
supply 250 pounds of nitrogen.

d.  Concentrated wastewater accumulations are to be incorporated at
the ame of applicaton. Soil injectors may be used with tank
wagon hauling equipment. If wastewater accumuladons are
surface applied, the land should be tilled within 12 hours
following the applicaton. Dilute wastewaters applied with
lrrigation equipment will not require incorporation unless odor or
nuisance problems develop.

B. ANAEROBIC LAGOON SYSTEMS

L.

ane.: ﬂ

Anaerobic lagoon systems consist of an impoundment(s), the primary function
of which is to store and stabilize organic wastes. Their design must be based
both upon hydraulic and organic loading parameters. Ultimate disposal of
wastewater effluents is either by land application or by evaporation within a
secondary cell. These systems require regular loading rates, flows that exceed
livestock waste production, and continuous water levels to function properly.
Consequently, they are applicable primarily to livestock operations uulizing
flush water, washwater, or similar methods to hydraulically remove, clean,
and transport waste accumulations to the lagoon system.

Anaerobic lagoons do not include runoff, wastewater, or other control systems
solely designed and operated to retain hydraulic flows without regard to
organic loading rates.

P



Locatdon

Anaerobic lagoons are to be located and constructed in a manner that prevents
surface or groundwater pollution. Additonally, the site should be selected
considering prevailing winds, land application areas, waste disposal methods,
neighboring residences, and other related items to minimize odor and nuisance
aspects. The lagoon system is normally located to permit gravity collection
of wastewater flows and should be designed to exclude extraneous surtacs
drainage from farmland. (See Section I - Site Considerations)

Collection Systems

The collecdon systems shall be designed to facilitate the daily removal and
conveyance of livestock wastes to the lagoon system. All drains, channels,
and conduits shall be designed to convey average daily maximum flows and
shall readily facilitate cleanout. Gravity conduits shail be a minimum of 6
inches in diameter and shall be laid with a minimum slope of 0.5%. Cleanout
provisions shall be located every 200 feet and flow velocities of at least 2.5
fps are to be maintained to minimize solid depositon.

Design Parameters

Anaerobic lagoons consist of single stage or two stage design. The structures
shall udlize a minimum of 3:1 side slopes and shall be constructed without
emergency spillways. A minimum of 2 feet of fresboard shall be provided
above the maximum design water level, and the minimum berm width shall
be 8 feet to permit the operaton of a tractor and mower.

a. Organic Loading

Anaerobic lagoons shall be designed to receive livesteck wastes for a
daily loading rate not to exceed 6 pounds volatile soiids (V.S.)/1000 fT.
The lagoon shall provide storage in additon to this required volume for
waste, wastewater, rainfall, and dilution water accumulations. For two-
cell systems, the design of the secondary cell is designed upon organic
waste loading rates. The first cell shall be a minimum of 8 feet deep
and shall be maintained with a minimum water level of 5 feet. The
minimum volume to be maintained in the first cell shall be based on the
organic waste loading rate (6 lbs V.S./day per 1000 ff). Secondary
cells shall be a minimum of 6 feet desp and shall be maintained with
a minimum water level of 2'4 feet. The construction of deep structures
is preferred to reduce surface areas, maintain relaovely constant water
temperatures and thereby reduce system upsets, land requirements and
obnoxious odor emissions.

b.  Hydraulic Loading

Anaerobic lagoons shall be designed to detain waste, wastewalter,
rainfall, and other flows in a manner that prevents discharge and the
buildup of sludge and mineral accumulations. Storage shall be provided
for a minimum detention period of 180 days with a maximum detention
tme of 365 days prior to effluent disposal. The annual net inflow

- 13 -

2.9

2. /¢



(wastes, rainfall, runoff, dilution water and other flows less evaporation,
percolauon and other system losses) shall equal or exceed 1000 f£/10
Ibs V.S./day. Singie stage systems shall be dewatered at least annually
to withdraw sludges and reduce mineral concentrations. Two-stage
systems may be designed to evaporate effluents in the secondary ceil;
however, the second cell shall be maintained with a minimum depth of
2'% feet and a minimum volume of 1000 ft/3 lbs V.S./day.

c. Iniets

Submerged inlets that outlet near the center of the lagoon are preferred.
Surface inlets that discharge at the middle of the longest side are also
acceptable. The inlet shall consist of a 6 inch or larger pipe and be
designed with cleanout provisions. Cleanouts are recommended at the
lagoon entrance and at 200 foot intervals. The minimum slope for drain
lines should be 0.5% for surface inlets, or to maximum water elevation
for submerged inlets. The drain lines should be designed to maintain
a flow velocity of 2.5 feet per second or greater.

d. Water Balance

Anaerobic lagoon systems shall provide a supplement water source to
maintain adequate lagoon volume and to dilute waste inflows. The
supplemental water source may be either a surface or groundwater
supply and should be capable of delivering a minimum of 3 gpd/Ib
V.S./day for the design waste loading rate.

Additonally, a water balance shall be calcuiated to estimate the
supplement water required by the control system. Evaporation losses
range from less than 1 ff'/square foot of pond surface area to greater
than 4 fT/fC of pond surface area per year. Use average annual
evaporation rates for esumates.

Anaerobic control structures are to be essentally water-tight with
percolation rates less than % inch/day. Seepage losses vary from
essentially zero to 90 inches/year (% inch/day). For estimates, an
average rate of 3 fr'ft’ of pond/year may be emploved unless more
specific soil information is available.

All plans for anaerobic lagoon systems shall include an operational
secton. The operational secton shall identify supplemental water
sources, requirements, and discuss the methods to be employed to
initially establish and maintain the minimum water level, and the system
to be utilized for wastewater effluent disposal.

IV. CONSTRUCTION DETAILLS

Construction of water pollution control facilities shall be conducted in conformance with
approved engineering practices. Materials and supplies shall be quality products that
insure reasonable life of the control system and conform to ASAE, ASCE, ASME, SCS
or other widely accepted standards. The Division of Environment limits its review to the
functional capabilities and the adequacy of systems to control water pollutants.
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EARTHEN IMPOUNDMENTS

L.

ankmen

Embankment berms shall be a minimum of five (5) feet wice and shall be
constructed of compacted unconsolidated soils essentially void of rock, gravel,
sand, or other porous media. All vegetation shall be removed when fill is
placed above grade to construct embankments. Berms 10 to 12 feet in width
are recommended to facilitate the operadon of a tractor mounted mower and
irrigation, pump and haul, or dragline equipment.

Dikes and Embankments

Side slopes shall be a minimum of 3 horizontal to 1 vertcal (3:1) on the
water side of impoundments. Back slopes shall be a minimum of 24
horizontal to 1 (2'4:1) vertical. The design of side siopes should be based
on soil types, operatonal and maintenance requirements. Three to one (3:1)
or flatter side slopes are recommended for ease of construction and for safe
operation of equipment.

Emergency Spillwayvs

When required, emergency spillways shall provide erosion protection to
prevent washout of impoundment dikes and berms. Either tube or open
channels may be utilized and shall be designed to convey flows resulting from
25-year 24-hour or greater runoff occurrences. A minimum of one foot of
freeboard shall be provided above the inlet elevatdon of spillways.

Inlets

All inlets shall be designed to provide erosion p a ction of impoundment
embankments. Splash pads, np-rap, and condu..; shall be provided as
needed. Normally, submerged inlets will require little or no protection,
whereas open channel inlets normally require splash pads.

Fencing

All earthen impoundments shall be fenced or adequately protected to prevent
access by livestock or unauthorized personnel. Fencing shall consist of a
minimum of five barb wires spaced on 10/12/12/12/12 inch centers from the
ground. Woven fabric fencing (40 inches) with 3 or more strands of barb
wire is recommended to further restrict access by family pets and children.
The fencing should be located at the toe of the embankment backslope so
sufficient room is present for the operaton of mowing, dewatering, and
maintenance equipment. A gate at least 14-16 feet wide is to be provided for
access and shall normally be secured.

Seeding and Mowing

Sod shall be established on the side slopes above water levels, berm, and
backslopes of embankments. Short-rooted grass such as Bermuda, Fescue,
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Switch Grass, Brome, Timothy, and native grasses are suitable. Precautions
shall be taken to prevent the establishment of long rooted weeds or legumes
and animal burrows, etc., that can result in seepage problems.

Impoundment Bottoms, Side Slopes

The impoundment bottom and side slopes shall provide a minimum cover of
one foot of unconsolidated fill essentially void of sand, gravel, rocks or other
porous media. Addituonal precautions shall be taken if rock is encountered
to prevent seepage and inflow problems such as over excavating and back
filling with clay, sealing with bentonite, or installing a plastic liner.

B. CONCRETE STRUCTURES

1.

Concrete Pits

All concrete manure pits shall be constructed with reinforced concrete in a
water tight manner. Side walls shall be a minimum of 6 inches thick and pit
bottoms a minimum of 4 inches thick. It is recommended that professional
design assistance be obtained to prevent structural failure due to flotation,
inadequate reinforcement, unstable foundations, etc.

The design of pit covers requires careful evaluation of loading parameters
(livestock, implements, etc.) and is not a do-it-yourself job.

etain Wall

Retain walls are used to provide a vertical side for earthen impoundments to
facilitate pumpout actuvities. The rewmining walls should be reinforced,
anchored, and designed for site specific condidons. It is recommended that
professional design assistance be obtained.

lash Pad en Channel

These facilities are less critical and more easily repaired if structural failure
occurs. Channels require careful construction to provide proper slopes and
flow capabilities. Normally, the minimum thickness for non-reinforced
concrete should be four inches.

Metgl, Fiberglass, and Other Storage Vessels

Several manufacturers provide prefabricated storage structures consisting of
stave concrete silos, epoxy lined metal tanks, etc. These facilities shall be
of water tight construction and of quality design. These and other designs
will be individually evaluated.

C. OPEN CHANNELS AND CONDUITS

1.

Diversions, Terraces, and QOpen Channels

These earthen collection devices shall be designed to convey the peak hourly
flow expected to occur once in five years. The slopes shall be designed to
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minimize bed erosion and when possible the runoff collectdon channel should
facilitate the deposition and subsequent removal of manure solids and silt.
The recommended minimum channe! width and depth is 10 feet and 2 feet
respectively. When possible these facilities should be located outside of
livestock confinement areas so a vegetative grass cover can be established and
to simplify siudge removal and maintenance.

2. losed ndui in Lin

Closed conduits are used primarily for gravity conveyance of dry weather
wastewater flows. They shall be designed to provide adequate capacity for
the average daily peak hourly flow rate and shall be capable of maintaining
flow velocides that minimize solid deposition (2.5 gps or greater). The
minimum acceptable conduit size shall be 6 inches and the minimum grade
shall be 0.5% for gravity lines. Steeper grades (2% or more) are
recommended to maintain higher flow veiocities.

Conduits interconnecting control structures (sedimentation ponds, runoff
holding ponds, etc.) must be designed to convey runoff flow in addition to
dry weather wastewater flows. Flow capacity requirements are dependent on
flood storage reserved and the pipe sizing should enable the complete control
of a 24-hour 25-year storm without bypassing the control system.

V. ODOR ASSOCIATED WITH LIVESTOCK OPERATIONS

Al

GENERAL

Odors associated with livestock operations are usually attributable to water polluton
control and manure management practces. Other potenual sources are related (0
feed storage, processing and distribution. Objectionable odors exist whenever
odorous compounds are emitted and transported to an area where their presence is
undesirable to people. The emission of odorous vapors and gases is related to the
volatility of the compound, its chemical composition, temperature and air
movement.

Principles of odor generation, release, transport, and detection are not thoroughly
understood, and decisions regarding odor control must consequently retlect
judgments based upon limited knowledge. Odor sensation is a personal response.
Not all people are equally sensitive, nor is there general agreement as to the
severity of odors once detected. The qualitative appraisal of odorous substances
cannot be impartdally measured by instrumentation to determine their degree of

unpleasantness.
TREATMENT

Treatment processes involve methods to reduce, alter, or mask odor emission
resulting primarily from anaerobic microbial metabolism of organic wastes.
Economics have prevented wide acceptance and utilization of treatment techniques
to control odors. The following are treatment methods which have besn employed.

- 17 -

29

2-15



Drying-Dehvdration

Manure is dried to reduce the moisture content thereby altering the
decomposition process to inhibit anaerobic microbial metabolism. When the
moisture content of manure is reduced to 50% or less, sufficient porosity can
exist for air movement to prevent anaerobic decomposition. The additional
of bedding or other dry material can partially reduce the moisture content.

Disinfection can be used to inhibit anaerobic decomposition. Lime, chlorine,
formaldehyde, and other chemical disinfectants have been successfully used,
however, the quanutes required and associated costs may be unreasonable.

Odor Control Agents

A variety of chemicals or agents, designed to aid in odor reduction are
marketed. The effectiveness of these products is difficult to measure, and an
individual trial 1s recommended prior to purchase. These products may
generally be classified as masking agents, conteractants, and deodorants.
Masking agents are mixtures of volatile oils that may have a stronger more
acceptable odor. Conteractants are based upon the characteristics of two
properly selected odors which tend to cancel one another thereby resulting in
total detectable intensities less than that of the individual consttuents.
Deodorants are based upon the principal of eliminating or transforming the
odorous constituents so they are not emitted. They may inhibit or alter
biological actvity and decomposition processsed by changing the enzyme
balance.

Aeration

Aeration of wastes (usually in a liquid state) can result in aerobic
decomposition which is nearly odorless. Equipment cost, maintenance
requirements, and system complexites are the significant factors that prevent
wide spread utlizaton.

WASTE MANAGEMENT

Although chemical control and treatment processes may have useful applications,
effective long term solutions to odor problems are best achieved by selecang
livestock production, manure collection, transport, storage, handling, and land
application procedures that are technically feasible and compatble with adjacesnt
environmental usages and the total livestock production system. Obnoxious manure
odor emissions frequently are the result of poor housekesping techniques as well
as problems inherent to manure management.

The following managerial procedures have proven helpful to reduce odor emissions:

Location

Livestock operations should be located a reasonable distance from residential
areas, places of employment, recreauonal facilities, and other areas frequented
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by the general public excluding the livestock owner’s residence. Distances
have not been established beyond which compiaints are invalid, however
providing separation as stipulated in Section 1 will be considered indicauve
of reasonable safeguards. Wind direction and velocity, humidity, topography,
temperature, and unique meteorological conditions (inversion, etc.) affect odor
transmission and detectuon.

fin iv k ing A

Confined livestock feeding areas should be kept as dry as practicable. Dirt
lots are to be maintained such that surface water does not collect and remain
in depressions or create prolonged muddy conditions following precipitation
events. By keeping manure covered surfaces dry the primary source of odor,
anaerobic decomposition of manure wastes, can be minimized in terms of
quantity and concentration. Dirty, manure covered animals can result in
accelerated anaerobic decomposition of wastes resulting in odorous by-
products that are vaporized by the animals’ body heat and emitted into the
atmosphere. Related benefits of dry pens and lots are better control of
potential water pollutants, improved control of flies and other insects, and
greater animal comfort and productivity.

Waste Collection

Waste collection should be conducted such that livestock and fesding areas
can be kept dry. The frequency of waste collection is dependent upon the
makeup of the livestock productuon unit. For open lots units waste collection
is intermittently conducted by scraping and removing solid accumulations.
In general, dirt lots should be cleaned a minimum of twice a year or
whenever excessive manure accumulations result in manure covered animals.
For concrete lots and pens, cleaning operatdons should be conducted a
minimum of once every two months or whenever excessive manure
accumulations result in manure covered animals. Regular, routine removal
of waste accumulations, the use of bedding, scraping, and mounding of waste
accumulations should be employed to maintain confinement areas and livestock
in a dry environment.

Waste Storage

Prolonged on-site storage of animal wastes can intensify odor emissions.
Waste storage systems can be classified as interim soiid, slurry, or liquid
storage of wastes preceding land application and disposal. Very few livestock
operations utilize satisfactory aerobic lagoons or waste storage treatment
systems which are suitable for the total disposal of wastes.

Solid wastes (scraping from lots and pens) should be stored at a site with good
drainage. Such wastes may require drying prior to stocking, however, when
sufficiently dry it is recommended that they be stockpiled in a manner that
minimized their total surface area. A dry crust or cover will form which will
partially absorb odor from inner layers undergoing anaerobic decomposition.

Slurry includes a mixture of solid and liquids that cannot be handled with
conventional liquid pumping or solid handling equipment. The contents of
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manure pits, bottom deposits in retention lagoons, and sludge accumuiations
in sedimentation ponds are examples of animal wastes slurries. These wastes
are volaule and are undergoing anaerobic decomposition. It is recommended
that siurry wastes be stored in structures that permit the use of a vacuum
tanker, positive displacement pump, or other specialized equipment for
subsequent removal and disposal activities. The surface area of manure pits
and holding basins should be minimized to reduce odor emissions and left
undisturbed except during periods of cleanout. Depending on waste
characteristics, a crust may form, otherwise a liquid layer should cover the
heavier slurries. Installing covers over these structures may prove beneficial
in retarding the anaerobic decomposition process. As explosive gases are
generated, adequate ventlation is mandatory.

Liquid storage structures are devices or faciliies used to retain wastewater
flows containing minor amounts of livestock wastes. To reduce odor
emissions runoff control systems should normally be maintained dry except
for short periods following rainfall-runoff occurrences. The solids entering
such storage devices should be minimized by using settling devices or by
using appropriate solid or slurry waste handling practices so the liquid
effluents can be removed with conventional irrigation equipment.

Waste Disposal

Land application of livestock wastes is the predominant method of disposal
associated with animal waste management systems. It is an integral part of
nearly every manure handling system. Liquids, solids and slurries are
amenable to land application and properly conducted the contained nutrients
and water are beneficially utilized by vegetation.

Solid wastes and runoff accumulations should be applied upon farmland as
frequently as possible to reduce on-site accumulations. Slurry wastes should
be handled less frequendy and when removed, rapidly handied to minimize
their ume of transport and applicadon. If possible, slurry wastes or other
similar wastes (such as lagoon sludges, putrefied solid wastes, etc.) should
be applied at imes when temperatures are cool and field dllage activities can
be conducted.

The following are general recommendations which reflect good management
practices:

a. Avoid spreading wastes when the wind would blow odors toward
populated areas or toward sensitive neighboring residential dwellings.

b.  Avoid spreading wastes immediately before weekends and holidays and
other times when nearby people are likely to be engaged in outdoor and
recreational activities. If possible become familiar with the social
commitments of nearby neighbors and adjust waste disposal schedules
accordingly.

e Avoid spreading wastes near heavily traveled highways and upon

properues immediately adjacent to neighboring residential dwellings. -
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When possible spread wastes in the moming when the air is warming
and raising rather than late afternoon. Spreading at night may be
helpful provided the weather is clear and some breeze is present. Avoid
spreading on foggy, damp days. Use the available weather information
to best advantage; i.e. turbulent breezes dissipate and dilute odors and
rains will remove odors from the atmosphere.

If possible, incorporate solid and slurry wastes into the soil during or
immediately after applicadon. Most slurry tank wagons have soil
injector attachments available, otherwise plow or disc fields shortly
following slurry or solid waste applications. These practices minimize
odor emissions and also preserve nutrients and reduce the potental for
water polluton. If wastes cannot be incorporated, apply then in a thin
uniform layer to ensure drying in five days or less.

Miscellaneous

Other related items in reducing and minimizing odor emission problems
include:

d.

A clean, orderly appearing livestock operation is effective in suggesting
a non-offensive situation. This consideration may warrant the
installation of vegetative screening or other similar items to improve
the operation’s appearance.

Dead animals should be disposed of in a imely manner. They should
be removed from the site within 24 hours. Picked up by rendering
workers is preferred, otherwise burial or incineration may be used.

Open communication with neighbors can be helpful in determining their
concerns and to explain your operaton and the practces used (o
minimize odor and nuisance concerns.
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Expected Runoff From 25 Year—24 Hour
Rainfall on Livestock Confinement Lots

Coun :
ALLEN 6.24 HODGEMAN 4.9 3.78 | 4.55
ANDERSON 6.5 | 5.14 JACKSON 6.0 4.85| 5.64
ATCHISON 6.0 | 4.85 5.54 JEFFERSON 6.1 4.94 74
BARBER 58| 4.85 5.44 JEWELL 52! 4.07 435
BAATON 5.3 417 4.85 JOHNSON 6.3 5.14 | 5.94
BOURBCN 6.5 | 5.43 6.24 KEARNY 4.5 3.40 | 415
BROWN 5.9 | 4.75 5.54 KINGMAN 5.9 475 | 5.54
BUTLZA 6.3 | 5.4 | 5.94 KIOWA 5.4 426 5.05
CHASE 6.2 | 5.04 5.84 LABETTE 6.3 583 | 6.4
CHAUTAUQUA 8.7 5.53 5.34 | LANE 47| 359 | 4.35
CHEROKES 6.3 553 | 6.44 | LEAVENWORTH 6.1 | 4.9a | 574
CHEYENNE 4.1 | 3.01 | 375 LINCOLN 5.4 | 4.25 | 5,05 |
CLARK 52 | 4.07 | 4.35 LINN 5.5 533 5.14 |
CLAY 5.7 | 4.55 | 5.34 LOGAN | 4.4 3.30 | 4.05 |
CLOUD 5.5 | 4.38 | 515 | LYCN 6.3 | .44 5.34
COFFEY | 5.4 | 5.24 | 5.04 MARICN 6.1 4.94 | 5.74 |

|comancHE | 5.5 | 4.35 | 5.15 | MARSHALL l 5.7 4.55 | 5.34 |
OWLEY | 6.4 | 524 | 5.04 MCPHERSON | 5.8 | 485 5.44
CRAWFORD | 5.7 | 5.53 | 6.34 MEACE i 50| 388 | 4.85
DECATUR | 45| 3.40 | 415 | MIAMI | 6.4 5.24 | 6.04
DICKINSON | 53| 4.65 | 5.44 MITCHELL | 53] 4.17 | 4.95 |
DONIPHAN ! 5.9 | 475 | 554 MONTGCMERY | 68! 553! 5.2 |
DOUGLAS | 6.2 | 5.04 | 5.84 | MORRIS | 6.1 | 4.54 | 574
EDWAADS | 5.2 | 4.07 | 4.85 MORTON | 45| 3.49 | 425 |
ELK l 6.6 | 5.43 | 5.24 NEMAHA | sa | 465 | 5.44 |
ELLIS 49 | 378 | 4.55 NEOSHO | 5.7 5.53 | 6.34 |
ELLSWORTH 5.5 | 4.36 | 5.15 NESS ] 4.8 368 | 4.45 |
| FINNEY 47| 3.59 | 435 | NORTON I a5 | 349 4.25
FORD 50| 388 | 4.65 OSAGE | 53 5.14 5.94
FRANKLIN 6.4 | 524 | 5.04 | OSBOANE | 5.1 3.97 475 |
| czary 59| 4.75 | 5.54 | OTTAWA | 5.6 4.6 | 5.25
Govs 45 | 3.49 | 4.25 | PAWNES | 52 4.07 | 4.5
GRAHAM 4.7 | 358 | 4.3 PHILLIPS J 4.8 | 3.68 | 4.45
GRANT 45| 3.49 | 4.25 POTTAWATOMIE | 59| 475 | 5.54
GRAY 48 | 3.68 | 4.45 PRATT | 56| 446 | 5.25
GAREELEY 43| 3.20 | 3.95 RAWLINS l 4.3 3.20 | 3.95
| GREENWOOD 6.4 | 5.24 | 6.04 RENO | 5.8 455 | 5.44
| HAMILTON a4 3.30 | 4.05 REPUBLIC i 5.4 426 | 5.05
HARPEA | 5.1 | 4.94 | 574 AICE | 5.6 4.46 | 5.25
HARVEY | 50! 4.85 | 5.6 AILEY l 5.8 465 saa
| HAsKELL l 4.7 | 359 4.35 | RCOKS | 4.9 | 3.73 | 455 |
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Expected Runoff From 25 Year—24 Hour
Rainfall on Livestock Waste Confinement Lots

“County-
RUSH i 50| 3.88 | 4.65
AUSSELL l 5.2 | 407 | 4.85
SALINE I 57 455 | 5.34
SCoTT | 4.5 3.40 | 4.15
SEDGWICK 5.11 4.94 | 5.74
SEWARD 43 3.68 | 4.45
SHAWNES l 6.1 494 | 574
SHERICAN | 45| 3.40 | 4.15
SHEAMAN | 4.2 | 11 | 3.85
SMITH I 5.0 | 3.88 | 4.65
STAFFCRD i 55| 4.25 | 5.15
STANTCN i 45| 3.40 | 415
STEVENS l 47| 3.59 | 435 |
SUMNER J 5.2 | 5.0¢ | 5.34
THOMAS l aq| 3301 4.05
TREZO F 48| 1.68 | 4.45 |
WABAUNSEE | 6.1 4.94 | 574 |
WALLACE | 4.2 | 4.1 | 2.85 |
WASHINGTCN | 55| 4.36 | 5.15
WICHITA 4.4 3.30] 405
WILSCN 55| 5.4a 5.24
WOGCDSCN i 65| 533 | 6.14
WYANCCTTE | 5.2 | 5.04 | 5.34 |
SCS RUNOFF EQUATION:
(P - 0.25)2
e I Y
S = (1000/CN) - 10
WHERE: P = RAINFALL (INCHES)

Q = RUNOFF (INCHES)

S = POTENTIAL MAXIMUM RETENTION (INCHES)

27
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OPERATICONAL REPORT OF
AGRICULTURAL AND RELATED WASTE CONTROL FACILITIES

STATE QF KANSAS
DEPARTMENT OF HEALTH AND ENVIRONMENT
BUREAU OF ENVIRONMENTAL QUALITY
TOPEKA, KANSAS 66620-0001
(913) 296-5521

NAME A-
Permicted Facilicy Name Permit Number
MANAGER
ADDRESS
P.0. Box, StreetC Address Councy

Cicy, State, and Zip Code

STATUS
Number of Animals Confined
REEZPORT PERIOD FOR THEZ MONTH OF , 19

I HERERY CERTIFY THAT THE INFORMATION SUBMITTED HEREIN IS TRUE AND CORRECT IO
THYE BEST OF MY KNOWLZIDGZ AND 3ELIET: )

Date Signed Signacure of Manager or Owner

INSTROCTTIONS :

The following minimum data shall be recorded on the back of this form:

1. Daily precipitation amounts in inches and ctenths. Facilicies with no
runoff containment structures need only report precipication starting three
days before land application of waste and continuing until all waste is
applied.

2: Available storage depch in each wastewater impoundment on the lst, 13tch,
and last day of the month.

3. Whenever the minimum required wastewater storage capacicy is not available
in any impoundment, the available depth shall be recorded daily until cthe
required storage is again available.

4. On everyday when either solid or liquid wastes are applied to land, the
following information shall be recorded: soil condition (frozen, thawed,
or snow covered), average daytime air temperature, quantity of waste
applied in galloms, tons, or cubic yards whichever is most appropriace,
size of the area (in acres) to which waste is applied, and crop(s) eicher
growing or intended to be grown next season on the application area.

