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EXECUTIVE SUMMARY

QBJECTIVES:
1) Demonstrate and evaluate under production scale conditions new or improved
AMP’s for slurry application that singulariy or in combination result in reduced

NPS poliution and improved water guality.

2) Develop educational materials, offer workshops/field days and provide outreach
activities to inform farmers, educators {extension specialists, government agency
staff, etc.), and the general citizenry of BMP’s to reduce NPS pollution originating

from the land application of manure.

LIST OF EXPECTED DELIVERABLES/PRODUCTS OF PROJECT ACTIVITIES:
1. Field installation of modified, controlied drainage system designed to utilize
separated effluent from swine siurry as a soil amendment for corn/soybean
production (40 acres). Completed.

2. Development of adaptive management practices (AMP) to reduce NPS poliution
when land applying composted swine slurry and separated effluent from swine
slurry via surface irrigation (center pivot) and subsurface irrigation (modified
controlied drainage). Compileted.

3. Development of & website containing AMP's, operation guidelines and cost of
operation analyses for: solid/liquid separation, SBR nitrification, lanc application
of separated effluent via surface and subsurface irrigation, and compost

application. Completed.

4. Development and distribution of brochures and e-mail newsletters containing
AMP’s for solid/liquid separation, SBR nitrification and jand application of
separated effluent via surface and subsurface irrigation, and compost application,

Completed.

5. Presentation of three workshops/field days targeting livestock producers and
grain farmers, and educators {extension specialists, government agency staff —

EPA, NRCS, stc.). Completed.

COMPLETED DELIVERABLES:
1. Constructed a 170 feet long by 60 feet wide building to house manure processing

equipment (deliverable 1).
2. Developed two liguid manure separation systems — one low technoiogy system
and one higher technology system (deiiverable 1),




3. Successfully tested one production scale nitrification system (deliverable 2).

4, Established a 17 acre modified underground drainage system (MUGDS) to
subsurface irrigate separated effluent (deliverable 1)

5. Operated the MUGDS for two years applying 900,000 gallons of separated
effluent during year two (2009). Currently (2010) the MUGDS is in its third year
of operation, second year for applying separated effiuent, (deliverable 2).

6. Developed capacity to separate all of the swine slurry produced at the ISU Farm-
Lexington on a year around basis (deliverable 2},

7. Reduced the phosphorus content of swine slurry at the ISU Farm-Lexington by
90.0+%, reducing the number of acres required to land apply separated effluent
from 200 acres to 40 acres (deliverabie 2).

8. Eliminated land application of raw slurry as a production method of application.
The only raw slurry that is land applied is in plots for research trials (deliverable
2).

9. Achieved full composting of all of the separated biosolids generated from
separating the swine slurry, all of the sheep manure and all of the cattle manure
generated at the ISU Farm-Lexington. Approximately one half of compost
produced is sold off farm (deliverable 2).

10. Held one field day/workshop at the ISU Farm — Lexington (June 28, 2007)
targeting agency staff, extension specialists and commodity association staff
(deliverable 5).

11.Presented two seminars as part of the University of Illinois Extension “Livestock
Manure Management Conference Series” held March 24 and March 26, 2009 in
Effingham and Princeton, Illinois. Seminar one was titied "Liquid Swine Manure
Separation and Land Application”. Seminar two was titled "Compaosting Livestock
Manure”. Brochure and handouts were distributed at these meetings
(deliverable 5).

12, Held one field day at the ISU Farm — Lexington (September 22, 2009) targeting
livestock producers and news media {deliverable 4).

13. Developed, produced and distributed six brochures to end-users, media,
extension specialists and agency staff (deliverable 4). Brochure tities are:

- “Evaluation of a polyacrylamide (PAM) assisted solig/liguid separation
systern, consisting of a gravity screen and gravity belt thickner, coupled with
separated solids composting for the treatment of swine waste”.

"Slurry separation — a systems approach to manure managemant”.




- “Slurry separation — cost considerations”.
- "Sfurry separation — getting started”.
- “Land application of separated effluent from swine slurry”.
_ "Compost facility permits”.
14, Developed in cooperation with Agrem LLC, a bookiet describing the MUGDS for
distribution at fieid days and workshops titied “Advanced Water and Effiuent

management systems”. Agrem LLC paid for development of this booklet. NRCS,
CIG funds were not used to develop or to print copies of this booklet (deliverable

4).

15. Worked with Illinois Extension to develiop a web site that includes compost,

separation, land application information. The site address is:
www.sweeta.illinois.edu, SWEETA is an acronym for Swine Waste-Ecological and

Environmental Treatment Alternatives (deliverable 3). Since its development this
website has had 29,746 total page views averaging over 1,500 page
views:month.

16. Developad an email newsietter for Illinois swine producers that is has been
distributed four times per year through the Illinois Pork Producers Association
(defiverable 4) The title of the newsietters were!

- “Value of liguid swine manure as & fertilizer for corn proguction”.

"More regarding the fertilizer value of liguid swine manure”.
"Survey of Iilinois commercial manure haulers and applicators”.
“Sjurry separation — a systems approach to manure management”.

“Fall 2009 manure application”.
"Handling manure will be especially stressful this year”.

17.Established a 40 acre, center pivot irrigation system to land apply separated
effluent (deliverable 1).

18. Successfully separated and irrigated separated effluent for 3 years and are
currently in year 4 — 2010 (deliverable 2). This system has applied over 1 miflion
galions of separated effluent in each of its three years of operation (07, 08, 09).

19. Separated over one million gallons of raw swine siurry in year one and over 2
million galions in each of years two and three with the following results: reduced
separable soiids 98 4%, reduced total suspended solids 98.2%, reduced chemical
oxygen demand 89.6%, reduced nitrogen content 60.6%, reduced phosphorus
content 91.7% and increased N:P from 3.8:1 to 20.0:1 in year one; reduced
separable solids 98.7%, reduced total suspended solids 93.7%, reduced chemical




oxygen demand 72 4%, reduced nitrogen content 45.5%, reduced phesphorus
content 70.0% and increased N:P ration from 55:1 to 12:1 in year two

(deliverable 2)

20, Presented seminar regarding solid/liguid separation of liquid swine manure at
each of the Illinois Livestock Management Facilities Act Certified Livestock
Manager training sessions (eight sessions) held in December 2007 and the spring
of 2008 These seminars were either presented in person or as a pre-recorded
video (deliverable 5).

21 Two graduate students assigned to this project will receive their Master of
Science degree during 2010. Thus far two manuscripts have been published in
peer-reviewed scientific journais (deliverable 4). The title of the two Master
Theses are:

“ Effectiveness and economic costs of polvacrviamice assisted solid/liguid

separation systems for the treatment of liquid swine manure”. Caroling

Wade, author.

~ “Development of g spreadsheet ror estimating costs of solig/liguid
separation of swine manure”. Jennifer Donigy, author.

The two published manuscripts are:

Walker, P.M., C.A. Wade and T.R. Kelley. 2009. Evaluation of a
poiyacrylamide assisted solid/liquid separation system for the treatment of
liguid pigc manure. Biosystems Engineering. 1 -6

Walker, P.M and C.A. Wade. 2010. Comparison of the effectiveness and

economic costs of two production scale polyacrylamide assisted
solid/liquid separation systems for the treatment of liquid swine manure.,

Appiied Engineering Agriculture. 26:No. 2. 299 — 305.

INTRODUCTION:

This project is located at the ISU Farm-Lexington in northeast McLean County. The
farm lies within the Turkey Creek/Mackinaw River watershed. Co-mingled raw slurry
from the Illinois State University (ISU) Farm, farrow to finish swine operation was/is
being utilized for this project. Unprocessed raw slurry, separated effluent and
composted separated biosolids are land applied on land owned/operated by the ISU-
Farm, and two farmers i.e. Schuler Farms and Pope Farms. The [EPA permitted
compost facility in which the separated biosolids are composted is located within the

ISU Farm-Lexington,




Funding through an IEPA 319 Grant paid for the purchase and construction of a 60 feet
wide by 170 feet long building to house the manure processing equipment. Erection of
this building eliminated runoff of the separated effluent and/or unprocessed siurry
during processing. One half of this building was insulated to house the separation
equipment and to allow year around siurry processing in freezing weather and in
raining/storming weather as well as under-optimal weather conditions. Housed within
this building are two separation systems; six in-ground 20,000 gallon capacity, concrete
hoiding tanks that are inter-connected; two electrical pumps and electronic control
systems [one pump serves the center pivot irrigation (surface irrigation system) and
one pump serves the modified under-ground controlled drainage system (MUGDS)
(Underground irrigation system)]; and other slurry/effluent processing equipment such

as seguential batch reactors, etc.

Originally one separation system was utilized for this project. During year two a second
lower technology-lower cost system was deveioped. Currently both systems are utilized
and the efficacy of the two systems is being evaluated and compared.

The original system was developed in previous research studies modifying technology
widely employed by municipal sanitation utilities for treating waste water. With this
continuous flow system raw (unprocessed) slurry from the liquid manure holding pile
iocated beneath the siatted floors of the swine buildings is drained through a puli-plug
sewer line into a holding tank located within the processing facility. Raw slurry is
continually stirred within this tank to keep solids fraction in suspension. The raw siurry
is pumped to an over-head gravity — screen — roll press mechanical separator to remove
separable solids producing what we refer to as separated slurry. The separated siurry
flows by gravity to an above ground 2000 gallon tank. From this tank separated siurry
is pumped through a hose and venturi system to mix polymer (polyacylamide) with
separated slurry to floc the remaining biosolids. The separated slurry-polymer mixture
is pumped across a continuous gravity belt thickener that allows the liguid portion
referred to as separated effluent to separate from the solids portion referred to as
hiosolids. The bicsolids are collected into a settling basin that allows the biosolids to
decante excess effluent and concentrate to the 15 — 18% solids concentration. The
separated effluent flows to an in-ground hoiding tank for eventual pumping to and
storing in an above ground Slurry Store® that has a holding capacity of one million
gallons. When appropriate the stored separated effluent is pumped underground to a

center pivot irrigation for surface land application.

The second separation system utilizes the same process as the gravity belt separation
system until separated slurry is produced, With the second system the separated




effluent continually flows by gravity to a 200 galion holding tank from where it s
pumped through a six inch line (into which polymer is added) to a second gravity
screen separator  As separated slurry flows across the second gravity screen separator
the liguid fraction {separated effluent) is separated from the biosolids fraction. The
binsolids are deposited into the settiing basin to decante and the separated effluent
flows to an in-ground holding tank for eventual storage within the Slurry Store® for

iater land application.

Subsequent to the separation and prior to the storage within the Slurry Store®
separated effluent can be further processed through sequential batch reactors utilizing
the remaining four in-ground holding tanks located within the processing facility.
Separated effluent can be land applied via one of two systems: surface application
through the center pivot irrigator or underground application through the MUGDS. Both
the center pivot irrigation system and the MUGDS have been demonstrated and are

operating under production scale conditions.

The MUGDS was developed and constructed/instalied with funding from the CIG
nrogram. This system was partially installed during the late spring of 2007 The main
tile lines and the lateral tile lines were installed during May of 2007. The controlled
drainage reservoir was constructed during the fall of 2007, The system was tested
during the fall of 2007 i.e. separated effluent was pumped through the unagerground
tiles, the system was checked for leaks and the electronic control valves were checked
for operating efficiency. One tile line leak was found at & connecting joint and it was
repaired. Some adjustments to the computer program controlling the system was
necessary and some of the electronic control valves required adjustment, The system
was deemed operational and ready for the 2008 growing season.

During the late fall of 2007, the winter of 2007 and the spring of 2008 the MUGDS
seemed to be functioning correctly and drain tile water coliected from the 17 acre tiie
was collected within the controlled drainage reservoir without any overflow. Monitoring
wells and lysimeters were installed by the Tllinois State Water Survey/Illinois State
Geological Survey (ISWS/ISGS) during the spring of 2008, Soil samples were collected
during 2007 and analyzed for selected characteristics to determine background soil
parameters. During 2008 the MUGDS was utilized as a means of controlling soil water
from normal rainfall to access the systems effectiveness for controlling soil water. Corn
was the planted crop during year one (2008). During 2008 separated effiuent (900,000
gallons) was fand appiied through the MUGDS. Soybeans were the crop planted for the
2009 growing season. Corn is the crop planted for the 2010 growing season and one
million gallons of separated effluent is expected to be land applied through the MUGDS.




Solid-liquids separation of swine slurry as an alternative manure
management strategy

OBJECTIVES:
This project is designed to complete and fully operationalize a production-scale
integrated livestock waste management demonstration site that will:
1) demonstrate new or improved BMPs that singularly or in combination result
in reduced NPS pollution and improved water guality.
2) result in the development of educational materials designed to inform
farmers, educators (extension specialists, government agency staff, etc) and
the general citizenry about the impacts of NPS pollution originating from the

land.

3) provide a facility for conducting continued research to reduce livestock
manure’s negative impact on NPS pollution,

4) directly reduce the NPS pollution potential of the Ilfinois State University
Farm-Lexington livestock operation of (1,000 A.U. approx.) to the Mackinaw

River-Turkey Creek sub-watershed.

METHODS:
The separated effiuent (SE) is stored in a Slurrystore® for later use as a soil
amendment and the separated biosolids (BS) are transported to the ISU Farm Compost

Facility. Upon arrival at the compost site, the BS are mixed with landscape waste
(woodchips or leaves) and composted for ultimate use as a soil amendment.

Four-forty acre fields (Fields One-Four) and one 15 acre field (Field Five) were selected
for use in this study. Compost (BS and landscape waste) applied by broadcast is used
as a soil amendment on Field One. Raw siurry applied via soil injection is used as a soil
amendment on Field Two. Separated effluent applied via center pivot irrigation is used
as a soil amendment on Fieid Three. Commercial fertilizer (anhydrous ammonia, di-
ammonium phosphate and potash) applied by soil injection and broadcast is used as a
soil amendment on Field Four. Separated effiuent applied via a modified underground
controlied drainage system will be applied to Field Five. Because funding from the
DOA, SAG Program and the USDA, NRCS, CIG Program were not available until spring
2006 the modified underground controlled drainage system (MUGDS) was not installed
in time for the 2006 or 2007 growing seasons. The MUGDS will be utilized for the 2008

and subsequent growing seasons.




Ground water wells and lysimeters were installed up-gradient and down-gradient of
each field. Water and soil sampﬂles were coliected prior to and subseguent to
application of soil amendments, and analyzed for selected parameters. Samples of RS,
SE, BS and compost were collected and analyzed prior to application, and pre-and post-

separation.

During year one {calendar year 2006) the same variety(ies) of corn {Pioneer 34A16 and
34A19) was (were) planted in each field. The same variety of soybean (Pioneer) was
nlanted in each field during year two (calendar year 2007) The same variety(ies) of
corn (Pioneer) were planted in each fieid during year three (calendar year 2008).

The varieties were a Round-up™ ready corn and a refuge corn. Upon harvest yields
were determined by whole-field collection and adjusted to No. 2 yellow corn at 12.9%

moisture.

RESULTS:

Between May 18 and October 10, 2006 1,067,237 gallons (g) of RS were separated
producing 971,160 g of SE and 96,077 g of BS. This represents a collection rate for SE
of 91.0%. Separation occurred approximatety once every 7-10 days for 16 separation
periods during the 145 day time span. An average of 52,702 g:d of RS were separated
at each time producing an average of 47,958 g:d of SE over an 8-12 hour period of
time. Table 1 provides the abbreviations used in each of the tables. Table 2 shows the
concentration of selectad constituents found in the RS, SE and BS. The separation
nrocess worked remarkably well resulting in the removal of 68.2% of DM, 98.4% of S5,
98.2% of TSS, 89.6% of COD, 60.6% of N and 97.1% of the P concentrations. The N:P

ratio was improved from 3.8:1 in RS to 20.0:1 in SE,

During year two (2007) 1,234.966 g of RS were separated producing 1,118,967g SE
and 115,999g BS giving collection rate of 91.0% for SE. Separation was conducted
twice weekly from May 1 until November 1. An average of 51,457g of RS was
separated weekly producing an average of 46,826g of SE over a 12 hour period:week.
The separation process removed 52.4% of DM, 95.0% of 55, 92.1% of TSS, 63.1% of
COD, and 36.4% of N and 70.0% of P concentrations. The N:P ratio was improved

from 5.5:1 in RS to 12,1 in SE (Table 3).

During year two, two separation systems were compared (the continuous gravity belt
system and the gravity screen system (Tabie 3) Both systems performed similarly with

similar results.,




Table 4 shows the selected nutrient values for compost produced using BS. Tables 5
and 6 show the costs for purchasing and land applying the inorganic fertilizer to Field 4
and the amounts of soil amendment added to each of the four treatment fields, The
amount of soil amendment added was based on a target application rate of 180 Ibs. N:
acre. Table 7 shows the amount of actual N added and the predicted N required based
on the actual vield (bu:ac) obtained. Of particuiar interest in Table 7 is the
excess/deficit of P actually applied when subtracting actual P utilized by the corn from
the actual P applied. Inorganic fertilizer and SE applications resulted in deficit P
utilization rates. Compost and RS resulted in over appfication of P, However, based on
predicted future application rates for compost, by vear 3 of application compost will
result in a negative P application balance. Thisis a good thing if the goal is to reduce P
accumulation in the soil, Less compost is required as a soil amendment in year 2, year
3 and bevond due to increased N availability from compost applied in year 1 and the
carryover of N from year 1, year 2 and year 3, respectively. Forty two tons of
compost:acre were required in year one assuming a N availability of 35%. Only 15
tons:acre of compost were required in year 2 (applied in the fail of 2006 after harvest).
Approximately 18 tons:acre of compost was applied in the falf of 2006 after harvest to
provide sufficient N for an estimated bushel per acre yield, instead of the previous 180

bushel per acre yield.

Table 8 shows the cost to produce and apply compost, These costs are based on
previous studies partly supported by the Ilinois Department of Agriculture Sustainable
Agriculture Grants Program (IDOA, SAGP). Table 9 shows the charges used to caiculate
the cost {Table 10) of separating RS to produce SE. The calculated cost to separate
one gallon of raw slurry into its solid and liquid phases is 0.90¢:g RS or 0.99¢:g SE.
Irrigation of water or SE costs 0.1¢:9 hased on industry average values (personal
communication: R.J. Alton). Separation plus appiication results in a total cost of 1.0¢ -
1.09¢:g which is similar in cost when compared to the commercial cost of direct
injection of RS via a dragline system (0.70¢:g) or to hauling and injecting with & sturry
tank (as high as 1.70¢:g). The cost for commercial injection of RS at the ISU Farm the

last two years has been 1.0¢:g.

Table 11 compares the value of each of the four soil amendment types from a purely
agronomic perspective. Accordingly, RS followed by IF are the most economical
fertilizer choices. Compost is too expensive in year one if the compost is applied at a
sufficient rate to provide all of the corn plants N requirement. However, by year three,
compost is more competitive in value due to lower required application rates. The
agronomic value in this comparison does not account for any other benefits received
from compost, RS or SE. The agronomic value of RS compared to SE is more than 300




fimes as beneficial but not included in the economical analysis is the intangible value of
less odor during application for SE and the fact that SE results in deficit P application

compared to RS which results in over applying P

Soil samples were collected for analysis during the fall of 2005 prior to application of
soil amendments (fertilizer treatments) and during the fall of 2006 and 2007
subsequent to harvest and prior to soil amendment application for the succeeding
year’s (2007 and 2008) growing season (Table 12). The data for subsurface irrigation
(SI) coliected during the fall of 2006 represent background soil characteristics prior to
initiation of treatment application, as 2008 will be the first growing season for this
treatment. No trend lines in soil characteristic changes can be determined following
one year of data collection. Multiple years of sample analyses will be required to
determine effects of treatments on soil characteristics.

DISCUSSION:

Polymer assisted separation of liquid swine manure is both effective and economical.
The two systems compared had similar separation efficiencies. Once the separation
process began each year the raw slurry was cleaner compared to the raw slurry
concentrations of solids and nutrients prior to the initiation of separation in year one.
Therefore, the act of keeping manure pits drained and recharged with SE compared to
storing large quantities of raw siurry decreases the potential for contamination when
land applying raw slurry. Removing BS from RS decreases (almost eliminates) the
potential for contaminating runoff or jeachate occurring when applying SE. The
improved N:P ratio occurring in SE (from 12:1in RS o 20:1 in SE) is similar to the
desired N:P ratio for corn (15:1) Separation removes so much of the P in manure, that
the SE when land applied for its N value to meet the corn plants requirement resutts in

a net P deficiency.

Specific to the ISU Farm-Lexington, prior to separation 200 acres of land was reguired
to apply the raw siurry according to P rates and plant (corn) requirements Over the

past two years, 40 acres has been more than enough acres to iand apply all of the SE
produced when the rate of SE application was based on the SE nitrogen concentration.
When SE is appiied to supply the corn plants N requirement, the P reguirement for the

corn plant is not met.

The solids fraction and P of raw slurry are concentrated in the separated BS.
Composting the BS reduces the odor associated with land applying raw slurry and puts
the solids into a form (compost) that can be managed to reduce surface runoff and

leachate contamination.

10




Simiiar yields of corn were observed guring year one for C, RS and Sk Inorganic
fertilizer resulted in higher corn yields than C, RS or SE During year two C resulted in
the highest vield of soybean foliowed by IF. Raw slurry and SE produced similar
soybean vields. The yield data from these two years provide supporting evidence that
several years of study must be conducted to correctly assess the effects differing soil

amendments.

As a result of the adaptive management practices developed through this project the
potential for runoff and leachate contamination from livestock manure generated on the
I1SU Farm-Lexington has been reduced. None of the figuid swine manure generated is
directly land applied as unprocessed, raw slurry (except for limited amounts, a few
thousand gallons, applied to research plots as a soil amendment}. Ninety-six plus
nercent of the unprocessed siurry is separated into its solid and liquid fractions. The
separated effluent is land applied at agronomic rates for its N content. The separated
BS are composted and either sold off-farm (approximately 50% of the compost) or land
applied on-farm at agronomic rates as a soil amendment in support of research studies.
Unprocessed slutry is no longer land applied as a production practice Therefore, the
potential for phosphorus buildup in the soil and in either surface or ground water has
heen reduced/eliminated. All of the manure generated by the sheep fiock and beef
cattle herds is composted within the compost facility. No unprocessed or beef manure
is directly fand applied. The construction of the manure processing facility aliows year
around separation of liquid swine manure. Prior to the buiidings construction the ISU
Farm-Lexington could only separate slurry from April through November as the manure
processing equipment was set up outside and freezing weather prevented its separation
from December through March. The inability to separate raw slurry meant several
hundred thousand gallons of raw slurry was directly land applied each year with greater
potential for NPS pollution. In addition, construction of the manure processing facility
has eliminated runoff and leachate generated from the separation process when the
nrocessing equipment was outdoors and subject to the “elements”. Any (all) spillage of
slurry, effluent or biosolids as a result of the separation process is now captured and

processed.

Numetous outreach and dissemination activities have been conducted thus far and
several more outreach activities are planned.

Outreach and Dissemination Activities:

« A one day, field day/workshop designed to inform agency staff (NRCS, IEPA,
IDOA, etc.), extension specialists and commodity association staff (Illinois Pork
Producers Association, Illinois Beef Association, Tlinais Livestock Development
Group, etc ) about the project featuring separation and surface application was
held in June 2007 ‘Thirty-five persons attended. A follow-up guestionnaire was
provided to ali attendees to assess the guality/impact of the field day. The
survey indicated that the field day was beneficial.
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The LUW Team is planning to hold a second field day in early September, 2008
and a third field day in July 2009 targeting livestock producers and news media
The purpose of this field day will be to inform producers of the beneficial effects

and cost effectiveness separation has on NPS poliution.

The LUW Team worked with Illinois Extension to develop a website that includes
information regarding composting, separation and land application of raw slurry
and separated effluent. The SWEETA website includes economic comparisons of
using inorganic fertilizer, raw slurry and compost as a soil amendment for corn
nroduction, based on actual costs and nutrient analyses. Information regarding
Tllinois EPA permitting, local siting approval and on-farm exemptions is aiso
included. The website also includes information on composting horse bedding
and manure, The site address is:
http//web.‘extension‘.uiuc..edu/sweeta/index.c:fmu A shorter address is being
promoted that will link users to the website: www,sweeta.illinois.edu. SWEETA

is an acronym Swine Waste-Ecological and Environmental Treatment
Alternatives.

Two brochures have been developed for distribution to end-users to enhance
technology transfer of slurry separation, The titles are “Slurry Separation — A
Systems Approach to Manure Management" and “Land Application of Separated
Effuent from Swine Slurry.” These brochures promote AMP's TO reduce NPS
using separation.

The LUW Team has developed an email newsletter for Illinois swine producers
that is pianned for distribution four times per year through the Illinois Pork
Producers Association (IPPA). The newsletter is emailed to all pork producers
who are members of the IPPA. The title of the first newsletter was “Value of
Liquid Swine Manure as & Fertilizer for Corn Production “and it was published in
May, 2008.

Paul Walker (coordinator of the LUW Team) was invited to develop/present a
seminar for the Illinois Livestock Management Facilities Act, Certified Livestock
Manager training sessions. This seminar featured solid-iiquid separation of solid-
liquid separation of liquid swine manure and how the process can decrease NPS
pollution. The training sessions were held across Illinois beginning in December
2007 and continuing through the spring of 2008. This seminar was presented in

person or as a pre-recorded video/CD.

A featured communications brief highlighting a portion of the project was
published in the Journal of Soil and Water Conservation March/April, 2008
issue.

A poster emphasizing a portion of the project was presented at the Soil and
Water Conservation Society Annual Conference helid in Tampz, Fiorida in July
2007. This poster/abstract presentation received the third place competitive
poster presentation award, The title was “Feld Scale Evaluation and Technology
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Transfer of Econormically, Ecologically Sound Liquid Manure Treatment and
Application Systems.”

Table 1. Abbreviations

IF = Inorganic Fertilizer
- Anhydrous Ammonia

Potash
- Diammonium Phosphate (DAP)

C = Compost

RS = Raw Siurry

RS1= Raw Slurry before Processing Started

BS = Biosolids/Separated Solids

BS-B = Biosolids/Separated Solids discharged from the gravity belt
BS-MS = Biosolids/Separated Solids discharged from the gravity screen
SE = Separated Effluent

Si= Subsurface Irrigation (Modified underground controlled drainage system)
DM = Dry Matter

SS = Settleable Solids .

TSS = Total Suspended Solids

DO = Dissolved Oxygen

COD = Chemical Oxygen Demand

Table 2. Characteristics of Slurry, Effiuent and Solids (Year 1)

DM §S TSS pH DO COD N p
Item (%) miL  mgil mg:L  mg:L (%) (%) N:P
RS1 3.65 788 1782 7.6 0.0 127,000 1.0 053 1.9:1
RS 13 954 8785 75 0.0 57,127 019 005 3.8:1
SE 04 15 159 78 449 50922 0.08° 0.004 20.0:1
BS 104 09 064 14:1
Change® - -984 -98.2 +4.0 896 -60.6 -91.7

£9.2

aPparcent change from RS to SE
53.09% in irrigant.




Table 3. Characteristics Of Slurry, Effluent Ang Solids (Year 2)

DM 5S TSS pH DO coD N P
Trem (%) mi:L  mg:L mg:iL mg:L (%) (%)
RS 0.82 103.5 4125 73 0 5115 011 0.02
SE-B 0.39 5.2 326 7.7 0.5 1885  0.07 0.006
SE-MS  0.37 1.3 258 7.6 1.7 1414 0.06 0.006
BS-B 9.33 0.55 0.35
BS-MS  10.77 0.65 0.43
Change:
BS-B -524 -85 -92.1 5.2 -63.1  -36.4 70
BS-MS  -549 -987 -G37 3.9 -724 -455  -70
Tabie 4. Compost Characteristics
N P K Ca DM C:N
(%) (%) (%) (%) (%)
1.5 0.3 0.6 2.4 50.0 7.3 21:1

Tabie 5. Inorganic Fertilizer

Potash (0-0-60): $250/ton, $2.50/acre application

Anhydrous Ammonia (82-0-0): $445/ton, $6.00/acre application

Diammonium Phosphate or DAP (18-46-0): $332.32/ton, $2 50/acre application

Table 6. Soil Amendment Applied (40 ac)

Amendment

IF 140 # N as A.A., 200 # DAP, 200 # Potash

C 1,708 tons — 42.7 t:ac wet/21.4 t:ac dry

RS 306,000 g~ 7,650 g:ac
SE 971,160 g— 24,279 g:ac

N:P
5.5:1
12:01
10:01

1.6:1
1.5:1




Table 7. Nitrogen and Phosphototls Supplied (Ib:ac)

Amendment  Yield® NReg!? Nappl. Ndiff.  Preq” Pappl  Pdiff.
IF 204 271 176 -95 449 40.9 -4.9
C 180 239 180 -59 39.6 1367 +97.1°
RS 179 238 214 -24 304 134.6 +95.2
SE 180 239 175 -64 38.6 7.8 -31.8
Target 1.8C

8hu:ac

b1.33 Ib. N:bu-corn req.

€22 |b. P:bu - corn req.

d58.8 |b. in year 2, 38.4 b, in year 3

e = 19.2 Ib. excess in Year 2, = 1.2 Ib. deficit in Year 3

Table 8. Compost Costs
Production  $10:ton 1o $35:ton

Application  $2:00:ac to $4.00:ac

Tabie 9. Separation Costs

Equipment $10C,000

Labor $15:h .35/.31¢/g SE/RS
Polymer? $1.60:ib. 14/.13¢/g  SE/RS
Fuel $2.10:g .15/.14¢/g  SE/RS
Main 2%:y .08%/.07¢/g SE/RS

Depr. (15 yr.) 6.7%:y 27/.25¢/g  SE/RS

*560 mg:gai SE, 510 mg:gal RS

Table 10. Separation/Application Cost (¢:G)

Item Separation  Application Total
RS 0.90 010 1.0
SE 0.99 010 1.09

RS Direct Injection = 0.70 — 1.70
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Table 11. Cost Of Soil Amendment

Amendment  Yield Cost Cost Year 2 Year 3
(bu:ac) ($:ac)  ($:bu) (actual} (projected)

IF 204 107.62  0.53

C 180 512.4 2.85 1.03 0.8

RS 179 76.5 043

SE 180 264.64 147

Tabie 12. Yield Data (bu:ac)
Corn Soybean

IF 204 67

@ 180 73.7
RS 179 57.8°
SE 180 55.9°

(%)= Late Planting Date




Reducing ammonia volatilization and odor formation from
treated swine manure

This portion of the report represents the sequencing batch reactor (SBR) part of the
project. Prior to conducting the iaboratory scale SBR study, & commercial pilot-scaie
SBR was tested at all the ISU-Farm in the Manure Processing Facility but the unit
proved ineffective. The SBR avaluated could not keep up (treat) the volume of SE
produced per minute of operation. Based on the observations of the laboratory SBR
study, another commercial scale SBR unit will be evaluated during the summer of 2008,

OBJECTIVES:

The overall goal of the project was t© develop process technologies that provide
farmers with greater flexibility and security in their animal residual treatment. In the
proposed project, & biologica! treatment technology to reduce odor and ammonia
volatilization and selectively remove nitrogen was evaluated. This technology was
integrated with the existing technology of polymer assisted separation (PAS) of swine
manure, Our specific objectives for the proposed research were:

Objective #1: To determine critical design and operating parameters for the
sequencing batch reactor (SBR).

Objective #2: To develop robust operating strategies that ailow for efficient
nitrification or for complete nitrogen removal (nitrification/denitrification) depending on

nutrient demand. .

SWINE MANURE MANAGEMENT APPROACHES:
The general practice for disposing of swine manure is by land application (Walker and

Kelly, 2005). This disposal practice becomes difficult as animal feeding operations
(AFO) grow in size and density increasing the costs of transporting swine manure. In
addition, the swine manure is generally stored in fagoons that become anaerobic,
generating odors that can be the source of complaints and volatilizing ammonia and
methane. Deposition of atmospheric ammonia can cause eutrophication of surface
waters and ultimately contributing to nitrogen loading of the Guif of Mexico. Methane is

of concern as a greenhouse gas.

A new management approach is being evaluated at the Illinois State University Farm 1o
reduce odor and ammonia emissions and to allow for the reuse of nitrogen. While
ammonia volatilizes during manure storage, the oxidation of ammonium will produce




nitrate and nitrite that are not volatile and that is suitabie for long term storage and

land applied as fertilizer.

The management approach at ISU consists of two parts: (1) remova! of solids from the
swine manure and (2) nitrification of the ammonia to nitrate Solid liguid separation is
achieved utilizing a gravity belt separator where particle removal is enhanced by aading
nolyacrylamide as a coagulant. Walker and Kelly (2005) have shown that 99% of the
solids and 63% of the chemical oxygen demand were removed from the swine manure
to form separated effluent. Separated effiuent can then be treated using a sequencing
batch reactor (SBR) to nitrify ammonia and oxidize the remaining biodegradable organic
substrate preventing the generation of products such as methane and hydrogen sulfide.
Previous work by Zhang et al. (2006) has shown that it is possible to treat wastewater
with high ammonia concentrations. Separated influent is a unigue influent because the
removal of the solids and the presence of tesidual polyacrylamide. Therefore, lab-scale
nitrification testing was necessary to ensure that biological treatment can be used for

stable nitrification.

BACKGROUND FOR BIOLOGICAL NITRIFICATION:
Nitrification is the two step process where ammonia is converted to nitrite with the
production of hydrogen ions (Eq. 1). Nitrite is subsequently oxidized to nitrate (Eq 2).

Ammonia Oxidization

NHV4+ + 150, —» NO; -+ 2H" + H,0
(1)

Nitrite Oxidization

NG, + 0.5 O3 —_— NGOy

Ammonia and nitrite oxidation are carried out by two distinct groups of autotrophic
bacteria. During ammonia oxidation (Eq. 1) acid is being produced that can
significantly reduce the pH as the result of biological nitrification.

REACTOR CONFIGURATION:

Two SBRs were operated in parallel for 1.5 years using different types of influent and
differant reactor configurations (Tabie 14). During phase 1 and 2, both 5BRs were
operated as conventional activated sludge SBRs. During phase 4 and 5, one of the
SBRs was operated as 2 moving bed biofilm reactor. The SBRs were impiemented
using two identical glass reactors that have a water jacket 1o maintain a constant
temperature of 25°C {(Applikon). The working volume of each reactor was 5 L,




Overhead mixing and 4 vertical baffles generated mixing and prevented vortexing inside

the reactor. Aeration was provided using aquarium pumps. that were automatically
controlled . Dissolved oxygen concentrations were continuously measured (WTW OXi
340, Wissenschaftlich-Technische Werkstitten, Weitheim, Germany), and dissolved
oxygen concentrations were automatically controlled between 6 and 8 mg O,/L by
on/off aeration. The pH was automatically controlied by the addition of 2 M NaOH and
4 M HCl to maintain a pH between 7.2 and 7.8 during phases 1-3 and until day 4C in
phase 4 and between pH 6.9 and 8.3 after day 40 in phase 4 and during phase 5.

The influent to the reactors was separated swine manure from the ISU farm. The
reactors were seeded using nitrifying activated sludge from the Danville Sanitary
District. Influent, efftuent, base additions, and acid additions were fed to the reactor
via peristaltic pumps (Masterflex, Cole-Parmer, Vernon Hills, IL, USA). The reactors
were controlled and online measurements were recorded using LabView (National

Instruments, Austin, TX, USA).

The reactors were operated as sequencing batch reactors with a 6 hour total cycle time,
The activated siudge SBR was operated as follows: The influent was added during the
first 10 minutes of the cycle. Aeration, pH control, and mixing were on from 0.310 5.5
hours. Sludge was wasted between 5.25 and 5.50 hours. The reactor’s biomass was
allowed to settle from 5.5 to 6 hours. The effluent was withdrawn between 5.8 hours
and 6.0 hours. The activated Sludge reactor was operated with a solids retention time
(SRT) of 15 days to retain the nitrifying bacteria. The compositior. of the separated
swine manure sampled from ISU varied over time. During phase 3, the reactors were
operated with a constant loading of 320 mg N/L d. A constant icading was achieved by
adjusting the hydraulic retention time (HRT) in the reactor, depending on the ammonia
concentration, in the separated effluent. HRT ranged from 1 to 3 d during the phase 4.
During phase 5, the SBRs were operated with a constant HRT of 2.5 d.

The biofilm SBR was 50% filled with Kaldnes support media K1 {AnoxKaldnes,
Providence, RI). The biofilm reactor was continuously aerated and pH controlled. The
influent was added from time 0 hours to 10 minutes, and the effluent was withdrawn
hatween 5.8 and 6 hours. The biofilm SBR was operated with a constant HRT of 12 h.
With a short HRT and no settle phase to retain nitrifying bacteria, the nitrifying bacteria
in the biofilm SBR were mainly attached to the biofilm support media. Suspended

nitrifying bacteria were washed out of the system.
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Table 13: Summary of operating parameters of activated sludge and biofilm SBR during phase 4

Parameter Activated sludge SBR | Biofilm SBR

HRT ' ' 7 lto3d ' 12h
Volumetric exchange ratio 25% to 8% 50%
Ammoniz loading rate 320 mg N/L.d 320 mg N/Ld ©
SRT 15d i2h
MLSS | 2,000 mg VSS/L N.A

pH : £9to8.3 6.9t 83

" The biofilm SBR was operated with & constant HRT of 12 h. To achieve the same
target ammonia loading rate as the activated sludge SBR, the influent to the biofilm

SBR was diluted with tap water.




Table 14: General reactor operations during this study

Phase | Time SBR configuration Reactor operations
Phase 1 | July 2006 to Two activated sludge Start-up using synthetic influent,
November 2006 | SBR
Phase 2 | January 2007 Two activated sludge New start-up with separated
SBR effluent from ISU with an
ammonia loading of 30 mg N/L.d
Phase 3 | February 2007 | Two activated sludge Operated with centrifuged raw
to April 2007 SBR swine manure from the University
of Illinois farm at an ammonia
loading of 30 mg N/L d during
winter shut-down of polymer
assisted separation at ISU during
the winter
Phase 4 | May 2007 to One activated sludge Changed tc separated effluent
Juty 2007 SBR and one biofilm SBR | from ISU and operated at target
{after day 37) ammonia toading of 320 mg N/Ld
and with variable hydraulic
retention time. Start of phase 4
was defined as day 0.
Phase 5 | July 2007 to One activated sludge Operated with constant hydrauiic

January 2008

SBR and one biofiim SBR

retention time of 2.5 days.

ANALYTICAL METHODS:

Ammonia levels were determined using Hach’s Nessier method or a microplate
ammonia method Rhine {1998). Nitrite and Nitrate levels were determined using a
Dionex ICS-2000 chromatography system with an AS50 autosampler. The column was
a Dionex's AS18 IonPac anion exchange column Oxygen uptake rates, OUR, for the
reactors were calculated, by determining the slope of the change in oxygen
concentration, when the DO leveis were falling. MLSS and MLVSS were calcutated using

standard methods (APHA et al,, 1998).




NITRIFICATION IN ACTIVATED SLUDGE SBR:

Figure 3 shows the complete effluent data for the activated sludge SBR for the overall
project period Phases 2 and 3 are considered as start-up periods but were operated
with lower ammonia loadings The main focus of our process evaluation will be on
phases 4 and 5. Time zero in Figure 3 is when separated effluent from ISU was used
as the influent at the target ammonia loading of 320 mg N/L.d It can be seen that
effluent ammonia concentrations were below 5 mg N/L during the period of stable
ammonia loading in phase 4. During phase 5 the effluent quality was more variable with
effluent peaks up to 140 mg N/L. This variable performance can be explained by very
farge variations of influent ammonia concentrations in different batches ranging from
200 to 900 mg N/L. Ammonia oxidizing bacteria are slow growing bacteria and
response times for a sudden increase of ammonia loading rates can be on the order of

days to weeks. -
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Figure 3: Effluent ammonia concentrations for phases 1 — 5 for the activated sludge
SBR.

Detailed results from phase 4 for the activated sludge SBR are presented in Figure 4.
The ammonia concentration of the separated swine manure varied between 200 and
1,000 mg N/L. By adjusting the HRT, the reactor could be operated with & constant

ammonia loading rate of 320 mg N/L d. Figure 4(d) demonstrates that the ammonia
effiuent was below 5 mg N/L as NH; and generally iess than 1 mg N/L as NH; during




phase 4. Overall, the reactor was able to oxidize more than 98% of the influent
ammonia to nitrite and nitrate. At least 32% of the influent ammonia was converted to
nitrite, and more than 66% of the influent ammonia was converted to nitrate  During
stable operation, 99% conversion of ammonia to nitrate and nitrite was achieved. The
spike at day 44 was the result of the influent ammonia concentration changing from
275 to 840 mg N/L. For one cycle after that influent change, the HRT had not been
adjusted, so that the ammonia loading was unintentionally increased by a factor of 3.
In response to the ioading spike on day 44 both ammonia and nitrite accumulated in
the activated sludge SBR. The increased ammonia concentration on day 13 was caused
by temporary problems aerating the reactor resulting in tow reactor dissolved oxygen
concentrations. The activated siudge reactor was operated with a HRT between 1 and
3 days. The overall variability of the influent ammonia concentrations in separated
affluent batches collected from the ISU farms is shown in Figure 4{a). The Mixed
Liguor Suspended Solids (MLSS) was between 2,000 and 2,800 mg/L VSS in phase 4.
Under stable operating conditions a complete conversion of ammonia to nitrate can be
expected. But with variable process loading a temporary accumulation of nitrite can
occur. For the case of discharging treated effluent into a stream (as is the case with
municipal wastewater treatment) an accumulation of nitrite must be avoided due to

toxicity of nitrite to organisms in the receiving waters.
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Figure 4 (a3) Influent Ammonia versus time for both reactors, (b) HRT versus time for
the activated sludge SBR, (c) Reactor ioading versus time for the activated sludge SBR,
(d) effluent ammonia for the activated sludge SBR, (e) effluent nitrate and nitrite for

the activated sludge SBR.

Whiie stable ammonia oxidation was observed during phase 4, nitrite and nitrate
concentrations in the activated siudge SBR were more variable (Figure 4e) This
variability could be the result of changing influent ammonia concentrations Increased
nitrite concentrations were observed on days 42 and 2. After the change to separated
influent as the feed, the higher ammonia loading at day 0 caused an increase in nitrite
concentration. The cycle was not long enough to oxidize ali the ammonia fo nitrate, so

rasigual nitrite remained.

A practical guestion that was evaluated in the current study was tc evaluate the
influence of acid production as the result of ammonia oxidation (Eq. 1) on the
nerformance of the SBR. The reactor was shown to have base additions at the
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beginning of the cycle, and acid additions at the end of the cycle when the pH range
was originally 7.80 to 7.20. To evaluate the feasibility of operating with reduced
acid/base addition, the pH range was increased tc pH 6 9 to 8.3. It was found that this
pH control range avoided the initial acid addition to the reactor after adding separated
effluent, and, for most of phase 4, there was no acid or base additions in the activated

sludge SBR with the larger pH range.

An example of the pH in the reactor with the increased pH range is shown in Figure 5.
It can be seen that initially the pH in the SBR is around pH 7. After the separated
effluent was added, the pH increased to over pH 8. Over the next 5 hours the pH
decreases to pH 6.9 as the ammonia is metabolized and acid is produced No negative
impact of less than neutral pH was observed on nitrification in the system. For practical
application, however, pH should be monitored as a reduction of pH much below pH 6.9
shouid be avoided. In our original proposal we had suggested to use biological
denitrification to recover some of the consumed alkalinity. As we were abie to
demonstrate, stable nitrification without the need for pH adjustment was possible under
strictly nitrifying (i.e., aerobic) conditions and the effect of denitrification was not
further evaluated. But full-scale operations should have some form of alkalinity addition
such as a lime mixture similar to water treatment plants in order handle dynamic
influent characteristics which could change the influent alkalinity. Thereby, the need to

add base or alkalinity would arise.

Time (Hr)

Figure 5 pH versus cycle time for the activated sludge reactor. pH was controlled
between 6.9 and 8.3 on day 52,
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Figure 6 Cycle Profile for Activated Sludge Reactor on day 87.

In Figure 6 ammonia, nitrite, and nitrate concentrations throughout a 6 hour reactor
cycle are presented for a cycle during phase 5. During phase 5 the reactor was
operated with a constant HRT and, as a result, variable ammonia loading rates. The
cycle in Figure 6 is an example of a likely worst case exampie of reactor performance
where increased effluent ammonia concentrations are the resuit of sudden increases of
influent ammonia loading rates. The initial concentration of ammonia in the reactor on
day 87 was 25 mg N/L. After the fill period, the ammonia concentration was 87 mg N/L.
This value corresponds well with the expected ammonia concentration of 85 mg N/L
with an influent ammonia concentration of 526 mg N/L and a volumetric exchange ratic

(far) OF 12%.

The ammonia concentration gradually decreased during the reactor cycle to 20 mg N/L
The nitrite concentration was initiaily high in the reactor, 74 mg N/L. The nitrite
concentration was stable after 0.5 h into the cycle  As ammonia was being oxidized, a
constant nitrite concentration means that nitrite was oxidized at the same rate that
nitrite was produced by ammonia oxidation. The nitrate levels do not reflect a
continuous increase due to nitrite oxidation. Nitrate concentrations in the reactor were
much higher than the amount of nitrate produced during each cycle  Taking into
account measurement errors for nitrate, it was not possible to account for the amount
of ammonia oxidized in the changes of nitrate in the reactor.
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NITRIFICATION IN THE BIOFILM SBR:

In addition to evaluating a conventional activated sludge SBR, we also chose to
evaluate a biofilm SBR. Expected benefits of such an activated sludge SBR are that
reactor operation is independent of floccuient biomass settling properties as all active
biomass is retained in the biofilm  Also, it is expected that bacteria in a biofilm are
more resistant to inhibitory compounds or inhibitory levels of ammonia in the reactor
These potential advantages are coupled with increased costs for biofilm support media

that has to be added to the reactor

The effiuent concentrations of the biofilm SBR are shown on Figure 7  Initially, the
biofilm reactor was operated as an activated sludge reactor until day 37. At day 37, the
Kaldnes support media was added to the reactor. The reactor was operated without a
settle phase and an HRT of 12 hours to washout nitrifying bacteria. After the
conversion, the ammonia effluent concentration increased to over 200 mg N/L. The
bioftim had not grown on the support media, nitrifying bacteria in the suspended
biomass were washed out, and, as a result, there was not sufficient capacity to oxidize
all influent ammonia. To avoid ammonia inhibition, 80% of the reactor volume was
removed and replaced with tap water on day 39. Subsequently, the reactor was then
able to grow enough of a biofilm to oxidize the ammonia At day 63, the aeration of
the reactor was interrupted to simulate an influent shock. This shock increased the
bioflim reactor concentration to almost 100 mg N/L. The reactor was then shown o
withstand that shock, and return to operating at a effiluent ammonia concentration
below 25 mg N/L. Therefore, the biofilm reactor was shown to be able to absorb
influent shocks, and effectively oxidize ammonia in the separated effiuent.
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Figure 7 Effluent concentration of ammonia versus time for the biofiim reactor. Biofilm
support media was added to the SBR on day 37. Thus, the reactor was operated as a
normal activated sludge SBR from day 0 to 37, and as & biofilm SBR from day 37 to
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INHIBITION:

One motivation for the laboratory scale experiments was to evaluate possible tnhibitory
compounds, in the separated swine manure at ISU. Enhanced polymer assisted solid
liquid separation is performed at ISU after adding polyacrylamide (PAM) to raw swine
manure. Another potential source of inhibitory compounds is the use of antimicrobiais
in animal production. Since batches of separated effluent were taken approximately
every month, the levels of antibiotics most likely varied from month to month, but
changes in reactor performance couid not be correlated to different influent batches. In
addition, the reactor was able to metabolize the ammonia in the separated swine
manure, which indicated that the PAM did not significantly inhibit the nitrifiers  Finally,
the previous work of Zhang et al. (2005) at Lund University used PAM to immobilize
nitrite oxidizers to improve their activity which suggests that PAM does not hinder the

activity of nitrite oxidizing bacteria.




CONCLUSION:

The activated sludge SBR was able to nitrify ammonia from the liguid fraction of
swine manure after polymer assisted solid-liquid separation. No inhibitory effects of
chemicals added during solid-liquid separation and from the swine manure itself

were observed.

Effluent ammonia concentrations below 5 mg N/L were achieved in the activated
sludge SBR with stable ammonia loadings of 320 mg N/L.d. Stable ammonia
loadings were achieved by varying the hydraulic retention time of the reactor as
influent ammonia concentrations varied by a factor of 5 In contrast, when
operating the activated sludge SBR with constant hydraulic retention times and
variable ammoniz loadings, effluent ammonia concentrations couid increase up to
140 mg N/L For practical applications of the activated sludge SBR the SBR should
either be overdesigned to balance such sudden changes in the influent loading, the
SBR can bhe preceded with an equalization tank that will help buffer influent
fluctuations, or the SBR can be operated with variable loading/variabie cycle times in
response to changes in the influent composition

Controlling the reactor pH between pH 7.2 and 7 8 required significant amount of
acid and base addition. Adding the separated effluent at the beginning of the cycle
increased the pH and acid was dosed to keep the pH below 7.8  As ammonia was
oxidized the pH decreases and base had to be dosed. Allowing the pH to vary
between pH'6 9 and 8.3 significantly reduced acid and base addition and had no
negative impact on system performance. For practical operation it is advisable to
have the ability tc add alkalinity {e g , lime addition) as the reactor pH will depend
on the alkalinity and the ammoenia concentrations in the separated effluent that can

vary over time

Nitrification could alsc be established in the biofilm SBR but effiuent ammonia
concentrations increased up to 100 mg N/L after start-up. Reasons for the
variability in performance of the biofilm SBR are unclear. It is concluded that adding
biofilm support media does not provide sufficient benefit compared to the activated
sludge SBR to justify the additional cost of adding support media.
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Effects of Land Application of Untreated and Treated Swine Slurry
on Crop Production and Subsurface Water Quality

A series of 24 agronomic piots (1/7 acre each) in a randomized complete block design
(6 x 4 factorial) of six treatments replicated four times (Figure 8) was established prior
to initiation of the 319 Grant. The treatment applied in this study were the basis for the
four treatments selected for field scale (40 acres each treatment) evaluation in the 319
Study. Inthe 319 Study raw slurry separated effluent, compoested, separated biosolids
and inorganic fertilizer were land applied to supply the amount of nitrogen. Because
the 319 study was funded for only two years (the study will be continued for several
years beyond the 319 funding period) not encugh time has elapsed to detect significant
changes in soi! or ground water specifically do to treatment effects. Therefore, we are
reporting the observed soil and ground water cbservations from the agronomic plot in
addition to the two-year observations of field scale treatments to provide insight into
the changes we expect to see longer term to the field scale treatments.