2.13
2-26



ILE 774
o

A

“\

Ly

s

m=m N

See drawing)
<

STRUCTURE WUMBER
3
(FT)

AVAILABLE DEPTH (D) FROM TOP OF BERM

5
P
3 -E
b
" 8-
¢

UASTE OI1SPOSAL DAYS
QUANTITY
APPLIED

(gal,tons,yd’)

(T,F, = *F)

10
n
13
14
15
16
17
13
19
20
21
26
26

* Fefrozen, TzThawed, and S=Snow Covered
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Confined Animal Feeding Operation
(CAFO) Registration Fees

Number of animals/units Fee Prior to 9/27/96 Fee as of 9/27/96 % Increase

300 - 999 animals/units NA $25 NA

1,000 - 4,999 $30 $100 333%
5,000 - 9,999 875 $200 266%
over 10,000 $150 $400 266%

Permit Fee Costs
!‘ﬁ)’“ SR gahedey e SR A LT .'J-,A‘y.l i .'hi:

¥ & L . .
SRR N R ER

i

fa kol

1,000 - 4,999 5,000 - 9,999 over 10,000
Number of Animals/Units

l:] Annual Fee Prior to 9/27/96 #5855 Annual Fee as of 9/27/96



Permits required for a 20,000 head cattle feedlot
in Kansas.

KDHE/NPDES permit - $ 400
(threshold 300 a.u.)

Stockwatering permit - $3,285
(threshold 1,000 hd.)

Animal Health Dept. license - $ 7350
(threshold 1,000 hd.)

Chemigation permit - $ 100

$4,535 in annual permit fees®

Most feedlots must be in compliance with other state and federal regulations
not listed above including: boiler permit, commercial drivers license, fuel
storage tanks and scale certification.

* These annual fees do not include the cost of compliance.

2.2



1,000
AU.

300 —
A.U.

Capacity Permitted

400K

o

4.5

Kansas
3400 Max Fee

—e— Capacity

[~/ Cattle on Feed

Nebraska
No Permit Fees

Full Time Equivalents

B runding

2.06

Z

%

$185K

MMM

1.1

\

0.5

4

Texas
$350 Max Fee

Colorado
No Permit Fees

3.0 mm

2.5 mm

2.0 mm

1.5 mm

1.0 mm

0.5 mm

500,000
Cattle
on Feed

Data current as of November 1996

f T



All Confined Feeding Facilities

Federal vs. State*

(Over 1,000 head) (Under 1,000 head)

13%

of facilities under
federal permit
(344 facilities)

87%

of facilities under
state permit
(2,157 facilities)

Total Permitted Facilities in State - 2,501

* Note: State facilities include:
484 cattle
923 swine
Data current as of November 1996 673 dairy

R o]



Feedlot Cattle In Kansas
Federal vs. State

(Over 1,000 head) (Under 1,000 head)

11%

of cattle under
state permit
(484 facilities)

89%

of cattle under

federal permit

(235 facilities)
Number of cattle in Kansas feedlots ........cccceeevnneaccncee 3,369,113
Number of cattle under federal regulation .............. 3,004,290
Number of cattle under state regulation ...........cceee.... 364,823

Data current as of November 1996

e (W0 4.



Separation Distance Requirements

ANIMAL UNITS

KANSAS

by State

MISSOURI

COLORADO

NEBRASKA

OKLAHOMA

TEXAS

300 -999

1,320 feet

NONE

NONE

NONE

NONE

NONE

1,000 +

4,000 feet

NONE

NONE

NONE

1,320 feet

1,000 - 2,999

4,000 feet

1,000 feet

NONE

NONE

NONE

1,320 feet

3,000 - 6,999

4,000 feet

2,000 feet

NONE

NONE

NONE

1,320 feet

4,000 feet

3,000 feet

NONE

NONE

NONE

1,320 feet

* The separation distance applies to dwellings and public buildings.

Data current as of November 1996



RELEASE FORM

I, , owner of the residential

dwelling in close proximity of property owned by

hereby give my permission to the same to construct confined livestock feeding and
associated water pollution control facilities which will be no less than

feet from my residence.

Further, I understand the livestock operation will be designed to provide

facilities for , and will

operate and maintain them within the conditions of their Water Pollution Control
Permit.
Further, I reserve the right to seek relief from all personal or property

damages resulting from the subsequent operation of these facilities.

Signature of Owner Date

Address Phone

City, State, Zip

Signature of Witness Date

(3)

2.10
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Self-Sealing of Earthen Liquid Manure Storage Ponds: 1. A Case Study’

ged C
A B

[,_Pu I;:?C !

M. H.MILLER, J. B. ROBINSON, AND R. W, GILLHAM?

ABSTRACT

A monitoring syster was estublished on an unlined, earthen storuge
pond nesr Kitchener, ON prior to the addition of liquid manure frum
a 4500-head beefl (Jus fuurus) feeding eperation. The botlom of the
pond, which had 2 surface area when (ull of 2 ha, was a coarse (ea-
tured sand. This material, with some gravel layers, extended below the
wiuler table, which was initially a1 13.7 m below the grouad surface. A
plutform, 3t which soil moisture measurement and groundwater
sumplinyg tubes were installed, was constructed within the pond. Addi-
tionul groundwuler sumpling tubes were [nstalled ut several puints sur-
rounding the pond. Moisture content of the soil immsdizlely below
the pond reached saluration when liquid manure was [irst added but
began to decrease within 2 weeks and reached u sleady state al 2 water
potentizl of «bout = 0.03 MPa within %0 d. The infiltration rute at this
tirne wus eslimuled to be less than 10°* m s, a value considered to
indicule that the buttum wus effectively sealed. There was a'rapid in-
creuse in Cl cunteat uf the groundwuter within 2 weeks of munure
uddilion but the concentrution declined to initial vulues within 12
weeks. There was nu evidence of elevated Cl concentratiuns in
groundwater oulside the buundaries of the pond. The NO,-N content
ul yroundwater beluw the pond decreased to nun-deteciable valucs
very shortly after sddition of manure bul returned (o background
values within 12 weeks excepl in the upper porivas of the ground-
wialer. A similur depression of NO,-N was observed 1l one sampling
position within 3 few meters of the pond bul not 2l more distanl
points. [t wus concluded that the NO,-N degression was due primarily
tw denitrificativn in the groundwaler s il prssed below the pond. It s
concluded that, with some limitations, unlined carthen manure ponds

s areenvironmentully acceptable, even in sandy mauterial,

,' Additionzl lndex Words:

nitrogen, chloride.

groundwaler confaminalion, nitrate-

Miller, M. H., J. 8. Rabinson, 2rd R. W. Giilham. 1935, Seil-s=aiing
ol earthen iiguid manure storage ponds: |, A cass stedy. J. Environ.
Qual. 14:533-538.

Storage of liquid manure presents serious problems to
animal producers in Ontario. Due to the potential for
run off znd pollution of surface water from winter
spreading, the Agricultural Code of Practice for
Ontario rzquires that a 26-wesk storage cagability be
provided before an operation can be certified. Because
of the pronibitive construction costs of concrate storage
reservoirs or tanks for this volume, producers are using
earthen siorage reservoirs which may or mzy not be
lined. Considerable concern exists for the potential of
groundwzter pollution, particularly with unlinad ponds.

Studies on the degree of sealing of soils when liquid
manure is infilirated have been summarized by Hills
(1976) and DeTar (1979). Two general approzaches have
been used in these siudies: (i) the determination of
Infiltration rates in reconstituted columns (Chang et al.,
1974; Hart and Turner, 1965; Hills, 1976) or in natural
soils (Baier et al., 1974; DeTar, 1979: Meyer, 1973)
from direct measurement or from measurement of hy-
draulic gradients below the floor of the pond znd (ii) the
Mmeasuremznt of concentrations of pollutants in the soil
lark, 1575; Meyer, 1973; Miller et al., 1976) below the
«cor of the pond.

Results of infiltrution studies have indicated that
ponds become “‘effcctively” sealed on infiltration of
liquid manure for time periods ranging from a few days
on clay soils to as much as 100 d on loamy sands a:{d
sands (Baier et al., 1974; Chang et al., 1974; Davis er
al., 1973; Hills, 1976; Meyer, 1973). One exception was
the study of Hart ard Turner (1965) in which infiltra-
tion rates into a sandy loam remained relatively high
(1.910 3.6 x 107 m s™') after 2 yr and depended on
solids concentration. The authors state that the expecied
biological sezling of the lagoon did not appeuar 1o be
very effective. DeTar (1979) found that the reduc:ion in
infiltration rate after | week. incraased several fold as
ihe total solids content increaszd from about 1 1o 15 E]
kg™. The effect was similar for both clay and sandy
loam soils. He concluded that total solids content was
morc important than the rate of water infiltration.

Miller et al. (1976) reported NH.-N concentrations in
soil in excess of 35 mmol kg™ 0.9 m bzlow the floor of
two 8- to 10-yr old swine (Sus scrofa domesticus)
manure ponds in sandy loam to silt leam soil, indicating
that large guantities of manure had infiltrat=d. The
NH.-N concenirations below two ponds in clay soils
were much lower with little evidence of accumulation a1
depths > 0.4 m. Thesc latter ponds had been in use cnly
2 yr. The authors were unable Lo separata the cifects of
age and soil texture nor were they able 1o determine
whzther infiltration was continuing.

An opportunity arose in the lall of 1575 10 establish
monitoring systems oa a large liquid manure storage
pond prior to addition of liquid manure from a 4500-
head beef (8us raurus) finishing oparation located weg
of Kitchener, ON. This pond was constructad by dikinz
one end of a natural small valley using surface material
from within the valley. The excavation exposed a sand
subsoil over most of the floor of the pond. The liguid
manure from the pits below the slotted pens was caniri-
fuged to remove a portion of the solids and the effluent
from the centrifuge was pumpsd into the pond. Con-
siderable dilution occurred in the pond due to runoff
[rom the surrounding area.

Because of the sand material and the relatively dilute
manure, the probability of this system self-sealing was
not considered to be high. A study was conducted to
determine the extent to which materizls from this pond
infilirated into the soil and the effect of the pond on the
quality of groundwater in adjacent areas.

MATERIALS AND METHODS
Establishment of Study Site

The storage pond is located in Wilmot Township, Waterloo County
on u placial outwash materizl. The pond was forined in the fzll of 1975

*Coniribution from Dep. of Land Resource Science, Univ. of
Guelph, and Dep. of Earth Science University of Walterloo, ON,
Canada. This research was supporied by Ontario Ministry of Agri-
culture and Food and by Agriculture Canada. Received 2 Feb. 1984,

‘Professor of Seil Science, professor of Environmental Biclogy
(now deccased) Univ. of Guelph, associate prolessor, Dep. of Ezrth
Science, Univ. of Waterloo, respectively.
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by consiructing an zarthzn dike approximatzly 5 m high and 100 m
long across a naturzl valley (Fig. 1). The materizl Jor the dike was ob-
tained from two kamz-like mounds within the z2nd area as wzil as
from the pond Moor. Hznes all of the suriicial mzizrial was removed
from the bolttem of zbout half of the pond cxp2sing the unweathered
maizrial which consisied of a coarse sand with ccozsional gravel lay=rs
or lenszs (Table 1). This matarial constituted mzst of the bottom af
the pond within the 3.0-m contour (Fig. 1). The zond, when nillzd o
the 4.5-m contour, would have a surface area of abour 2 ha a2nd a
volumic of approximatzly 15 000 m'.

A platform (Fig. 2) was constructed in Dzcembar 1975 al a point op-
reximatzly 1.5 m above the lowest point in thz pord (Fig. 1). This
nlatform was s2tin concrets and extended 1o 2bout § moabove the soi
lzvel, which was ahave the highest anticipared liguid lzvel. A ladder
was aitached to thez platform and a rowboat wus ussd 10 rzagh (hie
ciatform when the liguid izvel was above the bass,
uiron-probe asvess tube, and szveral grzundwater and soil
moisture sampling tubes were installed 2t the ¢ rm in Deszmie
1375. The nzutron-zrobz aceess tubs (H0mm i.d inum) extendsd
into 15z soil to ad=zth of 1.6 m. The groundwatzr s2mpling tubes (P
1o P9) consisted of 45-mm i.d. PYC pipesealsd 2 tottom and with
slots coverzd with nyicn meash extending 300 mm rom the basz, Thoe
tubss were placed so the center of the slotted rezioa was at L.5-m
intervals beginning 3 m 2bave and cxtznding to 3 m Zzlow the initial
oesition of the water table (13.7 m below ground surface). The soil-
moisture sampling tub2s consisted of porous cuzs (0.1 MPa zsir-zatry
zluz) aniached 1o 2 <-mm i.d., 330-mm long piastic tube (Soil
Moisturz Equipment Co., Soil Water Samplzr #1500). This unil was
scaled into a PVC pipeinihe top of which was sz2izd a 2-holz stoppzr.
A glass tubs was inssried in one hele 1o prrmit evacuation of the
systzm. A 1.9-mm i.d. nylon tube was szaled inis i5z s2cond holzan
exiznded 1o close to the bottom of the porous cup to permit with-
drawal of 3 sampls. The porous cups were placzd at depths of 0.15,
0.45, 0.0, 1.5 and 3.0 m below the soil surfacs. The PYC pips ex-
tendzd 1o the top of the platferm as did the neutren azezss tube and all
groundwatzr sampling tubes.

A water table level and sampling well (W1) was instzlled in Dzczm-
ber 1975 within the pond approximately 100 m {rom thez platform.
This well was similar to those used at the platform with the exczption
that the tubs was slotied for a distance of 1 m and the well was placzd
so thal the center of the slotted region was at ths water table at the
tims of installation. Similar water table wells werz installed in the
region sutrounding the pond in July (W2 1o W7) and Szptember (W8,
W10) of 1976. Additional wells (W11 to W14) werz installed at later
stagesin the study. 3

The level of the top of all tubes was dzterminzd relative 1o 2 bench
mark using standard survey methods.

v
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Fig. 2. Sampling platform in munure steraye pund.

Sampling Proczdures

Wasor isvels weore doterminad using 2 0= 0-pronged pro2s embeddad
inashortlzngih of 25-mm o.d. PV C zipz and Connzazd
battery through an ammezter 50 that « =z the prongs ¢©

waler, 3 curreal was registered, Tz deoth was dole
ing thz distanes from thetip of the protsio the top ol the well,

Afier mizasuring the dopih to waier,
mmid. by 450-mmlong sluminum bu
initial volume of watzr in the well. A S2-miL sample was then taken oy
submisrsing 2 ulass tube inserted into @ sidinless steel rube holder. A
clzan tube was used for zach sam and the sumple was refrgerared
in a polyethylene bortls until analy 3

Moisture contznt of the soil bzlow (he

2 weil wan ushed wsing a 28,

10 feMmoye ol jeast 2 times the

‘as determined using a
Troxler dzpth probs (Model 1257) con 10 a scalsr-ratemetzr
(Model 2851) with a 20-m cabie. Mz s wezre taxen at 0.1-m

3 < LS
increments beginning 0.1 m bzlow the s2il surface and zxtzading 10 a
depthol 1.5 m.

To collzct soil moisture sampizs, Lhc pOrous Cup sysiems wure
evacualed using a hand pump and heid under negative pressure for 2p-
proximately 20 mia. Water was withrawn from the cup through the
small diamztcr nylon lubing by applying suction through u collecting
vessel.

Analytical Methods

All water samples were analyzed for shlonide, nitrate und ammoni-
um using automated colorimetric meirods. Chloride was cetermined
using a mcthod in which thiocyanate is lidzrated from mercuric thio-
cyanate by the formation of non-ionized but seluble mercuriv
chloride. In the presznce of lerric ions tas thiocyanate liberated forme
highly colored ferric thiocyanate (Ancn., 1974). Nitrate (plus nitrite)
was detzrmined following reduction to aitrite in a cadmium column.
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Particle size distributian of material benecath
slorage pood at platform.

Table 1,

Tublec 2. Some characteristics of liquid manure pumped inlo

pond and of liquid in pund.

Gravel Sand Silt Clay Liquid in pond T
— e s b kel
Degia’ »2mm 2-005 mm 0.05-0.00I mm <0.002 mm Liguid nuanure Mesn Range
- s kg Total soiids, guyg * 50 ndl
3-0.5 0 asa ol 20 B, el L s L 42-a2
0.6-1.2 0 350 20 20 g el 2 4
1.2-1.3 0 350 10 10 K*, mmol L™ 2 nd
1.5-2.4 17 318 25 29 Na“, mmoi L 1 ad
2.4-3.0 17 913 25 20 Ca¥ mmual L 12 nd
4.8-31 T30 222 17 05 10 nd
6.0-6.9 =3 - 304 54 19 Ao 2
nes 43 3.
2.5-5.1 10 540 30 20 y i el
9.0-3.6 5] 545 53 15
10.5-10.3 104 820 53 18 T Detwermunaed pesivdicziiy during 1576,
12.0-125 i3 g9 o4 19 1 Notdetermined.
13.5-14.1 13 <03 a3 10
‘1:3-1‘5: 123 :E'S ':‘3 ;g Tabied. Dezthof liguid at platform and water table
is';_'I'? ié ;;I ',0 ;'9 cizvutions duriny 1574,
19.0-i8.3 95 310 37 0s Duflerencein

i Samzicd continucualy 12 3.0 m and therzafter when Shange fa material
wus aggzrent.

The nitrits rzacis with sulia
diazo comnound which co
Jeto form a

Stecket ana Hanawzl (1567).

Loading of Pond

Fed. 1676. Soms
ics of the ligui dinio the pond 2nd of the
2c pand arz presznted in Tasiz 2. The depth ol liguid at th

Sroughout 1976 is shown in Table 3. Runoil from the sur-

Ligumd
chirast
liguid in

|-,“'-.n-1

Tanure was Nrst oz

‘xc..r':.n: zrzaresulted in variabic diluticns af the liquid manurc in ths

)J"‘.sl.
RESULTS AND DISCUSSION

Yater-table Elevation

Waisr levals were measured.in zll Tunciional wells

sricdically from D z=mbar 1975 10 April 1981, These
valuzs weore used (0 esizbiish isozieths of the waizar table
in th2 vizinity of the sond. Thasz iscpleths are presented
in Fig. | for 12 Dec. 1976, relative 10 2 rafarancs point
14 m 2ziow the [O\\“S[ zaint in the pond. As indicated,
the principal direction of groundwater flow is [‘ro*n

non. -northeast towarZs the south and southwest. The
dpparanl divergence in the flow direction may be the re-
sult of yrzater amounts of infiitration and recharge in
the topoyraphically low area in the vicinity of the open
pend.

Unfortunalely, the siatform was shifted by ice pres-
sure during the winter of 1977 so watertable meaasure-
ments and samples wers not obtained from below the
pond afiar December 1576, Water table =l=vations at the
platferm during 1976 are presented in Table 3. Also pre-
sented ara the differencss betwc~’1 the levels at the plat-
form and at W1 at each time of measurement. The difl-
ferencs in water table elevation between ths platform
and W1 increased by about 0.1 m within a week of the

ime the liquid level reached the platform on 17 Feb.
T'ns dilference was maintained until early April and
“1osequently declined to the initial value by early June.

=ring this interval the liquid level did not approach the
1sz0f W1 which was |.35 m above the basz of the plat-

Water talle

sievution st

walter

=siesivvation

betwees pisticrm

“iaL!c ] siatforms angd W'l

73 J C.5}

5 o) Q2350

1870 J g.37

L2875 QN 254

Feh. 1878 0:13 271
10 Mar. 1973 0.23 il 0.25
24 Mar. 1870 B33 53 Q53
T Apr. 1978 0.43 o) 0,53
12 May 1870 3.33 262 J.50
2June 1978 2.50 2.54 32
23June 1976 0.33 2.88 0.5l
10 June 1§78 Q.37 2.66 Q.39
7 Jduly 1978 127 2.65 0.:3
28 July 1976 152 2.G68 C.54
11 Auy. 1976 1.52 483 0.28
31 Aug. 1975 054 i 9.57
21 Sept. 1978 0.70 2.64 0.58
19 Oct. 1578 1.07 2.57 0.39
16 Nov. 1576 1.38 2.50 0.55
14 Dec. 1578 1.50 235 0.8

haLat platiorm.
Selow lowest pointin pen

t Soil level at W] was 125 mabove s
: Distance cbove reflerence point 14

form. This suggesis that therz was 3 rapid input of walsr
1o the watcer table when manure was {irst addzad 1o th
pond Sut that this input was markadly reduced after
aboul 8 weeks. The liquid level was above the base of
W1 during two periods; mid-July to mid-Aucust and
from mid-Novemeter to the end of the samplm period.
During these two intzrvals the diffzrence in water table
level betwes=n the platform and W1 was reduced ralative
to the initial mezsurement suggesting that the input at
W1 was considerably greater than that at the platform
at these times. The pond was partizlly emptizd begin-
ning on 23 August and the difference in elevation in-
creased again, approaching the initial value, These data
suggest an initial rapid infiliration of liquid to the
ground water some |3 m below the tottom of the pond.
This reflects the highly permeable nature of the soil ma-
terials. There appeared to be a marked reduction in
input, however, after about 3 weeks.

Soil Moisture Conlent

Moisture contents (m’ m™) in ths soil below the sand
al the platform site are presented in Fig. 3. The moisture
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content in the upper layers was high on 11 Fzb. dus to
recent spowmelt but was close to the estimated fisld
capacity at depths of 0.4 m or grezter. There was a
major increase in moisture contant on 25 February, |
week after the liquid had reached the platform. This in-
crease was evident 21 all depths measured. The moisture
content on 10 March was less than that on 25 February
particularly in the upper layers. This trend was further

evident on 7 April 2nd by 12 May the moisture content-
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was markedly reduced at all depths. There was a small
decrease in moisture content betweesn 12 May and 2
June but no further change after 2 Juns. The somawhat
higher content at the 0.1-m depth may have be=n due to
inclusion of water in the pend within the sphars of in-
fluence of the moisture gauge. This instrument is not
normally used for measurements at less (han 0.2-m
depth bzlow the soil surface.

The moisture content profiles indicate a marked re-
duction in infiliration rate within 4 wez2ks of manure
addition. Within 12 weeks the infiliration rate was re-
duced to less than the hydraulic conductivity of the sail
at a valumetric moisture content ol about 0.1 m m",
Using a model developed by McBrids and Maclniosh
(1984), the soil water potential for this soil at a volume-
tric moisture content of 0.1 m m™ is agproximatzly —30
kPa. Assuming a saturated hydraulic conductivity for
the soil material of 4 x 107" m s7' (a very high value),
the unsaturated hydraulic conductivity 2t =30 ¥Pa =sti-
mated by the method of Campbell (1974) wouid He lacs
than 107" m s™'. According to DeTar (1979}, 2 zond can
be considered sealed 1f the infiliration ratz is !zss than
10°* m s™'. Thus according to this czleulatian, which we
consider Lo be conservative, it can be conclud=d 15zl this
pond became effectiveiy sealed within 12 wezks of initial
liquid manure additicn.

a
'S

Elemental Conlent of YWater
SOIL WATER

Samples of soil water were obtained {rom 2oinls 0.15
and 0.+5 m below the bouom of the pond on 23
February. Samples could nol be obtainzd zat grearer
deptns or at later times duz to the lgwer soil maisturs
caateat. The NH.-N, Cl and NO,-N con:i=nis ol the
samples obtained averaged 93.3, 66.2 2and 0 mmol L™
respectively. These values are close to the mzximum
concentrations in samples taken periodically {rom the
pond (Table 2).

CROUNDWATER BELOW POND

Chloride and nitrate concentratiorns in th2 zround-
water directly below the platform (P 3, P 5 2nd P 9) and
at W1 during 1976 are presented in Fig. 4a and b. The
depth of sampling relative to the referznce point (14 m
below lowest point in pond) for each of the three wells 15
shown in Fig. 4. When liquid manure was [irst 23dzd 10
the pond, PS5 was slightly above the watzr tabls wherzz
P9 and P3 were approximately 1.25 and 2.75 m bzlow
respectively.

The Cl concentrations at P9 increased rapidly within
3 weeks of munure addition, reached a pesak 9 wesks
later and then declined to close to the initial concentra-
tion by 14 weeks. A similar but less pronounced increase
occurred at P3, 2.75 m below the water (able.

The first sample was obtained from PS5 on 10 Mar.
1976 when the water table rose due to input from the
pond. The Cl concentration at this point was lowszr than
that at P9 at this time (Fig. 4a). It remainad relatively
constanl as the concentration at P9 reached 2 p2ak, but
subsequently increased reaching a peak on 2 June when
the concentration at P9 had declined to the initial value.
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* The concentration at P33 zeclined slowly, returming 1o

‘alue of P9 in October. This behavior would seem

1alous since PS5 is a shzllower sampling point than
r».- The probable sxplanziion is that lateral flow of
ground water was occurring more rapidly than the
vertical infiltration of the mzanure. The platform was lo-
cated about 1.5 m above the lowest point of the pond.
Thus infiltration of liguid would occur first some
distance from the platform. When this rcached the
groundwater, lateral flow would occur toward the plat-
form. This lateral ow would raise the water table at P35
to a level that allowed samples to be takzn. The water
being sampled, however, would be primarily that which
had been in the capillary {ringe rather than that {ram
vertical infiltration. Only ziter sufficient mixing time
would the Cl increasz &t PS. This hypothesis is
supported by the presence ol a gravel layer at about the
same depth as P9 (Tabiz 1).

The C! concentration at W1 was initially somewhat
higher than that at the plztform and remained rez2son-
ably constant untl Octozer when an increase was
evident (Fig. 4a). This increase may have been due (o
groundwater movemesnt, wnich was generally in the
direction of W1 (Fig. 1) or :o direct input in the area of
Wl

The NO,-N concentration in the groundwaier in the
region of the pond is genzrzlly high, probably due o the
application of high rates of manure !0 surrouncing
fizids in previous years. Th2 NO,-N conczatration in the
groundwater at P9 decreaszd rapidly following additicn
of manure, and was below detzction limits from 24
March to 7 April, lollowing which it increased to the
initial values on 22 April where it remained for the
duration of the sampling (Fig. 4b). The concezntraticn at
P3 followed a simiiar pattern although the decline was
delaycd and did not reach nondetectable values. As with
Cl, there was a delay in the 2fTect at P5 where the NO;-
N concentration did not dzcrease until 7 April. The con-
cantralion became noa-Z=2tectable by 12 May and
remained so for the durziion of the sampling pzriod
(Fig. 4b).

The reduction in NO,-N may have occurred dus (o
dilution with incoming liguid from the pond or to ds-
nitrification arising from zn input of readily availztle
carbon. The latter is consicared more liksly because of
the very high inputs that would be requirsd o reduce the
concantration lo a noncdzizctable valus by dilution
alon=. The occurrence ol dznitrification is also suz-
gested by the fact that NO;-N concentraticns at P35 re-
mained low for at least 26 weeks. \While some delay in
reestablishment ol initial t2vels would be expected i the
main groundwater {low was bzlow the d=pth of P53, the
Cl concentrations at this depth decrezsed to initial
values within |16 weeks. This suggests that a NO,-N sink,

probably denitrification, w2s presant in the upper few

centimeters of the groundwater.

The NO,-N concentraticn at W1 decreased in May,
increased again in July, then declined towards the end
of the sampling period. Thz decline in May could be due
to movement of NO,-dspleted groundwater from
beneath the pond. As this supply of depleted ground-
water diminished (due to reduced infiltration of
manure) the concentration increased again. Towards the

[
lLaie 4. hrl«k! CUNLCNLIOLIUUmA (LRI e 0 p i vuirg m sy g
beluw munure storaye pund.

Sampling positiont

Date PS5 P9 W8
11 Feb. 1976 ns nd ns
24 Feb. 1976 ns 0.02 ns
24 Mar. 1976 nd 0.02 na
22 Apr. 1976 nd nd as
12 May 1976 nd nd ns
2June 1976 6.8 nd ns
23June 1976 7.1 nd ny
30 June 1476 5.0 nd ns
7 July 1976 4.3 nd ns
28 July 1976 6.4 nd as
11 Aug. 1976 4.3 nd ns
31 Aug. 1976 34 nd ra
21 Sept. 1976 2.8 nd 04
19 Oct. 1976 15 nd 0.6
16 Nov. 1876 0.6 nd 0.5
14 Dee. 1976 0.4 nd 0.3
17 Mar, 1977 i ns ns 0.5
27 June 1977 ns ns 0.5
9 May 1978 ns ns 0.1
14 July 1978 ns ns 0.1
24 Nov. 1978 ns ns3 nd

T ns = not sampied: nd = notdetectable <0.02.

end of the sampling period there would be direct input
of manure at W1 resulting in a decline due 1o dilution
and/or denitrification.

The NH.-N concentration in groundwater was below
the detection level for the method usad prior to manurs
addition but was detectable at P9 on 24 February (Tabie
4) and 24 March afller which it declined again. Al n
time was NH.-N detectzble at P3 or W1. At P53 NH.-N
was first detectable on 2 June, remainzad reasonably
constant until September whan it declined again. This
pattern is similar to that [or Cl althougn less marked
due likely to adsorption of NH: ions on the limited ex-
change sites present. '

GCROUNDWATER ADJACENT TO PPOND

Chloride and NO,-N concentrations in ground water
at five sampling positions surrounding the pond during
1976 through 1980 are shown in Fig. 5. Asshown in Fig,
I, positions W2, WS and W10 are upstrzam [rom tha
pond in terms of groundwater flow whereas W3 and W3
are downstream. The pipe at W3 was broken in the
summer of 1978 so no further samples could be
obtained from that position.

The Cl concentration at \WW8 on the downstream cdge
of the pand was very similar to that at WS and W10 on
the upstream edge throughout the sampling period (Fig.
5a). This indicated that the elevated concentration of Cl
observed at the platform was diluted to essentially back-
ground values before reaching this position. Likewise,
there was no evidence of elevated Cl concentrations al
W3; the values at this position were very similar 1o those
at W2, :

The NO,-N concentrations at W$8 were similar 10
those at W5 and W10 at the first two sampling times,
declined to very low values in late 1976, remained low
until July 1978 and then increased again to values
similar to W5 and W10 (Fig. 5b). Because there was no
apparent elevation of Cl at W8, this decreased NO,-N
can not be explained by direct input of liquid from the
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Fig. 5. Chluride and NO,-N cuncentratiuns in vroundwaler al several
points udjacent lo manure sturage pund.

pond. It is appareat that NO,-N was being removed
from the groundwater as it flowed under the pond
during this period, mast probably by denitrification.
Ths NO,-N deprassion persisted for about 2 yr at W3
(Fig. 5b) but only 8 to 12 weeks at the plaiform (Fig.
4b). Since the platform was upstream from the major
portion of the pond, the NO,-N concentrations would
be expected (o return to background values much more
quickly than would downstream points such as at \W8.
Thare was no depression of NO,-N concentrations at
W3 where the values werc similar to those at W2,

CONCLUSION

Based on the soil moisiure measurements and ele-
mental analyses of groundwater, it can be concluded
that this pond hzcame effectively sealed to infiltratiop
within 12 weeks of ne agcition of manure. There was
Zn initial repid Mush of liquid but some sealing effect
was evident within 2 wesks. This initizl rapid flush
caused marked elevations of Cl in the groundwater
directly below the pond for a short period. The input of
Cl was nol suflicient, however, to result in any evident
contamination of groundwater beyond the edges of the
pond.

There is evidence that input of readily oxidizable
carbon to the groundwater resulted in denitrification
which effectively depleted the NO,-N from tLhe
groundwalter flowing under the pond. This effect, which
disappeared after about 2 yr, was evident only in very
close proximity to the pond. Thus it appears that the
input from this pond had no effect on the downstream
groundwater guality.
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We cansider that this pond was a severe test of tht
suilability of uniined earthen manure storage facilities
because of the coarse nature of the soil material and the
relatively dilute manure. The initial [Tush observed here
would be of concern only if zroundwater was being
withdrawn for consumption from a poinl very close to
the pond, in which case elevated Cl concentrations
might be present. [t is very unlikely that NO,-N con-
tamination of groundwater would occur from such
ponds while they are in use. There would be a consider-
able accumulation of NH.-N in ihe soil below the pond.
IT this soil was allowsd (o become aerobic, high concen-
trations of NO,-N could occur.
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Self-Sealing of Earthen Liquid Manure Storage Ponds: 1I. Rate and Mechanism of Sealing’
it a Corgy ot e o248
J.G. ROMWSZLL, M. H.MILLIR, AN T P.H. GROENEVELT? - e #2000
L0 T i 2
ABSTRACT o conclude that the infiitration ratz of pond zontenis
: ‘o g o i decreased with time but there is little consensus 2510 1ns
4 laboratory study was congucted o defermine 1R devrce and raie rate or d:g e= of this cecrease. Siudies ‘JRC':C."..“.',\;:TL ‘o
of sealing af the soil surface where liquid beel (Jos tourus) manur i P
detarmine the =ffzcts of soil type (Chang =t al., 1874
wilh solids content ul 30 g kg™ was infiltrated into cores of a sandv D<21" l e a=r . ‘9_' v ok 2R
loam, 2 loam, and a clay soil under hydraulic heads of 1 and § m. & J’, J" “'I.'S' E !0'. 1“.“5. [ Al . ) 2nd tne
hy iirant (Hills, 1976) en thein-

second experiment explared the mechanism of sexiing. Theinfiltratien
ate was cxpressed in the JoLzmHm\c form of the Kostiakov equalion:
logg = A - blogiwhereg = infiltrztion rate (m s7') and ¢ = ume
(s}. In this refution A represents the log of the initial infiltration rate
{40 1.05) and 5 is the rute of change in rale with time on a loganthmic
scale. The infiliration rate decreased rapidly wilh time and reached a
vaive of 107" m 5™ or less within 30 d on all soils at 1-m hydrauiic
Sewd. This rate is considered (0 indicale an =scntizlly impermeabls
system, Ata S-m hezd the infiliration rale reached 107 m s™" within 1)
d un the clay soil bul required periods > 30 d on the other two soiis. A
shisicul blocking of pores was the majar mechanism of sewiing. The
rate of reduction of infiltrativa inlo the joam soil was similur for
sterilized manure indicating thut in this study bicloyical activity was
notd factur. Infiftration of 3 sailsoiution haviag similar calivnic can-
siiteents as the manure remaincd conslznl over iime indicating tnat

Jispersion of suil particies was autd factiur.
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EXPERIMENTAL PROCEDURE
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(s of Suil Type and Hydraulic Head

- zn by pressing i
diam by 1$ tc.n") 110 mm int e,
truck-mountzd H)‘.r:u.nc aress. All soils were stonz-{rzei |

exhibiled na cvidence of varying and was assumed to Sea
The szndy loam and loam soiis were pac cked into seciio
stic pipe (S5.mm diam by 150-mm long)io bulk dznsities of 1.4 2nd

Monitoring of pond constituents in groun ﬂ'".-atﬂr ba-
a2alh manure storage ponds also lezd researchers

. . pla
(Oliver et al., 1974; Rotinson, 1573; Sewell :L Al F973) |3 Mz respeciively and z depth ol 110 mm.
m——ee— : . oy | The inner sidewalls of the scotions of ABS pips L.s:d 10 contai
‘Clo...rm.'mn from Dep. of Land Resource Science, Lmiv, & candy loam 2nd loam soils wers coated with high-vacuum s
Gueliph, Guziph, ON, CJ.‘ada NI1G 2W1. This reszarch was supporizd hassd preasel | eans betweea the soil and the sids 1 :\1-~=
by the On::no ’mms ry of Azriculture and Food and by Acriculivre D3ICBERRS " o fill gaps between the soil and the sidewal i
Cznaca. Received 2 Apr. |9°4 were :L!low:.. 1o zbsorb water from their basc for 240 ""‘n... i
i Formerly gradeale reszarch assistant, curremtly soils spesialis, allowed 10 drain under gravily far another 24 h prior (o the 2
;=w Liskcard Collzge of Agric. Tech., New Liske ard, ON, professzr of infltration. lnspection of trial columns fcn!ou.mg inf
a“d asso:i:'.c p*of'ssor Dep. of Land Resource Scizace, Univ, of manure f"in:d ~i1h the fluorzsc=nt dye uranine and ingpToion o
ehy T stively. perimenial columns at the conciusicn of infiltration studizs indicatzd
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Table 2. Influence of soil =aterial aad hydraulic head an
infliltration rate conslants.

Intercept LAIT Siopeioit

Yydrauiic head Hvdraulic head

Soal I'm Sm 1 'm S

~nndy loam —4.012b3 -3.58%h —0.518bc3 -0.6i3
l.oum -3.6248b -2.534a -2.585¢ -0.755¢
ey -5.63lc - 5.053¢ -0.425a =0.4%2ab

resncctively inoequaticn 195,.3 =
= s'tanc ! = timet 3.

e not signifizantly
nt difference iSteel

: Jntercest and slope refer Lo 4 and 3
A = b5log,. f whersg = .nlutrazennated

! \Vajucs for each parameter fo awed by same jetl
Jiffereat 2t @ = 0.05 using Tukey's honestiy sigre
snd Torrie, 12600

vossel of suifiziznt velume. G
an were wsed instzad of thela
nrenared in the samc mann

238 b-*:‘ with 3 mezan &

JTT 4148
Nanure was
()} 4 L L7') 1o copst
OavygIn upis
campriss 2% of
uptake in the m
witand the .09

atrifuging sicn

oned as :‘.:s:nu:d srevicusly.

iy RESULTS AND DISCUSSION
/ Effec!s of Soil Type and Hydraulic Head

R:g.—cssion analysis dzmon
the infiltration rate of liguid
lime 1o the modzal

where g is the Infiitratien rate (
18 rearessions developed (six (r
cates), eight had 7! valuas of
valuss be u::"lOGO rnd 0.5
The r=tations for the sandy lo oil 1
heads are s‘ao.\n in Fiz. 2z2nd 3, respactively.
nalysis of \‘ﬂrlaﬂ-e m:::a:ed that there was 3 sig-

P
12 (lecs negative

iic he das \oud
e

) although
4 soils were sig-

at ~ O IO Twc .m:rc:pl values for the clay
. ;

nificant
soil are signific

F_or the othar two SOII: :.1_.'CEL::“.
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Ground Water Quality Beneath Cattle Feedlots in Texas

by
J.M. Sweeten, T.H. Marek and D. McReynclds

Summary

A ground water sampling study was conducted at two cattle feedlots with capacities of 45,000
(Feedlot A) and 42,500 head (Feedlot B), respectively, in Castro and Parmer Counties in the
Southern High Plains of Texas. At both feedlots, ground water was sampied from the Ogallala
Aquifer at 4 water wells supplying cattle drinking water and frem 10 or 11 irrigation wells within a
distanca of 2/3 to 7/8 mile from the feed pens or playas (natural depressions) used for collection of
feedlot runoff. Nitrate-nitrogen (NO,-N) concentrations averaged less than 1.2 mg/L at Feedlot A
(maximum value of 2.23 mg/L) and 5.21 mg/L at Feediot B (maximum value of 9.54 mg/L). These
are below the USEPA primary drinking water standard of 10.0 mg/L NO,-N. Qther nutrient and
salinity values were low. The well water in all feadlot wells and in farm irrigation wells appears to
be suitable for irrigation, livestock watering and human consumption. There is no evidence of
ground water contamination from these 1wo feedyards, built in the late 1860°s.

Introduction

The QOgailala Aguifer is a large water-table aquifer that contained approximately 417 millien acre
feet of fresh ground water in 1880 in the State of Texas. It supports the major irrigated
agricuitural production base in the state as well as the region’s municipal water needs. Water
quality in the QOgallala is generally excellent. For example, nitrate-nitrogen concentrations averaged
3.2 ppm and total dissclved solids averaged 521 ppm in 449 public and private water supply wells,
according to testing reported by the Texas Department of Health {Anderson and Bernstein, 1983).

The Texas High Plains area which overlies the QOgallala Aquifer accounts for over two-thirds of the
irrigated cropland in Texas or nearly 4 million acres. Maost of the large commercial feedlots in
Texas, including 87 feedlots with over 5,000 head capacity, are located in 26 counties of the
Texas High Plains. More than 5 miilion head of cattle are marketed annually from carttle feedlots on
the Texas High Plains. There are also 10 major meat packing plants in the area with a combined
annual kill of 4.7 million head, regresenting nearly one-fourth of the beef cattle slaughter capacity
in the nation.

Feedlots were constructed to drain feedlot runoff into playa lakes, which are large, circular natural
depressions with clay bottom sail, or into man-made holding ponds. Most of the feedlcts have
operated under Texas Water Commission {TWC) permits requiring no-discharge of wastewater
since the early 1970's. The TWC is currently reguiring revised permits for many cattle feedlots
under rules adopted in 1287 for all livestock and poultry feeding facilities (TWC, 1887). These
rules involve stringent requirements for ground water quality protection, including sail of low
permeability for lining of holding ponds and lagoons.

Previous research at catile feedlots in the High Plains showed that leaching of potential
contaminants was retarded by clay scils that form the bottom of playa lakes (Clark, 1875 and
Lehman et al., 1970). Miller (1871) measured groundwater quality in the QOgallala Aquifer beneath
20 cattle feedlots in the Texas High Plains. He determined that about one-fourth may have
contributed to nitrate levels that approached or exceeded the U.S. Environmental Protection
Agency's drinking water standard of 10 mg/L NO,-N in the immediate vicinity of the feedlots.

The Texas Cattle Feeders Association (TCFA) sponsored a study in January-February, 1920 in
which well water from 25 feedlots (total of 730,000 head capacity) in a four-county area of the
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Texas High Plains (Randall, Castro, Deaf Smith, and Parmer Counties} was sampled (Sweeten et al.,
1990). Cooperating agencies in that study included the Texas Agricultural Extension Service
(TAEX) and the High Plains Underground Water Conservation District No. 1 (HPUWCD). One
operating well for cattle drinking water supply at each feedlot was sampled. Samples were
delivered by airplane to the TAEX Soil and Water Testing Laboratory at Texas A&M University,
College Station, on the same day they were collected. Analyses were begun the following day,
with pricrity given to nitrate analysis. The nitrate-nitrogen concentrations ranged from 0.25 to
9.10 mg/L and the mean vaiue was 2.81 = 2.37 mg/L {Sweeten et al., 1990). By comparison, the
U.S. Environmentzal Protection Agency standard for public drinking water is 10 mg/L nitrate-
nitrogen. Average concentrations cf the other censtituents were reported in Sweeten et al., 1880.

The present field study was conducted in 1991 using producing water wells within and around two
typical feedyards in Castro and Parmer Counties. This field study was designed to determine
whether the mineral content of the ground water from the Ogallala Aguifer in the vicinity of the
two feedlots has been elevated as a result of possible percolation of the fower quality water held in
runcff halding ponds or playas and/or infiltration through the feedlot surface. The main purpose
was to determine if these typical cattle feeding operations may have affected the quality of the
ground water in the Ogallala Aquifer in the vicinity of the feedlots. Other purposes were t0 extend
the data base of ground water quality data as a reference for any future assessments of feedlot
impact, and finally to disseminate the information to cattle feedlct operators, agricuitural producers,
agency officials and othars with a vested interest in preserving the quality of ground water beneath
the High Plains.

Materials and Methods

Feedlot Selection

Several criteria were used to select the two cattle feeding operations involved in this study,
including feedlot capacity of 5,000 head or more; in operation for at least 20 years; operated under
a permit from the Texas Water Commission; surrounded by irrigated farmland with access to
operating irrigation wells; and participation in the 1980 feedlot ground water sampling study
mentioned previously.

Personnel of the Texas Cattle Feeders Association perfermed the initial screening of cattle feedlots
and identified 13 feedlots that tentativeiy met maost of the criteria. Texas Agricultural Experiment
Station (TAES) personnel then visited these feedlots and narrowed the list of candidates to 6
feedlots. Also, surrounding well locations were identified and the suitability of the wells for
sampling purposes was determined at the 6 locaticns. A subsequent field visit was made by
TAEX, TAES, TCFA and HPUWCD personnel to each of the feedlots. The following two feedlots
were selected:

a. Feedlot A -- Castra County; 45,000 head capacity average; constructed in 1868; located
on a playa lake with slightly modified clay bottom for improved channelization and pumping.

b. Feedlot B -- Parmer County; 42,500 head capacity; constructed in 1963; located on a playa
that had not been modified.

The volume of ground water in storage in each county in 1980 was estimated at 11.74 and 2.64
million acra-feet, respectively (HPUWCD, 1891). The depth to water table in the vicinities of both
feedlots ranges from 270 to 320 feet and the aguifer thickness ranges from 100 to 120 feet.
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At Feedlot A 4 wells ware sampled on-site while 10 irrigation wells were sampled off sita to
datermine if water quality was similar to the feedlot production wells. The direction of ground
water flow was estimated to be from northeast to southwest, based on previous data of water
surface elevaticns in District observation wells measured on a rcutine basis. Accordingly, 3
irrigatiocn wells were considered to be essentially upgradient and 7 weils were considered to be
downgradient from the playa lake on the feedlot. The distance of each off-site (farm irrigation) well
from the center of the feedlot was estimatad cartographically.

At Feedlo: B, the estimatad direction of ground water flow was southwest to northeast. Four (4)
feedlot wells were sampled along with 4 farm irrigation wells that were considered upgradient and
7 irrigation weils that were considered downgradient. Two wells were designated as "upgradient”
or "downgradient” in relation to the off-site playa southeast of the feedlot used for feedlot runoff
storage.

Each well to be sampled was identified according to legal description and well number. A
permission form was campieted for each well by the well owner cr operator, under the coordination
of the County Extension Agent-Agriculture, TAEX. Locations of wells were reported by Sweetan et
al. (12271).

Samele Collecticn Methods for Well Water

All sampling was conducted by two technicians with HPUWCD in accordance with a guaiity
assurzncesquality control (QA/QC) plan of that agency. They were assisted in the samgling
program by ar agricultural engineer with TAES. Special care and attention was given to the
collection of water samples to assure that the wells were properly purged, so that the water
samples were truly representative of the quality of water in the Ogallala Aquifer. In addition 1o
ground water samples, wastewater (feedlot runoff) samples were collected from the playas used
far runcif collection and storage during the sampling period. At Feedlot B, another playa basin
southeast of the feediot that was usad for supplemental storage and irrigation of feedlot runoff was
sampled also.

All samgles taken were from wells operating in excess of 8 hours with the exception of the on-
damand wvelis at Feedlot A and one irrigation well at Feediot A. In these cases, the wells were in
manual oneraticn for approximately 20 minutes before tests for sampling stability were initiated.

Befors the water samples were collected for analysis, a water stream from the well was tested at 5
minute intervals, for pH, conductance and temperature. These tests were conducted to assure that
the weils had been properly purged and that steady state conditions were reached. Alkalinity was
mezsurad in the field by titration of a 50 milliliter {mL} sample with 0.02 N sulfuric acid. A fecal
colifcrm test was also initiated.

Threa nne-liter {1 L) water samples were taken and two were acidified in the field to stabilize
selected elements pricr to packing in ice for preservation and transportation to the Environmental
Science Laboratory (ESL) at Texas Tech University within 12 hours after collection. The 3 one-liter
samples wera analyzed by the ESL within 48 hours after collection in accordance with USEPA-
approved standard QA/QC procedures. The water samples frecm the feedlot production welils,
irrigaticn wells and piayas were analyzed in the laboratory for 8 constituents, according to USEPA-
approvec standard methods.

Samuopiing Period

The sampling study of ground water from the Ogallala Aquifer from beneath the two feedlots and
the immediately surreunding irrigation wells was conducted during a 30-day period {June 24
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through July 23, 1991). The feedlot wells are operated almost continuously throughout the year.
The sampling period coincided with the peak seasonal use of irrigation water. Consequently,
aquifer drawdown and cones of deprassion should have been well-developed around each well, and
itis expected this would draw any contaminant plumes (if present) from a substantial distarce in all
directicns directly toward the well. Wastewater samples were taken from playas at the end of the
study.

Results

Feedlot A--Castro County

Data from on-site field measurements of pH, temperature, conductance (EC), and total alkalinity
(expressed as mg/L of calcium carbonate) for Feedlot A are presented in Table 1. The pH of
ground water ranged from 6.83 to 7.54 and averaged 7.25 = 0.19 {mean plus or minus one
standard deviation) for all wells sampled. The mean pH values for the feedlot wells and all farm
irrigation wells were identical.

Temperature of ail ground water samples averaged 19.4 + 1.0 degrees C. The feedlot wells and
farm wells whether upgradient or downgradient averaged within cne standard deviation of the
overall mean value. The range of temperatures was 18.0 to 21.8 degrees C.

Conductance, a measure of total salinity that is usually correlated with total dissolved solids,
ranged overall from 478 to 800 micromhos (umhos)/cm, and had a mean value of 568 = 110
umhes/cm. The feedlot wells had slightly higher conductance than farm wells {(means of 613 =
127 vs. 548 = 39 pymhos/cm, respectively). The highest conductance value occurred in feedlot
well #2773, which also had the lowest pH and the highest total alkalinity.

The phenclphthalein alkalinity was negligible so that the total alkalinity was virtually ail composed
of bicarbonate alkalinity. Average values of total alkalinity averaged slightly higher for the feedlot
wells as compared to the upgradient and downgradient farm weils. However, this difference was
entirely due to a higher alkalinity reading in well #2773. The overall mean total alkalinity value was
243 = 18 mg/L as CaCQ,.

Laboratory analysis of ground water samples by the Texas Tech Envircnmental Sciences Laboratory
revesled very low concentrations of nutrients including nitrate, ammonia, nitrite, total Kjeldahl
nitrogen (TKN), orthophosphate, potassium, and salt ions (sodium and chioride), as shown in Table
1. Most of these elements are mobile in terms of leaching potential. In many cases the values
were below the limit of detection of <1.00 mg/L.

Nitrate concentrations ranged from < 1.00 mg/L to a peak value of 2.23 mg/L. The highest value
occurred in a farm well considered to be upgradient from the feedlot. Average nitrate
concentration for the feedlot wells was 1.03 mg/L as compared to 0.82 mg/L for all farm irrigation
wells.

All nitrite (NO,-N) and orthcphosphate (PO.) values were below 1.00 mg/L. Ammonia averaged
less than 0.07 mg/L, and the peak value of total Kjeldah! nitragen was 0.88 mg/L--in an upgradient
weil. Potassium (K), sodium (Na) and chloride (Cl) were very low and averaged only 8.57 = 0.88
mg/l, 42.1 = 5.7 mg/L, and 21.0 = 14.6 mg/L, respectively, for all wells. The highest values of
K and Cl were found in one af the feadlot wells (#2779), but these vaiues were still quite low.

By contrast, feedlot runoff stored in the playa lake had much higher conductance, total alkalinity,
totai Kjsldahl nitrogen, orthophosphate, potassium, sodium and chloride than the well water
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(Table 2). However, concentrations of nitrate and nitrite were below 1.0 mg/L (the same as weil
water samples) probably due to anaerobic conditicns in the vwastewater stored in the playa.

Feedlot B--Parmer County

Field measurements of ground water temperature, pH and total alkalinity for wells sampled at or
around Feedlot 8 (Table 3) were very similar to values obtained for Feedlot A. There did not appear
to be any differences between the feedlot wells and the farm 'wells designated as either upgradient
or downgradient. Average values for all wells were as follows: pH = 7.34 = 0.25; temperature
= 19.4 + 0.3 degrees C; and total alkalinity = 218 = 39 mgi/l.

However, conductance values were generally higher for Feedlot B than for Feedlot A, escecially in
farm wells where the peak values of 1,000 and 1,150 ymhas/cm occurred (Sweeten et al., 1381).
Overall, the conductance averaged 727 = 164 pymhos/cm, and it was slightly greater in farm
irrigation wells (762 = 178 ymhos/cm) than in the feedlot wells (631 = 109 ymhos/cm]. The two
wells with the highest conductance (wells #1600 and #4502) were in close proximity to the off-
site playa (Playa #2), which is used to store pumped supernatant effluent from Playa #1 that
serves as the orimary runoff holding pond for the feedlot.

Laboratory-determined values of ammenig, total Kjeldahl nitrogen, nitrite, orthophosphate,
potassium, and sodium (Table 3) were virtually the same for Feedlot B as for Feedlot A and were
independent cf location with respect 10 the feadlot or ground water direction. Mean values for
these parameters for all wells (farm and feedlot) were as follows:

Ammecnia - 0.04 = 0.03 mg/L
TKN -- 0.37 = 0.27'mg/L
Nitrite -- <1.00 mg/L
O-Phosphate -- <1.00 mg/L
Potassium -- 7.75 = 0.95 mg/L
Sodium -- 30.9 = 5.1 mg/L

Nitrate and chloride were generally higher at and around Feedlot B than for Feedlot A (Table 2).
Nitrate (NO,-N) levels in all wells averaged 5.21 = 1.85 mg/L with a range of 2.56-9.54 mg/L. All
nitrate values were below the USEPA public drinking water standard of 10.0 mg/L NO,-N. The 4
feediot wells had lower nitrate concentrations (4.65 = 1.63 mg/L) than did the farm irrigation wells
believed 1o be either upgradient (5.72 = 2.01 mgiL) or downagradient (5.23 = 2.20 mg/l).

Similarly, chlcride levels in feedlot wells were lower than in most of the farm irrigaticn wells. The
overall range of chloride concentration was 28.5 mg/L to 143.0 mg/L, and averaged 63.0 = 31.5
mg/L. All of these values are considered low both for irrigation and for drinking water purposes
(humans and livestock). The highest values of both nitrate and chloride were found in farm
irrigation wells #1800 and #4502 in the vicinity of Playa #2. This corresponds to the result for
conductance as discussed previously. Further testing would be needed to determine if there was
any relationshio between this playa and the water guality in the two wells.