AGRONOMIC EXPERIMENTAL PLOTS WEST OF 2600E

A total of eight wells and four soil suction lysimeters have been installed on the experimental
plots to the west of 2600E (Figure 8). Water samples were collected for chemical analysis
from seven of the wells on ten occasions, approximately quarterly from August 2003 to
September 2005, and again in April 2007. Samples for nitrate isctope analysis were
collected from four wells (U-1, C-1, M-1, and F-1). Soil water sampies were collected on five
occasions, starting in August 2004, Samples of manure slurry and manure effluent were
collected for chemical analysis on two occasions, May 2004 and May 2005. The manure and
effluent samples were also analyzed for chlortetracyciine at the University of Nebraska. Soil
samples were collected from the manure and separated effluent plots for chlortetracycline
analysis in June 2005. Appropriate QA/QC procedures were followed during sampling and

analysis.

Nutrients (N, P, K), DOC, and some major ions (Ca, Na, CI, alkalinity) are elevated in the
manure slurry and separated effluent. Some minor elements, such as B and Sr, are also
elevated. Synthetic inorganic fertilizer would also have elevated concentrations of nutrients,
Despite these differences in water quality in the source materials applied to the piots, there
were very few significant differences observed with respect to subsurface water guality. The
only significant difference for well water guality was for Sr, with concentrations in the wel!
down-gradient of the raw manure slurry plot (M-1) (mean 0 127 mg/L) significantly greater
than for the synthetic fertilizer well (F-1) (mean 0.108 mg/L). Concentrations in the well
down-gradient of the separated effluent well (E-1) had intermediate values (mean C 116




mg/L). Nitrate-N concentrations were highest in F-1 (median 18.9 mg/L) and lowest in M-1
{9.80 mg/L), but the differences were not significant. Alkalinity concentrations had a similar
pattern, highest in M-1 and lowest in F-1, but again not significant. Chloride and Na
concentrations were very similar for these three wells. Potassium and P concentrations were

very low because these ions readily adsorb in soil.

Nitrate-N concentrations have generally been decreasing in the groundwater samples since
the start of the project (Figure 9) This is probably primarily due to the conversion of the
piots from previous agricultural practices, i.e., from application of synthetic fertilizer across
the entire site to the present experimental soil amendmeants. Chloride concentrations have
also generally been decreasing (Figure 10). At the last sampiing events, M-1 and E-1 had
the highest CI" concentrations, which would be expected considering the manure

amendments to these plots,

The soil water samples showed similar patterns tc the groundwater, Curiousty, NO3-N
concentrations have always been highest in samples taken from the control plot ((5-2)
(mean 17.0 mg/L). The reason for this is still unclear. Nitrate-N concentrations from the
synthetic fertilizer plot (FS-2) had a higher mean value than for the raw manure plot (MS-2)
{10.5 vs. 4.05 mg/L, respectively), although the difference was not significant (Figure 11).
Chioride, alkalinity, Ca, and Sr concentrations were higher in MS-2 compared to FS-2, with

the difference being significant for alkalinity.

Nitrate isotopic results for the wells and lysimeters do not suggest any difference between
synthetic fertilizer and manure sources, which was unexpected (Figures 13 and 14). There
was little or no suggestion of manure sources in samples benaath the manure and effluent
plots. Interestingly, the isotopic signature of the samples from the zero-rate plot was
significantiy different from the other plots, suggesting more of a synthetic fertilizer source
than for the synthetic fertilizer plot (Figures 13 and 14). All the samples show some
denitrification, especially those from the up-gradient well (U-1) There was no indication of

seasonal differences.

Chlortetracycline and tetracyciine were found in both the manure and effluent samples and
most of the soil sampies (Tabie 15).

This long term study suggests that when adoptive management practices (AMP are utilized
such as applying soit amendments {inorganic fertilizer, manure or compost) at appropriate
nitrogen rates manures offer similar or smalier water contamination risks compared to
inorganic fertifizer In the agronomic study raw manure, separated effiuent, incrganic
fertilizer and the 20-ton eguivalent rate of composted biosolids were applied to provide 1.33
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pounds of nitrogen per bushel of expected corn yield. The fact that nitrate — N
concentrations have been decreasing since the study began suggests that previous general
farming practices at the site were over applying nitrogen and that balancing nitrogen
application to meet crop requirements can decrease ground nitrate — N concentrations  Alse,
this study may suggest that the phosphorus concentration concern regarding unprocessed
manure application may be over emphasized as no changes in ground water phosphorus
concentrations have been observed to date. This observation emphasizes the need for long
term (7 - 10 year) studies toc assess phosphorus changes due to fertilizer applications,

EXPERIMENTAL FIELDS FOR THE CIG STUDY:
Five shallow monitoring wells (13 feet deep) were installed in the spring of 2006 (well 1 had

to be abandoned before it was sampled) (Figure 15). Subsequently, weli 1 was re-drilled
and data is currently being collected from well 1. The other 5 wells have been sampled 8

times since installation, approximately quarterly

ResUlts are preliminary, since the conversion tc the new applications only began in 2006,
Preliminary results indicate considerable variability in the shallow groundwater quality, There
are high levels of NOs-N in welis 4 and 6 and no nitrate-N in well 2, and there is some
temporal variability in the values (Figure 16). Nitrate-N concentrations have dropped
considerably since the start of the project. Some of the nitrate isotope data suggest a
manure source, especially for well 3 (Figure 17). All of the samples except those from well 4
showed some denitrification. Well 3 had the highest CI (Figure 18) and alkalinity

concentrations.

Little cause and effect relationship can be determined relative to ground water
concentrations of selected eiements in the field scale treatment fields because of the
limited observation time (2 years). This will be continued for several years beyond the
scope of the 319 Grant to assess any changes do to soil amendment treatments and

AMP's,
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Table 15: Rasults for antibiotic analysis for liquid manure and manure effluent samples collected.

Sample Date  |Tetracycline Chlortletra- Oxy‘tgtra- Anhydrp« Anhydrochior—
cycline cycline | tetracycline ietracycline
ng/miL ng/mi., ng/mL ng/mL ng/mL
Manure slurry 5/24/2005 15.3 105.2 <5 <10 <10
Separated effluent 5/24/2005 8.0 230 <5 <10 <10
ng/g ng/g ng/g ng/g ng/g
Manure plot surface soil 6/13/2005 3.9 87.2 <1 8.2 1.2
Manure plot scil 3¢ cm 8/13/2005 <1 3.1 <1 <2 <2
Effluent plot surface sail 8/13/2005 1.5 106 6.9 <2 <2
o U2 US-18 U-1
3 4 5
® Wells o o 25
B | ysimeters é o 2 @ % = iy E E
e 8 2 §2 |22 £%
=N =
: E | =7 (|28 || oE
o =}
o &)
¢ N Cs-2m MS-om BFS-2
{nct to scale)
1 Comp-1# M-1¢ E-1 e F-1®

Figure 8 Field site west of 2600E showing location of monitoring wells and lysimeters.

30

25 | (/"
A

20

15

NO,-N (ma/L)

I L

L

—4&— Upgradient
—— Compost
~7— Manure

4 Effluent
—&-— Fertilizer

v
A
L.
2

—_d

a !

May-03 MNov-03 May-04 Nov-04 May-05 Nov-05 May-08 Nov-06 May-07 Nov-07

Figure 9 Nitrate-N concentrations from well samples coliected to date.

35




20

——8— Upgradient
—8— Compost b
—¥— Manure
A& Effluent |
| —#— Fertilizer
v 4
)
] A
E -
=
[
A i
B+ .
.
4 L. d 1 n H I 1 L 1 ] —_— Il 1

May-03 Nov-03 May-04 Nov-04 May-05 Nov-05 May-06 Nov-06 May-07 Nov.07

Figure 10 Chioride concentrations from well sampies collected to date.

36



30

—e— (52
os | —6— MS-2
v —v— F$-2

20 -

15 F

10+ / 4

NO,-N {mg/L)

(8]
T
/
/
-]
a0 6
L

I PPN N L 1 !

o —— : . . .
Jan-04  Jul-04  Jan-05  Juk05  Jan06  Jul-06  Jan-07  Jul07  Jan-08

Figure 11 Nitrate-N concentrations from lysimeter samples collected to date

30

—~ 8- (5-2

—%— M52
5t \ —7— F5-2 1
20 - \ .

5 N
o e ]
E 15¢ .
: ®
5 \/
O\\_ \’W
10+ ¢ _
]
5r v |

L 1 1 L

Jan-07  Jul07  Jan-08

0 . o , .
Jan-04  Jul-04  Jan-05  jul05  Jan06  Juk06

Figure 12 Chloride concentrations from lysimeter sampies collected to date.

37



50

25

20

16 1

10 ¢

T

T T !
| e 1!
L et o
! |F b v Fl
L PO Ry ¥ G-
) A ¢ U
NO;  Manure
Fertilizer B Sep Effluent
4
¥ v U,
== e “TTTT
| Synihetic | Manure |
Reduced ! and !
™ Fertilizer | __Sewage _
L 1 1 |
0 5 10 15 20 25
55N

Figure 13 Nitrate isotope values for well samples collected between August 2003 and
April 2007. Boxes outlined by dashed lines indicate isotopic ranges for potential sources
of nitrate. The denitrification vector indicates the theoretical change in 5*°N and 5'°0
values of residual nitrate after a fraction of the NOs™ pooi has been denitrified.

50

25

26

15 1

00

17— 71

Redhicad
~Ferfiizer -

L T
J-ﬂ.tmcrsj heric E
Depogition |

i |
1______374‘...“1-
A——

NO,

Fertilizer

L

Syn!heﬁc

Ms-2

Fg-2

C8-2

Manure

Sep Effluent

BOwmd4 &

n'ltr'lﬁca .
e ve Gtof

0 5

5N

25

Figure 14 Nitrate isotope values for lysimeter samples collected between August 2003

and April 2007

38




/ / 1SU FARM N
// v
6
5 separated
_:‘g inorganic affluent
4 fertilizer u
L
&
ol
D e —
compost : —
3 siun
2 3 i
/’ 27000

Figure 15 Locations of wells installed in 2006.

30’—

25

NO,-N (mg/L)
3

T Ll

Jan-07 May-07 Sep-07 Jan-08

Sep-06

Jan-06 May-086

Figure 16 Nitrate-N concentrations in wells shown in Figure 15. Concentrations were
always below detection in well 2.

39




25

] T J T T
I i i :
! |
I i I * 2
| | | \ T 4
bl b — b @ 5 4
o] 4 &
15 1 k!
@]
w
o
10 -
5F i
0 I L 1 I3 1
-5 0 5 10 15 20 25

3N

Figure 17 Nitrate isotope valuss for well samples, Boxes and vector same as in Figure 13,

a0
&
a0t \ .
L ——-
®
P
— ah L ~ |
< ™~
=2 ™~ e
E ~g
= — g %
O ot -
—.— 3 Ty
=, a
el 3
10r —p— 4
—— 5
—=— 5
0 L 1 L 1 I L L 1 1 L n ] . 2 I i3 " i L
Jan-08 May-06 Sep-08 Jan-07 May-07 Sep-07 Jan-08

Figure 18 Chloride concentrations for wells,

40







APPENDIX






Attachment 1

News Release Promoting SWEETA Website







Mews Released

New Website Highlights practical Swine Waste Managem ent Mathods

FOR IMMEDIATE RELEASE
June 3, 2008

esh country ham and a pork chop dinne:. But, few of us relish the odor and
h swine production Inan effort to help producers and their neighbors live
m Ilinocis State University, Univarsity of Ilinois and Illinols State

| methods to handle the waste

Many of us enjoy a fr
waste that comes wit
in harmony, researchers fro
water and Geclogical Surveys studied practica

e Ty el

found on the new website ks @2
== (SWEETA), www . sweeta. lllinois adu

Information about these methods can be

vy and coordinator of the

i sciences at Illinois State Universit
hich included slurry separation,

nt team, fead the project w
re liquids ento crop fields.

pau! Walker, profassor in anima
Livestock and Urban Waste manageme
corrposting of solids, and appiying was

liquid cormpenents is a technology that
decades,” explains Walker "This

"Separation of municipal waste water into Its solid and
liquid swine manure info Its biosolid and

has been used by municipal sanitation departments for
technology has been adapted to economically separate

liquid fracticns "

< the hiosolids fraction to be compested for ultimate
while producing a liguid fraction with low
hat can be irrigated as a nitrogen fertilizer

Walker says this systems approach allow
use as either an on-farm or off-farm soit amendmeant,

odor, low solids and low phosphorus concentrations {
for row crops

"Thase waste handling methods are economical for livestock and grain farmers, and they are

environmentally acceptable for the public," adds Duane Frizand, University of Lilinois Extension

natural resources educator.

.. website includes economic comparisons of using inorganic fertilizer, raw slurry and
ment for corn production, based on actual costs and nutiient analyses
s EPA permitting, local site approval an¢ an-farm exemptions is also
5 information on composting horse bedding and manure

The =, &Ei:
compost as a soil armend
Information regarding Hino
included The website even inciude

Funding for the project was provided by the Natural Resources Conservation Service, through @
grant awarded to Ilinois State University

Source: Duane Friand, Extension Educator, Natural Resources Managemeant, .







Attachment 2

Slurry Separation A systems Approach to Manure Management
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Attachment 3

Land Application of Separated Effluent from Swine Slurry






._..—OSNZ_:_N_.

“uoa snootdsoyd Supaedas susaouos [euswuuo s
Aurziunung f_oh:: ones (g ) m:o._op_.,_mo,_;“:mmob_:
A1 saduey Adojouyrar 1wowsdeuew sandepe supy
‘Apueniodun ysopy -usBo.unu JO 381 12.1p Jof smop
18 pue ‘1500 vonenjdde moj e sey ‘spduirs st 11 asnen
-3 snoageiueape si Honeaj pbir ayy jo uonezynn
12246p sip 1 -uonesydde puey juanbasqns 10§ syuey Fur
“P1OY Ul 234018 styuen|e patesedas at[f. .ao:mu:ﬁ_;m
puedo.iy o) saoueisIp hmM:om patiodsuen 5o uie;
“H© PLos 3q ues jeq; 1anpoados PIppe-aifea & Junnp
-oad ‘patsodwos s UONDRAL SP10S 3y ] -aanuew pinhy
oy snuoidsoyd jo agg6 Ajmewnxodde pUe $pijos
P O 04506 UBL[L 210W SaAGWIS Apuisisuos uorjes
-zdag 1uu0s snuoijdsonyd MOf PUE SPIIOS MO[ & 1jim
uonaedy pinby 3 woay {[3reredas 1003 snord
»mo_._p_ ._u_._m :MM.Q.—.:: &M:_ 14 —_..:>> ﬂ—o._._.u.mh_w H.u__Om UJ.— Jsnaa
01 34(iss0od 31 Sa%RLIU 2unuELL UIMS ey Jo uoinyeaedas
pmbi-pros suy 1 Bunsadwos itm sanuewr pmby

Jo uoneiedas paisisse-aawijod sa1dnoo 1B} UI)sAS
BRI 2anuewr yssanans v padofaaap sey wes |
AT Yoteasay aisepq UBQI[ PUE 32015317 3y

AL sutmg

wouy juan(jyg pajeredag
Jo uoneotjddy pue

IYNLINIIYDY 40 LNIWLYVYVdIQ

ALISHTAINND LV LS STONITYI

¢

P SIOUN|I" o235 av As Ak
npa msig)ayemd sjrew-g
E595-8EF-608 xey
1BBE-8E¥-60€ -auoyy
0T0S-06L19 1 ‘[ewtioy
0705 xog snduwsery

VHOEE L I HY 3oy er v L N I N AU Y

ALISUTAIND ALYVLS STONITYI

MY XS IO ALY P T N TS TR TR F T R TR YT

ST PO sposorg ookt s ayy S i

-.;unw.m_h-:___m.ﬁwbmu.__r—.m.&:\rf:

B[Usqam (V139M8) SIATIBUIBY| Y 1USL
IR [BuSuoiauy ‘festuwrouooyg ASEAA DU 3N Lo

HOBULIOJUI [EUORIPPE W0 Yoai UONRULIGUT 31011
104 "wonanpoid dois 1oy SIUSUIPUIWIE [10S [e1D1]
-PUIq JO 201N08 © Burpraoad PuE *suisouod uonnjjod
201n0s 1uod-uou w:ﬁu:wvh ‘atejam euuue Fulaoad
“HIL S[IM 3INUBLT SULMS YA pajeosse peo[ioan
wusLnnu pue 10po sy Fuideueur 1oj waysks AT}
"J2 1500 pue U)o ue saptaoxd uonesedas »t:_m

uo(ed s pgg g = suoj|ed uoipru 4 RUHRER S
uo|ed; 379 | —

suofred o 4,.
:o:mw.\u_o.m —

suol[ed uogjiu | uey) sey-

Atingg mey 10

51500 uoryearddy puey

SHfaUAY JeuoneTad,

PU¥ |BUSWUIOLAUS [euOHIppE wEv.SD._L SN HTEOEYN
“ELLDM[E 3qRIA Aj[edtwouods ue S w:ﬁﬁ: :r::_m
MEL 10 53500 uoneordde PUEL UL 01 aqey]
-miod are uonesydde pue uoneiedas 10 81500 [e10y

1) (e )
£6EY° I £697°1 fevor
{1012311q)
€601°0 E601°0  uonedd,,
€ed 911 e

£1E°0 £ LED w0qy
10 +E10 E_:b;__

SO0°0 OO0 Aoy

18°0 0L°0  wawdmby;

LIS 15605~ g A0 507
[
(3:2) 1507

:o_w_mu:ﬁ_w:\\ uoneredag

anj

pasn juswichinh

uone.edss jo-3df apy uo Fuipuadap uojed Jal
YRy w:m. vm._ ;.uviamm_. a1e uonesy(dde pue jary
.qubsn_ .Ea_m_ meEn__:ru w:__u:_u:_ ‘S1800 [e30}

s1s0 uoneoddy
pue voneredsg eyo)



Land »/_:g_mnﬁ;:: ofi

Elfluent

mm_um;ga

The separated
etlluent, which
makes up 90-

i

Y8%a ol the raw
slurry volume, 1s ?Zumf
transferred to a K% ?:.:..._ citiaeni o applavi
w__.__.—Jv‘ store Qwu SRR L ety _.__.(n:. ——._..m,u.m.m‘.::m
iank where i1t 15

acraied before being land applied using center pvot
or subsurface irrigation. Because the wtal solids
have been reduced by over 98% 1n the elfluent,

r.w:%m,:m,. marngation equipment and pIpIng 1s not a
concern. Addinonally, no odor problems have been

associated with the use of separaied effluent even

with above m_.o:..:,_ :\Emm:oz m%mﬁm:._m.

RMPs {or Irrigating Separated
Fl{Tuent

Obtan nuirient analysis (NPK) of separaied
elfluent
Separated eflluent must have 90% or more of
the iotal solids removed to prevent odor
Apply based on % N if 290% of the P has been
removed
Apply ‘% nch of separated effluent at a time 1o
D(_:_n— 7._.:‘:
Do notirigate on {rozen ground to avord run-
oll
Do not imigaie just prior to or dunng a ran to
avaid runoff or leaching

Both the com-
posted biosolids
and the separated
eltluent provide a

vomparable alter-

native io :.ﬁ_:mm

Typical characteristics of raw slurry, |
ellluent and biosolids after 3yrs of |
i

; continuous separation
Bens saliddy Nt
RS (.82 0.02 6.9:1 ¢
| SE-GR  0.44 0.008 11.1:i
| SE-MS  0.39 0.007 11.9:i
| BS-GB  7.45 0.17  3.2:4 |
I BS-MS 7,73 017  2.9:1
m, ™ Fam | . _
Compost Characterisiics ;
W o bt g B S S IAER e . w
P15 03 06 24 500 7.3 5 |
Z_:omm: m:m 25%_535 m:E m _c“mmv
Yigld® it Poea !
IF 204 271 176 95 44.9 409 4.9
C 180 239 180 -39 396 136.77 +97.1°
179 238 214 24 394 1346 +95.2
180 239 175 64 396 7.8  -31.8
180
b ww:. N:hu- corn _.nn_
< {1.22{h. P:bu = corn req
d SB.R ibinyear 2, 38.4lbinyear 3
v 19.2lb exeess, = 1.21h deficit
>Z: eviations
RS = Raw Slurry
SE-GB = Separated Effluent from gravity belt

il

M
_
SE-MS = Separated Effiuent from microscreen “
BS = Biosolids _
1
|
|

BS-GB = Biosclids from gravity belt
BS-MS = Biosolids from microscreen
IF = _:oamm:_n Fertilizer

C = Compast !

% Solids = Percent solids

% N = Percent Nitrogen

% P = Parcent Phosphorus
f

gl
It

Percent Potassium

% Ca = Percent Calcium !

LU S QS Y LR ST -1 v

Pand \w_g_i_mnﬁ__.o: af mc__._m..m:_,nm
Biosolids

The hiosolids,
winch make up
2-10% ol the
raw slurry vol-
urne, are col-

fected, com-

posied and then )

) . MWEEY Tank it inges o tond

fand applied.
Boar fowe Land aprgstvaing bacsoii.

BMPs {ov

Land Application of solids

¢ Obtam nutrieni analysis (NPK) of biosolids

» 3%:, based on 26 ¥ concentration

Applying based on % N concentration will re-
sult 1n over applying P

Do not apply to frozen ground 1o avoid runofl
Do not apply just prior 10 or dur g a ramn io
avold runolf or _mmn_::m

Soil njection 1s preterable io surface broadcasi
ia reduce odor and loss of N

«  Apply based on % dry matter ol hiosolids

BMPs for Land Application of
Composted Biosolids

+  Obtain nutrient analysis (NPK) of compost
¢ Apply based on % P conceniration

»  Applymg based on % N conceniration will re-
sult i over applying P

»  Apply based on % dry matter of compost

i
1WA s

_: .._2_:..1.



Attachment 4

Slurry Separation — Getting Started
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v Slurry Scparation for

Manv city wastewater iveaiment departments use
polymer-assisted separation sysiems thai combme
the use of chemical floceulants, gravity belt thick-
eners and bell presses to remove the solids fraciion
from wasiewaier. The Livestock and Urban Waste
Research (LUW) Team has aclapted this technology
to ecconomically separate liquid swine manure mio
is biosolid and liquid fractions. This sysiems ap-
proach allows the biosolids fraction o be com-
posted for ultimate use as either an on-farm or ofl-
farm soil amendment while producing a liqud Irac-
iton with low odor, low solids and low phosphorus

concentraiions that can be :._._mumna as a nirogen
teriilizer for row Ccrops.

Issues to Consider in >ﬁ_o_uﬁ..:m
xc:ﬁ_-:ﬁ_:a Separation System

Volume of raw (unireated) slurry produced
annually

Current storage capacity, mclucling building pu

capactly and storage iank or lagoon capaciy

Fype of slurry storage - building pit storage or

exiernal m::.mm.n such as a _mmccz or w_:_._.,_m:,:.m@
o

Current slurry treatment, il any - this may in-

clude a 2 or 3 stage _mm:c: settling system

Current cost of land m_;u_f:m ww:_._.v\ _:n_:n::n

m_m,:m::,:u _u_.:.:_.:_._ _:_OA:C: m:n“ Tm:::W COSES

Sepmrabie sodids ave comoved LTIV

griviy =creen-rollnress sepasaim

I'm portant Points

The current cosis lor land applying shurry should be
calculated as annual dollars:year and cents:gallon car-

ried ai least two decimal places (00.00¢:g).

The separation process must mclude a chemical poly-

mer {palyvacrylamide or PAM) to flocculate the salids
polyacry

poriton. Mechanical separation without PAM assis-
iance 1s noi sullicienti,

The liquid produced during mechanical separation
without PAM assistance still should be considered

sturey with all the bad things assoctated with slurry,
mcluding odor, suspended solids, high phosphorus

concentration, etc. The solids qn:~0<mm by mecham-

cal separation are referred to as separable solids and
:w:m_; represent 30 — 40% of the total solids con-
centration 1n raw m_:_._.w.

Separation by mm:__sm 1 a three stage lagoon system

van be effective and can produce a desirable separated

elfluent, however, 1t 1s a slow process, (days to

weeks) and has large volume storage requirements.

Separation s most effective if the slurry 1s fresh 1.e.
no older tkan seven am«m. m_E.J_ stored [or pro-

longed periods has become anaerobic and requires

the use ol _:rmrm_. polymer concentrations, costs more

per rrﬁ::: to separaie and does not remove as much

ol the solids {raction. Separating anaerobic slurry m

comparison io fresh slurry, also, creates substanizally

tore odor during the separation process.

Polymer Use Required

+  Selection ol the appropriate polymer s crucial
to successlul separation. There are hundreds
ol polymers available and noi all liquid ma-

nures are the same. Therelore, there may be
some irial and crror 13 wr_cc:z the mosi efli-

CaC10Us ﬁa_%—:ﬂu. —.A:. mmm._a farm

¢+ Selection ol the correci polymer is not pro-
hibitive nor that difficult. Chenmcal sales icoh-

nicians and separation specialisis can provide

on-farm assistance in selecting the mosi appro-

priate polymer,

Fre quency of Se paration

+ ﬁ::d::% or ar.m:::m manure pits once weekly
for separation and then ,.nd_dm_.@:m cach pit
with approximately {four inches of separated
elfluent or resh water decreases odor of sepa-
raiion.