The two playa lakes used for storage of cattle feedlot runoff were sampled on one occasion (Table
2). Wastewartar stored in Playa #1 used as the primary runoff holding pond had lower
concentrations of alkalinity, total Kjeldahl nitrogen, orthophosphate, potassium, sodium and
chloride than the playas at Feedlot A. Also, Playa #2 had higher values of conductance, alkalinity,
K, Na and C! than Playa #1, probably due to evaporation losses and concentration of salinity
elements. However, both the TKN and orthophospnate levels were lower by a factor of five in
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Playa #2 than in Playa #1, probably refiecting nutrient losses due to sedimentation in Playa #1.
Nitrate and nitrite levels were below 1.0 mg/L in both playas.

Statistical Analvsis and Discussion

Data used in the statistical analysis which the laboratory reportad as less than a specific detection
value were entered numerically into the data set(s) as a value corresponding to the midpeint of the
range between the minimum detecticn level and a zero value. Interpretation of the data was not
altered due to selection of this value, and values of standard deviations are maore approgriate using
these midpoint values.

To determine if contamination had occurrad in the ground water, the data was initially analyzed to
determine if there were differences among the three location groupings around each feedlot--
upgradient, downgradient, and feedlot wells. (Statistically, these type comparisons are referred to
as "within™ comparisons.] The respective groupings from each feediot (e.g. upgradient) were
compared using an ANOVA (analysis of variance) with SAS' to determine if statistically significant
differences existed. The ANOVA results of the comparisons between the two locations for the
upgradient, downaradient and feedlot weil groupings indicated there was no significant difference
between the groupings at either of the two feedlot locations except for the following detection--the
TKN (total Kjeldah! nitrogen) leveis at feedlot A were significantly higher {mean value of 0.52 mg/L)
in the upgradient weils than either in the feedlot cr downgradient wells. This detection does not
indicate any contamination in the ground water unless the ground water flow was determined
incorrectly, which is uniikely considering the annually acquired data by HPUWCD personnel usad to
determine the flow direction. The means of each grouping and all farm wells are provided in Table
1 (for groupings at Feedlot A} and Table 2 (for groupings at Feedlot B).

The data was subsequently analyzed with the upgradient, downgradient and feedlot well data of
the two feedlots 10 determine if differences were evident among the respective well groupings
between the feedlots. The comparisons were to determine if the levels of the constituents at each
feedlot differed significantly. (Statistically, these type compariscns are typically referred to as
"among" compariscns.) If detected, this would indicate there could be possible geological
influences or other facters which caused elemental differences in the ground water quality, not
necessarily related to the feedlot operations. The analysis indicated that significant differences
existed for a number of constituents among the respective groupings of the feedlots. The NO,-N
differed for all groupings between the feedlots. The upgradient groupings differed additionally in
chloride levels with the feedlot wells differing in potassium and sodium. The downgradient
grouping had the most differences additionally with EC, sodium and chlorides. While differences
among the groups are evident, it should be recognized that the constituent levels for the groupings
at both feedlot locations are acceptable for a variety of uses, including irrigation, and generally
meet the primary and secondary EPA drinking water standards.

The mean data of the playa lake water samples for the individual and combined feedlots are
presented in Table 3 to illustrate characteristics of runcff contained in the feedlot playas at the
ground surface. The data from these samples were not included as a separate grouping in the
ANOVA due to the short time interval represented by such grab samples in relation to potential
percolate though the playa over the past two decades. There is no evidence from the data analysis
to indicate that contaminated percolate has reached the ground water table.

' SAS refars to Statistical Analysis Systems, SAS Institute, Cary, N.C.
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Table 1

Analytical Results of Ground Water Samples at Feedlot A and Neighboring
Farm Irrigation Wells, Castro County, June-July, 1991

Well Location {(No. Wells)

Constituent

Farm Waells

Feedlot
(4) Upgradient Cowngradient All Farm Wells
(3) (7) (10)

pH 7:25 +.0.38 7.23 £ 0. 7.25 £ 0.14 7.25 x 0.14
Temperature (Deg. C) 19.8 = 0.5 18.5 = Q. 19.5 # 1.3 19:2 3 1.2
Conductance (umhos/cm) 618 = 127 $62 = 1 543 = 45 S48 = 39
Total Alkalinity (mg CaCO,/L) 261 = 34 237 £ 245 = 4 242 = 5
Ammonia (NH,;-N, mg/l) 0.03 = 0.00 0.07 = 0. 0.04 = 0.01 0.05 = 0.04
Total Kjeldahl Nitrogen {TKN, mg/L) 0.14 = 0.20 0.52 + 0. 0.20 = 0.18 0.30 = 0.286
Nitrate (NO4-N, mg/l) 103 =037 1.31 = 0. 0.60 + 0.28 0.82 = Q.58
Nitrite (NO,-N, mgil) <1.0C = 0.00 <1.00 £ 0.C0 <1.00 = 0.00 <1.00 + 0.00
Ortho-Phospherus (PO,-P mg/L) <1.00 = 0.0C <1.00 = 0.cO <1.00 = 0.00 <1.00 = 0.CO
Potassium (K, mg/L) 9.23 = 0.34 8.27 + 8.33 = 0.47 8.31 £ 0.80
Sodium (Na, mg/l) 46.0 = 7.7 40.2 = 40.8 = 5.4 40.6 = 4.7
Chleride (Cl, mg/L) 318 = 25.5 22.1 143 = 5.6 16.6 = 6.5

All data are means and standard deviaticns. There were no statistically significant differences in
means among the left three celumns fer any of the constituents = =< 0.05.

Table 2

Characteristics of Feedlot Runoff Stored in
Playa Lakes, Feedlots A and B, June-July, 1991

Weighted
Constituent Feedlot A Feedlot B, Average, Both
(2) Playas 1 & 2 (4) Feedlots (6)
pH 7.26 = 0.26 8.29 = 0.67 7.94 = 0.75
Temperature, °C 21.6 = 0.8 29.8 = 1.2 27.0 = 4.3
Conductants, EC, ymhos/cm 2360 = 212 1481 = 331 1771 =525
Total Alkalinity, mg CaCQO,/L 511 = 47 511 = 33 511 = 33
Ammonia-Nitrogen, NH;-N, mg/L 50.4 =+ 13.8 11.8 = 13.1 247 = 23.2
Totai Kjeldahl Nitrogen, TKN, mg/L 71.9 = 34.7 27.6 = 21.8 42.3 = 32.3
Nitrate, NO,-N, mg/L <1.00 = 0.00 <1.00 = 0.00 <1.00 = 0.00
Nitrite, NO,-N, mg/L <1.00 = 0.00 <1.00 = 0.00 <1.00 = 0.00
Orthophosphate, PO,-P, mg/L 354 = 2.4 6.2 = 5.3 15.9 = 15.7
Potassium, K, mg/L 8522 = 1 7.8 124.3 + 68.8 200.3 = 129.4
Sodium, Na, mg/L 120.5 = 8.3 97.3 = 42.8 105.0 = 35.5
Chleride, Cl, mg/L 280.5 & B7.5 196.9 = 116.8 228.1 = 103.9
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Table 3
Analytical Results of Ground Water Samples at Feedlot B and Neighboring
Farm Irrigation Wells, Parmer County, June-July, 1331

[ Well Location (No. Wells)
Constituent Farm Weils
Feedlaot
(3) Upgradient Cowngradient (7) All Farm Walls
(3) (10)

pH 7.40 = 0.27 7.20 £ 0.35 7.40 = 0.20 .32 = 0,28
Temperaturs (Deg. C) 20.1 = 0.7 18.3 £+ 0.4 19.4 £+ 1.0 19.2. = 0.8
Caonductance (umhos/cm) 631 = 109 779 = 164 283 % 187 762 & 128
Total Aikalinity (mg CaCQC,/L) 218 = 40 218 = 54 214 + 40 215 + 43
Ammania {NH,-N, mg/L) 0.03 =z 0.01 0.05 = 0.02 0.05 = 0.03 0.05 = 0.03
Tota! Kjeldahl Nitrogen {TKN, mg/L) 6.39 :=:0.29 0.41 + 0.28 0.34 = 0.15 0.36 = 0.19
Nitrate (NQ,;-N, mgil) 4.65 = 1.83 ST2 & 2.00 5238 =% 2.20 5.41 = 2.05
Nitrite INO,-N, mgil) <1.CC = 0.00 <1.00 = 0.C <1.00 = 0.00C <1.00 £ 0.C0
Crtho-Phospnorus (PO,-P mg/L) <1.CC = Q.20 <1.00 = 0.0 <1.00 £ 0.00 <1.C0 = 0.C0
Potassium (K, mg/il) 7.10 = 0.20 7.33 £ 1.23 8.65 £ 0.99 7.83 = 1.03
Sodium (Na, ma/l) 29.3 = 1.8 337 = 1.8 30.2 = 5.1 31.5 = 6.0
Chloride (Cl, mg/L) 41.7 = 14.2 85.9 = 239.8 75.0 = 34.5 8.9 £ 31.8

All datz are means and standard deviations. There were no statistically significant differences in

means among the left three columns for any of the constituents = = 0.0s.



FEEDLOT BIOLOGICAL SEALING
and
RUNOFF REGULATIONS

BACKGROUND INFORMATION

The Beef Cattle industry has received much
attention recently from the general public and
environmentalists. Their concern with feedlots is
mainly from the standpoint of pollution of
surface waters from runoff and potential degra-
dation of groundwater quality from nutrients
accumulating in the soil profile. Mismanaged
feedlots represent a great pollutiocn potential, but
the potential is far greater than the actual contri-
bution to soil and water pollution.

GROUNDWATER POLLUTION CONTROL

Groundwater and soil profile contamination
beneath a properly managed feedlot is virtually
nonexistent. {1) On the feedlot surface, three
layers develop on and in the soil profile as a
result of organic accumulation. The first layer of
manure soon helps to provide for the develop-
ment of a second interface layer consisting of
organic matter and mineral deposits. The third
layer is formed by physical compaction from the
cattle and the chemical reaction of the manure.
Urine and solid manure have high sodium and
potassium contents that influence the electrical
charges of the soil particles and cause them to
disperse. At the same time the trampling of the
cattle on the surface compacts the dispersed soil
particles into a dense, poorly aerated mass or
hardpan. Original soil texture has little effect on
water infiltration into the surface of an estab-
lished feedlot. The organic matter serves as a
food source for microorganisms. Microbial
decomposition produces various byproducts,
such as organic gels and polysaccharides that
reduce water infiltration by plugging soil pores.
The surface layer may absorb appreciable water,
but actual infiltration into the soil is minimal to
non-existent, and therefore becomes resistant to
nitrate, potassium sodium and other nutrient
contamination of groundwater.

REGULATIONS

According to Nebraska law any feedlot,
regardless of size, that has the potential to
discharge manure or runoff may be required to
have a waste control facility, ie. runoff contain-
ment fadlity, helding ponds, lagoons, sediment
basins, etc.

It is the responsibility of the owner or opera-
tor of the feedlot to request the Department of
Envircnmental Control (DEC) to inspect the
facility to determine if a runotf control structure
is required. If such structure is required, the
owner or operator must apply for a construction
permit. This application must include submis-
sion of plans and specifications, designed by the
Soil Conservation Service (SCS) or registered
professional engineer or anyone demonstrating
knowledge and experience in the design, opera-
tHon and management of waste control facilities.
A construction permit must be obtained from
the DEC prior to construction. When construc-
tion is complete, the owner or operator must
submit a “certification of completion” form to
the DEC. The containment facility, if required,
must be large enough to handle the runoff
created by a 25 year - 24 hour rainfall. The
amount of rain fall in a 25 vear - 24 hour storm
ranges from 3.4 inches in the west to 5.85 inches
in eastern Nebraska. Your local SCS office will
have this information for your area.

The containment facility can consist of any
structure deemed appropriate by the DEC
ranging from holding lagoons to sediment
basins and filter strips. Water runoif should be
diverted away from the feedlot to the maximum
extent possible, allowing for a smailer contain-
ment facility.
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Confinement Facilities

Semni or totally housed feeding facilities must
have the capacity to hold all livestock wast es for
a pe..cd of 120 uaxs and must be cmm:anc ie
with the ability to apply manure for best crop
management ard utilization. The amcunt of
dxsucsai area snould be based on the nuiient
value of the manurs, soil and site characteristics.
Manure management and disposal va oe
discussed in a subseguent issue of CZ=P Tips.

Locations

Runoff conh‘cl facilifies must be lccated at
least 100 feet frcm any well used for comec ic
purposes or at least 1000 fest from anyv weil used
for UL"‘IIC water suppiies. Ccncurrﬂn'* . .heqe
strucsures cannot be located in an area tt
impairs surface waters or gl"OLndWatEr.

NPDES Permit

A National Pollution Diccharge Eliminatdon
System (NPDES) Permit is required when a
fac‘hrv has the DotEnnaI to discharge into waters
of the state. The NPDES permit program is a
federal program administered by the DEC to
control primarily surface water pollu Hon.

A feedlot could be required to have a runoff
containment structure and not an NPDES
permut. For example, a feedlot lecated further
away from waters of the state would nct neces-
sarily need an NPDES permit, but may be
rEﬂmred to control runoff with some tvpe of
contamment facility. All confinement fadiities
under roof are exempt from NPDES permit
requirements. An NPDES permit is only re-
qu1r°d if the potential exists for effluent to
discharge into waters of the state.

COST SHARING and ASSISTANCE
PROGRAMS

The pur;cse of the ASCS cost sharing pro-
gram is to reduce the exising ;cﬂugonvcf water,
Iand and air by agriculture wastes and to allow
the recycling of nutrients to the la..c:. Cost
sharing is available from ASCS fcr waste storage
fadlities, lagoons, collection basins, setting
basins, diversion channels, waterways, outlet
structures, piping, land shaping as part of a
svstem, leveling and filling to allow instailation
and permanently installed equipment, and
conduits needed as an imezr:l :art ot the svstem.
Cost sharing is not availa ble for puUmps, scresns,
gated pire, portanie pipe, spreading or any 4
of application of manure to land, or stcrage 51t°s
to store solid manure. Liguid manure pits are
eligible for cost share provided they ceniribute
significantly to improving the quality of surface
and crroundwc.ter "Cost share funds are limited to
or:e"anons that are 3 years old or older. New
operations are expected to ensure protection of
the surface water and ground .va;er during
construction. Cost shan’nv by ASCS carries
certain obligations and specirications. These
include normal cleaning and maintenance and
removal of liquids from retention facilities within
two or three weeks after a significant rainizll to
restore adequate capacity required fora 25 year
storm. Maximum cost shares are &5 pe*cent of
the county average cost for these items provided
in the county program.

Assistance with design and construction
criteria are available from local SCS and NRD
offices. SCS will provide the technical support of
designing and engineering runotf contzinmen
facﬂmes ror smaller sized ¢ operations. Although
variable from county to county, SCS wiil usually
provide assistance for facilities that cover less
then 10 acres. Larger sized fadilities are atiracive
to private bus.ness therefore left cpen to compe-
tition.
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Fig. 2—Bulk density of undisturbed care from ipadlot silt loam sail,
antral City, Nebraska.
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Fig. 4—Coantent of nitrate-N in Marsoall silty ciay loam for fzadlot
and cropiand, Omaha, Nebraska.

supply tznk, check valve and floar, 2nd cancentric infiltra-
tion cyiinders was used in the Gretna dlot. The test
was necsssarly isolated from the animals, but no measura-
ble infiizration was evident fom the -supply tank water
elevation over a 20-day period. Me recipitation that
fails on the fesdlot either leaves 2s runoff or is adsorbed
for later removal by evaporziion or sub
case of snow and ics. )
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SQIL PROFILE

DEPTH (melers)

The fe2dlot soil prefile is unigue in that there is no ex-
traction of soil water by plant reots. The interface layer
almost completely restricts warer movement into or out
of the profile. However, any waier entering the profile
could act 25 a transport medium fo MOVE chemicals in

MIHIMU -

E/,.r" GRASS
P

§ szcoLoT

solution.
Access tubes 3.1 cm in diameter were installed in the
1J Grerna fezclot and an acjacent grzssed area. Soil-water
- y contencs were measursd at monzaly intervals for thres

Fig. 3—VYearly rance and average scil water content in Marshall sessnns insideand immcdiatcly cu:sié:'.c the fe=dlot on

P the

g::mca!meg_g;;_ml profile uncer a feedlot and uncer grask Marshall silzy clay loam site. Fig. 3 shows the range an.d

' averzge of soil-water contents at vz-ious soil depths for six

be measured even over several hours. The surface materi- access tubes inside the fesdlot and for four access tubes
zls in a pack can adsorb great quantizizs of water. Only under grass outside the fesclot in 1970. The range of
exiremely low rates of actual infiltration into the soil have soil-water conteat over the se2san was namow for the
Deen obsemved in the field and in the laboratory using un- feedlot profiles and remained relatively constant through
disturbed soil columns. Unlike research investigations in the profile. In contrast, the sezsonal soil-water content
caitivated fields, measurement cquipment ina feedlot re- under the grass fluctuated widely, particularly in the root

zone. The too 1.7-m deoth of soil was wetter in the feed-
lot than under grass, but the fe=dlot soil tended to be drier

el dla

cuirss constant surveillance and protectien to guard
against destruction by cartle. An apparaius with a vertical
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Helow that degth. Parterns were similzr during 1982,
1970, and 187 1.

The narrow rangs of soil-water contznss in the lezdlot
soil profile include, and may be sssentiaily accountes lor,
5y variation in c"_-'mm-..t calibrazion. Laower values at
dezner deptins 3s compared with those unc=r the gTass

th

hat weszing fronrs do not move Rraugh the {es

in-
d-

ol
Nizrzrs-N levels in the soil 2

1o vary widely ameong locazions. Nit

sml orofiles, two ~der a feedlor and

aifaifa (Medicago scize L), are s"xow1 in Fig. 4. Thetwo

soil car=s from the fezdlot wers taken rom 2 seleceadizen,
All por:icns of this pea had recaived the same manigs
20

ment had besn used continuousiy for mors than

Veairs.

coeas=d zoward the lower end of 'thHe: pes: One cors was

The surfacs slope was 13%, cxz=pt that it ce-
taken from the profile on the siespes sloge. The nimmate-
N wzs hich inthe o 0.6 m of soil and thzn dezreassd ¢

- S2I20% .-

ibout the same as in the cropland ar =g L./-m £2pki
The second cors was zken from the soii proflie 2f the
lower end of the sloge whers soil ané mznurs had tezn

:
degosited. Very lirzle aitzate-N was found in this profile.
This condizion is similar to that found und
mou"ds. Wh e manure is mound-d or n:s

CONCLUSICNS

- 2 i - B i E

The texsur= of the soil profiiss under the fz=dlowi n-
vestigated appears to have little 2ffeczon the water move-
ment ints the srofile or runeil characieristics for a ma-

ture fe=dlar. The bulk density of the Interiacs (arganic
er2i) laver in the fezdlot is greater than in the croo-
1t the same depth. Organic-maties : c
in the interfaes= layer and ths csmbin
sarzicie dispersion and compaction pro
water movemant Tae suriace I*-.'.:' may
ahie water, bur aczual infiltrzticn into 8
Whneos 1n3n::::_c: axists and 2 cover
nitmate-N is less likaly to accumuiate i

Ame=s, low
3. Swamnson, M.

J. RoEilis. 1

fe=dlows s af

M. \.{.:'.__L a,.asd
= alogt 4 c...:i:

In Livestock was

2o, JQC. .-'1
EN —zat of Ao
Stazes. Az, Zcom. '{:: Ne
3. View, F. G., Jr. 1971, Caulsl

Purchased by the Agricuiturai Reszarch Service, U. S. Jepartment of Agricuiture, for officizl use

Repristed from the Journal of Environmenzcl Quality

Val. 3, no. 1, Jan.-Mas

T4, CDU}"‘.

at @ 1974, 4SA CSS4, SS5A

8§77 South Se ce no:d Madison, Wis. 33711 USA

J. Environ, Quality, Vol. 3, no. 1, 1874 17




Infiltration of Water on a Cattle Feedlot
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(! ar the individual fesdlot and
cruy.«nd soil sections during a 2s-hir
pe riod is shown in Table 2. Warer did
not percolate through two of the six B
sections or through ons A section. The

rasuits obtained on cors 3 wers difil-

cult to intecprer and were eliminated
from the averages in Tables 2 and 3.
Average HC was lowest (0.07 em/hr)
in Section B. On the average, water
permeability increased 28- fcld be-
tween the B layer and the C layver. The

TASLE 1. INTRINSIC AIR PERMEABILITY (K;) OF UNDISTURBED FEEDLOT
AND CROPLAND SCIL CORES BY SECTION

;94

=edlot core

C-opland core

Sezon 1 Z 3 4+ 5 6 Average 1 2 Average
cm?x 103
A 0.40 2.32 0.82 0.i2 0.77 2.08 1,33 7.58  2.20 5.4%
3 0.29 0.2z 0.57 0.8 1.3% 0.6  0.38 11.88  5.82 8.25
G 22.00 2.20 145.80 2.18 .01 20.4 10.38 17.09 6.67 12..38
o} 30 77.10 29.00 13.50 4.:0 38.580 32.22 14.72
= —— 28.33 24.83 31.85 —— 7.33 ——
T —_— ———— 43.36 34.33 —— — 2e.07
TABLE 3. AVERAGE INTRINSIC AIR AND WATER
PERAMEABILITY AND RATIO OF AIR TO WATEZR
PERMEABILITY BY LAYERS
FOR UNDISTUR3EZD FZZDLOT SOIL CCRES
PaseEailisy Ratio of air to
— — water permeability
Secten Water (K'y) Az (K'y) (K'3/K )
cm2x 108
A 0.024" 1.53*+ gat:
B 0.018~ 0.32* 381
C 0.510" 123 * 41
D Q;730® 28.6 * 23*
E 1.36 31.8 22
F 1.83 32.1 26
=35

Texcluding Come =1
fexeluding Cor=s =2, 5. 6

TA3LE 2. HYDRAULIC CONDUC

TIVITY OF UNDISTUZBED FEEDLOT

AND CROPLAND SOIL CORES BY SECTIONS

Szction 1 2 3 + 5 6 Averags L 2 Average
c=/hf

A 0.00" Q.10 g.22 0.01 0.07+ 0..2 0.09 6.26 0.58 3.4
3 0.03 Q0.00* 0.2% 0.08 0.7+ 0.00* 0.07 9.61 0.27 5.04
c 4.43 0.37 335 0.56 002 D051 .01 21.06 0.38 10.81
D 2.55 4.988 3:18 1.28 0.3+ 2,19 2.81 1.07
= 6.35 4.28 55F —— 0.20; ——
F —— —— 5138 5.50 §.04 @ —— . —

“Based on water taken in—probabiy by absorptl
Bydrauliz eonductivity.

TNotinciudeg in average

. therefare, no

TABLE 4. BULK DENSITY OF THE UNDISTUREED FEEDLOT CORES AND SOIL
IN THEINTERFACE LAYER AND CROPLAND CORES

Feadlot core Cropland core
Seztion 1 2 3 4 5 6 Average 1 2 Averagse
zn'c.":‘?'

A 110 0.29 1.09 0.29 1.14 0.22 1.04 1.68 1.50 1.53
B 1.28 1.25 157 1.18 1.25 1.28 1.:2 1.76 1.54 1.53
c 1.32 1.i8  1l.4+4  1.34 1.54 1.26 1.45 1.72  1.46 1.33
D 1.32 1:28 1.24 1.48 1.41 1.:0 1.40 1.38

E — 145  1.39 == 1.52 —  1.44 —_
F I 1.57 1.68 _— 1.582

= 3 1.50 1.70 1.7+ 1.78 1.73 1.58

= Averags bulk density of 3 clods in one inter{

ace of Secticn B

. respe :'wew

of intrinsic air to warer
v (K'3/K'w) was 82 in the
A laver and 36 in the B m"e— of the
fe=dlot soii cores (Table 3). The ratios
iowest in the E and F lavers of
sandy loam and leamy sand soil. The
ratios were 3 1o 3 {or the cropland that
had a ‘.xs*. sanc conieat bui were 30 10
20 in the coopiand core with a thr:E':
silt conren: (daza not shown).

ara
were

Since a
ratio of 1 is indicative of con::le:e".y
stabie soil structurs, the feadlor soil
cores are not warer-siadle.

A\'ﬂ'age
g’c.“
seczions. wid
the manure
(Table 4).

ior o=

manure (ce-
method) g
7 individual sampies
1. -.-5 o 1.83 g/cm’.
sitias of martesial takan
e:lct interface and acdja-
ceat cropiand soil and compacted at
differsat warer content are 51'10“‘1 in
Fig. 3. The int 'fac=' samples from the
feealot were air-ddied. The manure
shrinks upon drying and separarzs
from the soil. The soil portion was
designazed as low organic marer,
representative of the soil below the
1nt=-‘a:e boundary (Fig. 1). The
erface sample. high in organic
martiar, _on:ainad soil as weil as about
2 c¢m of manure, which was repre-
sentative of the entire B sectiens of the
undisturped soil corss. The maxi-
mum cemcaciicn was 1.70 g/cm?
at 18 percenr warer content for the lew
organic marter interface material in
Fig. 3. Compac:ion of the soil is a con-
tinuing procsss in the feedlot and,

w the

wn
@]
—
as
1
(8]

averagsag

arsr

eventuaily, compaction by hoof acticn
would occur at cpumum waier com-
tent. The bulk density data show

carile-hoof action can compact the
first few centdmetars of soil to about
the same degree as standard methods
for low compaction. The interfacs
laver, high in organic martter, showed
a maximum compaction of 1.61 g/m?
at 20 percent water content. Maxi-
mum scil comgpacton in the cera-
fieid was 1.81 g/cm? at 13.5 percen
ater content.

The cornfieid soil contained 3.15
percent orgaric matter, based on the
loss-on-ignition determination, com-
parsd with 4.71 and 7.27 percent for
the interface with low and higt
organic marter. respectively. The

I

greater organic marter conteat would

ot < 72
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Groundwater Quality Protection for
Livestock Feeding Operations

John M. Swesten®

Introduction

The primary constituents of livesiock an
poultry manure that can contaminats grouncwatar
include pathogenic organisms, nirates and am-
monia. Cther constitusnts such as potzassicm,
sodium, chloride and sulfate also may lzzch
through the scil and impair the guality cf an
aquifer. Phosphorus and organic sclics are not
usuzlly sourcas of grecuncwatzsr pollution beczusa
of their limited leaching potential.

Potentizl point sources of grouncwater con-
tzminzation in livestock feeding operations inciuce
open, uncaved fesdlots, runcif holcing ponds,
manura treatment and storzge lacoons, silos and
manure stockpiles. Insec::cme spray equipmsznt,
dicoing vats and disgesal siies for wasta pas-
\,.d s, rinsates or container s also may contrizute
to localized groundwatsr contzminztion. This is
especially true if pasticide use or cispesal oczurs
near the well-hezd, bscause of the pessibiiity of
girect entry of runoif or infiitration around or
through well casings or abandoned wells.