+  Removing slurry from building pits on a

weekly basis, also, unproves the building enve-

£
ronment substantially (decreases inside build.
ing odor. decreases building gas concenira-
vons, increases pig perlormance and im proves
worker satisfaction).

separated efifucoi i dramatically cleaner
than the raw slurry



Attachment S

Slurry Separation — Cost Considerations
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Farm which 1s processing up 1o 2
VUL

million gatlons a
Total costs include the “worst case scenano” ol
divse] fuel costing $4:gallon.

Minuvmnum _L qulpment

ﬂwm_::.m:._m: s

Items for both systems Cost
uilding §50.000
‘eception pi(25'x8" w/sump) $15.000
LIpen prop agitator to st pit 56.000)
Pump to supply primary screen $6.000
separator Model 250 511,000
Huent tank (15°%8” w/sump) $12.000
ffuent pump w/ on-off level swirch $8.000
Feed pump for raw material $5.000
Chemcal injection pump for polymer $4,000
Mixing tanks - 500 pal (x2) & controls $6,000

Total = $123,000
Plus either: Microscreen $17.000 = $140,000
or Gravity Belt $50,000 = $173.000

L0 yr straight line depreciauon (cost/ 10yrs)
Microscreen $14,000/2 million gallons = 0. TOe:g
r:mﬁQ Belt $17,300/2 3_:55 m,,.:o:u = 0.8 ?::

suspended solids are removed using a

BT SOrCC T S ai-a o Al .“.57_:::.

,;.:ﬁ._.n....ﬁ.:;,»,_ Sirileds R Ao Prarate 1 ..ﬂ:: A mﬁ.ﬁ& 13

belt thaioemes snd potymes

SR — s e

- - - g e +
O@Q ating Costs

Ameren ﬁ_ccima 0.0795¢/kwh
! LB = 0.00L&\W.&:OS
FMS = 0.004¢/ gallon

m nmeasurements were taken of both GBT and MS

Average gallons / # of polymer = 1707g
i Cost of polymer = $2.45/1

$2.45/1707 gallons = 0. 144¢/gallon

Approximately 2 hours per day are needed for
siartup and shutdown

Praily operation of 8 hours is _.nnoggmsn_mn_

Totad hours = 10

= $15.00/hr x 10 hours = $150.00

SYS1eIm 18 rur at 100gpm (x60min x8hrs) = 48000g

Rate of pay =

F$1500,00/48000 gallons = o.wﬁmmﬁ\mm:os

separahie solids are removed usmyg a

gravity sereen-rollpre waration

regravadesd cHboea i sivaniain sty

sreietd Edieres She o s

Application Costs

AT NY

IER1

N3 L

U pallons of diesel fuel used 10 wrngate 500,000 gal-

lons ol SE
At mlv_muzas ol {uel, cogt = :.cchuﬂ“m,ﬂ::: ol SE

At s4:gallon of fuel, cosi = 0008y eatlon of SI2

>_.:22.. ;:Em; 3 cT\Cmﬂ \_/: h
3,666 kwh 1o punap 217,982 gallons of S5 over 12
c 0168 kwh:gallon of SE 0.0795¢/ kwh
0013¢:pallon of SE

F 0 O BT S|

20 /.;,..,:k u.:..,:cm: line Ln,u_.n,c_m_:,:
(340, :c:\ 20ves = $20060)
$2,000/ 2 million m,,_:c:.f, = 0. 10¢c:gallon

ol ypplica

At s2 w»::: c::r_. cost = 0.1053; gallon of SE
At s4:oallon ol fuel, cast = 0. 1093z gallon ol Si°

Sepracatend CHIbeal s apaysiied PSR R

VNI 3T 0
H £




Attachment 6

FEvaluation of a PAM Assisted Solid/Liquid Separation System







L.

RaeilelNldin anid ViCeiro Uy

sturey pres wail the swine huildings at the TSU arm {arron

to finish swine aperation were dramed once ar twiee cach

worh and recharped with 2- 3 inches of separzted efffvent. The
i !

cav <hurry (RS was drained by an underground sewer line to

ihe shurry provessing building where it was passed across s
sraviiy screen-roll process separator to remove separable solids
producing separaied siarry (RS23, The RS2 was muted with

pobvorer and passed arross a gravity belt thickener to remove

: {BS) were mived with

sspended <alids, The resulting biosolic

4 elflu-

d. The resulting

.rh:n_u,,ﬂh_vr_ wasic u,:& compos _vp:d

ent (SEY was stored o a Shurey Stere ®Rounti) fand .__J_qz..i dur-
"
iar. The

wasa Model 250, manutaciuved by Key Dollar Cab, tne.

the corn/sovhean Urowiing SCason via a cenier ptvot

gravity seeeet-roll press separatar used lor this sty

Ciifton-Freewater. OR) with a pore size of T5%mm, For this

dalaraie of 2270 2 1.02

study, the separator was operai
beit thickener was 3 Model GSC-1, Seres

13, The

I.7mmun, The gravity

~omling

i anuiaciured n sanderson (Peapack

helt {abrie permeability was 390 L/min, For this study, the belt

separator was aperated at a rate of 378.5 L/mm. The propre-

tarv liquid catiome poivacrvlamide (PAM) polvmer flocculan

hemical Water

gwed in 2006 was Percol 7578 (Ciha Specialty €

Preatments, Ine.; Suffelk, VA which had a charge density o
A8 ol R52. The PAM used in
2KI7 was Zetag 81 60R (Ciba Speciatty Chemical Water Treat-

density of 60% at

au a concentraion of t40 mg/l

ments, inc.; Sullofk, VA) which bad a charge
2 concentration ol 2380 ma/L of R52. Between Mayv and Octo-
ber 2006 1,067,237 gallons (gy of RS1 were separated produc
g 971,160 g of 5E and 96,077 ¢ of BS
-1 dava. urimg 2007

118,907 5E

and 115,999 BS and separalion was conducted. twice weekly

with m,.n»_dﬂ".u_m._ﬁ.: OUCLIr-

ring A.._uwu_.CH:_un.:n..:u once every

1,234,966 g of RS were separated producing |

rom May | antil November @ One liter samples of R51, RS2

and SE were collected lor analvas and analvzed Gor phL, chs-

alved oxvaentDO), chenneal axvgen demand (COD). solids

drv werghn (SDW, sertleable solids (55), total suspended s ]
ids (1S5), total mtrogen (N,
mad N3 Samples

total phosphoros (P and ammeo-

were analyzed usimg procedures vaken from
Exammnation of Waier and Wastewa-
2000% and

Statestical analy

standard Methods for the
Association ol Analytical
of COD, SDW, 85, T3S,

cohcentralions ?_n_:;:n_n:ﬁ variahblesy were con-

ier, 20th editton (Eaton,

Chennsts (1973),
* and N}
ducted for RS1, RS2, SE, and BS andependent varablesy usig
Friest (SPSS 2007, Significance of

difflercncees between data values was determ

a profecied software,

data _unm:,Om

for COD, =370 rar N, and 2 tor P owere sieniticant for SE relative 1o RS

Results of ST, B82, SC ancd BS analyaie (or SIW, SSUTSS, pll, CODL N Pand NE
B ratcon i Tables 1 (200601 and 2 (2007, Based on Tab

prosented alung with the

data 1t 2 apparent that during the 2000 sampling perioa concentratior oy
SE were signiticanthy (p <G.035) reduced by 09 jor SDW, 98 for S5 and TSS

=ROU for COD, 260% ior M, and =91

yiar Por

the ranoe of 7.5 10 7.8 were found for RSt RS2 and the SE generated. The ™:Pra
i SE. Reductions of =30% for SDW, = 23% lor

vlatne to 251, althoush th

mercased fram 40 R8T o 17:1

S5 8% for TSS, and > 21%s tor N were found in RS2

ndicate thai

telions were noi statsticalby siuniticant. Data preseny

1007 concentration meduciions of 5 3% for SDW.

ni pl U evelsn the range 0f 7.29 10 7.64 were jound lor RS RS2 ang Sk The
ratie mcreased from S:ion RS o P m SE Reductions of > 000 for SDW. >4
S8, and =1 %0 for ¥ were found in RS2 reiative 1o RSE, althoush these reductions

not stausiicaliv significant,

tative 1o RST. Consstent pl levels

fia

Je i

+

[§18

R

m

=R0% fae S5, =629

IS
P
ale

were

. Tabie t. Mean {£ 1 SD) concentrations of evaiuated water quaiity parametert
[N:P} ratios for raw siurry, separated slurry, treated effiuent and biosolids

Sample % Solids Setileable Total Suspended pH Chemical Oxygen T
lvpe Dy Weight Solids Mgl Sohids marl Pernand ma/l,

Raw slurry 1201.00° 854 (153.1)" 8765 (9394 7.5(0.3} 57127 (53249 " 182

Raw after

grawtv screen 0.8 (0.2)° 70.8 (25.00 " TI2.7817.3) 7.5(02) 55477 (4569} 8 150
! Efftuent after

gravity belt capn 515" 1596 0° 7 8(0.21 522 145651 Y 76

Binsoligs WA E1TY niz Aig nia g B8;
17 Vakses are mean (standaid devialion kn 13 raw, 20 effluent and 17 solids samples 12ken May 24 - A t 3% 200G

a.b Ditagrent latinrs within eolumng mdicale significant differances in maans at 150 05 lavet

Table 2. Mean (+ 1 50} concentrations of evaluated water quality parameters an

tor raw siurry, separated sfurry, treated effiuent and biesolids in Year 2{1}

Sample % Solits Setilzable Total Suspended oH Chemical Oxygen  Tolal b
© hpe Dy Weight Solids mo:l Solids moft. Demand ma/l Fale]]
L, Raw slurry 0.84 (0.281" 10541367~ azze 2007 7.290.23 5156 18886) " 1078 ¢
. Raw aller
M, gravity screen 0,74 {0.26) 7 898 447.00° 4377 (2077 7.36(0.24] 5528 1Qzo0y " 964 {3
i Effluent aher
¢ gravily bell 0.39 (0. 10} 5.0 (6.2)° 325 (1341)" 7 63(0.247 191011824 684 (25

Bigsolids 8.7611.92} s nia n/a nia 51831

(1) Values are mean (standard deviaion) for 32 samples Llaken May 22 - Novembsr 9, 2607

a.b Different letters willin columns indicate signineant dilisrencos ) moans al psD.O5 lavel
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Attachment 7

Compost Facility Permits
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i

I Local Siting Approval /IEPA
! !

i.ocal m:m:m Approval Not

Required I

Permits Are %on_:.:.mm_ 1

(. the one e total capaaty of the compaost la-

Effective January i, 2010
cility 15 more than 30,000 culwe vards

¢ st Facilities are mod ceie cod T ;
(urchucing limshed compost | composiing ma- W,v_dd_uﬁuuw._umﬂ____F_nu are not considered Pollution
= > Lonirol Facilities and are ¢
terial and raw materal). LConirol Ia and are e

empt from local siting

il:
2. the size ol the composi facility 1y farger than . ,
Yo L B i divestock waste m the raw form or i the
20 :_ A_z.,. m_n..u.r;.ﬁmwﬁ ol the mu_..o_uﬁ.—~¢. ) )
h process ol being composted does noi exceed
3. the finished ¢ ost produced is sold {or viven An Ouwrwﬂ\:. m .ﬁJQHS. YOSt a_umﬂm:ﬁa. e . i
3. the finished compost produced s s {org A Al - I t LLiLe 30,000 cubie yards one iime capacity ol the
AWRY). , ) - , oo, facilily
’ Exemption To Local Siting tacility.
- - v
4. il raw material is composted for someone else, A e . > allr . i o
: : . TR ’ - - 4. all raw matenials are placed in an enclosed air
Approval /7 IEPA Permitting : ! .
5. il'the fimshed compost is nou atilized by the s . 1 . and temperature controlled vessel by the end
. Do o e o
owner/operator of the composi facility. A Priies i E: of cach day or if:
6. if landscape wasie 1s a raw material and other i. ihe site 1s focated on the farm on which the com post a. all set backs are met.
Tit1ves creds e are added in o rres ol 15 applied, : :
additves such as manure ave added in excess o ap] b. all raw material is processed mio wind.
T T . . ) .~ . . . . .
L0% by volume.. 2. the site s operaied by the farmer of the property. rows or piles thai prevent scavenging
7. ilapproprate setbacks are not [ollowed, in- :

" . . by birds and animals.
3. the larmland is in production of crops annualiy.
cluding:

+. the size of the compost site 15 less than 2% of the

— 200 [eei from a well. acreage of the properiy.

— 5 leet above the waiertable.

5. the ste 15 not owned or controlled by a waste
— 174 mile from the nearest non-larm res:- hauler or conuuercial composier,
1ence v . . . ™1y
dence. 0. the farmer regisiers the site with the Hinois TPA by
= 172 mu from the nearest populated area. January st lollowing commencemeni of operation
) . . and files a report cach year therealior.
~ 660 fect irom the nearest school or hos.
prtal 7. il'landscape waste is a new material and additives to
[ i the landscape waste such as manure do not exceed
=~ located ouiside of the 10 yvear [Tood plain gy
ated ’ yes P H3%% by volume,
or 13 laod-proofed.
8.

Dwu—up.mudg%wmwﬁ mn.u#.‘_vm.ﬁmhm are M‘.C:Gwa‘@h»..
9. il the fimshed compost is applied to farmtand con-

trolled by the owner/operator of the compost facil-

1y,

o

10. i livestock manure 15 mixed with other oo-farm
generated raw materials such as corn stalks, straws,
hays, cic.



Attachment 8

Seminar Presented at CLM Training Workshops






MANURE MANAGEMENT

« NUTRIENT OVERLOAD
- Right io operate

« ODOR
- siting

- rign: to exist

SYSTEMS APPROACH

» Solid-liquid separation
» Cornpost solidsfland apply solids
» frrigate liquid

—










ABBREVIATIONS

IF = inorganic Fertilizer
- Anhydrous Ammonia
- Potash
- Diammoenium Phosphate (DAP)
RS = Raw Slurry
RS1 = Raw Siurry Before Processing Started
BS = Biosolids/Separated Solids
SE = Separated Effluent

MANURE PROCESSED (5-18/10-10)

1,067,237g RS

971,180 g SEe

96,077 g BS
ag1% coliection rate

847 959g.d Sk, 52,702 g:d RS
tseparated 16x, once;week




" CHARACTERISTICS OF SLURRY,
EEFLUENT AND SOLIDS (Year 1)

DM 85 TSS DG COD N P
Nem (%) mlL mgi pH mgl mal (%) (%) NP
RS1 446 788 1782 76 0O 177000 10 063 1.8:
RS 13 954 8785 75 0O 67427 ©t3 005 38

0004 200:1

0‘4 45 169 7B 449 592 DOB
BS 104 09 084 14

Change .62 .984 9B2 440 -BE 6 605 D17

2Percent change from RS 1o SE

o) (8% 1 pngarnt

rC!—iAR,ﬂ\CTERISTJCS OF SLURRY,
EFFLUENT AND SOLIDS (Year 2)

DM S5 TS5 DO CcoD N P
ltem (%) miL mgL pH mgil mgl (%) (%} NP

RS 082 1035 4125 73 CQC 5115 041 002 551

SE-B 938 52 326 I7 05 1885  0.07  0.006 1201
4414 G065 DA0E 101

SE-MS 037 13 258 76 A7
g5 0365 164

BS.B 233

BSMS 4077 0B5 043 1531
Change;

B5.8 524 850 921 +52 .63t -364 70O

BsMs 549 887 937 4319 724 A58 -TGD

COMPOST CHARACTERISTICS

N P K Ca DM pH  CN

%) (k) (W (%) (%)
t5 03 06 24 800 73 211

INORGANIC FERTILIZER

Potash (0-0-60): $250/ton, $2 50/acre
application

Anhydrous Ammonia (82-0-0). $448/ton,
$6 D0/acre application

Diammonium Phosphate or DAP (18-46-0)
$332 32/ton, 52 50:ac application




SOIL AMENDMENT APPLIED
(40ac)

Amendment
IF 140# N as AA 200 # DAP, 200 # Potash

C 1,708 tons - 42 7 tac/21 4 fac dry
RS 306,006 g - 7,650 g:ac

St 971160 g-24,279 gac

NITROGEN AND PHOSPOROUS
SUPPLIED (lbac)

Amendment  Yield* NRegt Nappl

N diff Prege Pappl P dif

IF 204 271 176

C 180 238 180

RS 179 238 214

SE 180 239 175

Targel 180
pUac

41,33 ih. N:bu- com req

<22 jb. P:hu = comreq.

"68.8 b inyaar2, 38 4 b n year 3
s= 19 2 b excess = 1 2 ib deficit

-85 449 408 49
-58 396 1367 +97.1

-24 39 4 1346 +952
64 39 6 7.8 -318

Yield Dats (bu: ac)

Com Sovbean

I 204 670
c 180 737
RS 178 57 82
SE 180 55 o2

(%)= Late Planting Data

Nifrate-N in wells

w

133 2=
o
_wlo® )
T a
Z /\ \ : /»m
: |
= g a
w 9. Ve
‘X\\E_"H_v,‘v
N,
§ “u—gr 3

—&— Lpgradiem
—G— Compost
g Manure

& Eftue
~-- Ferilizer

Raw meaore N = MO meg/L
Sep. Bffhrent N = 1208 me /T

} @ wa by

[

May-03 NHov-03 May-04 Nov-04 May-05 Nov-05 May-05 Novls May-07 Nov.DT




COMPOST COSTS

Production $10:ion fo  $35:ton

Application $2 00:ac o 34 C0:ac

SEPARATION COSTS

EQUIP $100,000
LABOR $15:h 351 34¢/g
SE/RS

POLYMER® $180:b 14/ 13¢/g SE/RS
FUEL $2 10:g 15/ 14¢/y SE/RS
MAIN 2%:y 08/ 07¢/g SE/RS

Depr {15y1) 67%y .27/25¢/g
SE/RS
a560 mg.gal SE, 510 mg:gal RS

SEPARATION/APPLICATION

COST (¢:9)
ltem Separation Application Total
RS 090 010 10
SE 0 89 010 108

RS Direct Injection=070-170

COST OF SOIL AMENDMENT

Cost Cos! Year 2 Year 3

Amendmen| Yield

{bu:ag) (S:ac0) (5:bu) {actual) {projected)
iF 204 10762 083
C 180 51240 285 103 (080
RS 179 7650 043

SE 180 284084 147




EFFECTS

+ Reduces Odor
— Buitding environment improved
— Application

‘Reduces Natrieat Overload
vCosr Effecave
— Compost 310:ton

— Separaton 090 g — 099 gy
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AN GREAT AS ETHANOL 5 IMPACT
ANIMAL WRLFARE

+
MANURE MANAGEMENT

MORE IMPORTANT!

e
. T s Srany
Faul M Wailker waviasi

Dgaazument of pgnculin: s
. Sezs- Linoversy @?
—

LUWTEAM

Dept AGR - 15U
Dept HSC -~ [SU
Dept AS - UIUC
Universiey Extension
ISWE
1S5GS

—
MANURE MANAGEMENT

= NUTRIENT OVERLOAD

-l w operace

n ODOR

- slung

- Lt ro edisl
(el

SYSTEMS APPROACH

& Solid-liquid separation
& Compost solids/land apply solids
® [riigate liquid







ABBREVIATIONS

I = Inorgamc Fextilizer
Anhydrows Ammonr

Potash
Digmmonaum Phesphate (12AP)

% = Raw Slarry

R
RST = Raw Shurny Before Pracessing Staned
B = Hiosolids/ Separcd Sohds

ed Lfluem

= Sup::




MANURE PROCESSED {5-18/10-10)
1067237y RS
Q7L 160y S;E"'i"f
96077 ¢ BS
1% collecton o

47 950pmd SE 52 702 ind RS

Sseparaed 105, oncenweek

CHARACTERISTICS OF SLURRY,
EFFLUENT AND S0OLIDS

|11 B oK (IS S NN "
hem g mbl wgel pll ol b (G (g RRP
s b MWE BRSO W ba e tvo sy tw
s Ly s EMS 73 pa ST W uas 3Ed
ITW O T R L T S TR
s w [ T
oy [/ ] 82 U Byt e a1y

iHetcent change iam RS 1o &€

LD.DDh m wngant

COMPOST CHARACTERISIICS

I P K Ca DM pH N

Gy (e (%)
15 03 06 24 500 73 214

INORGANIC FERTILIZER

Potash (0-0-60) 3250/ton $2.50/acte application

Anbydrous Ammornia (82-0-0): §449/con,
$6 06/acie apphication

Diarnmonium Phosphaie o1 DAP (18-46-0)
$332 32/ton, 52 d(ac apphcation

SOIL AMENDMENT APPLIED
(40ac)

Amendment
o TIE Nas A A 2008 DAP 200 F Potish

{ | 708 1ons - 42 7 zac/21 4 tac diy

3006000 ¢ - 7650 pac

SEOO970 160y 21279

NITROGEN AND PHOSPOROUS
SUPPLIED (Ib:ac)

Amemhienr 3 et NEep' sappl ekl Dieg Pappt Ll
ir M 17l X PR Y ey )
i ixn 2w i ay s 13 7' +uiy
s 17 e 21 21 Mot T +3 2
1k (B0 230 i £ Wi 4 SIH
Fanped (B

RelE-To

1.3 v Wi~ com ey
.22 lu. Pihu = goinosey

S8 8 lomyear 2 3B 4 lbinyea 3
= 117 1b excess

: 1 2 b dehoi




COMPQOST COSTS

Producuon

Appiication

Sthion 1%

$2 0l t0

35000

S Ok

SEPARATION COSTS

EOUIP S100,000
1ABROM §1a:h 3/ efp SEYRS
POLYNMER? S$t60:dh 14/ 15¢/p  SE/RS
TUEL 5210 P57 ldefy SE/RS
MATN 2%y 08/ 07g/y BE/RS

Depi {15 y1) 6 Moy 21/ 25¢/y SE/RS

560 mygpal SE 510 myggal RS

SEPARATION/APPLICATION

Itemn Sepatation
RS 090

SE 099

CO8T (¢:2)

Application Toral
010 10
10 109

RY Disect Injection = 070- 170

COST OF SOIL AMENDMENT

Annentimenr Yaeld st st Yo 2 Year d
fhzac) (S} {5:0my factaal) ipuzpecivily
I 204 107 62 053
¢ 180 51240 285 103 030
RS 179 7650 043
SE 180 264 64 147

x Reduees (do

EFFECTS

# Building environment improy ed

x Appheaoon

Reducer Suotnest Overload

Cust Bffeoin e

— Compst 31000

~ Sepraion U S~ 099y

Leveraging from C-FAR (§629,954)

» Hlinois EPA Scetion 3 1% $207,717

® Combining Sepacation M featon/ Denimilicabon,
Composung andl Trriganon as 9 Masue ek ment Oplacn
fon Swine Producers 1 Reduee NPS Pollubon 2005

v USDA CIG 5337,237
» iekd Seakc Fyafuntion and Fechnology Vransfur of
| comomuealiy Ecolomeall Sound D iguied Swme Manor
| resnmsent angd Apphcaton Sysiems 2006
x Uiinois Deparmient of Agricultare Sustinable
Agrieviwre Grant Program £$25,000
* yaiuatson af 1 ;md Appheanon Systemss for Swine Aanure o

Reduce Mor Pomt Source Polluuen 2006




CONTINUED RESEARCIH

Ruduer polmer us
Increise pakmn separued

fimplemuent Mitificanon syxcm

b uadagronnd woganon 5§

Puabuaie Tony term effees on soil pansmoess
Eavaluae long term effects om growd waies
lcclnmlug) tansle fBMP

Can BS make il (e Zhang — UIUC)




UTILIZING PROCESSED MANURE AS A SO AMENDMENT TOR SOYBEAN/SPRING SiALL GRAIN
PRODUCTION
Livestock and Urban Wasie Team
lilinozs State University
Noymal, IL 61790-5020

Introduction
This pioject will investigate separation of solids fiom liquid swine manure {separated swine

ef{luenl and separaied solid compost) to safely utthze amimal mamue while ensuring minimal
distuption to the scil environment Data will be collecled over several growing seasons to access
the long-term effects of annual treatment application on soybean and spring small grain (wheat,

bailey, o1 oat) growth and productivity, as well as soil quality

Objectives ‘
1 Investigate the feasibility of composting livestock wasie o1 1solating liquid swine effinent in

an agricultural setfing
Evaluate at least six treatiments (see below) upon plant growth and productivity.