Nonpoint pollution scurces includz fislds used
for land applicstion of manurs a'i:f v.a :e 'ar
manure accumulations around livesicck watsring

locations, and intermiiently-ussd sLo k ;: -s
Livesicck grazing operations, from sparse rang
ands to intensively-siocksd pasiurss, czan iri-
fluence the water quzlity of sireams and aguiizrs.
The nongcint source pollution potantial of pas-
tured livesiock depends in part upen the stocking
density, length of grazing period, averaga manure
loading rate, uniformity of manure spreading by
grazing [wm'ock and disappearance of marnura
with time. Eecause livesiock conceniraiicns
(enimal densily) vary widely acr a—xas,

css
manurs voided varies from less than 0.1 to more

Extension agricultural encineer-wasie manacamant,

Thz Texas A&M University System.

Texas Agricultural Extensicn Service « Zerte L Carpenter, Directzr -

—

prox;r'at=ly 1 to .:”O “OL.m.s :e acr

parse rancslands and intensively-grazzd im-
proved pasiurss, respectively.

This publicaticn summarizes resezrzh resulis

and management strategies for grouncwatsr pel-
lution control for cpan fasclots ts, holdi inc conds and
lagoons, and lznd on which manure and wasta-
water are applied.

Feadlot Surfaces

Reszarch in szveral siates, in climatas ranging
from arid to humid, has determined that an aciiva
feediot surface de: /e*ocs a compacted manure/soil
interfacial layer ('-sually 2 to 4 inches “. ck) which
provides an excsllent moisture szal. This cam-
pacted manure/soil lzysr reduces the v“sr in-
filtration rate to less than 0.002 inches oar hour, or
as littie zs 3 percent of the infiltration rate of tha
underlying soil (Mieke et al., 1274; Mieks an
Mazurak, 1876). This zone of low infiitration
resiricts the leaching of salts, nitrates and am-
monium into the subsoil and unczrlying
groundwater (Schuman and McCalla, 1S73A).
This interfacial lzyer is usuzlly dark brown or
black, cften ressmtiing charcoal, perhaps be-
cause of its iron sulfide content (Norsiact et al,
1875). It is composed of bactzrial ceils, organic
matter, dagradation products and sail pariicizss.

Self-Sealing of Soil Surface

If an uncisturtzd anasrobic layer of com pacied
manure is left zbove the manure/soil interizcial

layer, formation and l=zzching of nitratz arz
retarded in favor of danitrificaticn (Stawart e a
1867, Chang el al, 1973). With this type

anaerobic condiiicn, nirate is converizd :0

nitrogen gas which is released to the atmosghare
rather than being leached to sutsoil znd

The Texas A&M Univarsity System - Callege Staticn, Texas

o WP



raoncwatzr. The scil prefiie which Zast ratards

mitrzte anc ARrte movemeant anc retains saiis near
tke scil surdzce was founc to te sancy tczsail
s~gve a clay lcam sutscil (Nersiazl arnc Cuks
1532)
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znic  manar, rcmeis

zgeinst niirats ‘eaching.

surizca sezl grovicsd

y rfzcial layer, fesclct per-
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coilecion machines (whes! lcacers cr glzvaling
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likely to peilut
iscn and

zticns  of  nits
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i leyer (Figura 1) (Schuman and Me-
). Scil water sampies takzn at about
th cztle fesclots showed concantra-
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Holding Ponds and Lagoons

Self-Sezling

Sescage from livestock wasiz  treatment
lagoons and runoff holding poncs has been
siudied by researchers for at least 2 decaces. In
essence, it has been determined that bacterial
cells and fine organic matter generzlly clcg scil
pore spaces along the Etotiems and sices of
lagcons ard holding pencs (Earrington and
Jutras, 1585), meking them effeciively “self-seal-
ing” (Davis et al., 1873). :

After several months of storage, coefficients of

permeatility of the bottorn scil of ponds storing lig-
uid manure, wastawater and runoff from livestock
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cperations have usually been from one to three
orders of magnitude (i.e., 10 to 1000 times) lower
with wastewater than wr‘h clezn water (Robinson,
1973: Lehman and Clark, 1973; Barrington and
Jutras, 1983). Where the bottems and sides of
manure storage poncds and lagoens have
mocerzte to fine-textured scil (such as silt, clay
lcam or clay), the final permezbility coe efficient is
usually of the order of magnituce of 10% can-
timeters per second (cmvsec), or 0.0014 inches
per hour (ivhr) (Figure 2) (Barringien and Jutras,
1885). However, final permeabiliies of a sand
usuaily excead 107 cmvsec (0.0014 irvhr) (Dye &t
al 1:’.‘.,\__} Caitle manure has C:—‘:’cl]y snocwn
be*‘t=r seff-sezling properties than swi ine manura
(Barrington and Jutras, 1585).

Livesiock manure and wastewatsr provide sig-
nificant beneficial self-sezling on the bettoms and
sides of lagoons and holding pends. However, this
phenomenon should not be counted on as the
sole mezns cof protecting groundwater, and
lagoons and hoiding ponds should be placed in
relatively impermeable subsoils (Dye et al., 1884).

Many fesdlots in Texas are built on playa lzkes,
which have clay bottoms (Ranczll Clay) saveral
feat thick underlain by much more parmeazble sail
matzral (of Pleisiocene origin) which resembles
caliche. Lehman and Clark (1873) datarmined that
undisturbed ccres of the clay surizce soil in
piayes hc_ permeability values with clear wc;=r of
2.8 x 10° cm/sc, (0.04 invhr), as compared to 1.1
x 1073 cisec (1.6 invhr) for the buried Pleistocene
maizrals. However, the addition of fesdyard
runoif recucad pf‘rmE“DII[lES to only 5.5 x 107
cm/sec (8.3 x 10~ irvhr) for the Rancall clay afier
10 ys and to 1.7 x 107 cm/szc {0.0025 invhr)
for the underlying soil within 45 cays.

Nutrient and Szlt L2aching

Lehman et al. (1§70) investigatsd the !e_cnmg
sed »a d runoff contamm..—.ms bslow a playa
k bottom. Nitrogen compounds did not move

Slurry Depth = 740 mm

Temperatura: 15-30°C

Infliirallon Rate (10 Tem/s)

200 400 630 830  I1CC3
Infittration Time (hours)

Figure 2. Infiitraticn rates for swine and dairy
manure slurries over coarse sand
(Barrington and Jutras, 1985).

below 3 fest. At 2 feet and bzlow, the nitraete and

nitrite concentraticns were only slightly hlghw
than for playes not receiving feedyard runeif
(Table 1).

Tne fezdlot playa study was repeated 5 yezrs
ater by Clark (1873). Resulis in Figures 3 and 4
show that both nitrate and chioride concentrations
dacreased drasticzlly within the top meter of scil.
Below 1 meter (3.3 feet), niirate concentrations
wers lower than the public drinking water siand-
ards of 10 mg/l nitrate-nitrogen.

Tne potzntial for groundwatzr contamingtion is
increzsed (Lehman and Clark, 1875) when playa

zblz 1. Nitrate, nitrite and ammenium-nitrogen ccncentrations beneath playa used for fesdlot runoff
collection (Lehman, Stewart and Mathers, 1970).

Feedlot Flaya* (3 abs. wells)

Non-Feec'at Playa (2 wells)

Degth Feet Nitrate Ammenium Nitrite Nitrata Nitrite
0 12.8 58.7 2.8 - -
1 225 12.4 22 7.8 0.24
2 €2 57 0.13 2.3 0.18
3 3.7 3.1 .05 2.3 0.16
4 3.0 3.3 0.c3 25 0.13
5 2.4 3.5 0.02

g-13 0.3-2.7 1.1-2.8 0.02-0.12

* Averzce of 3 canter observation wells.
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at annual rates that match expecied plant uptak
5

of nutrients and crop Yyield geals to ensurs tha
greuncwater contamination will not cczur.

e+ (D

Yields from Manure Application

With proper manurs fartilization raiss, such as
10 tons of feedlot manure per acre, ¢To y'e‘
usually equal or excezd the yields frem com

cial feriiizer, as shown in Table 2 | W |c.1.n:.
Stewar, 1884). Yieids with manure are ofts
tzined for several years longer than wiith ¢
cial fenilizer because of the siowsr reis
resicual nutrients and micronutrignts (Lund
1¢75; Lund and Doss, 1520).

L

T

1]

] 30

I N :l
W f— E; I
V' Q.

n
& G

=
m tn -

Nutrient Accounting Balance

With proper manure application rates, mest of
the zoplied nutrisnts can be accounted for in in-
crazsad crop harvest or increased weignt gain of
pasturzd czitle. Excessive manura afﬂia:a‘zcn
rates usuzlly do not increase yields aDurec.a;!v,
but they do increase the soil nitrats levels to mcre
than 10 ppm NO3-N (Figures 5 and 6) (Reddall,
1Cx4 Mztthews and Stewart, 1854; Wastarman st
al., 53) _

h projects have documanied crop
s a percent of applied nutrients.

a e a

F“‘I’c xzmple, Westerman et al. (1878) delermins:
that ‘u“e ucteke of nitregen, phosphorus an
stzssium (N-P-K) by coastal bermudagrass wz
74,41 and 74 p cent, res,Jec:‘ ively, when swine
lagoen efiluent was cpphed at raizs matching tha
recommended soil nitrogen (N) nssds. Eut piant
ustzke of N-P-K was only 33, 17 and 32 parcant
whza N application was four timss the saiL"piant
irements. The remaining 67 percent of the N
ed ramazined in the scil and some had
low the root zone (Figure 5). Whan
polications greatly excssd crop nutrisn

304
604 .
9CH
1204
1501
1804
2107

Soll Depih, cm

2407
2701
300 1

] 13
0] 5 10 15
Scil NO, - N, /g

(]
o

Figure 5. Effect on soil nitrate (NOa-N) of lagoon
gffluent irrigation rates of 0, 4.7, €.4 and
18.9 in/yr (control, low, medium and high,
respectively) for & years (Westerman
et al., 1883).

requiremants, nitrate-nitrogen accumulstas in tha
root zone (Murphy et al, 1872; h:c.ﬂcﬂ et
1275; Redczll et al,, 1Gf~f) nd it r"ay subjec
to leaching. This soil accumulation of nitra
nitrogen is illusirated in Figures 6 and 7 {Mathers
and Stewart, 1871). Further ressarca is nsaded
on how nutrients in soils leach, velatiiizz, cenitrity
or are used by crops in typical livestock and crop
produciion sysiems in Texas.

25

Tatle 2. Crop yielcs from feediot manurs applicaticn, Bush!and,Texaé 1868-80. USDA-ARS.

Numbzer of Years

Average Yields, Ibs/acra/yr

Manura Treat- Manure Recovery Sorghum Grain Corn Wbeat

mant Applied No manure 1862-'73 1875, 77, '79 1876, '73, '80

a 11 0 4,450 8,330 1,4C0

¢ (N) 11 0 €,420 13,350 4020

0 {NFK) 11 0 6,410 13,560 4,220

) 11 ) €,640 13,820 3,430

yiz] 11 a 6,420 13,400 4530

gJ 5 6 6,389 14,34 4,000

120 5 & 5,120 13,950 4,250

240 3 3 aca . 15,280 4,330

249 1 10 320 12,100 2,810

Scurce: Mathsrs, A.C. znd B.A. Ste 1CE84, Transaclions of the ASAE, 27(4).
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Figure 6.
143C 4
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Figura 7.

S0 40 50

NO, - N, prm

10 20

Totzl ameount of nitrate-nitregen accumu-
lated In 20-fcct sail prciiles following twa
cropoing seasens with ths Indicated
amcunts of manura apgiied each year

(9, 19, 30, 80 and 120 tonsiacra or 0, 22,
67, 134 and 258 metric tznsiheciara)
Stewart anc Mathers, 1671).

cHEZX 10 30 63 129 222
Manure Applied (T/A)

Nitrata-N In pullman clay leam szl after
five annual applications cf manura at indi-
cated rates to Irrigated grain sarghum
(Mathers et al., 1975).
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regulations, and to provide the information it needs to regulate. That
heavy reliance on the industry hasn’t produced acceptable results, and the
Department hasn’t ensured that permitting requirements have been met,
that feeding operations have operated with valid permits, and that opera-
tors submit required monitoring reports. The Department also hasn’t es-
tablished the types of procedures it needs to ensure that all these things
happen. In addition, the Department appears to be slow to respond when
it becomes aware of facilities that repeatedly violate its regulations. Wa-
ter is one of the State’s most valuable resources, and once polluted it can
take many years to clean up. To-date, Kansas has been able to avoid
some of the major lagoon failures experienced by Iowa and North Caroli-
na. However, contamination problems that could be starting now won’t
show up for many years, particularly if groundwater deep below the sur-
face is involved.

Recommendations

1. To ensure that all feeding facilities that represent a pollution threat to
the State’s water resources are identified and required to obtain a per-
mit and operate within Department regulations, the Department
should:

a. Develop procedures for identifying facilities that haven’t regis-
tered with the Department but that need to be evaluated for pollu-
tion potential.

b. Develop a definition for the term “significant potential for pollu-
tion.”

2.  To ensure that confined-animal-feeding facilities are constructed in a
manner consistent with State laws and regulations, and to help mini-
mize the likelihood that these facilities will pollute the State’s sur-
face and groundwater, the Department should do the following:

a. Incorporate its design standards for building animal-waste la-
goons in the Kansas Administrative Regulations, and clarify with
its staff that these are requirements, not guidelines. The Depart-
ment also should require that the rationale for any deviations
from those standards allowed by Department engineers is fully
documented.

b. Develop a formal system that requires its staff to review each fa-
cility’s file and determine that all tests, inspections, certifica-
tions, and other requirements have been met by the operator be-
fore a permit is issued.

3.  To ensure that confined-animal-feeding facilities continue to operate
according to law and regulations after their initial permit has been is-
sued, the Department should do the following:

a. Develop a plan to identify and inspect all confined-feeding op-
erations that are past due for inspections and ensure that in the

24.
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future its staff inspect each facility at least as often as required
by Department policies.

b.  Ensure that staff promptly investgate all complaints about con-
fined-feeding facilities, and inform the complainant of the out-
come.

c. Develop a system for tracking complaints and violauons to
show which ones have been addressed, and which ones remain
unaddressed.

d.  Ensure that when regular inspections or complaint invesuga-
tions uncover violatons, there is either a visual inspection or
adequate documentaton submitted to the Department within a
reasonable time to show that the violation has been corrected.

e.  Ensure that applications for renewal permits are thoroughly in-
vestigated. and a site inspection has been recently made to
identify any changes to the facility that might prompt the De-
partment to place additional requirements (Or remove existing
requirements) from the facility’s permit to operate. To accom-
plish this, the Department should determine how far in advance
renewal applications need to be submitted so an investigation
can be completed and the new permit issued before the facili-
ty’s existing permit expires.

f  Ensure that feeding facilities submit monitoring logs when due,
that Department staff understand the importance of reviewing
those logs, and that staff follow up on a timely basis when the
logs indicate potential problems ata facility.

Follow up on facilities shown in this audit to be operating con-
trary to Department standards or regulations, and take correc-
tive action where needed.

aaQ

To ensure that confined-feeding facilities that violate the Depart-
ment’s regulations have an incentive (0 take the required corrective
action, the Department should apply penalties that are timely, consis-

tent, and increasingly severe to it the magnitude of the violation or
the length of time it has gone uncorrected.

To ensure that neighbors and others potentially affected by the pro-
posed construction of a confined-animal-feeding operation have ade-
quate knowledge about the facility, and have an opportunity to voice
any complaints or objections, the Department should reassess its
public notification procedures to come up with a workable means of
notifying affected citizens who aren't likely to be reached by its cur-
rent procedures. As part of the notification process, the Department

should consider providing a brochure that outlines the kinds of com-
ments it can and can't consider.

25
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Conclusion

The Department appears to have all the statutory authority it
needs to regulate confined-feeding operations to prevent water pollution,
and to control nuisances such as dust and odors. To-date, it has focused
its efforts on controlling water pollution—rather than on trying to deal
with problems of odor and dust—because of the difficulty involved in es-
tablishing standards and measuring the amount of dust created by a spe-
cific source. With the limited staff it has available for the Program, the
Department has had to rely on the industry to police itself to a certain ex-
tent, and it can’t adequately carry out the things it needs to do to make
sure confined-feeding operations are operating according to laws and reg-
ulations. The Department may need to further study whether additional
regulations governing dust and odors are warranted, and how it might be
possible to implement them.

Recommendations

L To ensure the Department’s animal waste control program has
enough staff to carry out the functions needed to adequately pro-
tect the State’s water resources, the Senate Ways and Means Com-
mittee and the House Appropriations Committee should seriously
consider the Department’s request for additional Program staff in
its fiscal year 1998 budget request.

2

To ensure that the cost of regulating confined-feeding operations
doesn’t become a burden on the State General Fund, the Depart-
ment should determine the full cost of adding sufficient staff to the
program, and seek the support of the Legislature to adjust registra-
tion and permit fees to the level needed to defray those costs.

3. The Department should further study whether it needs to issue reg-
ulations governing dust and odors generated by confined-feeding
operations. In doing so, it should consider such things as the num-
ber of complaints it receives about these issues, lawsuits filed
against confined-feeding operations in which dust and odors were
an issue, and any other relevant issues. It should report its findings
back to the Legislative Post Audit Committee before the start of
the 1998 Legislature.




Should the feedlot registration threshold be modified
from 300 to 1,000 animal units?

 The 1.000 a.u. threshold would be consistent with federal law.

. The 1.000 a.u. threshold would be consistent with all of the surrounding
states and almost all other states.

. The change would be consistent with the precedent the legislature has set
in other areas of state law by declaring that state regulations will be no
more stringent than tederal law.

. The 1.000 a.u: threshold would be consistent with the threshoid the
legislature has set for other permits required of feedlot operators
(stockwatering permit, animal health department license).

. The state would maintain the authority to regulate any size of facility.

. As in other states. operators of facilities with less than 1,000 a.u. could be
monitored through the non-point source program. Various educational and
technical assistance support is available to operators in this category.

. Movine the threshold to 1.000 a.u. allows the state to focus more attention
on the lareer facilities which are responsible for the large majonty of the
animal waste.
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Mr. Chairman, and members of the Committee, | am Mike Jensen. [ serve as the Executive
Vice President of the Kansas Pork Producers Council. Our producer organization represents
the majority of pork production units in this state. We have supplied you several reference
materials for today’s presentation.

We have numerous projects ongoing and in the planning stages for the producers in our state.
A quick overview of them is as follows:

Environmental Stewardship Recognition Program

Over the past several years we have been recognizing operations in the state for their
efforts in environmental activities. One of these operations progressed to be nationally
honored for its environmental efforts.

Environmental Workshops

Our organization has sponsored several workshop sessions for our producers to interact
with both regulatory (KDHE & DWR) and assistance sources (SCC, KSU Extension
and NRCS) personnel. These sessions have provided a forum for producers to both keep
current on statutory, regulatory and policy matters as well as interacting with service
providers.

Environmental Guide and Producer Legal Guide

After the passage of SB 800 in 1994, the KPPC published a guide for producers in this
state to inform them of the changes and encourage them to pursue registrations or
permits. This proved to be the most-requested publication our organization has ever
produced. We recently updated the guide to include a basic legal structure guide as well
as the most current environmental information.

Environmental Assurance Program

I served on the National committee which established a program to assist our producers
in keeping current with the “Best Management Practices” (B.M.P.’s) available to them.
The result was the Environmental Assurance Program. Kansas was the first state in the
nation to offer the completed program to our producers.

2601 Farm Bureau Road « Manhattan, Kansas 66502 ¢ 913/776-0442 « FAX 913/776 9897
/%%ase /Vw,é:/z//” =
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Environmental Demonstration Projects

Our organization recently approved a project to research and disseminate to producers
the latest in innovative techniques in environmental management. This program will
encompass numerous projects across the state. The goal of the program will be to
evaluate new techniques in odor reduction and manure utilization. The culmination of
this program will be field days and video presentations to producers and any interested
parties.

Summary

In conclusion, I want to emphasize that our producers are actively working toward solutions to
any actual or perceived problems. Our producers actively interact with KDHE, DWR, SCC,
NRCS, KSU and other agencies that regulate or assist our industry. Recent environmental
scrutiny has resulted in our producers, who also happen to be Kansas citizens and your
neighbors, being unfairly branded as polluters. It has also painted state of Kansas employees
as ineffective at their jobs. These are people who dedicated their careers to keeping the state’s
waters clean long before environmentalism was an issue.

Kansas was the first state to implement a livestock program in 1968. Our industry has been
actively working with the agencies to do our part in protecting the environment for nearly 30
years. It’s time to look at Kansas agriculture as a leader in both environmentalism and pro-
duction. Please remember, OUR industry’s future is also based on the availability of a quality
water supply.

I want to finish with the old common sense saying “an ounce of prevention is worth a pound
of cure.” KDHE and Kansas livestock producers have been operating on the “ounce of
prevention” theory for three decades. Before we abandon this common-sense approach, our
organization’s members believe there must be scientific evidence to justify having to bear the
brunt of the “pound of cure” approach.

Thank you for your time.



Kansas Pork Industry Facts

Kansas recently rose to the number 8 state
in hog and pig inventory

* In the last year, Kansas producers marketed:

2,103,833 market hogs
123,959 feeder pigs
26,953 seedstock
2,254,745 total

« 1995 gross market value was $291,138,681.47

» Kansas’ sow inventory rose 27% in the last year to
190,000 head or 2.85% of the U.S total.

» Kansas swine consume over 24 million bushels of
grain, primarily Kansas-grown dryland milo.

» Approximately 500 Kansas operations:
- market 77.5% of our swine
- have the equivalent of a 50-sow operation

Symbol 11

Symbol Il is the pork industry’s
“perfect pig”.
This hog will be marketed at 156
days of age weighing 260 pounds.
It will yield a 195-pound carcass.

- average above $10,000 net income annually from swine

* The Kansas swine industry annually spends about:

$170 million for feed grains
$6 million for veterinary care

$7 million for utilities (gas, propane & electric)

$7 million for trucking costs (hog marketing only, no grain)

$6 million in interest
$27 million in construction
$15 million in supplies

Geographically, the northcentral and northeast part of the state have the most hog operations.
Washington county has the most hogs in the state with Nemaha in second and Clay in third. There
are also some large operations in the southwest corner of the state.

Numbers as of January 1, 1997

PORK PRODUCERS @ Kansas Pork Producers Council

2601 Farm Bureau Road

(913) 776-9897 Fax

°
7] Q

;ﬁa KPP % Manhattan, KS 66502
g ( : 2 (913)776-0442
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Serving Since 1956

E-mail - kppc@flinthills.com
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I. Why Do We Need An Environmental Assurance

Program?

When you hear the term “environmentalist,” what comes to mind? Some
people think of extremists chaining themselves to trees or raising alarm
about a certain pesticide or industrial chemical. For others,
“environmentalist” means school children promoting recycling or planting
trees in a community. However, probably few people immediately

associate “environmentalist” with pork producers. Should they?

As we approach the next century, environmental concerns continue to be in

the forefront of the public mind. This affects several key issues:

e as the population expands, food demands will continue to
increase;

e regulations are likely to increase in both volume and
complexity;

e traditional views of agriculture are changing;

e there will be greater demands for personal living space and

resources like potable water

To fit into this new environmental world, pork producers must continue to
improve their management of production inputs and outputs as they relate

to the environment.

Discussion Topic

What are the “hot” environmental issues in your community?

In your opinion, what are the top sources of pollution in your community?
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The General Public and the Environment

The good news is that the sky isn’t falling: most Americans feel there can
be balance between economic development and the environment. A
Times/Mirror Magazine survey revealed that Americans are most
concerned about water issues. Eighty-eight percent (88%) of the
respondents felt that shortages of good drinking water and pollution of
lakes, rivers and streams were the most pressing environmental issues

facing the U.S. today.

Environmental Issues Americans Want to See Addressed

Shortages of Good Drinking Water — 88%
Pollution of Lakes, Rivers, Streams, and Coastal Waters _ 88%
Loss of Open Areas, Woods, and Natural Places _ 81%
Pollutian of Toxic Waste Sites _ 76%
Extinction of Endangered Plants, Animals, and Insects F e o ralog TR R I

Air Pollution or Smag _ 7907

Lass of Wetlands TR .

Damage to Ozone layer _ 64%

Global Warming [ e e oo

Lack of Landfill Space — 56%
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Pork producers were also asked what they think the two greatest national
challenges the pork industry will face in the next three years are. Their

responses included the following:

Demand

Competition of other meats

Lean meat/pork

Better quality/quality assurance

Expanded markets

Expanded export markets

Competing with big business/
] corporations

Animal rights/welfare

Environmental issuas

0 5 10 15 20 25 30 35 40

What do you think will be the two greatest national challenges the pork
industry will face in the next three years?

Major Responses %
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As you work through the information in the program today and complete
your Environmental Assurance Plan, think beyond the immediate

environmental concerns of family and neighbors.

e How does the rest of the public view your environmental
actions?

e Are there any ways to get a financial premium for producing
pork using environmentally sound practices? Will the public
pay a premium for environmentally assured pork?

e What are the political implications of your environmental
management?

e How would a regulator, a state legislator, or a Member of

Congress view your farm?

The impression you leave on these individuals plays a critical role in
shaping our future. NPPC and pork producers like you can use this
program to help policy makers understand how you use sound
environmental management. So, you may want to approach this program

with three key considerations:

e keep an open mind about what you want from this program,
e Dbe creative with how you use the information;

e take action on the information presented.

America’s pork producers must be dedicated to conserving the
environment. Our industry can only gain by having producers who are

united in treating the environment with respect.
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The objectives for the workshop:

e to evaluate your current environmental management techniques;

e toreview the impacts of manure management on water quality;

e to learn ways to reduce your manure management costs and
increase manure nutrient utilization;

e to explore techniques for odor management;

e to discuss “environmentally sensitive” facility management;

e to share ideas on pork production; and

¢ to inform the general public about the pork industry’s

environmental assurance effort.

When you have completed the program, you will experience the benefits of
being environmentally assured:
i
e confidence and security that you are a good environmental
steward;
e improve profitability through better nutrient management;
e reduce the potential liability of a nuisance suit through good
faith efforts and recordkeeping;
* build a positive environmental image for your farm, your family
and your industry;
* join other Environmentally Assured Pork Producers in raising
the awareness at local, state and national levels that we are

dedicated to conserving the environment.
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II. How Am I Doing? — A Personal Environmental Audit

Before diving into today’s program, consider your current management
techniques. Circle the answer that most closely fits your practices. Please
answer honestly. This audit will not be seen by anyone else; it is simply a

tool to help you focus on the possible environmental challenges of your

operation.
L. I conduct manure nutrient analysis.
Annually Every 5 years Never
2 I know my manure application rate (tons, gallons/acre, or Ibs of
NPK/A).
Yes No
3. I use soil samples to determine nutrient levels in fields to which

manure is going to be applied.