Determme the effect of treatments on soil health and quality by monitoring soil pH, oci1ganic
matter, cation exchange capacity (CEC), and elemental concenirations

(3]

Treatments
Six treatments will be evaluated at this site

« zero1ate control {no fertilizer applied)
raw, unprocessed liquid swine manure, 1ate based on best management practices for

LJ
phosphorus (may need to add fertilizer N to achieve rate equivaleit to 180 lbs N/acre)

« pocessed separated solid swine compost (1ate equivalent to 180 lbs N/acre)

= 1aw, unprocessed liquid swine mamure, rate based on best management practices for
nifrogen (rate equivalent to 180 Ibs N/acre)

« processed sepaiated liguid swine effluent (rate equivalent to 180 Ibs N/acre)

» inorganic fertilizer (180 Ibs N/acre; P and K rates determined by soil sanumple values)

Overview of methods
The field site (Umivewsity Farm at Lexington, IL) has uniform soil (Parr-Lisbon-Diurmmes

Association), with 1 to 2% slope, good drainage, soil pH of 6, oiganic matter content of 5%, and
good fertility Each plot consists of sixteen 30 mch crop rows by 80 feet in length  Fow
replicates ate used in a 1andomized complete block design  Each replicale is separated by an 60
feel grass bulfer stip, to avoid excessive compaction during tieatment application Instial soil
parameters were measuted priol to treaiment application and yearly to determine the influence of
tieatment application on soil elements (P, K, Ca, Mg, 5, Zn, Mn, and B), organic matter, pH, and
cation exchange capacity (CEC) At physiological maturity, seveial 1epresentative soybean
plants will be hand-harvested from each experimental plot, sepmated in vegetative growth and
reproductive growth (seed), weighed, and dried A dried subsample will be sieved through a 20
mesh scieen and analyzed for plant nutrieni concentration (N, P, K, Mg, Ca, S, Na, Cu, Mn, Fe,
Zn, and B)  Grain yield at harvest maturity for soybean will be measwed with a small plot
combine Tieatment means will be compared by cajculating Fisher’s protected least significant

difference (FLSD) at 0 05 probability level
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inains th2 prococol and cereifies qualifying produc: Red

comaro develops and zoordinates systems for aggregarion,
ransporiacion siorags and marketing which have been lost o
small scale producers in ehe Norcheast cheough induscry con-
solidazion, and returns pricz pramium and access o markars
Rad Tomaro also hoses in-srors tastings, =ducating thousands
of consumers abour the ben=0rs of local, ecologically grown
produce Since 2004 sales have increased by 300% to ap-
proximately 200 retailers including Whole Foods and Trade:
Joe's A 2005 post-season survey indicated 93% grower satis-
faction; access 10 markers and price and ner return were the
mast imporant benents We have eliminaced the most roxic
pesticidas as clefined by our work group with specific reference
to criteria set by recognized authorities including USDA, US
EPA, [nternacional Agency for Research on Cancer, California
EPA and otheis, and have increased adoprion of conserva-

tion practices listed in the protocol The project has been
funded by the USDA NRCS Conservation Innovation Grant
Program, US EPA Region I Suaregic Agriculowre [niciarive,
USDA Crops at Risk Program, USDA Northzastern [P
Cenier, and an anonymous foundation

Thomas Anthony Green, Agflex and IPM Fustizurs of Novth
America Inc , tom green@bmpchallznge org

rconomic Feasibility of Using Prescribed Summer Fire as
an Invasive Brush Management Tool in Texas,

Uss P Kreuter, Texas A&M Unviersity; James Richard Con-
ner, Texas ASeM University; Dustin Van Liew, Texas A&M
University

Abstract: This component of the CIG Summer Burning
Project evaluares the economic feasibility of using prascribed
fire ceeding current NRCS technical srandards as a range-
tand testorarian practice on piivarely owned land This study

I . . . ' g
has three abjectivas: (1) evaluare the sconomic effecriveness of p
. "
Using prascribed summer bums compared to more commonly PFieid Scals £+ ulvtion and Technology Transie

Used restorario n saarzgiss; (2) provids sconomic research
=sults thas will facilitace che review of NRCS rechnical stan-
dards, specifications and policies with respecr o preseribed
1% and {3) assess the economic =ffects of summer fire on
lvestock grazing and wildlife hunting lease raras The re-
ek covers four conriguous countss in each of three Texas
Efe"ﬁ"c’ims Focus group meztings were held with landowe-
.‘Liand NRCS/Eiension persornel o obeain preliminary
ilzr;??ﬂloﬂ'ini:[u ding common rangefar'ld uses :"livsscgck
‘ wildlife), most problermatic invasive brush species,
afi[[:; fj‘l?sc commolnly used reaiment pracri;es and associ-
*'iasi!,jt; or CO‘nﬂtro!img Fhese invasive pgan ts The primary
Pl :Pp'er;les idencified m‘each eco-region include: Rolling
“Bede e 2‘/ Pear (‘Op'unna phiaecantha); Edwards Plateau
F:E“:ho[i;_}é and Ashe juniper (Iumper.u's ashei Buchh And J
udw., respecrively); Souch Texas Plains - Huisache

(Acazia smallii [sely) Mesquice {Prosepis glandulsz Torr ) was
identified as che secondary invasive species in each 2C0-region

Preliminacy esules indicare char in all cheze regions summer
ftre was economically fzasible and was che only treatment
alearnacive thar resulted in posicive Ner Present Values and
Benenr-Cost Ratios greater than | for che investmznts in the
treatments

Lis P Krenpsr, Fxas Azrpd Unviersity, wrs @uamy <du

Erosion Prevention thiough Vegerated Swales for Water
Infiltzation

sbecca Diane Thistlethwaire, AL BA
Abstiact: The overall project geal is to prevent soil erosion by
encouraging stormwater run-off to infilerass into vegsrared
swales above cultivared fields or gullies in che erosion-prone
Central Coast region of California. This pracrics also can
enhancs infilrration rares, thus promoting the regeneration of
springs and seeps The non-profict ALBA has built 15 vegerar-
ed swales and 8 willow-waddle swales on the contour of rhe
slope to teduce persistent soil erosion by 60% downstre:
its Farm Training and Research Cenrter in the environme
sensitive Elihorn Slough Watershed  This low-cost and |
tech feld pracrice has widespread applicability thiougho
watershed znd sunounding region The project has iavol
the excavarion of swales, insrallation of native grasses, s&
forbs and rushés, and corsistent maintenance o assure t
adequacy of established ground cover By July of 2007 w
have two rainy seasons to evaluare the effects of the prac
on the qualizy of infiltration, on erosion of farmland and
farm operaring costs Anecdoral evidence upon chis writing
indicate that che swales are increasing infiitration and down-
strzam erosion has decreased

Rebecca Diane Thistlethwaite ALBA rebecca@albafarmers org

SRR S
I Qf Zco-

nomicall:, Loologically Sound Liquid Marure Trenument
and Apphication S+ stems

Paul Walker, [liinois State Universiry; Robertr L Rhylkesrd, II-
linols State University

Abstract. The objective of this prajecr is to: compare above
ground center pivor irrigation and underground tile irrigation
for applying separated efluenc wich direct injection of raw
slurry and land application of composted separared solids on
soil and ground water parameters This project also, includes
the construcrion of a producrion scale facilicy o house ons
or more separation technologies and the installation of a feld
scale cencer pivor irtigator and modified conriolled drain-
ag2 system to land apply separared effluznt Year one of this
multi-year study compared the effect of adding inorganic
fertilizer, composted slurry biosolids, raw unprocessed slurry

L




and separated efffuznr on corn vield selecred soil charzcrsr-
)
characreristics Soil amena-

istizs and selecred ground warsr ¢
<o 180 ks of acrual ™~

menes wers applied based on g targe

pe: acre with no regard 1o P or orther elaments zxcept for che

inoreanic Farolizer neatment Thz inorganic trzatmenr was
i“’ Il - P 1 _ - . i [ " .

ap_pilcd accordmg [¢ a typrcal rernifizer program in ghys case

using anhvdious ammenia potash and diammon jum phos-
- . g . r .

phars The separarion process proved =Hecrive for removing

: . oo T - ’ S _— .

98-% ot the solids and 91:% of the ' from swine slurry

Lhe combined scpatation/applicarior process was sinilar in

and applying raw sluiry Inorganic

cost to the cost of dijecthy |
ces in vield

fertilizer resuited in the grearest vield No djffers=n
were observed berween the raw slurry, sepatated effluent or

composted solids trearments The separaced effiuent rear

ment resuited in che least P applicarion: acre Raw sl trry had
the least cost per bushel of yield bur resulted in the second

highest P applicarion rate Compost had chs highest cost pes
bushel in year one bur is projected 1o be thyes times jess oy
vear three Ground water and soll samples ars currendy being
analyzed and evaluated & weh site is curren dly being devel-

oped and two on-sice workshops/field days are being planned

for 2007
Fasd Waiter, Himors State Unwerszzy, pualeer@nlson edy

Heron Lalkee Watershed Distiicr Conseryation Tillage
Demonstation Project
Jan Voir, Heron Lake Watershed District

Abstract: Soil erosion from ctopped agricuitural land con-
tinues 10 be 2 major source of sediment in surface warers
and also results in an irreversible loss in soil producriviry
Significant public investments have been made in srrucrures
{warerways and terraces) and in land conversion (CRP RIM,
and CREP) to reduce erosion effects Insufficien: progiess
has been made, however, in reducing soil derachment and
transport from row-cropped fislds whers soif is exposed ro
detachmenr and transport can be

direct rainfall impact Soil
planr resi-

effectively reduced in rov-crops by mainzaining
due of the previous crop untii the new crop canopy closes
One new merhod of tillage {strip U'Hage} Is @ promising new
technolog_y that removes residue in che fal
strip where the 1ow will be planeed in the spring It
residue for soil protection berween the rows, bur facii
1€ 10w arza [Mors

only from 2 narrow
conserves

itates

soil drying and waiming in the spring in cf
reszarch and proof is Necessary to convince the frmers thar
conservation rtillage will be of bensfir 1o cheir operations {he
Feron Lake Warershed Disrice, parinering with several prj-

vate and public organizations, will demonstrate the sconomie

and environmenzal benefire of si Uearments of reduce

ullage systems  including suip il or & farm in sourhwescern

Minnescra Foor pits, two years ofdesign vi=ld re
fi=ld days and

sults and
sconoraic comparisons will be presenced ar

60 + 2007 SWCS Annual Confersnce

Anticipare,

winter worlishops for agriculrura profassionals

2 produc

snvirenmenal =fzcts meluds increased landown

_ o .
avwaienzss, increased Crop residus l2ss soil 210sion and Lfri-
proved water qualicy

far o Seaow Lage Warershes TFirper phwdiiroundlt ne

High Quality Fiber and Fertilizer as Co-Producets fom
Anaerobic Digestion

Joe Hartison, Washingron Stace Universio: Chad |
butin Chen, Washingron Sty

shington Stare Universin,

Cruger,

Washingron Stare Univarsine: 5
University; Craig MacConnell, Wy
Absuact Recendy NRCS inuoducec new technical stan-

dards for anasrobic digesters (AD) as 2 practice ro be used [
anacrohic

animal waste management Daspice many benefirs,
digesters are capital-intznsive scructures and o rypical EOI
cost share offered is inadequate 1o drive widespread adoprion
Lo make ADs more atrracrive, additional reveniies besides
methane ars neaded o improve che feasibilicy of che technol
gy Additonally, the AD process alone conuibures licrle 1o e
ducing manure nutrienss Thus, complementary processes are
required ro meer sxcess nucrien: relaged environmenzal issues
Ihe goal of this project is w improve feasibilicy of AD by pro
ducing high quality fiber and seryvice (MgNH P04 6H20)
The high quality fber can be sold as 2 substirue for pear mos
while the stuvice, produced through precipitaring P and

N from liquid manure by acding Mg ions, can be vsed as 4
stow telzase ferrilizer These two co-products will 1) facilirace
export of excess nuriens off farms, 2) creating additional rev
STUINS 0T investment for

ENue streams to provide adsquate ¢
and environmenal

ADs, and 3) enhance both the economic
sustainabilicy fdairy farms across rural Americe The specific
objectives are to: (1) establish frbe quality criteria and svaiy-
isting AD), (2) evaluate manage-

ate the fber produces from ex
qualiry

fment pracices and modify designs that improve the
of AD fiber in order o satisfy high-value martkers, {3) demon-
strate and improve the struvite production process from the
AD efBeent, (4) conducr marker and cost/benef; analvsis of
the fiber and st uvire co-products in addition ro methane, and
3) disseminace the technology and information

Chad Kinger, Washington Staze Unaverseey, ek e Gnusy ey

brzigator Pro Incentive Program
[ esiz Irvin, Georgia Soil and Ware Conservaton Commis-
sion

[l o -~ ' - .
Abstrazt: Newr to land. avaitable warer for zrop irigzarion

. \ .
15 argeaoly the most importane |
anuw cowon. and corp hac

warural i=sourcs i prodye.

tion agriculrure [rrigation in p=
siabilized crop yield and quality thus reducing farmer risks
cand survivabilicy Howsve,

Frmzrs must berger manage lrrigation scheduling co ensire

sustainabiliry Increasing demand for warer rEscurces, coupled

. r ,
Zl!ld SLlS'{aHNﬂg farm income
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Attachment 12

Communication Brief Published in the Journal of Soil and Water
Conservation, March/April 2008, Volume 63, Number 2
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Invitation Letter to Liquid Swine Manure Separation Workshop







DEPARTMZAT 07 AGRCULTUR: « COLLEGE 0F APPLIED SCIEHCE AND TECHADLOSY
Campus Bax 3020 : Normal [L 81790-3020
Telephune: (309] 4383654 » Facsimile: (309) 138-3853

May 18, 2007

Dear

Please accept this communication as your personal invitation to attend a Liquid Swine
Manure Separation Workshop This workshop is designed exclusively for agency
directors, and commodity organization staff and board members

For the past several years the Livestock and Urban Waste Research (LUW) Team has
been investigating solid-liquid separation coupled with irrigation of the separated effluent
and composting of the biosolids as an alternative method for handling liquid swine
manure The LUW Team is composed of 14 investigators representing the Illinois State
University, University of [llinois, Illinois State Water Survey and Illinois State
Geological Survey. This research project has been supported with funding from Iilinois
C-FAR, IEPA, IDOA-SAGP and the USDA-NRCS-CIG program.

By modifying existing technology previously used successfully by municipalities and
agriculture the LUW Team has been able to economically (approximately 1¢:gallon of
raw slurry) remove 90+% of the solids and 90+% of the phosphorous from swine slurry
The resulting biosolids (containing 12-18% solids) has been composted for ofi-farm
removal and the separated effluent has been irrigated with minimal odor, at low cost

(0 1¢:gallon) This makes the LUW Team system competitively priced with direct
injection land application of raw slurty——the current industry routine practice

The research objectives of this project are nearing completion and the technology transfer
portion of this project is ready to begin Planned dissemination efforts include
development of a website (SWEETA—Swine Waste, Fcological and Environmental
Treatment Alternatives), a bi-annual email newsletter and a series of field days for
producers, news media, agency/extension staff and others

Therefore, prior to beginning outreach activities the LUW Team is seeking input fom
elected entities regarding several issues including who should be the target audience
from various government support agencies, how to best reach potential endusers and

what questions must stil] be answered {what research is still needed). One issue we hope
this workshop will address is the potential for EQIP funding Several swine producers

have already expressed an interest in using separation technology but have been unable to
use EQIP funding to support the acquisition/installation of separation technology.

A equal oppurtunityeaffirmative action university sreiraging diersity




We look forward to demonstrating this technology and visiting with you on Thuisday,
lune 28, 2007 at the Iilinois State University Farm, Lexington The workshop will begin
41 900 am in the Farm Conference Building and will conciude by 2:00 p m Lunch will
be provided If you o1 your tepresentative plan to attend, please RSVP by contacting
Paul Walker (pwalker@ilstu.edu; (309) 438-3881) or Robert Rhykerd (rihyker@ilstu.edu

. (309) 438-8550) We look forwatd to hearing from you

Yours truly,

Panl Walker
Professor, Animal Science
Coordinator, LUW Team



Liguid Swine Manure Separation Workshop
9 am — 2-00 pm, June 28, 2007
Illinois State University Farm, Lexington

RSVP by June 20, 2007

To reserve your spot, complete the following and return this self addressed
form by folding and stapling prior to mailing.

Your Name:

Address:

e-mail:

phene:

[ JYes, I will attend

No, I will be unable to attend

Or RSVP by e-mail or phone to:

Paul Walker (pwalker@ilstu.edu, 309-438-3881) or

Rob Rhykerd (rthyker(@ilstu. edu, 309-438-8550)




LIQUID SWINE MANURE SEPARATION WORKSHOP

Time
8:30-9.00
8:00-9:10
0:10-10:30

10:30 - 10245
10:45-12:00

Nocn — 1:00
1:00-2:00

June 28, 2007

REGISTRATION (Conference Center)

WELCOME
TOUR FACILITIES

Sepatation

Compost Site
Iirigation of Sepatated Effluent

- Subsuriace Iimigation
- Field Trals
Plots Trials

BREAK (Conference Center)
POWERPOINT PRESENTATIONS

- Separation Data
Subsurface Irrigation
Ground Water Analyses
Secondary Sk Treatment

LUNCH
POTENTIAL DISCUSSION TOPICS

EQIP Eligibility

Tllinois Fertilizer Act (exempt?)
Additional Research Required
Technology Transfer (Best Methods)

Other Issues

TefT Wood, Dean

Pau) Walke
Paul Walker
Paul Waliker
Mark Mille:
Wall Kel]ey
Ken Smiciklas

Paul Walker
Mark Miller
Walt Kelley
Blalke Anderson




[LLINOIS STATE

UNIVERSITY
LIQUID SV@’INE MANURE SEPARATION WORKSHOP
LEvalnation
62807
Please place an "X" in the column of your choice:
| Strongly Somewhat | Semewhat | Stongly No
Agree Agree Apree Disagree Disagree | Opinion
i} 5 4 3 2 i

1 The purpose of the event was well defined

activities.

2 The fopics covered relate (o your day-fo-dny

3 The program was organized in e logical

manner

4 Audio/Visual aids wers used effectively

5  Handouts were useful and informative,

6 Teaching methods were effective in gening
noints across, building skills or confidence

7 The facilities were favorable to learming

& The overall atmosphere was helpful to
learning and discussion

9 The afternoon session provided an
opportunity to discuss pelicies related o swine
manure application

10 The investmen! of your time in attending
this event will be beneficial,

Comments:

12 What did you find fo be the most vaiuable part of today’s session?

13 Additional conments
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Picture of Waste Handling Facilities at ISU Farm-Lexington

Legend
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LEGEND FOR PICTURE OF ISU FARM-LEXINGTON

Manure Processing Facility
Slurry Store® for Storing Separated Effluent

Vegetative Filter Strip for Runoff From Beef Cow Barn

Settling Basin for Runoff From Beef Cow Barn

Modified Underground Drainage System Will be Used for Subsurface
Irrigation of Separated Effiuent (17 Acres) (Titles Lines Foliow

Contour of Surface Landscape)
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Pictures of Separation Equipment

Picture 1 Manute Processing Facility Funded by 319 Grant

Picture 2:  Unprocessed Slurry from Swine Buildings Draining into Holding Tank in Manure
Processing Building

Pictwre 3:  Stage One: Gravity Separator Removing Settleable Solids and Separated Slarry

Picture 4:  System for Adding Polymer to Separated Slurry Prior to Separation Using the
Gravity Screen Separatot

Pictmre 5:  Stage Two: Gravity Screen Separator Separating Biosolids and Separated Effiuent
from Separated Shury

Picture 6:  Gravity Belt Separator
Picture 7:  Polymer Tanks for the Gravity Belt Separato:

Pictme 8 Venturi Syster for Mixing Polymer with Separated Siurry Prior to Separation
Using the Gravity Belt Separator

Picture 9:  Gravity Belt Separator Removing Separated Efftuent from Biosolids from
Separated Siutry

Picture 10;  Separated Effluent Produced by Gravity Belt Sepatator and Gravity Screen
Separator

Picture 11; Separated Effluent as Stored in the Slutry Stor e® Holding Tank
Picture 12: Land Application of Separaied Effluent by Center Pivot Irrigation

Pictme 13:  Addition of Separated Biosolids to Landscape Waste for Composting
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Unprocessed Siurry from Swine Buildings Draining into Holding Tank in Manure Processing Building
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Stage Two: Gravity Screen Separator Sepaiating Biosolids and Separated Effluent from Separated Slurry :







Gravity Belt Separator
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Picture 9:

Gravity Belt Separator Removing Separated Effluent from Biosolids from Separated Slurry







Picture 10:

Separated Effluent Produced by Gravity Belt Separator and Gravity Screen Separator







Picture 11:

Separated Effluent as Stored in the Slurry Store® Holding Tank
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Advanced Water and Effluent Management Systems Booklet






From: Rob Ken [Rob Kerr@illinois gov]

Sent: Wednesday, May 26, 2010 3:29 PM
To: Reha, Lynn

Ce: Brian Durham

Subject: ICSPS Intend to Fund letter

Dear Lynn,

The Nlinois Community College board intends to fund the Illinois State University-Illinois
Center for Specialized Professional Support (ICSPS) in fiscal year 2011 The amount allocated
to the JCSPS is $295,000 and includes an indirect cost rate limit of 8% Please note that all fiscal
year 2011 funding is contingent upon pending state and federal allocations A reduction in
funding may result in commensurate reductions in local program allocations

If vou have any questions, please feel free to contact me.

Rob Kerr

Director of Career and Technical Education
Hlinois Community College Board

(217) 785-0068

rob.kerr@illinois.gov
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¥ Advanced Water
and

t Management Systems

AGREM LLC Contact us at: Email: agrem{@egrem . com
17122 N 3800 E 1-309-530-9270 On the web at:
1-309-723-3231 wwwagrem com

Anchor, IL 61720

This publication was developed with LUW
Team assistance, but no USDA, NRCS,
CIG funds were used to pay for this booklet
Funding to produce this booklet was
provided by AGREM LLC.
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AGREM,

Fmagii e the possibilities...

Every business owner wants to keep their costs low and maximize their
protits. AGREM LLC knows farmers are looking for innovative
methods to do just that, AGREM Systems increase yields by giving the
farmer control over his own water use. But AGREM goes a step
further, AGREM Advanced Water and Effluent Management Systems
are environmentally conscience systems that keep your operation grezn
and go a long way towards reducing our “environmental footprint.” As
environmental issues become more pressing, we all need to consider
what we can do to make the side effects of current agricultural practices
more positive with respect to our environment. AGREM Advanced
Water and Effluent Management Systems play a unique role in
enhancing the profitability of farming while keeping waterways clean

and usable.

By installing an AGREM system, you too will play an
important part in making agriculture both pr'alﬁ:'tﬁbflé”:” R

today and for future generations.




Robert Meiners started AGREM in 1984 as a computer
software company geared towards the unique
requirements of farmers, farm managers, and
landowners. Since then, AGREM has expanded its
services and developed software that incorporated new
GIS technology making AGREM one of the first firms
to provide precise, user friendly mapping software. By
2000, AGREM’s GIS software had become the leading
design system for the installation of systematic and grid
tile drainage systems Just after the turn of the 21st
century, AGREM again expanded its product fine and
began offering contoured drainage, subirrigation, and
effluent management systems. Also at this time,
AGREM was incorporated, becoming AGREM LLC.
AGREM LLC’s product lines are custom designed to
help farm operations become more environmentally
friendly while keeping costs low and maximizing
profits. Because AGREM Systems are custom
designed, each system is unique and geared to meet
your needs. We at AGREM work with you to designa
system that works best for you.

Your continued growth Is our success.

Company Profile

Bob Meiners - Pifesidéz_i;'ané CEO

: , (€ Bob is Shl] aclwel\
involved in creating productq that keep agriculiure profitable




AGREM LLC: Your Partner in

Water and Effluent Management

AGREM LLC specializes in creating custom systems for the unique needs of the
modern farmer. In designing our systems, we focus on making a water and
effluent management system that will best suit the demands of your operation.
We will create a system for you that generates the greatest profit at the lowest
possible cost. We will further strive to design 2 system that will be
environmentally sustainable, due to rising concerns over how past agricultural
practices have been negatively impacting our environment and the livelihood of
our children. AGREM LLC believes that the best way to make agriculture
sustainable today
and in the future is
by investing in new
technologies that
generate greater
profits for farmers
while reducing
environmental costs
of air and water
pollution. We
provide such
systems.

“P‘IE

When you decide to work with AGREM LLC, you have
chosen a partner that will work towards making you a
profit today, tomorrow, and for generations to come.




AGREM

Contoured
Drainage
Systems

AGREM offers the latest in field
tile drainage design, the AGREM
Contoured Drainage System.
Unlike systematic or grid tife
drainage designs, AGREM
Contoured Drainage Systems are
designed according to your field’s
topology By placing tile along the
contours, our tile intercepts the
flow of water in your field, thereby
maximizing the effectiveness of the
tile instalied in removing excess
water. Additionally, AGREM
Contoured Drainage Systems can
be upgraded to AGREM Controlled L :
Drainage Systems or AGREM Syt g dsg, s pietued o e
Subirrigation Systems, allowing for : -

long term expansion of your water
management needs.

YOUR BENEFTT:

« Superior drainage

« Custom designed to field
» Uniform tile depth

« Intercepts water flow

« Reduced surface erosion
» Upgrade potential

AGREM Contoured Drainage Systems. as pictured
above, are dasigned to the topology of your field




the growing hypoxia problem threaten to
ieopardize farmers’ historic rights to instal]
tile drainage  AGREM Controlied Drainage | *
Systems, however, offer farmers the ability |
to reduce and control their nitrzogen runoff.
By applying control gates tc the AGREM
Contoured Drainage System, nitrogen can
be retained on field and blocked from &
entering waterways The installation of a .
reservoir o1 constructed wetland enables an
additional check on nitrogen runoff, as well
as cieating an ideal habitat for migratory
birds and fresh water aquatic life.

[

Rising concerns over nitrogen runoff and YOUR BENEFIT:

Reduced nitrogen runoff
Environmentally friendly
Creates wildlife habitats
Superior drainage
Uniform tile depth
Upgrade potential

(Can be applied to
AGREM Contoured
Drainage Systems




The Ultimate Solution
to Water Management.

AGREM Subirrigation Systems
combine the advantages of tile
drainage with sub surface
irrigation. Beyond draining your

By

jad

BEN SV

Zoned

—-_—

Dlemest | »HET

outred Gal

b fields in the Spring and Fall and

' eliminating wet spots, AGREM
Subimrigation Systems allow you to
evenly apply water to your crops
during the growing seascn. 1he
added benefits of reduced labor
costs in Irrigating, low
maintenance and repair costs, and

| add to the superiority of AGREM
| Subirrigation Systems over
| conventional irtigation systems.

YOUR BENEFIT:
e Superior dramage

« Sub surface trrigation
o Uniform tile depth

« Low labor costs

» Low pumping costs
» Permanent system

« Upgrade potential

o Can be applied to
|  AGREM Contoured

Drainage Systems

A« Can be applied to
AGREM Controlled
Drainage Systems




The AGREM Efftuent and Nitrogen Application System, the newest of AGREM
Systems, adds a new dimension to water management By applying liquid
nitrogen or liquid efffuent through the AGREM Subirrigation System during
growing season, the AGREM Effluent and Nitrogen Application System
maximizes the benefit of your fertilizer while reducing the risk of
environmentally damaging runoff Indeed, because of the incorporation of
controlled drainage and a catch basin reservoir, this system offers the best means
of controliing nitrogen and effluent runoff. Added benefits for effluent
application include reduced odor, no application necessary during Spring or Fall,

and low labor costs of application.

YOUR BENEFIT:

« Apply during growing
season

« Reduced risk of runoff

» Reduced use of nitrogen

e Mo odor

« Low application costs.

« Can be applied to AGREM
Subirrigation Systems




The number one question any farmer asks before taking on an invesiment is how
will this increase my yields and ultimately make me a profit By installing an
AGREM System, vou get the benefits of both superior drainage and irrigation in
the same system. Superior drainage adds acres to your field by elimmnating wet
spots, reducing erosion, and allowing for earlier planting and harvesting. Beyond
the normal returns to irrigation, sub surface irrigation lets you irrigate your crops
uniformly over the growing season, reducing crop stress due to dry spells

Overall, AGREM Systems give you control over your water.

CONT@ERE@ BRAEN %éxE AT\D Y OUR YEFLE}S

Removes excess water ata  « Allows for earlier planting

faster rate and harvesting

o Redistributes water across ¢ Eliminates problem areas
field « Reduces soil runoff

« Collects water for later use ¢ Upgradable to subirrigation

@




« Includes all benefits of
contoured drainage

o Reduces crop stress due to
drought

e Encourages deep root
development

SUBIRRIGATION AND YOUR YIELDS:

]

Irrigates crops uniformly
during application

Reduces variability across

Both fields pictured were planted with the same variety, under the same Weather conditions, and at the'same time
On the left, the soil is a sandy loam with gravel pockets and ar AGREM Subirrigation System. On the right, the
soif is a dark loam vich with organic matier and no drainage or irrigation Do vou see the AGREM difference?




BENEFITS OF AGREM EFFLUENT AND
NITROGEN APPLICATION SYSTEMS:

Includes all the henefits of ¢ Reduced risk of surface

e
subirrigation runoff

¢ Ease of effluent and nitrogen « Efficient use of nutrients
application « Lower field compaction

o Apply during the growing  « Reduced labor costs

ssason « Better working conditions




The AGREM Effluent and Nitrogen Application System offers more to farmers
than just the benefits of total water management. Application of nitrogen and
liguid effluent during summer months more efficiently uses your fertilizer.
Fertilizer is applied when your crop needs it most, and nitrogen loss due to Fall
and Spring rain is reduced so that more of your fertilizer will stay on your field
instead of flowing downstream. For effluent application, you will no ionger need
to apply during the Spring season. This greatly reduces the risk of field
compaction and zllows you to plant earlier. Last, sub surface effluent application
greatly reduces odors associated with application, making a better work
environment for you and your employees as well as keeping your neighbors

happy.




How do AGREM Subirrigation Systems
Compare to Conventional Irrigation Systems?

Wili [ need to
insure my
system?

How difficult is
it to opetate my

oot G

system? it%
-tire that would

What 5, purips. 2nd piping

maintenance amﬂ.,__ai'ten

will { have ©©
perform on my
system”

SEHSONn

+*

W hen will ]
need to replace
my svstem”

s depending on

bétween B End 20:ve
vour nsags Drip and drag lines usdalfly
need to be replaced in L0 years or fess

The only damage that may occwr to the
systern would be by accidentally hitting
a contro! gate with ap implement.
Replacement costs are small though, so
no insurance is recommended,

‘The only actions needed to operate the

AGREM Subirrigation System is raising
and lowering control gates twice a year
and activating the pump Observation of

pumping every few days is
recommended, but is not required

Gates should be inspected zach year, but
replacement may onby be necessary if
the gate has been severely damaged by
being hit hy an implement. Otherwise,
the only maintenance required is for the
water pump.

4 GREM Subirrigation Systems are
permanent ard should last as long as vou
wish fo farm.




R - i ol TG

AGREM LLC offers several alternatives to traditional financing methods
available to farmers Major iending organizations, such as Wells-Fargo and SCI
Leasing, approve investments in AGREM Systems and may provide financing,
SCI Leasing further offers leasing options. Alternatively, you may opt to install
AGREM Systems over the course of several years by upgrading AGREM
Contoured Drainage Systems to AGREM Subirrigation Systems. Please feel free
to contact us to discuss financing options and how we can best meet your needs.
Any information you provide us will be considered confidential unless specified
by you.




AGREM Effluent J g{g@;{gggﬁ

Application Systems wven  AGREM.
and Environmental
Protection:

AGREM LLC strives to design systems that are both economically beneficial to
the farmer and environmentally sustainable In order to best suit your operation,
we will design a system that most effectively meets your needs at the lowest
possible cost. We will further assist you in working with the DNR, NRCS, and
other governmental regulation organizations to receive permission, grants, and/or
permits for installation Please let us know of your situation in regards to manure
and effluent management and the organizations that oversee your opetation so
that we may best assist you All information you provide us on your farm and

practices will be considered confidential unless specified otherwise by you.

AL

LI L AT A




AGREM IN THE NEWS

Have you seen the recent articles written on our systems?

If not, please check out the following articles:

Underground Irrigation
Farm Industry News, March, 2008
www farmindustrynews com

ISU Farm Tries to Tame Qdors
Pantagraph, May 15, 2007
www.pantagraph.com

Sub-irrigation System Reduces Nitrate Loss,
Conserves Water

[llinois Agrinews, Friday, Oct 21, 20053
www.agrinews-pubs.com

System Waters— and Motre
Pantagraph, Wednesday, August 10, 2005
www pantagraph.com

If you don’t have access to the internet or to these articles,
please contact us. We will be happy to send you a copy.



Have More Questions?

Want to Schedule a Meeting?

Feel free to contact AGREM LLC at:

Address: 17122 N 3800 E
Anchor, IL 61720

Phone: 309 - 530 -9270
309 - 723 - 3231

Email: agrem{@agrem.com

Check out our websites at:

WWW.2ZTeIn.Com
www.agreminarketing.com
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University of Illinois Extension Livestock Manure Management
Conference Series
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UNIVERSITY OF ILLINOIS

EXTENSION

Collega of Agricuiturai Consumar and Environmantal Sciances

Livestock Manure Management Conference Series
March 26, 2009
Princeton, IL

Program Agenda

8:15 AM | Registration, coffee, meet exhibitors

8:55 AM | Weicome, housekeeping announcements
[L NFDES permit re-issuance; weather related manure releases; US-EPA NPDES

9:00 AM program update

Livestock producers and the Farm Bill; new IL VTA standard

9:40 AM

10:20 AM | Break
Update on LMFA program numbers, review of facility capacity and NOITC
requirements, CLM and waste management plan requirements; detail needed in beef

and dairy NOITC applications

Vel CoaNear Py esemietion
Producer Panel #1: manuré siorage capacity planning (how we stayed out of tiouble in

118 AV ynusual weather); manure storages monitoring systems, other planning tools

10:35 AM

12:00 PM | Lunch & visit with exhibitors

| { .
i'}') G \ LJJ CLKKLM ‘é/ WO Q—/\r---;\-&)&ﬂ.d‘/\j

1:15 PM | Producer Panel #2: manure mar‘ket[ﬁb -- creative arrangements, composting, etc

2:00 PM | Status of key IL livestock court cases; pit wall penetration update

2:30 PM | Break
Manure application technology: light bar and auto steer, GPS mapping

Open discussion: runoff control systems for feedlots, feed storages; winter spreading;
reduced manure volume (draft) rule; hoop buildings -- requirements for NOITC

applications

2:45 PM

3:30 PM

4:00 PM | ADJOURN

Exhibitors —>




Exhibitors

Alton Irrigation — Richard Alton

SGS Mowers Soil Testing Plus, Inc — Ryan Arch
WGB Marketing -- Wayne Beath

Midwest Bio-Systems — Ernest Blossner
Plastic Fusion Fabricators, Inc. = Van Dobbs
Maurer Stutz, Inc —Jim Evans

ManPlan, Inc ~ Dennié Godar

Envirowaste Technology, Inc — Ed Puck
Cady, Inc — Steve Glassburn

Baizer - Mark VanHyfie

lHlinois Department of Agriculture

llinois Environmental Protection Agency







Attachment 18

Manure Management Workshop/Field Day Schedule
(2009) ISU Farm - Lexington




MANURE MANAGEMENT
WORKSHOP/FIELD DAY

ILLINOIS STATE UNIVERSITY FARM

— LEXINGTON -
Tuesday, September 22
9:00 am.

Featuring the latest in liquid manuze processing, odor contiol of stored
slutry, composting, low and odorless land application of processed manure

SCHEDULE OF MINI SEMINARS AND FIELD DAY ACTIVITIES

£830am
¢:00 am
9:10am

Q40 am

10:00 am

10:20am

1040 am
10:55am.

11:15am

il:25am

il:55am

12:15-1:15pm.
[:15-3:00pm

1:15-3:00pm

Registration {Donuts, coffee, softdrinks)
ISU, CFAR Welcome

Optimizing the Fertilizer Value of Manure
(featured speaker — John Lory, University of Missoul)

Manure Resources on the Web
(Randy Fonner, University of IL Ext)

What is new in Regulations
{Kent Bohnoff — NRCS)

Solid-Liquid Separation of Liguid Manuie
(Paul Welker, Hlinois State University)
Break

Composting as & Manure Management Alternative
(Alan Dale - Midwest Bio Systems)

Underground Inigation / Odorless Application of

Processed Meanure
(Dr Jeremy Meiners, AGREM, LLC)

Using Smart Earth Technoelogy to Contiol Pit Odor
(William Frederick, Enercon Engineering)

Biocovers for Control of Manure Odor
(Ted Funk, University of IL Ext )

Lunch (provided)

On-Site Demonstration of Alternative Manuie

Management Technology
{solid-liquid separation, Smart Earth manure treatment,

center pivot irrigation, composting, underground land
application of processed slurry)

Plot Touzs

Ditections: Interstate 55 to Exit 178 at Lexington, follow signs to ISU Faim
For information telephone (309) 438-5654 o1 (309) 438-3881
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Popular Press Articles Related to Technology Transfer
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FarmWaeeak Page 8 Monday September 28 2009

BY KAY SHIPMAN
FarmWeek

Livestock producers wiil
so0n have more options 1o
help them manags and berefic
from masure puttients, while
reducing oder, according to
researchers at several universi-
tes.

“The dream when vou have
manute is to ge the full rerul-
izer value " said John Lory 1n
envirpnmental puttient man-
agement specialist with the
Universuy of Missouri

Lory and other researchers

Addilional resources on manure

monagement ore cvailable at
FarmWeekh low com

discussed management prac
tices and aew research aca
manure managerent ficld day
nn the Illinoi: Srare University
(18U) tescarch farm near Lex-
ington

The [SU farm uses solid-
liquid separatdon systems o
better manage nutrients, which
arc applied 23 efflucar and s
compost and w reduce odor
Rescarch resulrs, alony with
related rules and other intor
mation, are available oaine at
{wrwrwsweetn illinois.edu)
SWEETA is shore for Swine
Waste Economical and Envi
ronmentl [reatment Alicrna-
thves,

“The whole issuc of odor
affecrs our right o sie (live
stack) Facilifies [63 also affecr
ing e right o exise, sail
Paut Walker, 30 animal sci-
ence professor,

150 either applies compose
e manure hiosolids o its

This y

» You can, with ALOT!

Meore twn 330 men and women inave
araduzted {rom this ¢
4 sesstons will e held - Best
Western Timber Creck Cunventiog Cenler
and Neialh £ annty Farm Bureay: Classes
begin hanuary 21

Farvest four Suceess Daroll in ALOT

tndday! Applications musl by supmitted o
sour oy |
Appiiations

é% ALEA DERS o

Participanis of @ manure management workshcp tour The Winois State Univarsity {I5U) reseorch farm s swine
manure handling system near Lexington 15U dlso applies polymers to separated sofids seen in the fore

ground ihat ore composted (Photo by Kay Shipman}

ficlds or sells rhe compost to
consumers | he separated
offluent is applicd by 1 cearer
pivor irnigation SYSIEm of an
underground irrigannn sys-
L.

Walker noted the nitrogen-
phosphoreus ratic of the
cfflgent is “close to vhata
cocn plane wants and ¢an be
applicd ar higher s than
raw sjurry withour averioading
soil phosphorous levels The
effluenr has “remarkably low
odor” when applied via 2 cen-
wr prvet and no odor when
appiied theough the wnder-
ground system, Walker added

Loty tecommended farmers
regularly sample and rese theic

Want to stand out
in your field?

WL program

m [urean by November 16
hic ol www il arg

RICULTURAL
TOMORROW

maoure to ohtain current
nuteienr values and then est-
mate rhe amount ot availabic
nutrients. '[t's impuociant o
get test eesults convered int
the right units, pounds pee
thousand gallons ar posods

cent

grain (DL

30 percent; phaspharous,
degreased 60 percent and
porassium decreasad 1) per

Caccle diees wirh lugher
amounts of dried disdllers
sore chang-

Walker: New
law favors
composting

A pew state law will
make it more cconomical
for livestock producers to
compost livestock wasce,
zccording to Paul Walker,
linois Srare Gniversity
(I5U) animal science pro-
fessor

Gov. Par Quinn signed
the legislation, sponsored
by Sen Heather Steans
(D Chicago} thar exempt
cerin types of compost
facilitizs from regulacion
as poliution contrel facili
tes.

Compost facilizias thac
have no-more than 30,000
cubic vards of livestock
waste continue to be regu
fated by the Illinois Envi-
ronmental Prorection
Agency and muss meet
setback requirements, but
no longer must alse be si-
ed by county govern-

rents zccording 1o Walk
et

This makes 1t more
egonomical to do com
posting,". Walker said of

per ton,” he said.
Livestock manure nurricnt

vajues are changing as the ani-

ing nuerients levels in manure
Lory said As DDG dicaary

lzvels increase. phosphotous
levels also increase i manure

the newlaw Hehas
rasearched composdng o1
Iivestock wasce as a man-

mals increase their feed eff-
ciency and liveatock diers
change, Lory noted For
example, nitrogen levels in
swine manure have decreased

he added

Tivestock producer_s

65 a4 g souree of
phosphorous (ferilizer if
vou need it” Lory said

agement practice.an the
I8U research farm near

Lewington — Kay Ship-
man

may tap

into information and funding

A waricty of informanen znd planning
rools for manure managemear is avikablic
enting. aceording ro Universiry ot Tlhnos
specialises

To assist with nutricnt management
expenses, producess alse may appls fer
Envicnoamental Quaiity [acenove Program
{EQIP) costshare tuads throveh the N
ural Resourees Conser sation Sarvice
[MRES;

t:of |5 Rands Ponaer ind Mel can
County NRES Koot Bohanotf described
several apportunairies duringa lvestock
manure management Aeld duy-hosted by
Tlingis State"Universin

Manure man:lg&mc'm planning ssistance
s availabfe online ar {www immp uiug cdu
The planning tool helps producers tailor
pizns for their nperarions Fonner said dhe
program was ' modeled on Turbo Fax

Produccrs mav find livesiock rclared
repulations ar fwww ezregs diuc adu]
The infarmation cover: rules relared o
environmental protection livercock tacth
tv constructuing {facility management and
siving, pesticide use, historic presteva
tion and endangered species

One of the newer sites, Manure Share s
1 forum for people wanting 16 exchange

manure teom temy o stbies with others
who necd 1 for compostiny or tield applic
tions Foaner said there is no charge oo re
isrer af Jww v ManureShare illinots edu}
Mure than 1O0 people from across rhe
stace have regbssereed, and mare chaa W ot
those are lookiap tor manure according o
Fopner. The registranes have o vanen ot
iivesiock spectes iacluding beet nd duey
fe nored

cartic sheep goas, nd borse:

¢ n the funding side, prodiucers may reeaw
FE P cost share laitars tor ¢ vanets of prac
nees But Funding has been alloeared ror the
current tiscal vear, Bohahorf said

Peaducers who apply receive applicatio
poines bared on the conservation praceice
and environmental issues they pian to
address, he explained

Eligible fivestock pracrices and tonls
include developing a comprehensive nutn
ent management plan. waste storage taeili
tier, windbreaks, ront and gurters o redu.
stormwarer [rom cntecing waste storge
wezas and vegetative rrentment area for i
“ioek waste.

Bohnhoff encouraged producers o qor
vact thetr local NRCS offices for morg
infurmarion or an application — Kay
Shipman
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Handling manure wi
especially stresstul t;

Sy PAUL WALKER

WWinois State Univarsily

Animal Science Professor
NORMAL 1l -— For many

swine producers [all is the

time tor land application of

manure This year may prove

challenging than most

y. s due to the wet weather

and excessive soll mpistuie
[n fact due to a detaved

harvest there may be

_g;r:’lil'l
iittle  opparfuniiy to Tand
apply manure before fraezing

weather and frozen soil condi-
tions set o

Even in those cases where
farmers have heen able o
hivest corn and seybeans
wat soils increase the chances
of nutrient leaching and run
uff during and afler manure
application Therefors, the
following list should
reviewed as. producers pre-
pare fall manure appiizatinn:

# Review nuirient man-
agement plan — In ordsr o
prevent leaching or runoft
resulting from manure appli-
cation lower manure applica-
tion rates may be warranted

Nutrient leaching may
increase when injecting liguid
imanures, and solids runoff
ay tnurease whean spreading
N manures during

sdes of high rainiall

Consequently, more acres
of land and additicnal fields
may be reguired for this alls
manurs application  Using
Aeids with Halter slopes and
lower Phosphorous  Index
seores may be ngood iden

Plan ahead. Manure may
have to wait for applieation
under smergency guidelines
this coming winter when the
ground is frozen

Revirw nof
nutriant
and noted application meth-
ods  applicasion rare=x
fields of cholce may reguite
revising for this year Making

vout
manaorEmanT pion

updates now while i is rain-
ing mny ltme  enurygy
anet eosi later;

SV E

# Davelop an appilcation
emergency plan — The inct-
dence manure =pills
increases when the weathes
is harsh Handling manurs is
bad encugh on a sunny 80

of

desrse day  Nearfreezing
wratures wel weather
o+ muddy conditions in-

crease the chances for some-
thing to gn wrong

he

goir manure  management
plaa Remind your team o
yourr plan Emphasize who to
sontact  safety issues and
what o du when emergencies
neLur:

&8 Take manute sampies —
(f nutrient overload runoff ar
fenchate s o potenidal prob-
lem as if is this year b iy
sspeciatly impueitant to know

the nutrient concentration of
the manure Iligh-notnent

Isads mean mwore land aren
for application is required

In o wet year like this
year,  balapcing  nutient

application wilth potential for
runafl = more limpertant than
normal to prevent environ-
mental cnnt.’\mirmfirm
Sampling ahead of fand appli-
cation heips plan vhich fields
can be used

Sampling  during land
application ar manure agita-
tion may provide betber
results to use in fugure plan-
ning. but will not provide
nulrient analysis resulls to
pse in planning application
rates {or this fall

it 15 impertant o build 4
Listory of nuty anilyses
pvertime for manure sam-
pling 1o beip managu the
nutrients 0 manore jor <100
pruduction ovenr the years

tech
A

Cortect  sampling
pique i mest importoot
sample that is not rem
|ative of the manuie vniume
Hittle vatue

is 6
Siurty sampling is best
acenmplished using o probe of
sutdicient length o reach to
ihe burtom ol ihe storage
tank  Samg o)

fowiny agitation and muitiple
anmples from several loca-
tions should be collected and
posied especially if enly one
sample will be sent to a labo-
ratory tor analysis

For solid manure several
wab samples from several
locations in a manwe pile
both inside and outside of the
stack should be collected and
punled:

# Take soil samples — Soil
samptes should be taken
prior to manute application
[f a field has not been sam-
pled recently, then one sam-
ple for gvery 2 5 acres Is best
Cienerally vne sample collect-
ed for every 10 acres is ade-
quate especially on fields that
are routinely sampled:

# Calibrate application
squipment — When applying
inorganic fertilizer for crop
production has the appiica-
tion equipment been calibrat-
gd? You bet it has!

Calibiating manure appli-
cation equipment takes a Iit-
tle time. but in the long run it
will help meet the correct
application rate and maks
Better use of manure nutri-
ents

1o determine how much
sniid manure a manure
spreader applies layout a 56-
square-inch sheet of plastic
Spread manure at the desire
rate of travel and spreader
gattings

The met weight in pounds
collectad on the plastic sheet
is equivalent to tons per acre
application rate Remember,

calculated
dry matter
anure — not

metrinnts

, 2605

el ©

ﬁ.é, b‘ka

is year

the wet weight basts unless
the labaratory has been gi/en
directions ntherwvise

® Timing of appicaion —
Application on dry soil is the
nest option This fall we do
not have that choiee Ty io
apply at least 24 hours belor:
a substantial rainfall

This wiil help prevens
runoff Injection of slurty s 0
necessity but it reguires drier
soil conditions

Surtace application of solid
manure should be followed by
some kind of primary tiliage
but sven pulling a disk over
freshly appiied manuwe is
mare desiracle  than  no
titlage

Applying manurs to snow
covered or frozen ground may
not be aliowed except under
emergency conditions, and
this looks like it could be one
of those vears; and

F Conside: the neighbors
— Yes manure doss have
odor. In blunt teums, 1t just
smells bad That is not per-
ception [t is reality
inform you:
neighbors Let them &now
about manuge application
plans If possibie. tell them
how long it migi how
vou plan to apply the manwe
and how long they migh:
expect to smell the manure

Therelore

Inquire about any outdnor
events ip the neighborhood
sueh as weddings and cook-
outs and try to avoid those
times for application This
will be extzemely difficuit this
fall because we zoem Lo have
such small *windows ol oppor
tunity’ to land apply manure

Most neighbors will under-
stand Some ~on’t hbub at
feast make an effnt I may

vield future dividen
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Manure Application in Wet Year Requires Caution
By Pork news source (11/11/2009)

For many pork producers, manure application foliows closely on the heets of the corn and soybaan harvest. This year may
prove more challenging than most, due to the wet weather and excessive soil moisture, according to Paul Waiker, llinois

State University animal science professor

Walker says a delayed grain harvest means there may be little opportunity to land apply manure before soils ireeze in scme
those cases where farmers have been able to harvesi corn and soybeans, wet soils increase

parts of the country “Even in
wing or after manure appiication,” he states Walker provides the following

the chances of nutrient leaching and runoff d
seven management practices to help producers prepare for fail manure applicaiion:

1 Review nutrient management plans To prevent ieaching and/or runoff resulting from manure application, lower manure
application rates may be warranted Nutrient leaching may increase when injecting liquid manure and solids runoff may
increase when spreading sofid manure during episodes of high rainfalt. Consequently, additional land may be required for
manure application this fall Using fields with fiatter slopes and lower phosphorous index scores may be a good idea Plan
ahead Manure appliication may have to wait until emergency application guidelines for frozen ground are appiicabte

Review your current nutrient management plan and noted application methods, appfication rates and fields of choice They
may require revising for this year Making updates now may save time, energy and costs later

2 Develop ah emergency application plan The incidence of manure spills increases when the weather is harsh "Handling
manure Is bad enough on a sunny, 80-degree day Near-freezing temperatures, wet weather and muddy conditicns increase
the chances for something to go wrong,” Walker says Train employees in manure spill response Emphasize who to contact,

safety issues and what to do when smergencies occur

3 Take manure samples if nutrient overload, runoff and/or leachate are potential problems, as this year, it is especially

ant to know the nitrogen, phosphorus and potassium conceniration of the manure. High nutrient loads mean more land
trient application with potentia! for runoff is more important than

irmport
fields can be used

area required or application. In a wet year, balancing nu
normal to prevent environmental contamination Sampling ahead of land appiication helps plan which

Sampling during land application or manure agitation may provide more accurate nutrient results for planning future
appiication rates but it will not help plan appiication rates for this fall it is important fo buiid a history of nutrient analyses over

time for manure sampling to help manage the nutrients in manure for crop production aver the years