Annually Every 3 years Never

4. I consider runoff potential before manure is applied to frozen or

saturated ground.

Always Once in a while Never
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5.

When applying manure near rivers, streams, or other water bodies, I

follow state and/or legal requirements or maintain at least a 50 ft. set

back.

Always

Sometimes

Never

I consider wind direction before applying manure near populated

dareas.

Always Once in a while Never
When applicable, I incorporate or inject manure.
Within 0-24 Within 24 hours Never
hours to a week

My facilities are inspected for possible environmental hazards.

Always

Once every
couple years

Never

I consider the distance to a well when I load or apply manure.

Always

Sometimes

Never
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10. I use odor management techniques.

Always Sometimes Never

11. I maintain detailed records on where and when I apply manure.

Always Sometimes Never

12. I know the total amount of nutrients produced on my farm operation.

Always Sometimes Never

13. Ichange my management practices to reduce potential environmental risk.

Regularly Sometimes Never

14 Thave tested my well water for nitrates and bacteria.

Within 1 year Within 5 years Never

15 My manure system is designed for the of

manure that is produced on my farm.

a.) treatment b.) utilization c.) disposal
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ITII. Environmental Stewardship

A. Nutrient Management
Understanding water quality

We all depend on clean air and water. The water supply we use for both
personal use and pork production comes from either surface water (lakes,
streams, or rivers) or groundwater. Groundwater is the more important source
for most pork producers; it provides drinking water for half the US population
and nearly the entire rural population. Because groundwater is such a vital
source, any type of contamination is viewed with concern.

The best way to protect ground and surface water is to understand and manage
waler quality. The following are several key terms associated with the

hydrology and geology of water quality:

Groundwater:

Surface water:

Aquifer:

Leaching:

Runoft:

Groundwater flow:




e  EN1ViIFONmMental Assurance o—————

Unsaturated Zone — ———»
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Sand & Gravel
Aquifer

Groundwater
Aqulfer

Table

Based on the previous definitions, what land areas and bodies of water
would be most susceptible to contamination due to manure? What are the

possible routes of contamination to both ground and surface waters?
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All water contaminants have a source. Municipal sewage treatment
facilities, industries, and even some livestock operations are considered
“point” sources because they directly discharge their effluent into
waterways. Anything that is not a point source, is considered a non point

source.

What are some other examples of point sources?

What are some examples of non point sources?

Are most of our agricultural water quality problems from point sources or

non point sources?
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Sources of Water Contaminants

There are many different sources of water quality contaminants. Industries,
homeowners, mining, acid rain, air pollution and agriculture can all

contribute to water quality contamination.

EPA and state regulatory agencies assess water quality by sampling rivers,
lakes, streams and groundwater for pollutants. Below is a chart showing

the EPA’s assessment of the nation’s water quality.

Five Leading Sources of Water Quality Impairment
Rank Rivers Lakes Estuaries
1 Agriculture Agriculture Municipal Point
i >0urces
2 Municipal Point Sources | Urban Runoff/ * Urban Runoff/
Storm Sewers Storm Sewers
3 Urban Runoff/ Hydrologic/Habitat Agriculture
Storm Sewers Modification
4 Resource Extraction Municipal Point Sources | Industrial Point
Sources
5 Industrial Point Sources | Onsite Wastewater Resource Extraction
Disposal

Source: EPA National Water Quality Inventory Report to Congress, 1993

This assessment of water quality may not reflect recent changes in farm
management related to government farm program requirements.
Additionally, we do not know what the background or natural levels of
nutrients or sediments are within any given water system. Keep in mind
that in order to get additional information, expensive studies would have to
be conducted. This makes it difficult to gauge agriculture’s relative
contribution toward water quality impairment. However, these
assessments do drive the attitudes and programs of both regulators and
consumers. Understanding and responding to this concern should be an

important consideration for pork producers.




e  IN1Vironmental Assurance qu——-——

Manure, Nutrients and Water

Much of the success of modern crop production can be attributed to the
proper use of nutrients. Both synthetic fertilizers and manure have been
used extensively to increase crop production and feed a growing world
population. The negative side of nutrients is that, if they are not used
properly, they can end up in ground and surface waters. When nutrients

and manure move into water, what are some of the negative things that can

happen? '

The primary nutrients found in hog manure are nitrogen, phosphorus and
potassium. Nitrate nitrogen (nitrate is NO3™-N, a water soluble, negatively
charged ion) in water can be harmful to humans. Doctors recommend
using bottled drinking water to make formula when nitrate levels exceed
the drinking water standard set by the Public Health Service [44 (ppm) of
nitrate (NOs7)]. This level is equivalent to 10 ppm of nitrate-nitrogen (NOy”
-N). Swine rapidly eliminate nitrate and generally are not effected. Nitrate
nitrogen (NO5’) and ammonium nitrogen (NH,") are produced through the
biological break-down of manure. Excessive nutrients and decomposing
organic nutrients (N, P, K, S) can be responsible for algal blooms and weed
growth in water, which can reduce available oxygen for aquatic species.
Along with the nutrients, manure may increase salinity on some soils. This

is especially true in western states.

The value of manure

We often don’t think about the true “value” of manure in terms of N, P,
and K. But as fertilizer costs rise and profit margins fall, producers need to
look for new ways to get as much value as possible from manure.

Different livestock produces manure with different nutrient values — some
more concentrated than others. That’s why manure testing and analysis is
critical. Hog manure has a relatively good nutrient value compared to

other livestock.
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SWINE MANURE GENERATION WORKSHEET

(For estimating and preliminary planning purposes only -- consult more specific tables or a

professional nutrient management advisor for detailed figures.)

Group Number Avg. Size (Ibs/each) Manure Production Factor
Nursery pigs (a) X 251b X 1.6 = (d)
Grower/Finisher (b) X 150 1b X 1.0 = (e)
Sows/Boars (c) X 3001b X 6 = (03]
Total = (w) animal wgt. factor
(d+e+f)
Manure Volume:
Total animal weight factor (w) X .001 = cu. ft./day (h)
cu. ft/day (h) X 7.5 = gallons/day (i)
cu. ft/day (h) X 365 = cu. ft./year (j )
gallons/day (i) X 365 = gallons/year (k)
Add in waste water volume - if unknown, use .1 to .25 gallons/head/day as an estimate:
Total number of animals X gallons/head/day = gallons/day (q)
(a+b+c) gallons/day (g)/7.5 = cu. ft./day (r)
gallons/day (q) x 365 = gallons/year (s)

cu. ft./day (r) x 365 = cu. ft./year (t)

Total manure and wastewater volume: i+q) _gallons/day (u)

[Storage needs = days of planned (k+s) gallons/year (v)

storage X cu. ft./day (y)] (h+r) cu. ft./day (y)
G+t cu. ft./year (z)

Major nutrients produced from manure:
NITROGEN: Total animal weight factor (w)

X0.15= 1b total nitrogen/year (n)

Total 1b of nitrogen/year (n) X

% of N avail. calc. from tables and from crop

production records =

Lb of available nitrogen/year (o) +

1b of N avail/yr. (0)

Ib nitrogen/acre for crop (from crop production

records and type of crop to be grown) =
PHOSPHORUS: Total animal weight factor (w)
Lb of phosphate/year (p) +

crop acres needed
X0.13=
Ib phosphate/acre for crop (from crop production

1b total phosphate/year (p)

records and type of crop to be grown) =
POTASSIUM: Total animal weight factor (w)

crop acres needed
X0.10= 1b total potash/year (k)

Lb of potash/year (k) +

1b potash/acre for crop (from crop production

records and type of crop to be grown) =

*Adapted from USDA National Engineering Agricultural Waste Management Handbook

crop acres needed
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SWINE MANURE GENERATION EXAMPLE WORKSHEET
(For estimating and preliminary planning purposes only -- consult more specific tables or a

professional nutrient management advisor for detailed figures.)

Group Number Avg. Size (Ibs/each) Manure Production Factor
Nursery pigs 4,000 (a) X 251b X 1.6 =__ 160,000 _ (d)
Grower/Finisher 3,000 (b) X 150 1b X 1.0 =____450,000 __ (e)
Sows/Boars 200 (c) X 300 1b X .6 = 36.000 (D)
Total Animals 7,200 Total = 646,000 (w) animal wgt. factor
(d+e+f)

Manure Volume:
Total animal weight factor (w) __ 646,000 X .001 = 646 cu. ft./day (h)

cu. ft/day (h) X 7.5 = 4,845 gallons/day (i)

cu. fi/day (h) X 365 = 235,790 cu. ft./year (j )

gallons/day (i) X 365 = 1,768,425 gallons/year (k)

Add in waste water volume - if unknown, use .1 to .25 gallons/head/day as an estimate:

Total number of animals 7200 X 25 gallons/head/day = 1,800 gallons/day (q)
(a+b+c) gallons/day (q)/7.5 = 240 cu. ft./day (r)

gallons/day (q) x 365 = 657,000 gallons/year (s)
cu. ft./day (r) x 365 = 87,600 cu. ft./year (t)

Total manure and wastewater volume: i+q) 6,645 gallons/day (u)

[Storage needs = days of planned (k+s) 2,425,425 gallons/year (v)

storage X cu. ft./day (y)] (h+1) 886 cu. ft./day (y)
G+1t) 323,390 cu. ft./year (z)

Major nutrients produced from manure:

NITROGEN: Total animal weight factor (w) 646,000 X 0.15= 96,900 1b total nitrogen/year (n)

Total Ib of nitrogen/year (n) 96,900 X__ 0.50 % of N avail. calc. from tables and from crop
production records = ___ 48,450 Ib of N avail/yr. (o)

Lb of available nitrogen/year (o) 48,450 + 120 1b nitrogen/acre for crop (from crop production

records and type of crop to be grown) = 403 crop acres needed
PHOSPHORUS: Total animal weight factor (w) __ 646,000 X 0.13 = 83.980 Ib total phosphate/year (p)
Lb of phosphate/year (p) 83,980 + 80 1b phosphate/acre for crop (from crop production

records and type of crop to be grown) = 1,050 crop acres needed
POTASSIUM: Total animal weight factor (w) 646.000 X 0.10= 64.600 1b total potash/year (k)
Lb of potash/year (k) 64,600 + 120 1b potash/acre for crop (from crop production

records and type of crop to be grown) = 538 crop acres needed

*Adapted from USDA National Engineering Agricultural Waste Management Handbook
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Table 1: Manure Production and Characteristics as Produced

Values are approximate. The actual characteristics of a manure can easily have values 30% or more above or below the table values. The volumes of waste a

system handles can be much larger than the table values due to the addition of water, bedding, etc. For example, liquid waste systems for swine farrowing and

gestation units may have to handle twice as much waste volume as indicated; swine nurseries 3-4 times as much, because of large amounts of wash and wasted

water.
Total Manure Production Density TS VS BODs Nutrient content, Ib/day
Animal Size, Ib Ib/day ft'/day | gal/day | water, % 1b/ft? Ib/day Ib/day Ib/day N P,0s K,0
SWINE
Nursery pig 35 23 0.04 03 90.8 62 0.39 0.30 0.11 0.02 0.012 0.012
Growing pig 65 4.2 0.07 0.5 90.8 62 0.72 0.55 0.20 0.03 0.022 0.023
Finishing pig 150 9.8 0.16 1.2 90.8 62 1.65 1.28 0.47 0.07 0.050 0.054
200 13.1 0.21 1.6 90.8 62 2.20 1.71 0.63 0.09 0.067 0.072
Gestating sow 275 9.0 0.15 1.1 90.8 62 0.82 0.66 0.27 0.07 0.050 0.050
Sow and litter 375 22.5 0.36 2.7 90.8 62 2.05 1.64 0.68 0.10 0.055 0.055
Boar 350 11.5 0.19 1.4 90.8 62 1.04 0.84 0.34 0.09 0.064 0.064

Source: American Society of Agricultural Engineers, data adapted from 1992 ASAE standard D384.1

TS = Total solids (taken from 1992 ASAE data)
VS = Volatile solids (taken from 1992 ASAE darta)

BOD;s = The oxygen used in the biochemical oxidation of organic matter in 5 days at 68°F. A standard test to assess wastewater strength (raken from 1992 ASAE data)
N = Total nitrogen
Elemental P (phosphorus) = 0.44 x P,0s

Elemental K (potassium) = 0.83 x K,0
Densities are from 1992 ASAE Standards

Nutrient contents taken from Purdue University data
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Table 2: Secondary and Micronutrient Content of Swine Manures

Manure Type Ca Mg S Na Fe Mn B Mo Zn Cu
Ib/ton
Fresh 7.9 1.7 1.8 1.6 039 0.04 0074 0.00066 0.12 0.029

Paved lot scraped 120 2.3 2.2 1.6 103 019 0.015 0.00007 035 0.15

1b/1,000 gallons

Liquid slurry 8.6 29 47 37 069 0.15 0069 00011 039 0.11

Lagoon sludge 158 45 83 29 18 028 0.023 0.0095 0.67 0.23
Ib/acre-inch

Lagoon effluent 255 83 100 577 24 34 0.18  0.0045 1.5 0.3

Source: Biological and Agricultural Engineering Department, NCSU

Table 3: Method of Calculating N Availability of Manures” - Midwest Conditions

Available Nitrogen Time of Days Until
%o Application Incorporated”
NH, Organic Date Days
50 33 Nov-Feb <5
25 a3 Nov-Feb >5
50 33 Mar-Apr <3
25 33 Mar-Apr 23
75 33 Apr-Jun <1
25 33 Apr-Jun 3 ]
75 15 Jul-Aug <l
25 15 Jul-Aug > 1
25 33 Sep-Oct <1
15 35 Sep-Oct o]

* The calculations are for all animal manures.

® Incorporation is the mixing of manure and soil in the tillage layer. Disking is usually enough tillage for

conserving N availability.

“Only about one-third of the organic nitrogen in animal manure is available to crops during the year it is applied. The
remaining two-thirds, residual organic nitrogen, becomes part of the soil organic matter. It is mineralized or becomes
available at the rate of about 5 percent a year. To determine how much nitrogen will be available to crops from manure
applications, growers must take into account the mineralized nitrogen that will become available from previous manure

applications.
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Table 4: Nitrogen Losses During Storage and Handling®

System Nitrogen Lost
%o

Solid

Daily scrape and haul 15-35

Manure pack 20-40

Open lot 40-60

Deep pit 15-35
Liquid

Below-ground storage tank 15-30

Above-ground storage tank 10-30

Earth storage 20-40

Anaerobic lagoon 70-80

* Typical losses due to storage and handling between excretion and land application. Values adjusted for dilution.
These values are in addition to any losses that occur during land application.

Table 5 provides a comparison of nitrogen losses due to storage and handling. Land application methods also affect the
amount of nutrients available for crop uptake. Most losses occur within 24 hours of application. Manure should be
incé)rporated into the soil as soon as possible after application. Injecting, chiseling, or knifing liquid manure into the

soil minimizes odors and nutrient losses to the air or as surface runoff.
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Table 5: Estimated N Availability % as a Function of Soil Properties, Environment, and
Application Time and Method for the First Year After Application

Soil Organic Time of Soil Rainfall Broadcast Broadcast Khnife
Matter Application | Texture w/o incorp. w/incorp. Injection
Level % % %o
Fall Coarse [Low, Norm 30 55 45
High 20 45 40
Fine Low, Norm 35 60 50
Low High 30 35 45
Spring Coarse Low, Norm 40 55 50
High 35 50 45
Fine Low, Norm 45 55 45
High 45 55 40
Fall Coarse Low, Norm 30 40 50
High 25 35 40
Fine Low, Norm 35 55 45
High High 33 50 40
Spring Coarse Low, Norm 40 50 50
High 35 45 45
Fine Low, Norm 40 50 45
High 40 50 40

Source: AG-FO-3553-C. Manure Management in Minnesota. Cooperative Extension Service -- University of Minnesota.

Table 6: Nutrient Composition of Swine Manure

Manure Type Total N Ammonium Phosphorus Potassium
NH,-N P,0s K,O
Ib/ton
Fresh 12 7 9 9
Scraped’ 13 7 12 9
1b/1,000 gallons

Liquid slurry® 31 19 22 17
Anaerobic

lagoon sludge 22 6 49 7

Ib/acre-inch
Anaerobic
lagoon liquid 136 111 53 133

Source: Abridged from North Carolina Agricultural Chemicals Manual.
'Collected within 1 week.
?Six-12 months accumulation of manure, urine, and excess water usage; does not include fresh water for

flushing or lot runoff.
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ANNUAL FARM SUMMARY
Calendar Year

Farm Name:
Routine/ Soil Test Results PA++ Nutrient Required NCNS+ PA NCNS Crop Removal PA Net Balance
Field | Crops | pH | CEC [ P-1 [ K-l | Zn [Cu| N | POs | K0 Applied N [P0 [ KO N [P0 [ K0 [ N P05 [ Ki0
pounds per acre for crop lons, acre in. pounds per acre pounds per acre pounds per acre
1000 gal

On-Farm and Imported Solid NCNS Total Applied, tons If you have an excess manure balance, you need to consider transporting it off
Total Produced or Imporied, tons

Solid NCNS Balance, tons
On-Farm and Imported Liquid NCNS Total Applied, 1000 gal or acre in.
Total Produced or Imported, 1000 gal or acre in.

Balance, 1000 gal or acre in.

farm.

* NCNS is noncommercial nutrient source = manure
¥ PA = Plant Available

20)
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Farm Owner:

Lagoon Effluent Irrigation Field Records

-

Irrigation Operator:

Field | Date Crop Field Irrigation Time Number of Sprinkler Nozzle
No. Type Size, | Start | End | Total Sprinklers | Diameter | Pressure | Flow Spacing, ft.
acres mins. Operating inch psi gpm width  length

21



Farm Owner

Lagoon Effluent Irrigation Records

Custom Applicator (if used)

Name:
Address:
Phone:
Field | Date Irrigation Soil | Crop Realistic Nutrient Liquid Analysis Plant Liquid Nutrients Applied Nutrient Balance,
No. Type | Type Yield, Recommendations, Available Nutrients, 1bs/1000 Plant Available, Ibs/acre +/-, Ibs/acre
Ib bu, ton/acre Ibs/acre gallons
volume, | area, N P:0s KO N P, K2 Zn Cu | N POs K:O Zn Cu| N P Ky Zn C
gals acres 0Os O Os O u
Totals:
b3
5
\{'\ 22
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Hog manure does benefit soil quality. Along with nitrogen, phosphorus
and potassium, several trace minerals are also found in manure. If properly
used, the nutrients can reduce commercial fertilizer needs for many crops.
Along with the nutrient value, hog manure can increase microorganisms
and improve soil organic matter, soil tilth, and soil structure. These
improvements in soil quality can reduce erosion, improve drainage, and
increase soil productivity. Let’s take a closer look at the valuable

components of hog manure.
Nitrogen

Nitrogen is important for all plants and animals; the nitrogen in manure is
no different than the nitrogen found in synthetic fertilizers. Nitrogen comes
from many sources and in many different forms. The nutrient and pollution
potential of manure nitrogen depends on the form and amount in the
environment. Understanding the different forms allows you to better

manage this important nutrient.

Atmospheric Nitrogen Gas (N2)
and small amounts of nitrogen oxides and ammonia
70,000,000 pounds over each acre

Elpctrlcal - Industrial Fixation
Fixation Blological
Combustion Removad In Fixatlon
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N20 l Organic v
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piaka mattar < Algae
v
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IMMOBILIZATION abliization
Denitrification Temporarily
used up by
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Nitrate N Ammonium N-—
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Removed by leaching
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The two main forms of nitrogen (IN) in hog manure are organic N (proteins,
amino acids and urea, which are unavailable to plants) and inorganic N
(ammonium, nitrates, ammonia). Ammonium N is the predominant

component of available nitrogen in manure.

When manure is applied to soil, the organic N begins to break down to
inorganic N, which is available to plants. This process is called
ammonification or mineralization, and is affected by temperature, moisture, and
time. These same processes occur in an anaerobic storage lagoon, which is
why nitrogen values are reduced in these systems. Warm conditions have a
higher rate of organic N conversion than cooler temperatures. Approximately
33-50% of organic N is converted to ammonium or available N each year after

the manure is land applied.

When organic N is converted to available N, it starts as ammonium N.
Ammonium N is available for plant uptake and is not mobile in the soil.
The process of nitrification eventually converts ammonium N to nitrate N.
While nitrate N is available to plants, it is also susceptible to denitrification
(loss to the air) and to leaching. Ammonia N can be quickly lost by being
converted to ammonium and volatilized. Incorporating manure into soil

can prevent this process.
Phosphorus and Potassium

Phosphorus and potassium are also important nutrient components of
manure. Both nutrients are needed for proper plant and root growth.
While they generally bind tightly with soil, they can move into surface
waters by moving on eroded soil particles. Phosphorus may move directly
into surface waters in areas with extremely high phosphorus levels.
Excessive concentrations of phosphorus in water can contribute to
excessive aquatic plant growth and depletion of oxygen. However,
phosphorus and potassium have little potential for leaching and have no

direct toxic effects on humans or wildlife. By using proper conservation
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techniques (such as conservation tillage, terraces, filter strips, etc.)

movement of phosphorus or potassium into surface water can be reduced.

The Bottom Line on Manure and Nutrients In Your Area
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Factors Affecting the Application of Manure

What are some “environmental” considerations for land application of

manure?

The answer to this question depends on several factors:

e soil texture -- the amount of sand, silt, clay and organic matter
influences the binding potential of manure;

e soil erosion potential -- nutrients that are bound to soil can
move into water;

e depth to groundwater -- the closer groundwater is to the soil
surface, the greater the potential for contamination;

e distance to surface water -- the closer to surface water, the
greater the potential for contamination;

e amount of precipitation -- greater amounts of precipitation or
moisture increase the potential for leaching and runoff;

e temperatures -- higher temperatures increase volatilization of
manure and influence the form of nutrient available (especially N);

e wind directions -- direction of the wind influences when and
where manure applications should be made;

* manure storage system -- capacity and type of system influences
the amount of nutrients available. In general, systems such as
anaerobic storage lagoons considerably reduce the amount of
nitrogen in manure;

e manure application method -- application influences the amount
of odor, degree of volatilization and area to which it is applied;

e crops grown -- different crops have varying nutrient needs and

rates of nutrient uptake.
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Application Considerations

Of all the factors that need to be considered for environmentally friendly
applications of manure, some of the most important are timing, method and

rate of application. Let’s take a closer look at each of these.

Time of application

Time of application influences nutrient availability and potential movement.
The environmental management plan for your operation, including the

storage capacity of your handling system, should determine when manure is

applied.

Fall applications, either injected or broadcast, allow more time for organic
portions of the manure to break down and be available for plant uptake.
However, the increased time for breakdown also allows for more potential
nitrogen loss to the environment. Coarse textured soils have the greatest
chances for leaching with fall applied manure. Manure applied in the spring
has the least amount of time for nitrogen loss to occur. Spring applications
also create the greatest likelihood for soil compaction. The exact impact of
time of application depends on temperature and soil type. As a general
rule, when applying manure, follow the same local guidelines as for

anhydrous ammonia application.

Frozen or saturated soils can increase the potential for environmental
contamination. In some areas, regulations prevent these applications.
Incorporation is not feasible under these conditions, so nitrogen loss can be
high. Nitrogen and phosphorus movement into surface water is also
potentially high. When manure is applied to frozen ground, it should be
applied on relatively flat land. Land with grass, hay or small grain stubble
should be used for these applications. In southern climates, grass is an
excellent cover crop for nutrient uptake and should be utilized to its fullest

extent.
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Method of application

Method of application can also impact the environmental fate of manure.
Injecting or incorporating manure soon after application reduces nitrogen
loss and minimizes odor. Producers should use care when injecting manure
on highly erodible land. Injection and incorporation may not always be
possible because injectors may not leave adequate crop residue on the soil
surface. If your USDA Conservation Compliance Plan includes a minimum
crop residue requirement, check to be sure you’re maintaining adequate

levels. In some cases, broadcast application may be needed.

When applying or transporting liquid manure through irrigation systems,
care needs to be taken to avoid surface and groundwater contamination.
Irrigators also need to be concerned about applying effluent at a rate that

matches the infiltration rate of the soil to avoid runoff and ponding.
Rate of application

With all application methods, the proper amount of manure needs to be
applied based on soil tests, manure tests, soil type, crop needs, and proper
calibration techniques. Consult your local Natural Resource Conservation

Service, Extension Service or crop consultant for specifics.
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IV. Handling Manure to Protect the Environment

Manure Treatment and Utilization Considerations

What were your key considerations when you designed your manure

management system?

If you could change your manure management system today, what would

you change?
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Environmental Considerations of Manure Storage

and Treatment Systems

The primary environmental threats from manure storage systems are

overflow and leaks. To prevent these problems, keep the following in

mind:

e provide adequate storage. Storage should be consistent with
your manure management plan and meet regulatory
requirements. By having adequate storage, manure can be
applied when workload is the lightest, crop benefit is the
greatest and environmental conditions are best. Outdoor lots
should use retainment structures or should drain to an approved

manure storage facility.

o keep rainwater and excess water out of storage area. This
helps prevent overflow of storage capacity and reduces manure
handling costs. If rainwater does come in contact with manure,
it is important to retain and eventually use the nutrient value of

this water.

o evaluate the location of current and future manure storage
systems. What can be done to minimize the runoff and odor
from your current system? Planting trees, building concrete
barriers, and grading land can all minimize odor and manure
movement. Use the environmental audit form of this program

annually to evaluate your manure system.
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e use proper construction techniques. Actual construction
techniques vary depending on the system. However,
environmental considerations need to be paramount. Storage
units should be designed and constructed to ensure that manure
liquid does not move into groundwater or vice versa, either
during storage or in transit to the storage structure. For earthen
lagoons, either a properly constructed compacted soil liner or
an industrial membrane liner may be needed if the native soil is
highly permeable. Check with state and local personnel to get
specifics on your construction requirements. Natural Resource
Conservation Service (NRCS), State Department of Agriculture
or Natural Resources, or private consultants and engineers may
assist on design, construction and maintenance

recommendations.

e have a plan in case of an accident. Being prepared in the
case of an overflow or leak reduces environmental problems.
An emergency plan should include techniques to clean up the
spill, whom to contact, needed documentation, and additional
contingencies that may fit your operation. Identify the person
within your state regulatory agency to contact in the event of a
spill. Keep a list of contacts who can help you in an emergency

next to your phone.
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Manure Treatment

Manure treatment systems are popular where the land base for manure
applications is limited and the nutrient load from manure needs to be

reduced. Treatment systems include:

e anaerobic treatment lagoons: reduce organic matter and
nitrogen, concentrate phosphorus in the sludge, and can reduce
odor;

e digesters: stabilize organic matter and produce methane and
carbon dioxide for energy and help reduce odor (Note: These
systems do not reduce nutrient content);

e aerobic treatment lagoons: stabilize and reduce organic
matter and nitrogen and are effective for odor control;

¢ liquid-solid separators: separate some nutrients from effluent,
can improve the effectiveness of treatment lagoons, and can
reduce odor;

¢ constructed wetlands, grass waterways, filter strips: reduce
nutrient concentration in diluted effluent;

e composting: stabilize manure nutrients, kill bacteria and may

reduce nitrogen content.

Use environmental considerations similar to those for storage when using .
treatment systems. Keep in mind that every manure storage system has a
potential for environmental contamination; therefore, proper design,

construction and maintenance techniques are critical.
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Manure Reduction Strategies

Some producers may benefit from reducing the amount or nutrient value of
the manure a pig produces. By improving feed efficiency, the amount of
nutrients in manure can be reduced. Producers who have used this strategy
match the genetics of their pigs with proper nutrition, use phase feeding

techniques, and feed barrows and gilts with different diets.

Feed additives

Feed additives can also be used to improve digestion and utilization of
feed. Reducing the crude protein content of feed through the addition of
supplemental amino acids (lysine, methione, tryptophan, and theronine) can
alsp reduce manure nitrogen concentration. Researchers have reported
that use of synthetic lysine reduces nitrogen excretion in finishing pigs by
up to 22%. The same researchers (Cromwell and Coffee) predict that
reducing the crude protein content by 4% with the use of synthetic amino
acids would reduce nitrogen excretion by 41%. Replacing a portion of the
soybean meal with 0.15% synthetic lysine in the starter, grower, and
finisher diets would reduce the annual nitrogen output of a 500-sow farrow

to finish operation by 55 Ibs per day (10 tons per year).
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Table 7: Effect of Reducing Dietary Protein and Supplementing
with Amino Acids on N Excretion by 200-1b Finishing Pigs*

N balance 14% protein | 12% protein | 10% protein

+ lysine + theronine | + tryptophan
N intake (g/day) 67 58 50
N retained (g/day) 26 26 26
N excreted in feces (g/day) 7 7 7
N excreted in urine (g/day) 34 25 17
Reduction in N excreted (%) - 22 41

* Assumes an intake of 6.7 lbs/day, a growth rate of 2 Ibs/day, a carcass lean tissue gain
of 0.9 lbs/day, a carcass protein gain of 0.2 Ibs/day, and that carcass N retention
represents 66% of the total N retention.

(Cromwell, 1993. NPPC Environmental Symposium, Minneapolis, MN).

i
Manure reduction strategies make sense if the producer cannot efficiently

use manure nutrients in crop production. Contact your feed company or

feed consultant for more information on feeding strategies that can reduce

manure volume and nutrients.
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Phase Feeding

The term phase feeding refers to feeding several diets for short periods of
time, compared with feeding only one diet for a long period of time. Phase
feeding several diets from birth to market allows producers to meet the
nutrient requirements for the pig more accurately. This minimizes the
periods when the pig is fed below its nutrient requirements — which impair
pig performance and feed conversion, and the periods of overfeeding —
which increase the amount of excess nitrogen excreted (up to 30%).
However, because the pig’s nutrient requirements change rapidly, the
potential savings in nitrogen reduction are smaller than those observed with
feeding low-protein, amino-acid fortified diets. It would not be
unreasonable to expect 5 to 8% reductions in nitrogen excretion by feeding
only two diets, as is common in much of the U.S. today. This would result
in reduced nitrogen excretion of 15 to 24 Ib per day (2.7 to 4.5 tons per

year) for a 500-sow operation.

Other management practices that allow for more accurately meeting the
pigs’ nutrient requirements include split-sex feeding, where barrows and
gilts are fed different diets separately. Other management practices can

reduce nitrogen excretion similar to phase feeding.
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Nutrient Application Plans

Good recordkeeping is critical to the success of a farm operation and of
manure management. A nutrient management plan should include at least

the following:

1. Farm and field maps (if possible, use aerial photos) showing acreage,
crops, soil types, water bodies, and environmentally sensitive areas

such as sinkholes, Karst areas or wetlands.
2. Realistic yield expectations for the crops to be grown.
3. Information on manure and soil fertility levels

¢ soil tests results for pH, phosphorus, nitrogen (if applicable) and
potassium for each field

e nutrient analysis of manure
4. Amount, dates, and climatic conditions when manure was applied
5. Other sources of nutrients:

® nitrogen contribution from legumes;

® commercial fertilizers or sludge applied;

® irrigation water nutrients.

6. Records of the proper calibration and operation of nutrient application

equipment.
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Nutrient Utilization Exercise

A swine producer has an anaerobic treatment lagoon with 2,000,000 gallon storage capacity and
200,000 gallon storage pit under a separate nursery facility. Both must be land-applied on
cropland after fall harvest of corn or soybeans. Laboratory tests showed that the lagoon had an
analysis of 1 Ib of organic nitrogen, 3.5 Ibs of ammonia nitrogen, 1 Ib of phosphate and 4.5 Ibs of
potash per 1,000 gallons with 99.5% moisture content. The pit manure analyzed 31 Ibs of organic
nitrogen, 44 1bs of ammonia nitrogen, 48 lbs of phosphate and 45 1bs of potash per 1,000 gallons
with 93% moisture content. Use the assumption that 1/3 of the organic nitrogén and 1/2 of the

ammonia nitrogen will be available to next year’s crop.

1. How many gallons/acre can be applied to provide 150 Ib/A of nitrogen to next year’s corn crop

from
e the lagoon wastewater:

e the pit manure:

2. If there are 27,000 gallons per acre per inch of wastewater, how many inches of the lagoon

wastewater can be applied (on a per acre basis) to meet the requirements of question 1?

3. How many acres would be required to empty the storage structures based on the above rates

from
e the lagoon wastewater:

e the pit manure:
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4. Using the above application rates, how much phosphate and potash would be applied per acre

from

e the lagoon wastewater
phosphate:

potash:
e the pit manure

phosphate:

potash:

5. If soil tests called for the application of 85 Ib of phosphate/acre, how many gallons of the pit

' manure per acre would provide the phosphate required?

6. How many acres would be required to spread at that rate from the pit?

7. Based on the volume and analysis of the lagoon wastewater, what might be other viable

economical and environmentally safe alternatives for its use?
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Air Quality

There are two major air quality concerns when evaluating environmental
assurance. We all know that odor can be a problem, but air quality for
workers also needs to be considered. In this section, we will examine
factors surrounding both the odor and human health air quality

considerations.

Odor

On many operations, odor is likely to be the number one environmental
issue for both producers and the general public. Because people can detect
a smell they find offensive, they assume there is an environmental problem.
What are some perceptions of swine odor that your neighbors and

members of your community may have?
Sources of odor

The good news is that odor can be managed by reducing sources of odor.
Decomposing manure is the most obvious source. Generally, decomposing
manure that has undergone some type of anaerobic (without oxygen)
breakdown has a more offensive odor than fresh manure. The actual odor
is the result of the type of ration, animal metabolism and environmental
conditions in which manure is stored and spread. Decomposing feed and

carcasses can also contribute to odor.
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What makes manure smell?

The primary smell components in manure are ammonia, hydrogen sulfide,
skatole, indole, amines, and mercaptans. When these compounds are
present in confined spaces at high enough concentrations, there can be
human health problems. However, manure odor does not have human

health consequences in normal manure handling or application situations.
Odor Reduction Strategies

e Use good planning. Since odor is essentially a manure management
issue, make sure your manure storage is adequate. Consider odor in
planning and design a system that has little potential for leaks or

joverflows. Odor complaints can be minimized by proper site selection.

e Minimize the escape of odor-causing compounds. Covering

manure storage tanks or using additives can help minimize smell.

e Limit the amount of moisture. Limiting moisture in manure reduces
the biological breakdown process. Generally, manure needs to be less
than 40% moisture to reduce these processes. Designing well-drained
outdoor lots, using watering systems that do not leak or drain into the

lot, and using runoff control systems reduce moisture in manure.

e Keep animals clean and dry.
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e Manage and maintain manure handling systems. If lagoons are
used, they should not be overloaded. They should be located as far as
possible from neighbors. Landscaping, particularly wind breaks, can
also be used to reduce the perception of smell and possibly block wind

movement of odor.

e Use proper disposal and application practices. Be aware of wind
conditions and locations of sensitive neighbors. Morming applications
are more desirable than evening applications because they dry more

quickly. Incorporation or injection into the soil can also reduce odor.

o Others: Additional odor reduction techniques are available. These

include anaerobic digesters, aerated lagoons, and air scrubbers.
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Air Quality and Human Health Considerations

Good management and safety considerations need to be used to ensure that
liquid manure storage facilities do not become hazardous. The major
concerns are toxic gases that can be produced as the result of anaerobic
decomposition of manure. These gases include ammonia, carbon dioxide,

methane and hydrogen sulfide. Health risks from these gases can be

reduced by:

using proper ventilation when agitating and pumping manure from a

deep pit system,;

e leaving at least one foot of air space between the manure level and the

bottom of a slotted floor in a deep pit system;

i

e constructing manure storage facilities outside of buildings;

e using a pit recharge system,

— pit recharge uses a valve that is opened to drain the manure out of
the pit approximately once a week. Immediately after the pit is
emptied, the valve is closed and about 12 inches of treatment
lagoon water or fresh water is added back into the pit. The extra
water adequately liquifies the manure to reduce solids buildup. The
environment in some older buildings may be greatly improved by

adapting them for pit recharge.

e monitoring ventilation systems;
— the purpose of ventilation is to provide satisfactory air for
breathing, to control room temperature in mild weather, to provide
for animal comfort in hot weather, and to remove gases, odor, and

moisture produced by the respiration of pigs during cold weather.
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Ventilation safeguards the health and welfare of both animals and
caretakers.

— the ventilation rate should be sufficient to maintain air quality in
swine production buildings at or below acceptable concentrations,
except for brief periods in weather extremes or during manure
handling. Ventilation recommendations, according to the Midwest
Plan Service or other recognized sources, when combined with
good sanitation, cleaning, feed handling, and manure management,

normally ensure acceptable air quality in swine facilities.

Confined Space Safety

Producers and their employees have died of asphyxiation from entering
mapure pits. Would-be rescuers have also been overcome resulting in

multiple deaths in some of these incidents. To avoid potential fatalities:

e post all confined spaces with keep out signs and other placards that

alert employees and family to potential dangers;

e do not enter confined spaces without a self-contained breathing

apparatus or other proper safety equipment;

e educate local emergency officials about your facilities and conditions

that cause potential problems.
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Facilities Management

The old saying that “hindsight is 20/20" applies to facility management:
most producers would change something about their operation if it were
economically feasible. The change may be as major as the location of a
building or as minor as the direction a door opens. In any case, the best
way to avoid these frustrations is to conduct sound planning when
considering new construction. Environmental regulations now require this
planning in many states. However, there are several factors you may want

to consider when planning new facilities:

o [Establish a baseline of water, soil and environmental conditions. Take
water and soil samples to determine baseline information before you build.
Well monitoring or regular well testing may also be needed if ground or
surface water quality is a concern. A thorough soil evaluation by a

‘professional soil scientist should be performed before storage or lagoon

structures are designed.

» Location, location, location. Thoroughly evaluate the impacts of the
facility on the environment (including ground and surface water and

wildlife) as well as surrounding neighbors and communities.

e Evaluate drainage, topography, hydrology, geology and possibility
of future development (both your own and the surrounding areas).

Also consider if natural buffers such as wetlands or woodlots exist.

e Evaluate manure utilization options and soil types. What are the
historical yields of surrounding soils? Do they have any special
agronomic challenges? Within your present cropping system, is there
sufficient acreage available for the capacity of your facilities? Do you
need to make changes in your cropping pattern or manure treatment

options to fully utilize your manure nutrients?

e Manure storage setbacks. This distance depends on size and type of

manure storage structure and local regulations.
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Techniques for Improving Management of Current Facilities

Let’s review some environmentally sound facility management

considerations for current facilities:

« Appearance of the operation. How a facility looks has a large impact

on what people think and their perceptions of odor.

o Cleanliness of the operation. Having a clean facility improves herd
health, reduces odor, and makes management easier. Dead carcass
disposal is critical for good sanitation and the impression it makes on

neighbors.

+ yMaintenance. Having a routine building maintenance program helps

reduce environmental mishaps.

+ Recordkeeping. Having a manure management recordkeeping system
lets you monitor manure analysis, fertility levels, historical yields, dates

of application, location of application and overall profitability.

« Water use and drainage. Understanding the locations of aquifers,
surface waters, drainage patterns and tile lines reduces the chance of

environmental contamination.
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Aesthetics and Neighbor Relations

Aesthetics and neighbor relations should be a consideration when locating
and managing a swine facility. Well-maintained buildings and landscaping
indicate that the producer and his/her employees are concerned about the
environment. Trees and shrubs can help screen facilities and reduce odor
and noise. Manure storage and other necessary parts of the operation
commonly associated with odor should be located as far from public view
as possible. The direction of prevailing wind should be considered in

locating pork production facilities.

Swine facility managers should consider neighbor’s activities when
planning operations that may increase odor. For example, ask nearby
nejghbors about any planned outdoor events when preparing to land-apply

manure. If possible, apply when prevailing winds are not in the direction of

nearby residences.
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Community Relations Case Study

Chuck Wagon has a 200-sow herd and farms 750 acres of crop land about
1.5 miles from town. He and his family are actively involved in the
community. He is especially proud of being the chairperson of the
baseball park remodeling committee. With the help of Chuck’s active
community involvement, a new computer business has recently moved to
his rapidly growing town. Several of Chuck’s neighbors have sold off 5-
acre lots along the blacktop road leading to his farm operation to the
employees of the new computer company who want “the country
experience.” When the wind blows out of the east, he usually can count on
getting complaints about odor from these new computer people. He is
really getting concerned because a lawyer (who works for the law firm of
Dewey Cheatum and Howe) recently built a house close to his operation
and organized the neighbors in a petition drive to save an endangered

species located in the county.

What are five things Chuck can do to prevent further problems?

In the case of a law suit, what should he do?
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V. Key Regulations

Pork producers can be regulated in many different ways, from federal
regulations to state and local laws. Along with these governmental

regulations, private citizens can sue a producer for nuisance.

Federal Regulations

The primary federal regulations that affect pork producers deal with water

quality issues.

» Federal Water Pollution Control Act (commonly called the Clean
Water Act). The Clean Water Act is a broad piece of legislation that is
idesigned to protect the waters of the United States, primarily from
point source pollutants. This law prohibits the discharge of pollutants
into a waterway from a point source unless authorized by a permit from
the appropriate agency. A concentrated livestock feeding operation
that discharges into the nation’s waters is considered a point source and
must obtain a permit. However, in the legislation, point sources are not
defined; the conditions in which a livestock operation is a “point
source” are not mentioned. The nation’s waters generally are
considered to be rivers, streams, lakes, and other bodies of surface
water and subsurface water not entirely confined upon land owned or
leased by an individual or group. Most state regulatory agencies
enforce the Clean Water Act. Under the Clean Water Act, a regulated
discharge that occurs without first obtaining an National Pollutant
Discharge Elimination System permit subjects the violator to fines of
$25,000 per day. The legislation also allows provisions for citizen suits
against point source discharges including Concentrated Animal Feeding

Operations.
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« Coastal Zone Act Reauthorization Amendments. This act is
designed to reduce pollutants in coastal waters through non-point
control practices. This is the first type of federal legislation designed to
reduce non-point pollution. States are required to implement the non-
point source management regulations. These management measures
include nutrient management plans, pest irrigation and animal manure

management.
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State and Local Regulations

Many federal regulations require adoption by states in order to be
implemented. State regulations that implement federal regulations often
differ from the federal intent. However, states are free to develop their

own regulations (they must meet minimum federal standards) that may

affect a hog operation.

Most local regulations are in the form of zoning ordinances that dictate

land use. Your facilitator will provide you with an update of recent State

and Local regulations.
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Nuisance Laws

Private nuisance lawsuits may be filed against pork producers. Nuisance
law is based on the right of landowners to be free from unreasonable
interference with the enjoyment of their property. Nuisance claims against
pork producers often involve situations such as odor problems, dust, noise,
flies, rodents, water contamination or manure spills. If a nuisance law suit
is brought against a pork producer, changes in production practices may
have to be made, damages may have to be paid, or the operation may be
closed. The primary steps a producer can use to avoid these types of
actions are to have good records, use a manure management plan and
follow the suggestions in this program. Many states have enacted right to
farm laws that may offer some protection from nuisance lawsuits. In some
areas, producers have traded development rights for nuisance protection.
Following the steps in the Environmental Assurance Program will give you

a start at reducing the chances of a nuisance lawsuit against your operation.
Twenty Tips for Responding to a Nuisance Suit

1. Recognize the potential threat of a nuisance suit. It is very
important to recognize a serious legal threat posed by a nuisance suit.
To treat the matter lightly is to risk losing. You should respond to the

petition initiating the suit within the deadline provided by the law.

2. Contact your attorney if you are sued or threatened with a suit. If
you are sued, contact your attorney immediately. Give your attorney a
copy of the petition that contains the allegations against you. If you do
not have an attorney, find one. Consider asking other farmers or
agricultural officials for advice on attorneys familiar with agricultural
law. The American Agricultural Law Association has 900 members

nationwide, and many county and state bar associations have
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nationwide, and many county and state bar associations have
committees devoted to agricultural law. You may also contact the

Pork Producers Environmental Law Education Network at 1-800-705-

6270.

3. Work closely with your attorney to prepare a defense. You will
need to educate your attorney about your operation (and maybe about
agriculture). Be sure the attorney is aware of the state right to farm

law.

4. Develop a detailed history of your farm. Information about your
farm will be valuable to your attorney. Prepare a detailed history of
your farm, including information about when the different facilities

swere constructed, when the livestock operation was added, and when

any expansions or additions began.

5. Compile facts and documents about the operation. In connection
with preparing the history, collect documents and other evidence
supporting information such as dates of construction. If you obtained
state and local permits, provide copies and the history of when they
were obtained. The lawsuit may turn on the question of when you

established your operation and if it is reasonably operated.

6. Keep detailed records for your operation. Good recordkeeping can
be valuable for many purposes, including financing and taxes. Good
records are important in a nuisance suit. The main issue, which is
whether or not you are a nuisance, will depend on how you operate the
farm. If you have records on topics such as when you spread waste,

how much, and where, they could help refute claims you are a nuisance.
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7. Compile a list of your contacts with the person suing you. An
important issue may be whether you knew of the plaintiff’s concerns
and whether you made an effort to resolve the problems. You should
prepare a record of contacts with them. Issues that could be important
include whether they complained before, if they told you of their
concemns, if you made changes in response to the complaints, if they

complained to the state officials, and, if so, what resulted.

8. Determine who was there first, you or the neighbor. As part of the
history of your operation, determine the chronology of who was there
first. Did the neighbors know of your livestock operation when they

moved in? If so, it will be important to document this.

9. , Determine when expansions or new facilities were established.
Another important issue in a nuisance suit is when the activity in
question began. The issue often relates to when an existing farm
expanded or added a new activity, such as feeding hogs. If you made
changes in the operation since the plaintiff moved nearby, your attorney

needs to know.

10. Listen to your attorney’s advice. Remember, your attorney works
for you. It is the attorney’s ethical duty to represent your interests

zealously and competently. You are paying for advice, so follow it.

11. Don’t be impatient with the pace of the case. Legal disputes can
take a long time to go to trial. The parties must prepare, and much
time will be spent on developing the facts. You will be asked to answer
questions from the other side, and you can do the same during what is
called “discovery.” There may be delays when the attorneys file legal

motions concerning how the case will be handled. Delays may also be
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experienced getting a time for the court to hear the case. In some

states, it may take several years for a case to come to trial.

12. Don’t forget the possibility of negotiating a settlement. In some
cases, you may not want to compromise with the people who sued you.
But in other situations, negotiating a settlement may be the best for
both sides. Perhaps there is some change you can make in your
operation, such as where you dispose of manure, that will satisfy them.
Fighting over the “principle” of the matter may be important, but not if
doing so will cost a fortune, risk losing the “war,” and close your farm

as a nuisance.

13. Determine how you will pay for your defense. Legal representation
¢ will cost money, but it is a cost you must consider taking. Legal fees to
defend a nuisance suit are an investment in the future of your operation.
Ask your attorney for an estimate of the cost and how long it might
take. The estimate may not be exact, but it will give you an idea of
what you can expect. You might consider contacting local farm

organizations or livestock groups for assistance in sharing the defense

COsts.

14. Get farm groups and the media involved in your case. It may be
helpful to have the support of other agricultural producers in defending
a nuisance case. These groups can provide both moral support and
testimony concerning the reasonableness of your farming practices.
They may also help influence the community attitude to such cases.
The farm media may help warn producers about what can happen and

why they need to guard against nuisance suits.

15. Explain to the court why you farm and that it is your way of life

and business. If your case goes to trial, you will be asked to testify.
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Your testimony will be important to the judge and jury. Explain clearly
how you operate your facility and what steps you take to be sensitive to
the concerns of neighbors. Maintain a positive and cooperative attitude
when participating in the trial. Don’t let the jury or judge believe you
think you have the right to conduct a nuisance just because you are a
farmer. Remember, the jury will be local people; some will understand
farming and some won’t. The jurors and judge may be as sympathetic

to the plaintiff as to you.

16. Use available legal defenses. Be sure you know the law and use it.
The law in your state may provide other defenses such as “coming to
the nuisance.” Even if the right to farm law in your state is untested, as
many are, don’t ignore it. Perhaps your case will be the test case that

ishows the law’s value in protecting farmers. Right to farm laws will

never be an important legal protection unless parties use them.

17. If you comply with state and federal environmental laws, prove it.
Livestock producers are required to comply with state and federal laws
concerning water quality protection. The state law may contain
guidelines for disposing of animal wastes. If you are in compliance
with these laws, obtain proof and use it at your trial. Evidence you are
satisfying the legal requirements for your operation will not prevent a
nuisance finding, but it is good evidence that your facility is reasonably

operated.

18. Explain why farming is reasonable where you are located. One
issue will be whether your activity is reasonable where it’s located.
One way to show your farm is reasonable is to document the nature of
the area. Show the court the number of animals raised within 5 miles
of you, and the number of farmers similarly situated. Make the court

understand that if your operation can be enjoined, there may be
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nowhere else for farming to go in your area. Explain how animal
agriculture aids the local economy and how many jobs it creates. Use
the information to show that livestock production is important to your

area and that it is a reasonable use of your land.

19. Use expert witnesses to support your claims. Courts will hear from
expert witnesses concerning the case. Use university professors to
testify your operation uses state-of-the-art technology or is well run.
Experts can measure the odors and show they are not in violation of
state law. By using experts to build your case, the decision won'’t rest

just on emotion and the plaintiff’s allegations.

20. Consider filing a counterclaim against the plaintiffs. A nuisance
suit can cause you serious harm, both financially and emotionally. If
you feel the suit was filed to harass you or is frivolous, ask your
attorney if you have grounds to file a counterclaim. You can seek
damages from the neighbors and make them feel the threat of a legal

suit if the facts support your claim.

Reprinted with permission from A Livestock Producer’s Legal Guide to

N uisémce, Land Use Control, and Environmental Law by Professor Neil
Hamilton, Drake University Agricultural Law Center, 1992.
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V1. Environmental Assurance Action Plan

When it comes to environmental challenges, knowledge is power. Now
that you have completed the Environmental Assurance workshop, you need
to take what you’ve learned home to thoroughly evaluate your own
operation. The following self-assessment is designed as a tool to improve
your operation’s efficiency, make sure you are conforming to current
regulations and provide you with a road map to ensure environmentally
sound management techniques today and well into the future. Some of the
evaluations in the assessment may not apply to your operation; however,

they may give you ideas on other activities that you may want to do.

How to Use This Tool

This is your assessment. Honestly evaluate your operation using the
following questions. Mark the proper boxes and action steps that need to
be taken. You don’t have to share this assessment with anyone, but don’t
be afraid to ask for help. There are numerous public and private sources
who can help you, not only in answering the questions but in designing the
action steps that will make up your environmental management plan.
Additional information on the topics found in the assessment can also be
found in the appendix of this program. When you have completed the -
assessment, complete the survey needed to receive your Environmenfai
Assurance Certificate and return to: Environmental Assurance Program,
National Pork Producers Council, P.O. Box 10383, Des Moines, IA,
50306.




asssessssssssssse ENvironmental Assurance o———————

Water Quality

L. Do you know your depth to groundwater?
YES NO ACTION TO BE TAKEN

2. Have you had your well water tested for nitrates and bacteria?
YES NO , ACTION TO BE TAKEN

i

3. Are manure applications made to prevent runoff into ditches, streams, lakes or neighbor’s

land?

YES NO ACTION TO BE TAKEN
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4. Do you apply manure to sloping ground. If yes, can you use techniques to reduce the

amount of runoff?

YES NO ACTION TO BE TAKEN

3. Do you utilize filter strips, vegetative borders, or setbacks when applying manure or lagoon

water in proximity to environmentally sensitive lands (ditches, rivers, streams)?

YES NO ACTION TO BE TAKEN

6. Do you consider the distance to a well when you load or apply manure?

YES NO ACTION TO BE TAKEN
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Nutrient Management

T Do you have a plan for the utilization of the nutrients that are produced by your facility?
YES NO ACTION TO BE TAKEN

8. Do you determine the nutrient content (minimum N, P and K) of manure or lagoon water at

a minimum of once per year?

YES NO ACTION TO BE TAKEN
0. Do you annually soil sample the fields that will receive manure or lagoon water
applications?

YES NO ACTION TO BE TAKEN
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(B3 Do you credit other sources of nutrients such as legumes (soybean, alfalfa, etc.)?
YES NO ACTION TO BE TAKEN
11 Is runoff potential considered before applying manure or lagoon water to frozen

or saturated ground?

YES NO ACTION TO BE TAKEN

12. If using irrigation water, do you conduct a nutrient analysis of the water and credit it?

YES NO ACTION TO BE TAKEN
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13. Do you base your manure and fertilizer application rates on realistic yield goals for specific
fields?
YES NO ACTION TO BE TAKEN

14.  When taking a manure sample for analysis, do you take a representative sample from a

well-agitated pit or tank?

YES NO ACTION TO BE TAKEN

5. Do you use plant tissue analysis to determine the efficiency of nutrient uptake?

YES NO ACTION TO BE TAKEN
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16. Do you know what your manure or irrigation water application rates are and calibrate

equipment to ensure that the proper rate is delivered?

YES NO ACTION TO BE TAKEN

17. When possible, is manure/slurry injected or incorporated into the soil after application to

avoid volatilization loss and odor problems?

YES NO ACTION TO BE TAKEN

18.  Is manure uniformly applied to soil?

YES NO ACTION TO BE TAKEN




aessseseeesssssse ENVironmental Assurance emsseeseesss——"

18 Do you keep records of manure or lagoon water application that include date and time of

application, wind direction, amount applied, nutrient analysis, and soil test reports?

YES NO ACTION TO BE TAKEN

20.  Are manure applications made at a time to maximize nutrient uptake in the plant (spring or

side dressed)?

YES NO ACTION TO BE TAKEN
21 Are cover crops used to maximize nutrient uptake of manure if applications are made in the
fall of the year?