Correct sampling technique is most important A sample that is not representative of the manure volume is of little value.
Slurry sampling fs best accomplished using a probe of sufficient length to reach te the bottom of the storage tank Sampling
shouid only take place immediately following agitation and multiple samples from several locations in the pit should be
collected and pooled, especially if only cne sample will be sent to a laboratory for analysis For solid manure, ssverai grab
samples from severa! locations in a manure pile both inside and ouiside of the stack should be collected and pooled

or to manure application If a field has not been sampled recently,

4 Take soil samples Soil samples should be taken pri
one sample collected for avery 10 acres is adequate for fields that

then one sample for every 2.5 acres is best Generally,
are routinely sampled, Walker says

5 Caiibrate application equipment "Caiibrating manure application equipment takes a littie ime, but in the fong run it will
help meet the correct application rate and make better use of manure nutrients,” according to Walker

To determine how much solid manure a2 manure spreader applies, Walker suggests laying out a 58-sq. in sheet of plastic
Spread manure across the plastic sheet at the desired rate of ravel and spreader settings The net weight in pounds
collected on the plastic sheet is equivalent {o the tons-per-acre appiication rate Remember, N, P and K are calculated based
on the dry matter weight of the manure - not the wet weight basis -- uniess the laboratory has been given directions

otherwise
6 Timing of application Manure appfication on dry sail is the hest option. Try to apply at ieast 24 hours before a substantial
rainfall to help prevent runoff Injection of slurry is a nacessity, but it requires dryer soil conditions Surface application of

solid manure should be followed by some kind of primary tillage, but even disking in freshly applied manure is more
desirable thar: no tillage at all Applying manure fo snow-covered or frozen ground may not be allowed except under

hitp/fwww porkmag com/printFriendly asp?ed 1d=8464 11/18/2009




Manwe Application in Wet Year Requues Caulion rage 201 2

emergency conditions and, Walker says, this looks fike if could be one of those years in some states

7. Consider the neighbors "Yes, manure does have odor It is reality Therefore, inform your neighbors Let them know
about manure application plans. If possible, teil them how long it might take, how you plan to apply the manure, and how
long they might expect to smelf the manure. Ingquire about any outdoor events in the neighborhood such as weddings,
cockouts, etc and try to avoid those times for application. This will be extremely difficuit this fall because we seem to have
such smafl windows of opporiunity to land apply manure Most neighbors will understand Some won't, buf at least make an

effort It may yield future dividends,” Walker conciudes

See also Nov Pork magazine feature arlicle, Manure Malters

Source lilinois State University
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LUW TEAM demonsiraies pulsianding collaboration

By Eric Jorne Medin Relarions

Finding eflective ways to
deal with livesiock manure
Turning landscape waste
inio a valuable s0il amend-
ment Helping develop an
en'-:ironmemaliy sound
stem for disposing ol
:rum Al arcasses \f\ommu

to improve waier quality
while generating alternauve

Tno;n ave some of
o3 underrgld
Lo

21er le

[ Tt
wod il
M3 .0

e
ixt:

=1
Team mamb
interdisaphinar:

1ppraach
W s0kang vasie problams

garci and 2uh

A\pplied rz

4 BroadCAST

nology wansfer are a big
part ol our woik

That interdlisciplinary
approach to research is
pussible because LUW
Team members come
trom varted research and
appiied technology back-
zrounds [lineis Stae
LW Team members
include Rob Rhykerd and
Kan Smiciidas Xgmulune
Tim Keley Healeh Sci-
nid john Sedbroot:
Pzirr Biotoge-

Zhnees

L pe
E.;l,t”"n‘fm af A
wes and the Lo o

nis ‘fmum\mdl

: fran \.‘md.{,h: b
on sering o - aiuanis
nuirient sources lor e
siock and soil Food waswe
from University dining

halis has been developed
inw sanifzed nutrienc
dense livestock fzed
Municipal vard wastz and
livesteck munure have been
combined i a compost
ing process that produces
a ngh fertiiizer and soil
amendmen: lor gudens
and row crops

The LUW Team has
deweloped a process
fer separaung ihe se
and liguid coniponen)

ol ssine manur:s g
!

portion

sl pnmohului ’

The LUW Taam s als o
working with a privale
coiporanmn o deselyp and

test a portable incinerator
for disposing of livestock
carcasses without contarmi-
nating tne environment
The LUW Team s most
recent project focuses
on improving the water
quality for the Village of
Lexingron while exploring
wavs o geneiate alierna-
t'\ e energy on a local
l In the fiist s5lage ol
0z project LW Taam
mbc:s are working with
Littaze of Laxingion

2oyl b
;JlJt to
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real potentiad Dthis
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treaument tor smail towns
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lestructive soybean disease

St 1 death syndrome a destructive dis-
e ..sotiated with viegld loss has been
arted in some northern Ilines sovbean
de
The disease is caused by a scilborne
arium lungus that infecte the sovbean root
e early in the season (as early as two W
et weeks afier plant-
1 especially v hen
= me cool and wet
disease produces &
i resulting o
rosis tvellowing.
necrosis (deatht of
interveinal tissue of

ves  These foliar

ptoms typicaily

zar in late July and ] )

5 August usually By Jim Morrison

ble after pods begi Ciop Sysiems
1; P E Extension Educator
i~}

‘he disease appears to be favored by high-
d environment, early planting early matu-
compacted soil, poor drainage and cool wet
litions during the summer. Thers appears
> an inter action between SDS and sovbean
nematode
B me comes from the fact that even
g : disease may need a few weeks 0
slop, the time from leaf defoliation to plant
th ie short SDS can affect the entire field,
aormally affects only scattered areas with-
field
Vhat are the symptoms of 3DE infected
57 Initial sympitoms are nsually scattered
;otic gpote that occur between the veins on
a¢ and the leaves may be cupped or curled
se spots enlarge between veins to become
m lesions surrounded by chlorotic areas
process continues uniil only the midvein
major lateral veins remain green Leaves
n drop from the top of the plant leaving the

petivie leaf stem  attached 10 the ma ¢ en
Severe [vliar svmprome give affected Held
areas & brownish cast whereas healthr plants
remain green Pod drop may alse ocear

The effec: on vield depends upon the growth
stage at the rime of initial svmprom develop-
ment and the speed and severity of foliar
svmploms

It s important o split the stem lengthwise
and check the coler of the pith to get a defini-
tive diagnosis Plante with SDS will have white
pith with no discoloration or decay There may
be & slight grav-brown discoloration of the vas-
zular systemn just inside the outer “bark’ of the
stern but the pith remains white

Ir addition to the above-ground svmproms
S5D5-affected plants will have rotied roots and
diseased plants may be easily pulled from the
ground This is due 10 the root rot phase of the
disease initiated sarlier 1 the growing season
Other symptoms include necrosis of the plant
crown Research has shown that it is possible
to have infection of the root system without
visible foliar symptoms

How does

one prevent or manage the dis

ease? No in-season control of SDS exists But

management begins with proper iden‘riﬁcatioﬂ

Yield less can be minimized by plamm
varieties with relativély high levels of foler-
anece o1 resistance Many seed companies pro-
vide resistance ratings for their varieties
Variety information 1g alse shown at this
University of Illinois World Wide Web site —
http:/iweb.aces ninc.edu/VIPS meluding
data from Southern Illineis University

if SD5 15 identified  one should also take soil
samples to deterrnine the presence of sevbean
cvst nematode and, i it it detected plant =a
variety that is also resistant to SCN:

To help reduce risk of SIXS select varieties
that mature at different times Delay planting
(but not pagt the sugpesied time for vour area!
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New Web site highlights practical

swine waste management methods

Many of us enjoy a {resh country ham and .
pork chop dinner But few of us relish the vdo
and waste that comes with swine pmdumion
Ir an effort to help producers and their nei
bors live in harman;m@pggggg?%ﬁ
e IEETE!

|
i
4

he Universits of Hlineis an
the Minois SLate Water and Geological Survey:
studied practical meth-
ods to handle the waste

abowut
can he

Information
these methods
found cn Vthe

By Duane Friend
MNatural Resources
Exiension Zducator

Bot which mcluded a]um semaratlon compost
ing of solids and applylng waste liguids ontc
crop hields

“Separation of municipal waste water intc
itz solid and ligwid compenents is a technology
that has been used by municipal sanitation
departments for decades” Walker expiained
“This technology has been adapted to economi.
callv separate liquid swine manure into ite
biosolid and liguid fractions ”

Walker said thie system’s approach azllows
the biosolids fraction to be composted for ulii-
mate use as sither an on-farw or off-farm soil
amendment, while producing a liquid fraction
with low odor low selids and low phosphorus
concentrations thai can be irrigated as a nitro-
gen fertilizer for row crops

These waste handling methods are econom-
ical {for hvestock and grain farmers. and thes
are environmentalls aceeptable for the public

The SWEETA Internet site ncludes eco-
nomic comparisons of using norganic fertilizer
raw slurry and compost as a soll amendment
for corn production: based on actual costs and
nutrient analyses Information regarding
Minois Emizonmental Protection Agency per-
mitting local site approval and on-farm exemp-
tions iz alse included The site even includes
information on composting horse bedding and
IANUTe

Fanding for the project was provided by the
Natural Resources Conservation Service
through a grant awarded to Ilinois State
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he large -scale hog farms of taday
havs brought a proportionate
increase in environmenial issues
for this multi-billion doflar seg:
ment of the agricuitural economy
With some swine operations having
hundreds even thousands of confined
animals In various stages before market
their waste management has become
a catalyst far controversy and ted some
regulators to limil or cease issuing permits
for construction of new or expanded hog
farms Some experts even foresee the US
Environmental Protection Agency adept-
ing additional regulations affecting estab-
lished manure management practices

the issue of manure and odor manage—
ment with @ number of demonstration

ISU Farm research

The lliinois State University Farm s program strives 0 objec-

added a submersible aeration sys!em 't tho slurry separatmn process chain.

initiatives at the facility s 200-sow farrow-
to-finish unil The program has focused
on polymer-assisted separation of manure
solids from the much larger percentage of
liguid in manure Other elements include
producing markeiahle compast from the
separated manure solids and using the
separated effluent for land application at
controlled rates and nutrient compositions
on a carnfield

Most recently the [SU Farm has been
experimenting with odor contro! of the
separated effluent in light of complaints
from neighboring property owners about
objectionable smells

The operation’s existing manure man-
agement program involves e solid-liquid
separation system utilizing a polyacytamide
flocculent in conjunction with passing the
raw slurry through a beft thickener and
gravity screen separator The two-step

separation results in removal of up to 88
percent of the solids

Researchers at the 610-acre Hlinois
State University (ISU) Farm have

been addressing manure and odor
management issues with a number

of demanstiation initiatives at the
facifity’s 200-sow farrow-to-finish unit.

the farm can separate processed liquid manure for less than

one cent 8 gallon

tively analyze combined solid/liguid separation i tandem with
solids composting 16 controi odor and phosphorous contami-
nation as well as to develop Instruction materiais and to host
field days to demonstrate manure management practices

far farmers acadernics consultants and government agency
educaiors

Composting
The {arm 5 composting program converts manure solids into
Z00 to 400 net cubic tons of compaos! a year at a 15-acre site
leaves yard waste and cattle bedding are added to produce 5
value-added product sold to homecowners and organic farms
explained Riiss Derango, 15U Farm manager
In addition to keeping the odor down in the solids we

produce a value-added produst that can suppiement farm
income  he added

The cost for compaosting the marure solids has ranged
from $10 1o 520 per ton of finished compost As a comparison

Crop research
Other research on the farm whichi is located in the heart of the
U'S cornbelt includes the use of raw and separated manure
on Craps

Past farm research hes shown that applying enough
raw slurry to cornfields o achieve yields of 180 bushels‘acre
reflects a 95-pound over-apolication of phosphoarcus Bv sepa-
rating the liquid and solid fractions of the manure and applying
the effluent alone rassarchers have shown that phasphorous
is reduced 10 & 32-pound acre deficient making it 2 non-issue
The N:P ratio shifts from 4.1 {or unprocessed raw slurny to a
range between 15 io 2001 in separated efffusnt The corn plamt
es g 1510 161 NP ratio
S PAT WAl RBLA D DrSaS0T. of SNALSCIencs At 18]
the iSd rarm can separale processed liqui¢ manure or jess
than one cent per galion and the Eiquid is so clean that ciog-
ging does nol oceus along the center pivol systern MI]

requir
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A single nozzle aerator, driven by a
70-horsepower Flygt submersible
N-pump, was installed in the farm’s
860,000-galfon Slurrystare to frelp
convert the anaerobic process within
the tank into an aerobic environment.

Over the past two years, swine on the
farm have produced two million gallens of
raw slurry resulting in 1.8 million gallons of
gffluent and 2060 000 gallons of solids While
the liquid is stored in an above ground
storage lank before heing usec for weekly
gutter flushing or applied as irrigation water
to crops, the separated sofids are con-
densed into 10 to 12 percent dry matter and
combined with landscape waste to produce
200 to 400 tons of marketable compost (see
sidebar}

As an informal cdor control experi-
ment 1SU Farm management and research-
ars recently added a submersible aeration
systern to the siurry separation process
chain. A single nozzle aerator driven by &
10-horsepower Flygt submersibie N-pump
was installed in the farm's 900.000-gallon
Siurrystore to help convert the anaerobic
process within the tank inte an asrobic
envirenment A Flygt specialist in agriculiure
arranged for loan of the system

‘A submersible aerator works much
better than a surface mixer which only stirs
the liquid and pulls some oxygen off the top
but not in significant encugh amounts to
create the desired aerohic resuits' explains
Ren Skinner agricultural market manager
for Flygt. The aeration system used at the
farm employs a Venturi effect gjector that
pulls air deep into the tank to more fully
oxygenate it Thal reduces the odor along
with the amaount of nitrogen as a result of
the transfer’

According to farm management, the
additional asration almos! immediately
improved the separated liguid, which always
retainad a certain degree of objectionabie
ador during prior irrigation use despite
being a nearly cisar fiuid following the sepa-
ration process

"Although we didn t conduct a really
scientific trial of the aerated liguid the ad-
ditivn of aeratior: within the storage tank
delivered an immediate odor reduction in,
the separated liquid %al &

A datd The
he}d hdﬂdS noticed |t When warking on the
irmgation systermn and equaily important so
did the neighboring farmer
#t clearly passed the sniff lest Dy

Walker conciuded

A 40-acre comnfield - with 180/bushel
yield as the production goal - received the
aerated effluent through a center pivot
and newly installed underground irrigation
syslem

Dr Walker anticipates that public
opposition to hag farm odor emissions will
result in the US Envircnmental Protection
Agency (EPA) encouraging — through regu-

ialion — changes in the customary storage
and fand application praclices It s hoped
that research conducted al the ISU Farm
inciuding the informal aeration demonstra-
tion can help benefit manure management
programs al both lerge and small swine
operations

The aeration experiment was less sci-.
entific than a practical attempt tc overcome
the significant oder off the center pivot thal
was reaching a downwind neighboring
farm * said Russ Derango ISU Farm man-
ager We tried to show here that a swine
operation can be a good neighbor’ T

Expsnm-:n PLMRS AND Fan-rs
. Eu;mmmzsn FF_’EFDEMANBE m WRITING

supzmrm LIFE ‘Byoie BosTs :

N Mm:ﬂ-mu.mn DOt AR mvzmnv
B PROVEN F‘ATEN'IE :

- HARDENED WEAR COMPONENTS
SPECIAL MATERIALS AVAILABLE mm_unz-
:l::D#-Mt:u, 21 555, BHHI:!ME mnn, :
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IO Dmvx—:s A mmm '
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Manure research results now on website

BY KAY SHIPMAN

rarmWeek
A multi- umver sﬁ:y research

1edpracﬁca1 “methods fo han-
dle and apply manure, Those
tesearch results along with
1elated rules and other infor-
mation aze available in a new
website dubbed SWEETA,
short for Swine Waste: Eco-
nomical and Enviionmental
Treatment Alternatives

SWEETA {www.sweeta illi-
nois.edu) informationmay be
applied to all types of live-
stock operations, especiaily
' swine:

“We've got information for .

i
f all types of livestock and for
j hozse people,” Walker added

l The main reseazch focus is

lfi?’“"”’%’%

on separation of manure
solids and liquids, field apphi-
cation of the liquids, and com-
posting of the solids The
Iesealche:zs applied the same
*echnolooy
B that munici-
palities use to
treat their
waste
-On SWEE-
1A, produc-
ers will find
descriptions
SR 7 different
Paul Waller separation
methods and
comparisons of the 1esulting
manure nutrient components
anid sepatation costs.
The information includes
compatisons of different
application methods and com-

posting. The researchers offer
best management practices
and suggestions on the meth-
ods better suited for different
types of livestock operations

Duane Friend, University
of illinois Extension natural
resources educater who
worked on the project, envi-
sioned SWEETA being useful
for producers seeking alterna-
tive methods to manage o1
apply manwe “The big thing
that Dr Walker included was
the economic side of things,”
Friend added

Producers also will find
information on applicable
rules, such as Illinecis com-
posting 1egulations, and any
required permits

SWEETA is a woik in
progiess, and new informa-
tion will be added periodical-
ly. In the next several weeks,
Walker will post results of a
December-Januaty survey of
manure waste haulers Survey
results will include such
information as their costs and
hauling volumes.

Walker also anticipated
posting of electronic newslet-
ters on 1elated issues, such as

_ the economic value of nutri-

ents from manure




@iTEMHEAD New Waste
ianagement System Reduces Land
Requuements

@wBODYTEXT:A swine waste
management system, in use for three

Friory . coponrm.

vears at a 200-sow RS

“ Ty #8dhore operation, adapts
urban technology to the farm The
system involves separating out solid
material for composting The liquid
portion 1s applied to crops through a
center-pivot or sub-irrigation system

“Separation removes
phosphorus, so the liguid can be app ied
to land without building up e P
levels in the soil,” ga; :
Wedlegt ®ho led the research team that
developed the system It included
members of sgveral state agencies and
land grant universities

"We can apphy T million gal of
liquid on 40 acres of land, based on
nitrogen fertilizer requirements, and still
have a phesphorus deficit in the soil,”
says Waller “When we applied the
waste as a slumy, without separating out
the solids, we needad 200 acres ™

“The compost can be applied to
fields, based on phosphorus fertilizer
requirements,” Walker adds “Asadry
product, it can be safely transported to
distant fields U1 it can be sold off the
farm ™

Waiker believes the technology
can fit any size swine operation, and he
thinks it also will work for dairy and
beef cattle finishing operations You can
learn more at
www sweeta illinois edu/index cfm
Soon, the site will include a spread sheet
in which you can insert vour own cost
figures to set up a similar system







'TRENDS » Subirrigution
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AN AGREM

OB MEINERS has developed  subirrigation systems that work as well
and patented an underground  on the contours of hillsides as they do on

irrigation system that literally  level ground AGREM OWNER
can go where no system has Crop farmers and livestock produc-  Beb Meiners first

gone before. ers alike benefit from the systern’s ability  developed software to
Under the company name Agrem, fo spoon-feed nitrogen ai the roots of a  help land contrac-
Meiners developed software that accu- growing crop throughout the growing  sors manage their
rately maps soil profiles and field typog- season to improve fertilizer efficiency  businesses His latest
raphy and integrated it with state-of-the-  and crop yield Because Meiners designs  software develops
art tile machines to design and install  closed-loop systerns, its almost impos-  highly detailed feld
maps used to design
subirrigation systems

that will work on rell-

2 ing fields
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TRENDS - Subirrigation

b takes 200 10 60 hp 1o pump wale
| thiough the buried 6- Lo §-in main lines
and 3-in laterals Contiol gales, placed
along field edges, direct wates flow fTom
the main tile line Lo each zone of the
subirtigalion system The control gales
can be operated manually o1 1emotely

by computel

“You can choose an individual zone
vou want to irtigate o inigate the en-
lire system, Meiners says “Depending
on the size of the pump, it takes 24 to
36 houts to apply an acre inch of water
The subirrigation system uses about one-
thiid the water thal a center pivot uses
We bury thelines 2 to 3 fi deep, and our
data so far show that yield doesn’t vary
acioss the feld, either over the top of
the lines o1 in between them”

Yield and sefety

Meiners’ systemn isn't just theory He
paitnered with The Natwe Conser van-
cy to test its yield and environmental
safety potential on a 20-acre project,
near Colfax, IL The Agrem system was
installed in the fall of 2005 and pro-
duced its first crop in 2006

Testing the Agrem systern is just part

72 FARMINDUSTRY NEWS.COM MAR 08

of & much larger project that The Nature
Conservancy has managed since the lale
19905 in the Bray Cieek and Fiog Alley
watersheds that diain into the Macki-
naw River walershed, according Lo Matia
Lemke. aquatic ecologist for the llinois
Chapter of The Nature Conservancy

‘It's & paired wateished project [each
diains aboul 10,000 acres] where we ap-
ply best management practices [BMPs]
in one and then compare the resuits
of the treatment watershed 1o the ref-
erence one, she explains. "We've got
monitoring equipment set up thiough-
out each watershed to test if the appli-
cations impact the sysiem the way we
think they do”

Initiai research showed that BMPs
such as conservation tillage, grass wa-
terways and filter stiips didn’t signifi-
cantly change the amount of nitiogen
and phesphorus leaving the farm fields
and entering the wateished

“Most the fields in the watersheds are
tiled for drainage and the water was
moving right underneath all the im-

provements wed made on the surface,”

Lembke says “So we've started to look at
practices that intercept the water from

the drainage lile before it enters the wa-
leished Thats how we met Bob™
The Natwe Conser vancy, Ducls Un-

limited, two McClean County conser-

valion agencies and a number of aiea
universities are all involved in the con-
tinuing project

In addition to the Agrem system, the

project is evalualing comstiucted wet- |

lands as an alternative way Lo intercept
drainage water fiom feld tiles “We
wan! eventualiy to be able to give farm-
ers a number of options,” Lemke says
“We wanl 1o be able to say, ‘This is what
works This is how well it woiks And
this is what it costs’

“The preliminary 1esults are encour-
aging,” Lemke continues “Theie are too
marny vatiables to be able to come to any
conclusions at this point We need a few
mere vears of data But theie are alot of
potential benefits”

From a farme:’s viewpoinl, the initial
data from the project look good, ac-
cording to Meiners “From the fall of
2005 through the spring of 2006, the
field received just 3 in of 1ainfall)” he.
says “Then, from May through the first
week of Angust, only 2 4 in moie rain
fell on the feld Through the growing >

ILLINOIS FARMER
John Lecnard
installed an Agrem
sysiemn on 200 acres
in 2006 and thinks
the technology might
be a beller deal than
buying niore high

priced land

R T ST




TREKDS - Subirrigation

"t seems like o good optien. The reservoir

we applied 365 in of water through
subirrigation and made Lhree applica-
tions of nitrogen fertilizer (46 Ibs actual
nitrogen each application) in addition
to the 45 1bs of nitrogen surface applied
at planting We applied approximately 1
gal of 28% liquid fertilizer per 200 gal.
of irrization water”

Yield checks at harvest showed the
highest-yielding areas of the field aver-
aged 285 bu facre with the lowest-vield-
ing area of the field coming in at 197 bu,,
according tc Meiners “In adjacent farm
fields, yields averaged from 43 to 113
bu /acre” he says

The yield differential was less dra-
matic in 2007 under more normal
rainfall cenditions Yields in the test
field ranged from 236 4 to 329 bu /acre,
while adjacent fields ranged from 175
to 224 bu facre

Farm application

John Leonard, a farmer from Gibson
City. 1, considered subirrigation good
risk management for the acres where he
grows hvbiid seed corn "We put in a
sysiemn on 200 acres,” he says “I looked
al center pivol irrgation but 1 didn't
have enough water to run a system”

The Agrem system cost Lecnard ap-
proximately $8007acre inswalled hecause
Meingrs was able to adaps the existing tile
systern into his plan A new system costs
$t,700 to $2,200¢acre, depending on the
design criteria according to Mejners

The price tag doesn’t woiry financial
institutions Welis Fargo will finance the
purchase of an Agrem system, or it can

74 FARMINDUSTRYMEWS COM MAR 08

| lmpmved affittency 0{ the dramage :

covers about one acre in a part of the field
that was difficult fo farm anyway. With the

L

be leased through SCI Leasing Group,
according to Meiners

“It seerns like a good option,” L eonard
says “The reservoir covers about one
acre in a part of the field that was diffi-
cult to farm anyway With the improved
efficiency of the diainage, we actually
got in the field two days earlier and it
was the first field we planted”

No sield data are available from
Leonard’s 2007 crop, his fust subirrigat-
ed crop, which was harvested as hybrid
seed “But the seed company was happy
and that makes me happy” he says “The
system :aises production and returns
higher gross dollars per acre”

While subirrigation systems are a sig-
nificant investment, land prices without
a top in sight may give growers second
thoughts about which one is the bet-
ter deal ‘When you compare the costs,
imvesting in a subirrigation systerm on
land you already own may be more at-
tractive than buying additional land
Leonard says

New rnsesrch project

o0k at the economics of the AUIS
system Rob Rhykerd, an associate pro-
fﬂssor in aﬂmnom

ammal Clenc qareworkmtrtomth_r.on

i

“We installed an Agrem system in
2007 on 18 acres of rolling ground about
one-fourth mile from the one-mil-
fion-gallon storage tank we use for the

200-sow farrow-to-finish hog operation
on our research farm at Lexington, 11}
Rhykerd says “In 2008 we'll compare
the yield performance, environmental
protection and economics of the Agrem
system with effluent applied through a
centel pivol svstem, applying raw slurry
and applying composted manuse”

The scientists will test for nutrients and
pathogens in field runoff and nutrient
and pathogen levels in ground water and
will give each system a subjective snifftest
for odor “Weve already pumped efflu-
ent through the center pivot system and
could barely detect any odor,” Rhykerd
says “I'm anticipating that with the tile
lines buaried 20 in, we won't have any
odor with the subirrigation system”

The ISU scientists have installed a
mechanical separator at the hog build-
ings that removes roughly 95% of the
solids (and about 50% of the nitrogen
and 90% of the phosphorus) from slur-
ry pumped ocut of the building’s ma-
mure pits The solids are composted and
spread on research farm fields or sold

The resulting effluent is stoved untl
its used as irrigation water “Its dirty
water; Rhykerd says “It has enough ni-
tiogen, phosphorus and pathogens in it
that you wouldn't want o put it directly
in a creek

“It was fascinating to watch the sub.
irrigation system mstalled, he says

“The tile machine lifts the soil sets the

tile underneath and lays the soil back
down You don't get much mixing of the
subsoil with the surface The systern was

* Installed by the end of May and we were

able to disk the field lightly and plant
soybeans Lhe crop ended up yielding
close to 60 bu facre mtb no effluent ap-
plied 1fs really unique”

To learn more about Agrern subiriiga-
ton systems, visit wwwagrem com O
contact Agrem LLC, Dept. FIN, 17120 N
3800 East Rd , Anchor, IL 61720, 30%/
3231, visit www freeproductinfo net/fin,
orcircle 109
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he hog manurs collecting in vour
lagnons or pits is mOLE valuable
today thap ever While itwas al-
ways 2 useful resource, man pork
producers now consider manures
value z significan contribution v
the facilit ¢ cash flow
Sk rocketing commeicial ferdlizer prices
tave cerzainhy divected more ATEENOON vour

VR

znd vour operations menurs apuare
and application strategy can help dzterming
feea 1ou mine this new black gold Whether
v are selling manure o Crop producers o

the by produci e fertilize vour 08
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Capruring liquid manure’s maximum
value however is not automatic So how
can vou make sure AU are gerting the
slurry s full value?