YES NO ACTION TO BE TAKEN
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22. Do you avoid making applications of manure to coarse textured soil (sands) in the fall and

winter time unless winter cover crops (winter rye, rye grass) are used?

YES NO ACTION TO BE TAKEN

23 Is irrigation of lagoon water conducted at multiple times and reduced rates to maximize

infiltration and minimize runoff potential?

YES NO ACTION TO BE TAKEN

Facility Management

24. Do you have a map of your facility showing drainage patterns and bodies of water?

YES NO ACTION TO BE TAKEN
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25. Do you have a plan and materials available for spill/overflow control of manure?
YES NO ACTION TO BE TAKEN
26. Do your manure storage and treatment facilities meet specifications and guidelines found in

the USDA NRCS Field Office Technical Guides or that of state or local regulatory

agencies’
YES NO ACTION TO BE TAKEN
27. If runoff storage ponds or treatment lagoons are used, are they designed to handle all

runoff and rainfall from a 25-year, 24-hour storm?

YES NO ACTION TO BE TAKEN
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28. Do you conduct inspections on manure storage areas, pumps, tanks, and other pertinent

manure storage and handling equipment?

YES NO ACTION TO BE TAKEN

29: Do you maintain records of inspection activities (for at least 3 years), of any spills or

overflows that occur, and of water quality?

YES NO ACTION TO BE TAKEN

30. Do you use a preventative maintenance program that includes periodic testing of

equipment, repair, and records of maintenance?

YES NO ACTION TO BE TAKEN
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31, Do you have an employee training program that includes pollution prevention techniques

and what to do in case of a manure spill or overflow?

YES NO ACTION TO BE TAKEN
32. Do new hires receive manure management/pollution prevention training within 30 days of
employment?
YES NO ACTION TO BE TAKEN
i
33.  If using lagoons, are rainfall records kept to determine the contribution of precipitation to

field saturation and storage capacity?

YES NO ACTION TO BE TAKEN
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34. Are you current on all necessary permits needed for manure storage and handling?

YES NO ACTION TO BE TAKEN

Odor Management

33. Is manure applied in the morning rather than in the late afternoon?
YES NO ACTION TO BE TAKEN
36. Is wind direction considered before applying manure?

YES NO ACTION TO BE TAKEN
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3. Is manure spread on holidays or weekends?
YES NO ACTION TO BE TAKEN

38. Are vegetation barriers such as bushes and shrubs used to filter and dissipate odors?
YES NO ACTION TO BE TAKEN

39. If you are using outdoor lots, are you using methods to reduce the amount of moisture in
the manure?

YES NO ACTION TO BE TAKEN
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40. Are appropriate neighbor relations techniques used to prevent or handle complaints about
odor?
YES NO ACTION TO BE TAKEN

41. Do you dispose of dead animals according to state and/or local regulations?
YES NO ACTION TO BE TAKEN

Worker Health & Safety

42. Does your ventilation plan consider both animal and human health?

YES NO ACTION TO BE TAKEN
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43. Do you have necessary safety equipment and placards around manure storage areas?
YES NO ACTION TO BE TAKEN
44, Are you or someone at your facility trained in first aid techniques?
YES NO ACTION TO BE TAKEN
45. Do you notify other personnel when someone is working or

entering a confined-space manure handling facility?

YES NO - ACTION TO BE TAKEN
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Environmental Assurance

Congratulations on completing your environmental assurance program.
The next step is to send your completed survey to NPPC to receive your
Environmental Assurance Certificate. We suggest you conduct the
assurance audit on an annual basis to ensure you are meeting the minimum

requirements.

Your actions reflect the image of the entire industry. As we continue to
accept our environmental responsibility, there are a number of action steps

you need to choose from, which may include the following:

¢ Manure management plan

« Emergency action plan

» Seek professional assistance when reviewing management plans
and/or facility evaluations

» Do an on-farm assessment

o Community relations activities
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Appendix
Groundwater Protection

Protecting groundwater is critical for your farm operation and the

community. For proper protection, it is important to understand several

fundamental concepts.
How to determine the depth to groundwater

Groundwater depths varies from field to field and by the season. Several

factors influence the location of groundwater. These include:

Soil rexture: Soils higher in silt and clay generally hold water better
than sandy soils, and often have water tables closer to the soil

surface.

Time of the year: Spring and early summer are often the times

when groundwater levels are at their highest.

Amount of precipitation: Excessive precipitation causes
groundwater levels to rise. Lack of precipitation has the opposite

effect.

Use demands: Irrigation or other uses that reduce the water levels
in aquifers (without adequate recharge) can lower the level of

groundwater.
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Name Send to:

EAP Manager
Address =plairr
City. State Zip ational Por .
Telephone Producers Council
Fax P.O. Box 10383

Date and location of training session you attended

Des Moines, IA 50306

Please circle or check answers that apply to you:

What is your total number of hogs/pigs sold annually from this operation?

_ Lessthan 1,000
1,000-1,999
2,000-2,999

3,000-4,999 20,000-49,000
5,000-9,999 50,000+
10,000-19,999

What is the total number of sows on this operation?

__ lessthan 50
50-99

100-199 500 or more
___200-499 ____ Other

Which best describes your hog/pig operation?

Farrow to Finish
Breeding

What is your title?
Owner
______Owner/Operator

Manager

Total acres (owned and rented):

Farrowing Other
Finishing

Veterinarian Herdsman
Consultant Other

Animal Nutritionist

None 200-299 500-999
Under 200 300-499 1,000 or more
My approximate age is:
Under 35 45-54 65 and over
35-44 55-64
I own a personal computer _Yes No

477
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Environmental Questions:

Do you have a nutrient management plan? Yes No

How often do you currently test soil to determine nutrient levels before applying manure?

Annually Every 2-4 years >4 years Never
How much manure storage do you have?

0-3 months 3-6 months 6-9 months 9-12 months
How frequently do you test your well water?

Annually Every 2-4 years >4 years Never

Which of the following practices are used on your farm to reduce soil erosion and control the movement of
water?

Crop Residue Mgmit. Grass Waterways Pasture Mgmt. Terraces
Conservation Tillage Tile Hayland Mgmt. Cover Crops
Crop Rotation Structures Pond Strip Cropping
Contour Farming

Have you had neighbor compiaints about odor or other manure management practices?

Yes No
If Yes: 1-3 3-5 5-10 10 or more
How frequently do you test manure nutrients that are land applied?
Each application Annually Every 2-4 years Never
Which type of manure application do you rely on most?
Irrigation Incorporation Broadcast Injection Other
How much do you reduce the use of purchased fertilizers by using hog manure in your cropping practices?
0-10% 10-25% 25-50% 50-75% 75-100%
What is the greatest environmental management challenge that your operation faces?
Soil erosion Manure Dead carcass
Water quality Odor
As a result of this program, do you plan on changing any management practices? Yes No

If yes, what do you plan to change?
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Methods of groundwater depth determination

There currently are no standardized maps that can be used to determine the
depth of groundwater. However, the following methods may be helpful in

determining the depth to groundwater on your farm operation.

Dig a hole: Digging a hole may be the easiest way to determine
your groundwater level. However, remember that just because you
have found water does not mean this is a visible aquifer. The

factors that were described previously influence the actual level.

Check with a local well driller: Well drillers often keep logs on the

depth of groundwater and locations of aquifers.

Check with the state geological survey or water quality specialists:
These individuals often have data on groundwater and aquifer
locations. Contact your land grant university or extension service

for who these individuals are in your state.
Sampling well water

Sampling for nitrates and bacteria in well water is the most common type
of testing. Many private and public laboratories can conduct water
analysis. It may be beneficial to get specific sampling guidelines and
materials from the lab before you begin the process. Some general

guidelines include the following:

1. Use a clean glass bottle. Today’s technology is very sensitive and can
pick up small amounts of contaminants that may have been in the

sampling bottles.
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2. Take a uniform sample. Take samples from wells that you or your
animals are using for drinking water. Allow the water to run for

several minutes before taking a sample.

3. Provide proper information and shipping. It is best to refrigerate the
sample if it cannot be shipped immediately. Also, use a rapid form of
shipping. Provide at least the date of sampling and what you want the

lab to sample for (i.e. nitrates, bacteria, etc).

When you receive the results, the lab often gives you concentrations in part
per million (ppm) or parts per billion (ppb). A part per million (ppm)
means that for every one part of detected material there are a million parts
of water. A part per billion (ppb) means that for every one part of
detected material there are a billion parts of water. The lab also lists their
detection limit for finding contaminants. This level is listed as a ppm or

ppb and is the lowest level at which the lab techniques can detect

contaminants.
Surface Water Protection

Many best management practices can be used to protect surface water. It

is important to understand how manure and nutrients can move into surface

water.

Direct discharges: Applying manure too close to a ditch, stream or
pond may result in direct discharge. Direct discharges can deplete

the oxygen level in the water and raise the level of bacteria.
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Movement of nutrients that are attached to soil particles: The
nutrients that are found in manure can attach to clays and organic
matter in soil and move on eroded soil particles and into surface

water.

Movement in water: Manure and nutrients that are dissolved in rain
or irrigation water can move into surface water. This situation
would be most likely when high levels of rainfall or irrigation water

are used.

Sloping soils likely have the greatest rate of soil erosion. This corresponds
to high potential movement of nutrients attached to soil particles and

nutrients in surface water runoff.

Erosion can be more severe on frozen soils because the lack of sufficient
water infiltration. Therefore, it is important to consider the runoff potential
of land before making manure applications to frozen ground. When

making applications to frozen ground, consider:

e distance to surface water

e rate of manure application

e slope of land

e time of year (early winter vs late winter)

e previous experiences with runoff in similar situations

Soil erosion prevention techniques such as conservation tillage, terraces,
buffer strips and waterways can all be beneficial in reducing the amount of

soil erosion.
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Systems for minimizing runoff of manure

Runoff from open feedlots that contains manure may contaminate surface
waters. There are several systems available for controlling runoff. The
basic principle for all of these systems is to collect, store and apply
contaminated runoff on land. Whatever type of system is used, the

following factors need to be considered:

e rainfall amounts
e size of lot

e topography

e soil type

All type of systems should strive to limit the amount of clean water that

enters the runoff control systems. Therefore, gutters, terraces, channels,

and surface water diversion should be used whenever possible.

Available systems

Settling basins

Settling basins are used to remove solids from lot runoff before it enters
holding ponds or vegetative infiltration areas. A typical settling basin

removes 50 to 85% of the manure from runoff.
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Holding ponds

Holding ponds are designed to store runoff temporarily before application
to land. These systems are not meant to be used as a treatment lagoon.
Once the liquids are removed, it may be necessary to periodically remove
any settled solids. Ponds should be pumped whenever land applications
can be made without excessive runoff. Pumping and irrigating directly to
land is usually the most economical method of emptying ponds. Exact
pond design is determined by local weather conditions, but most ponds

have a minimum capacity to handle a 25-year, 24-hour storm.

Infiltration areas

Usg of infiltration areas is an alternative system of runoff management. In
these systems, runoff flows from settling basins to vegetated areas, where it
will be used by plants and settle into the soil. These systems are most

useful for small swine operations that need a low-cost system.

Check with your NRC'’s office or private engineer for details on proper

design and construction for any of the above systems.

Soil and Manure Sampling

Proper soil and manure sampling techniques ensure that the greatest level

of profitability can be achieved.
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Chemical analysis of soils or soil testing is a means to determine the
nutrient supplying power of the soil. The sample should be a true
representation of the area sampled, as the laboratory results reflect only the
nutrient status of the sample that is received. To obtain such sample, the

following items should be taken into consideration.

Sampling tools

Several different tools, such as an auger, soil sampling tube, or spade, may
be used. Sample tubes or augers should be made either of stainless steel or
be chrome plated. If using a pail to collect the soil, it should be plastic to

avoid contamination from trace elements (like zinc).

Sample preparation

A subsample should be 1 to 1 1/2 cup of soil, taken from a well-mixed
composite from 10 to 20 random locations in the field. Mix the various
cores or slices together in a clean plastic container and take a subsample to
be put into the sample bag. It is advisable to air-dry extremely wet samples
before they are bagged. Identify the sample bags with name, sample
number, and field number, which should correspond with identification on

sample information sheet.

Sample area

Area to be sampled generally should not be more than forty acres. Smaller
acreages may be sampled when the soil is not uniform throughout the field.
Soils that differ in soil type, appearance, crop growth or past treatment
should be sampled separately. Avoid small areas that are dead furrows,
end rows, and poorly drained. Stay away from barns, roads, lanes, and

fence rows.
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Sampling depth

The required depth of sampling is influenced by many factors, as discussed

below.

Tillage Method

e Convenionalsssmmsmssssmns plow depth
s Reduged THIAEE ...ovsvammsmmmemommmsmaminss 3/4 of tillage depth
— if nutritional problems.............c......... 0-4” and 4-8”
& Continuous RIAEINE: s saumsssmeissmsies 0-6” in ridge
0-4” in valley
©  NO Il eieiieereecrieice e 0-8”
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Plant tissue analysis

Use of plant tissue analysis in conjunction with soil testing allows for a
more thorough monitoring of nutrient use by crops. Soil analysis indicates
the relative availability of nutrients in the soil for crop use, and plant
analysis provides an indication of the nutrients that are actually used by the
plants. In addition to this information, it is important to consider other
factors that may be preventing proper nutrient uptake (compaction, pH,
etc.). By using both of these processes, the producer can have a better idea
of how efficiently manure is used by the crop. Your crop consultant,
county extension agent, or retail fertilizer dealer can assist you with your

specific plant tissue analysis needs.

Manure sampling

Using a thorough laboratory analysis is the most accurate method to
determine the nutrient value of manure. Most of these analysis include
information on dry matter, ammonium nitrogen, total nitrogen, phosphorus

and potassium.

To get the best possible results from the analysis, it is necessary to have
proper agitation and sampling. A considerable amount of variation in the

analysis can be expected if the sample is not properly obtained.

For liquid samples, the manure pit should be agitated to obtain a well-
mixed sample. In most cases, closely follow lab collection procedures to
ensure proper sampling. Place the sample in a quart-size plastic container

with a screw-on lid and tighten.
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For solid manure, sample several areas of the manure source. Place the
samples in a plastic bag and seal it. Preserve the sample by freezing, and

ship the sample in an insulated container using a fast shipping method.
Considerations for setting realistic crop yield goals

With any crop management system, realistic yield goals need to be the
baseline of making management decisions. Since manure is a critical
fertility component of a swine producer’s crop production system, its value
must be completely evaluated. When setting yield goals, consider the

following:

e what the nutrient value of the manure that is going to be applied
is

¢ how much manure is available for crop production

e what the total land area available is

 what type of crop rotation is available and what is the fertility
contribution from the crops in the rotation (soybean, alfalfa,
etc.)

e what the historical yields are

e what factors have prevented maximum economical yield in the
past

e what the baseline soil fertility level is

® how the desired yield goal impacts the immediate demands on

soil fertility and the long-term amount of fertility in the soil

Working with your fertilizer dealer or consultant allows you to determine

the optimum yield goal for your particular operation.
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Farm*A*Syst

Pork producers who would like to do a more complete assessment of their
farm should consider the Farm*A*Syst Program. Farm*A*Systis a
confidential, voluntary assessment process that guides users in assessing
water pollution risk from potential contaminant sources around the
farmstead. An expanded version addresses the application of agricultural

waste, other nutrients, and pesticides to the land.

Using a series of worksheets, producers evaluate sources of toxicants,
microorganisms, and nitrates. Worksheets include well evaluation, fertilizer
and pesticide storage and application, management of hazardous waste,
household waste water treatment, and storage and application of animal
waste. The worksheet information is further evaluated in terms of the soil,
geologic and hydrologic features unique to the site. A series of fact sheets
are used to provide support information needed to identify voluntary actions

to reduce high risks that are identified.

The assessment materials incorporate current state and federal regulations.
The voluntary action plan that is developed ranks relative pollution risks
from all the sources assessed. It includes practices, current technologies,

and changing facilities and structures to reduce risks and prevent pollution.

Information on the Farm*A*Syst Program can be obtained from the
National Farm*A*Syst Office at B-142 Steenbock Library, 550 Babcock
Drive, Madison, WI 53706-1293. The phone number is 608-262-0024 or
FAX 608-265-2775. You may also talk with your individual state contact

from the following list of Farm*A*Syst contacts.
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ALABAMA

Jesse LaPrade, ES

116 Extension Hall
Auburn Univ., AL 36849
Phone: 334/844-5533
Fax: 334/844-5321

ALASKA
Wayne Vandre/Meg Burgett
Suite 118

2221 E. Northern Lights Blvd.

Anchorage, AK 99508
Phone: 907/279-6575
Fax: 907/279-2139

ARIZONA

Steve Schimpp

Univ. of Arizona
Dept. of Entomology
Forbes 410

Tucson, AZ 85721
Phone: 602/621-1546
Fax: 602/621-4013

ARKANSAS

Phil Tacker, ES

P.O. Box 391

Little Rock, AR 72203
Phone: 501/671-2267
Fax: 501/671-2251

Bob Sherril

104 Tulaka Blvd.

Haybor Springs, AR 72543
Phone: 501/362-2524

Fax: 501/362-0988

CALIFORNIA

Deanne Morse, ES
University of California
Dept. of Animal Science
Davis, CA 95816-8521
Phone: 916/752-9391
Fax: 916/752-0175

COLORADO

Lloyd Walker, NRCS
Colorado State University
Dept. of Ag. & Chem. Eng.
Fort Collins, CO 80523
Phone: 303/491-6172

Fax: 303/491-7369

CONNECTICUT

Joe Neafsey, SCS

16 Professional Park Rd.
Storrs, CT 06268-1299
Phone: 203/487-4017
Fax: 203/487-4054

DELAWARE

Tom Williams, ES

Univ. of Delaware

058 Townsend Hall
Newark, DE 19717-1303
Phone: 302/831-2466
Fax: 302/831-3651

FLORIDA

Arthur Hornsby, ES

Univ. of Florida

2169 McCarty

P.O. Box 110290
Gainesville, FL 32611-0290
Phone: 904/392-1951

Fax: 904/392-3902

GEORGIA

William Segars, ES
University of Georgia
211 Barrow Hall
Athens, GA 30502
Phone: 706/542-9072
Fax: 706/542-7133

GUAM

Jay B. Cobb

414 W. Soledad Ave.
Suite 602 GCIC Bldg.
Agana, Guam 96910
Phone: 671/477-9532
Fax: 671/472-7288

HAWAI

Carl Evensen

University of Hawaii
Dept. of Agron./Soil Sci.
1910 E. West Rd.
Honolulu, HI 96822
Phone: 808/956-8825
Fax: 808/956-6539

IDAHO

Jim Wood, NRCS
3244 Elder St.

Boise, ID 83705
Phone: 208/334-9448
Fax: 208/334-9230

ILLINOIS

Mark Werth

Illinois Dept. of Ag.

P.O. Box 19281
Springfield, IL 62794-9281
Phone: 217/782-6297
Fax: 217/524-4882
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INDIANA

Joe Eigel, ES

Purdue University

1146 Ag. Eng. Bldg.
West Lafayette, IN 47907
Phone: 317/494-1194
Fax: 317/496-1115

IOWA

Susan Brown, ES
Iowa State Univ. Ext.
2104 Agronomy Hall
Ames, IA 50011
Phone: 515/294-1923
Fax: 515/294-3985

KANSAS

Danny Rogers, ES
Kansas City Univ.

237 Seaton Hall
Manhattan, KS 66606
Phone: 913/532-6813
Fax: 913/532-6944

KENTUCKY

Mark Dravillas, ES
Univ. of Kentucky
N122C Ag Sci. Bldg. N

Lexington, KY 40546-0091

Phone: 606/257-6094
Fax: 606/323-1952

LOUISIANA

Bill Branch, ES
Louisiana State Univ.
Knapp Hall, Univ. Station
Baton Rouge, LA 70803
Phone: 504/388-6998
Fax: 504/388-2478

Bill Carney, ES

LA Coop Extension Service
P.O. Box 25100

Baton Rouge, LA 70894-5100
Phone: 504/388-5920

Fax: 504/388-2478

MAINE

John Jennison
University of Maine

495 College Avenue
Drono, ME 04473-1234
Phone: 207/581-3241
Fax: 207/581-1301

MARYLAND
Theodore (Ted) Haas
WYE Research Ed. Ctr.
P.O. Box 169
Queenstown, MD 21858
Phone: 410/827-8056

Home*A*Syst Contact:
Thomas Miller

Western MD Research Ed. Ctr.
Keedysville, MD 21756
Phone: 301/432-2735

Fax: 301/432-4089

MASSACHUSETTS
Rudy Chlanda

451 West Street
Amberst, MA 01002
Phone: 413/253-4364
Fax: 413/253-4375

MICHIGAN

Harold Rouget

MSU East Central Region
2203 Eastman Ave.
Midland, MI 48640-2608
Phone: 517/839-8540
Fax: 517/839-8504

MINNESOTA

Fred Bergsrud, ES

Dept. of Ag. Eng., Rm. 209
1390 Eckles Ave.

St. Paul, MN 55108
Phone: 612/625-2282
Fax: 612/524-3005

MISSISSIPPI
Jimmy Bonner, ES
MS State University
P.O. Box 9640

MS State, MS 39752
Phone: 601/325-3155
Fax: 601/325-8407

MISSOURI

Jerry D. Carpenter, ES
205 Ag. Eng. Bldg.
Columbia, MO 65211
Phone: 314/882-2731
Fax: 314/884-5650

MONTANA

Scott Lorbeer

Montana State University
733 Leon Johnson Hall
Bozeman, MT 59717
Phone: 406/994-6078
Fax: 406/994-3933

NEBRASKA

DeLynn Hay, ES
University of Nebraska
249 LW Chase

Lincoln, NE 68583-0726
Phone: 402/472-1625
Fax: 402/472-6338
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NEVADA

Wayne Johnson, ES
Univ. of Nevada-Reno
Ag. Econ. Dept. 204
Reno, NV 89557-0105
Phone: 702/784-1334
Fax: 702/784-1342

NEW HAMPSHIRE
Frank Mitchell, ES

Univ. of New Hampshire
111 Petee Hall

Durham, NH 03824-3599
Phone: 603/862-1067
Fax: 603/882-1685

NEW JERSEY

Fred Kelly, NRCS
1370 Hamilton Street
Somerset, NJ 08873
Phone: 908/246-1205
Fax: 908/246-2353

NEW MEXICO

Craig Runyan, ES

P.0O. Box 30003

Dept. 3AE

Las Cruces, NM 88003
Phone: 505/646-1131
Fax: 505/646-5975

NEW YORK

Rich Koelsch

Cornell University
Dept. of Ag & Bio Eng.
312 Reiley Robb Hall
Ithaca, NY 14853
Phone: 607/255-2495
Fax: 607/255-4080

NORTH CAROLINA
Greg Jernings, ES

NCSU Box 7625
Raleigh, NC 27695-7625
Phone: 919/515-6795
Fax: 919/515-8772

NORTH DAKOTA

Bruce Seelig/John Nowatski
NDSU Extension Service
P.O. Box 5626

Ag.Eng. 115

Fargo, ND 58106

Phone: 701/237-8213

Fax: 701/298-1008

OHIO

Gary Overmier, NRCS
200 N. High, Rm. 522
Columbus, OH 43215
Phone: 614/469-6980
Fax: 614/469-2083

OKLAHOMA

Michael Smolen/Mike Kaizer

Oklahoma State University
218 Ag. Hall

Stilwater, OK 74078-0489
Phone: 405/744-8414
Fax: 405/744-6059

OREGON

Ron Miner, ES

Oregon State University
Bioresource Eng. Dept.
Corvallis, OR 97331-3906
Phone: 503/737-6296
Fax: 503/737-2082

PENNSYLVANIA
Les Lanyon, ES

116 ASI Bldg.

Univ. Park, PA 16802
Phone: 814/863-1614
Fax: 814/863-7043

PUERTO RICO
Juan Martinez, NRCS
P.O. Box 364868

San Juan, PR 00936
Phone: 809/766-5206
Fax: 809/766-5987

RHODE ISLAND
Alyson McCann

Univ. of Rhode Island
Rm. 210B Woodward Hall
Kingston, RI 02881
Phone: 401/792-5398
Fax: 401/792-4561

SOUTH CAROLINA
Bill Yates, ES
Clemson University
108 Barre Hall
Clemson, SC 29634
Phone: 803/658-3384
Fax: 803/656-5819

SOUTH DAKOTA
Russ Derickson, ES
South Dakota State Univ.
215 Ag. Eng., Box 2120
Brookings, SD 47007
Phone: 605/688-5677
Fax: 605/688-4917

TENNESSEE

George Smith, ES

Univ. of TN Ext. Serv.
P.O. Box 1071
Knoxville, TN 37901-1071
Phone: 615/974-7306
Fax: 615/974-7448
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TEXAS

Bill Harris, ES

Texas A & M Univ.

348 Soil & Crop Sci. Bldg.
College Sta, TX 77843-2474
Phone: 409/845-2425

Fax: 409/847-8548

UTAH

Kitt Farrel-Poe

Utah State University

Ag. Syst Tech & Ed Dept.
Logan, UT 84322-2300
Phone: 801/797-3389
Fax: 801/797-4002

VERMONT

Jeff Comstock
Vermont Dept. of Ag.
Plant Industry Division
116 State Street
Montpelier, VT 05620
Phone: 802/828-2431
Fax: 802/828-2361

VIRGINIA

Blake Ross/Tamim Younes
Virginia Tech

Dept of Bio. Syst. Engr.
Blacksburg, VA 24061
Phone: 703/231-4702
Fax: 703/231-3199

WASHINGTON

Karen Blyler

Washington State Univ.
7612 Pioneer Way East
Puyallup, WA 98371-4998
Phone: 206/840-4556

Fax: 206/840-4469

WEST VIRGINIA

Pat Bowen, NRCS

75 High Street, Rm. 301
Morgantown, WV 26505
Phone: 304/291-4152
Fax: 304/291-4528

WISCONSIN

Fred Madison, ES
WGNHS Coop Ext.

3817 Mineral Point Road
Madison, W1 53705-5121
Phone: 608/263-4004
Fax: 608/262-8086

WYOMING

Joe Hiller, ES
University of Wyoming
P.O. Box 3354
Laramie, WY 82070
Phone: 307/766-2196
Fax: 307/766-3379
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Evaluation
NPPC Environmental Assurance Program

1. In general I thought this session was:
Poor 1 2 3 4 5 6 7 Very Good
2. Evaluate the following: Subject matter covered — General

Very 1 2 3 <+ 5 6 7 Very
Inappropriate Appropriate

3. Evaluate the following: Visual — Transparencies

Not
Helpful 1 2 3 4 3 6 % Very
At All Helpful

4. The most useful idea or skill I learned in this seminar is:

5. The thing I like most about this seminar is:

6. One thing that would improve this seminar is:

7. My reaction to the instructor is:

8.  One suggestion I have for the instructor is:

9. Would you suggest others in situations similar to yours attend this seminar?

Not
At All 1 2 3 4 5 6 7 Very
Strongly