Your nurrient-management plan is the
place 1o start and rhis means evaluating soil
znd shurre nurienr levels regularh Marching
the crops nutrient needs as closeh a5 passible
will maximize the manure: vatue If the nu-
ttiznt level in the manure i higher chan crop
requirements the excess is simph » asied
For example if siurn i applied ir:

amounts targeted o suppl 10U pereent of &
Crops nitrogen requirement both phesphe
rous and porassium will fikel be over-ap- .

Ie that zasz vou « ili nor ger the moss

it the opposiis case
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entering the manure sorage has decren

according to John Lor environmental

nuatrient-management speciaji.ﬂ and pIing
suthor of 3 Lok =rsicy of dissouri soil-man
agement bullerin See sidebar @ 1n this case
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ing vou o get nearly full ferrilizer salue for
he manure, Lon says

Another option is to use 2 combination

sproazh That involves applving manure a1

a lower rate than crop needs call for and then
adding supplemental commercial ferdlizer in
the spring This approach offers che porential
for more acres o receive a vield and soil -en-
iiancemeant benefit from the manure In this
zase manure value is increzsed

4 quick calculation shows the importance
of properly utilizing manures nuerients
to caprure its full vatlue Aecording to
SWEETA when slurn was applied 0 mes:
100 percent of coens nivogen requirements
ar 2008 prices slurry had a calculared value
of 3 cents per gallon. Whes slurry was
combined with anhydrous ammonia and
potash 1o meet nirrogen and phosphorous
requirements the 2008 czlculaced value rose
to 9 36 cenrs per gallon

This variation in manurs value was il-
lustrated in a research study nicled  The COrher
Fertitizer conducred by Robait Kozhler and
William Lazarus Unhersity of Minnesota
{Sex sidebar) The study invoived 15 poik
production stees in 2005 22 in 2006 and 10

0607

When valued at projecied fertilizer prices
in eatly 2008, the study =stimarted manure’s
value at three levels It showed that manure
vadue van depend on many factors, put the
net value realized on these farms came 1n at a
maximum of $95 per acre The average was
837 per acre and the minimum was minus

These ameounts would be

251

;}
523 peracre
higher today with the increase in ferdilizer
prices chat has occurred since sarke 2008

Koehler adds

the phyrase factor

The use of phitase in s+ ine diets carr ad-
versely affect the manures vaiuz by reducing
phosphorous levels Howerer according to
Kochlers study typical application rates of
3 300 gallons of swine Anishing manure per
acre will supply enough phosphorous even if
the level of the nusrient &= onh 20 pounds per
! 000 gallons

The study goes on w explain thai Uni-

=rsiny of linnesom recommended FaOs
' R

phosphorous fzrdiizer application rares for

do nor suggest more than those amounc
seil tesi izvelsare in ghe ov o eny

iov range " The study concludes thar man:

helds especially those tha: have received

PCRKMAG COM

manure in the past should not be negarively
affected by the usc of phytase in swins diets)
and the feed-cos: sevings will not be lost in
reduced fertilizer replacement vzhue’

Orher important factors that infusnce
manuee’s value include application timing
“ldsally, manure is applied in spring close
to corn planting rime,” according w Lon

Soring applications rzduce the potential for
mitrogen loss berween application and the
rime the crop needs nitrogen

The sluriy s water conrent is another
significant value reducer Warer from diink-
ers pressurs washing or cooling spriniders
can reduce dry matter percencages in slurry,
thereby reducing its nurrienr fevels

Producers should evaluare cheir manage-
ment 1o aveid dilute mznurss unless ocher
offserting benefits are gained ™ Lory says  The
economic value of dilure manurs is signifi-

cantly less due w0 hauling many more gallons

te achieve the required crop nutrient Jevels
Measuring manure’s value is largeh - de-
pendenton the value of commerctal ferrilizer
it replaces ~ The realing is chat dhese numbers
have been changing quickhy  Lony says
Caurrenc ferdiltzer prices are around 75 cents
per pound for nitrogen $1.20 per pound
for phosphate and 53 cents per pound for
potassiums However | suspect thart nitrogen
prices will zase somewhat, which should be
expected because gas prices are falling too
Swine manure has Jong been under-val-
ued as a pork preduction byproduct and as
i soll emendment While coday it s getting
more zttention. iz mav offer the greatest
saluz to your operation as part of a combi-
nation ferdlizer application program This
means a nutrient-management plan as well
as regular soil and slurry nutrienr testing
play kev roles in maximizing the value of

this new black gold
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Slurry Separation
A Systems Approach to Manure Management
LUW Team
ILLINOIS STATE UNIVERSITY
DEPARTMENT OF AGRICULTURE

1t has been a really wet wintet and spring, and liguid manure storage tanks and pits are getting
full Many operators are having trouble finding a window of opportunity dry enough to land
apply slurry - That has not been a problem for the ISU Farm  We’ve had a few dry days n a row
that have allowed the soil to dry sufficiently to allow us to land apply separated effiuent (SE)
with our center pivot irrigator. While the soil has not been dry enough for a tractor and slurry
wagon 1o inject liquid manure, it has been possible to irrigate because the SE has so little solids

and phosphorus concentration neither runoff nor leaching are a risk

For some operators the cost for land application of liquid manure is reaching prohibitive levels
This may be especially so if slurry must be hauled moze than one to two miles for land
application Many fields located near swine facilities where slutry has been land applied for
several years have prohibitive phosphorus concentrations making it a necessity to haul slurry
further away from the facilities. It costs approximately I O¢:gallon:mile to haul siurry. Some
producers ate logging up to 20,000 miles each year on semi tankers to haul sturry That’s up to

$40,000 that could be utilized for other purposes.

Separation of municipal waste water into its solid and liquid components is a technology that has
been utilized by municipal sanitation departments for decades. Removal of the biosolids fraction
cleans the liquid portion sufficiently that the waste water can be added to the surface waters of
Tllinois and the U.8. Many city wastewater treatment departments use potymer-assisted
separation systems that combine the use of chemical flocculants, gravity belt thickeners and belt -
presses to remove the solids fraction from wastewater The Livestock and Urban Waste

Research (LUW) Team has adapted this technology to economically separate liquid swine
manute into its biosolids and liquid fractions This systems approach allows the biosolids
fraction to be composted for ultimate use as either an on-farm or off-farm soil amendment while
producing a liquid fraction with low odo1, low solids and low phosphorus concentrations that can

be irrigated as a nitrogen fertilizer for row crops

Several issues must be studied as a producer considers whether or not to adopt solid-liguid
separation as an alternative manure management strategy The issues that must be considered

are:
1 volume of raw (untreated) slurry produced annually

2 cutrent storage capacity, including building pit capacity and storage tank o1 lagoon

capacity




3 type of siurry storage. Is it building pit storage o1 Is it storage external to the buildings

such as a lagoon or Slurty Store™?
slurty treatment, if any This may include a two o1 three stage lagoon settling

4 current
system
5 curtent cost of land applying slurry - This includes agitation, pumping, injection and
hauling costs.
The current costs for land applying slurty should be calcuiated as annual dollars:year and

cents:gallon carzied at least two decimal places {00.00¢:g). In order for solid-liquid separation to
be effective and timely, the separation process must include a chemical polymer (polyactylamide

ot PAM) to flocculate the solids portion Mechanical separation without PAM assistance 1s not

effective The liquid produced during mechanical separation without PAM assistance still
should be considered slurty with all the bad things associated shurry, including odoz, suspended
solids, high phosphorus concentration, etc. The solids removed by mechanical separation are
referred to as separable solids and usually represent 30 — 40% of the total solids concentration in
raw slurry  Separation by settling in a three stage lagoon system can be effective and can
produce 2 desirable separated effluent. However, settling separation by gravity alone is a slow

process, (days to weeks) and has large volume storage requizements

Sepazation is most effective if the slurry is fresh i.e no older than seven days Slurry less than 7

days is generally aerobic (contains some oxygen). Separation of manure stored in deep pits or

outside holding tanks for periods lenger than one week is not as effective as sepatation of fresh
slurry. Slurry stored for prolonged petiods has become anaerobic and requires the use of higher
polymer concentrations, costs more pel gallon to separate and does not remove as much of the

solids fraction Anaerobic slurry can be separated but the separation process requites substantial

agitation priot (o adding the polymer o produce as uniform solids concentration as possibie

Agitation alone is never completely successful in creating uniform selids concentration in slurry

Sepatating anaerobic slury in comparison to fresh slurry, also, creates stibstantially more odor

during the sepatation process

Selection of the appropriate polymer is crucial to successful separation. There are hundreds of
polymets available. Not all liquid manures are the same. Therefore, there may be some trial and
error is selecting the most efficacious polymer for each farm However, selection of the correct
polymer is not prohibitive nor that difficult Chemical sales technicians and separation
specialists can provide on-farm assistance in selecting the most appropriate polymet

manute pits once weekly for sepatation and then recharging each pit with
water deczeases odor of separation.
0, improves the building environment

Pumping o: draining
approximately four inches of separated effiuent or fresh
Removing shury fiom building pits ona weekly basis, als
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substantially (decieases inside building odor, decreases building gas concentrations, increases

pig performance and improves worker satisfaction)

There are seven components to the separation system developed by the LUW Team:
1. aholding tank fo agitating slurry afier draining slury fiom a building pit

2

a gravity screenfroll press combination mechanical separator to 1emove approximately
30% of the separable sofids producing what is referred Lo as separated slurry

a mixing tank for making a polymer premix

a mixing tank of an in-line venturi system for adding polymet to the separated sturry

a second separator for removing suspended solids producing what is referred to as
separated effluent and biosolids The second separator can be either a gravity screen
separator, continuous gravity belt thickener or belt press separator. The gravity scteen

separator is the least cost sepatator
a holding basin for the separated biosolids oz the biosolids can be discharged dizectly to a

slurry wagon or manure spreadet

a holding tank for the separated effluent The LUW Team separation system has a
separated effluent collection 1ate of 904%. Therefore, if one miilion gallons is separated
prior to land application, a 900,000 gallon holding tank for sepatated effluent is required.
To minimize odor of the separated effluent during irtigation it is best to aerate the

separated effluent on a continuous basis during storage

Because effective separation can remove up to 90+% of the phosphorus and total solids
concentration from slurry, separated effluent can be land applied (inzigated) based on its nifrogen
concentration. Studies conducted at the ISU Farm have demonstrated that one million gallons
can be land applied to 40 acres to provide the nittogen requirement for corn production without
over applying phosphorus  The cost of sepazation and land application of separated effluent via
center pivot irrigation has been simila: to the cost to land apply untreated shurry. For more

information visit the website (www.sweeta.illinois.edu)







SURVEY OF ILLINOIS COMMERCIAL MANURE
HAULERS AND APPLICATORS

Have you ever wondered how much other producers are paying to have their manure hauled and
land applied? Have you ever considered how far manute is hauled before 1t is land applied? In
an effort to discover the average cost producers are paying to haul and land apply manuze in
Illinois, a survey was conducted of the custom manure haulers and applicators listed on the
“Illinois Commetcial Manure Haulers and Applicators” web site. The address of this web site is:

http://web extension uiuc.edu/clmt/haunlers list cfm

Curtently the LUW Team is separating the solid and liquid portions of liquid swine manure and

land applying the separated effluent (liquid portion) at a cost of 1 0— [ [¢:gallon. In order to
compare the cost for separation and land application to the traditional injection method for

unprocessed slurry the LUW Team needed to know the average costs for injecting siurry.

The survey was conducted during December 2007 and January 2008, therefore, as the cost of a
barre] of oil has continued 1o rise so may have the custom application rates increased since the
survey was conducted Thirty-eight custom operators were listed on the web site. Of the 38,
three had 1etired or were no longer custom applying manure. Of the remaining 35 opetators, 19
responded to the one page, 14 guestion survey for a response rate of 54.3% Fifteen or 78 9% of
the respondents were full time custom operators and manure hauling/applying was just one
aspect of a muiti-service business for 63 2% of the operators  Of the operators, 89.5% provided
multiple services i.e pif or lagoon agitation, pumping, hauling and land application Only 10.5%
limited their service to just land application, or to just hauling and application About one half of
the operators provided services on a year around basis while the other one half offered their

services seasonally (spring, summer and fall, or spzing and fall, but not winter)

The following table references the types of manure the operators handled

Manure Type Percent of Operators
Swine 047
Poultry 158
Beef 474
Dairy 579
Other 10.5

The volume of manure applied per year ranged fiom fowr million gallons to 380 million gallons.
The average per operator was 60 1 million gallons:year One operator, also, handled solid
manure and this amounted to 30,000 tons per year. The average amount of liquid manure land
applied per day of operation was 728,235 gallons and ranged fiom a high of 2 million gallon:24
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houts to a low of 175,000 gallons:day The mean volume land applied per customer was 54
million gallons:year and ranged fiom 25 miliion gallons down 1o 500,000 gallons Ihe average

number of customets per custom operator was 26 producers

The following tabie outlines the method of land application used by the custom operators

Method of Application Percent of Operators

Box Spreader 210
Injection 789
Drag Line 632

Shurry Tank 368
Surface Application 3i6
Other 573

The average cosi pet gallon to land apply unprocessed shurry was 2.0¢:gallon and ranged from

0 6¢:gallon to 15 0¢ per gallon depending primarily on the total volume land applied and other
services offered The mean cost for land application only was 1 7¢:gallon if the voiume applied
was between one and four miliion gallons. If the volume applied wes greater than four million
gallons the average cost was 0 9¢:gallon  These average costs incladed land application only for
78 9% of the custom opezators If hauling manure from the storage site to the application site
was required these opetators charged an additional fee Neatly 40% of the operators did not
charge an additional hauling fee if the site of land application was within .5 to 3 0 miles (1.25
miles was the average) of the manure storage site  All custom opezators charged a hauling fee if
the slurry was hauled more than 3 0 miles to a land application site  Approximately 26% of the
custom operators charged an hourly rate for the truck(s) used o haul manure while 63.1%
charged z fee based on cost:gallon hauled One operator charged according to tons of manure
hauled The average cost per gallon hauled was 1 8¢:gallon and ranged from C.8¢:gallon to
1.5¢:gallon hauled Those custom operators who charged by hour of tiuck use had an average
cost of $67-hout of truck use {tanging from $45:hour to $100:hour) The cost for hauling by the

one operator who charged by the ton hauled was §7:ton.

The average cost to separate raw shury into its solid and liquid fractions including land
application of separated effluent via center pivot lirigation for 2006 and 2007 was 1.0¢:gallon of
raw slurty processed The cost to sepatate and land apply by irrigation is expected to increase
for 2008 but should still be comparable in price to traditional land application by injection

Costs for separation and land application in 2008 will be avaiiable in the fall For more
information check out the LUW Team web site: www sweeta.illinois.edu
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Value of Ligquid Swine Manure as a Fertilizer for Corn Production

This email newsletter is provided by the Livestock and Urban Waste Research (LUW) Team with

assistance from the [linois Pork Producers Association (IPPA) as part of our outreach efforts.
This newsletter represents the first of several newsletiers the LUW Team will be providing through

the IPPA email

The Livestock and Urban Waste Research (LUW) Team has conducted several research studies
evaluating solid-liguid separation of swine siurry, composting of the separated biosolids, the land
application of unprocessed (raw) slurry, separated effluent, compost and traditional inorganic
fertilizer, and the effects of land application of these soil amendments on soil chatacteristics and
ground water The information contained in this communication compares the cost and economic
value of using inotganic fertilizer, 1aw shurty, and compost as a soil amenément for corn production

based on actual costs and nutrient analyses

A Tist of abbreviations used throughout this narrative and within the tables is shown as Table 1
The N, P and K values for RS, C, POT, DAP and AA are provided in Table 2. The composition of
RS and C reflect average analyzed values for the years 2006 and 2007 The data shown in Table 3
are the actual purchase pices paid for AA, DAP, and POT  The application costs provided are

actual costs charged by commercial applicators for the Lexington, Illinois area.

The data of Table 4 zeflect calculated application rates required to produce 180 bushels of shelled
corn: acre assuming each bushel of shelled corn produced requires 1.33 pounds of N and 0.22
pounds of P. The base fertilizer 1ate, then, to produce 180 bushels of shelled comn: acre is 252 Ib. of
AA, 176 1b. of DAP and 200 Ib POT. This fertilization 1ate does not result in any carry-over N ot P
The application of RS assumes that 35% of the N in RS is available during year one, 18% 1s
available during year two and 9% is available during year 3 The same three availability estimates
were assumed for compost application Compost application is based on the dry matter content but
cost analyses are based on the wet weight of compost assuming compost 1s 40% DM Because the
N in RS and C varies in is availability an average application rate for four years was calculated and
used to estimate nutrient carry-over and cost In actually, heavier RS o1 C application rates: acre are
required in vear one, decreased in years two and three then rise again for year four, repeating the
cvele to infinity assuming the N and P concentrations of RS and C do not change over time  This
cyclic pattern emphasizes why yearly analyses of RS and C for nuttient concentration are so
important if the producer desires to balance nuirient application with nuirient use and nutrient

carryover, while maximizing proiits

The data of Table 5 show the implications of applying RS and C for their N content alone
Row 1 1epresents IF applied to equal N and P utilization, without 1egard to K. At the application
rates shown in 1able 4 and 10w one of Table 5, the amount of K supplied equals 120 pounds K
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1 POT application rate for the soils at the ISU Farm-Lexington. When
% of the comn’s N reguirement, P is over applied by 54 lbs. and K
100% of the cotn’s N requirement, P is

This represents a typica
compost is applied to supply 100
is over applied by 47.2 1bs When RS is applied to supply
over applied by 139 4 Ibs and K is ovet applied 49 7 Ibs  As future regulation prevents ovel

ol the corn’s N requirement will be illegal and

application of P, applying RS or Cto supply 100%
e last two rows of Table 4 and

could pose environmental P contamination problems Therefore, th

¢ RS and IF to supply the same N, P and K as supplied in row one with

Table 5 tepresent combinin
61b and K

TF alone. Accordingly, the amount of N supplied equals 239 1b, P suppiied equals 39
supplied equals 120 1b  These application 1ates 1esult in no carry-ovel P, assuming a 180 bushel

yield The data of Table 6 tells the real story and reflects how the value of manure and

corn
The cost to fertilize one acre of corn

compost can change based on the cost of inotganic fertilizer
for N, P, K rose $100 17 from §121 92 i1 2006 to $222 09 in 2008 As the cost of AA, DAP and

POT increases so does the relative, comparative value of the RS and C. Pethaps more importantly,
the 1equirements for N and P results in greater

s the sole N source The down side to utilizing
quirements for N, P and K is that 5.5 times more

applying RS and IF to meet, without exceeding,
value per gallon for RS compared to applying RS a
RS and IF in combination o meet the comn plants re
acres are tequired to land apply the RS, comparing RS application rates of 5,156g:ac to 934g:ac

These data suggest that RS and C both have more value supplying P and K quﬁirements than as a
sole supplier of N. Sometimes doing the right thing envitonmentally pays off economically as well.
atisfy the N, P, and K requirements is more efficacious than

Applying RS and IF in combination 1o 8
When RS was applied to meet 100% of the N

over applying RS to meet N 1equizements alone
requirements at 2006 prices, RS had a calculated value of 1.36¢:g When RS was combined with

AA and POT to meet N and P requirements, the 2006 calculated value of RS rose 4 42¢;g When
RS was applied to meet 100% of the N requizements at 2008 prices, RS had a calculated value of
3 0¢:g. When RS was combined with AA and POT to meet N and P requirements, the 2008
calculated value of RS rose to 9.56¢:g A similar trend was found for applying C and IF In

combination.

Liguid swine manure has been an under-valued soil amendment for producing con Liquid swine

manute has ever greater value as part of & combination fertilizer application program. For more

information visit om web site www.sweeta.illinois.edu
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Table 1. ABBREVIATIONS
C= compost
RS = raw slurry
DAP= Diammonium phosphate
AA= Anhydious Ammonia
Ik = Inorganic fertilizer
g= galion
ac = acre
b= pounds

= Ton
DM = Dry matter

= Nitrogen

= Phosphorus
{= Potassium
POT = Potash

Table 2. NPK COMPOSITION (%)

N P K
POT 60 0
AA §2.0
DAP 180 46 .0
C 1.5 0.3 0.6
RS 1.0 053 046

Table3 SOIL AMENDMENT COST
2006 2008
Purchase Application Purchase Application

AA $449:T $6 00:ac $730:T $6 50:ac
DAP $332:1 $2 50:ac $715:1 $5 00:ac
POTASH $250:7T $2.50:ac $506:T $5 00:ac
C 7 $2 00:ac 7 $4.00:ac
RS 7 ' 1.0¢:gac ? 1.3¢:g:ac
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Table4 SOIL AMENDMENT APPLIED (Ib:ac)

176 1b DAP 200 [k POI

IF 2521b AA
C 15 6T DM o1 39.0T wet wt basis
RS 5156 g o1 41,248 1b
RS +IF 934 g or 7472 Ib RS; 200 1b AA 143 1b POT
C+IF 56T DMor 16.50T wet wt 501b AA 68 b POT
Table 5. Nand P SUPPLIED (Ib:ac)
Amendment Yield N reg Nsupp  Preg P supp P excess
Range + 180 239 236 36.6 396 0 |
IF 180 230 239 3196 39.6 G
C 180 239 239 396 936 54
RS 180 239 239 396 179.0 1394
RS +AA+POT 180 239 239 39.6 39.6 0
C+AA +POT 180 239 239 396 39.6 0
Table 6. FERTILIZER COST (8:ac)

2006 2008
Fertilizer purchase  application purchase  application
Ik 11092 11 06 205.59 1650
C 11992 2.00 21809 400
RS 70.36 51.56 155.06° 67 03
RS/IF 4125 80 67" 89 27 132 72
ChF 9167 30.25° 171.14 50.95°

“Corresponds to 1.36¢:g for 2006 and 3 00¢:g for 2008 which represents the maximum value of
RS relative to the cost of IF:ac minus the cost of applying RS
bReflects application cost for RS, AA + POT and purchase cost for AA + POT; value 0of RS =

4 42¢::2006 and 9.56¢:g:2008
“Reflects application cost for C, AA + POT and purchase cost for AA + POT; value of C=

$5 56:7:2006 and $10.37: Ton:2008
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MORE REGARDING THE FERTILIZER
VALUE OF LIQUID SWINE MANURE

This email newsletter further addresses how we can artive al a justifiable value for liquid swine
manure in compatison to wholesale/tetail costs for traditional inorganic fertilizers

Inorganic fertilizer prices are at 1ecord or near 1¢cord highs. Curent prices for anhydrous
ammonia (AA), Potash (POT) and diammonium phosphate (DAP) are $1155:ton {5 8¢:1b ),
$920:ton (46¢:1b ) and $1131:ton (56 6¢:1b ), respectively Typical application costs for AA,
POT and DAP are $7.00:acte, $3.25:ac and $3 25:ac  As a result, many grain producers are
looking for alternative soil amendments as souces for N, P and K. One of these alternative soil
amendments is liquid swine manure o1 slurry Slurry has some obvious advantages including
lower cost, a good source of N, P and K, local availability, high organic matter content and the
ability to enhance soil chatacteristics Howevet, just because swine slurry may be lower priced
(cheaper) than inotganic fertilizer does not necessarily Imply slurry is a more economical soil
amendment for the environment Historically manure has been land applied as a sole source soil
amendment (fertilizer) for N, P and K Applying manure to meet the crops N requirement and
thereby over applying P can result in soil P buildup Whether or not this Increase in localized
soil P has contributed to surface water hypoxia may be debated Certainly more 1esearch
clarifying this issue is 1equired Regardless, management of liquid swine manure has become an
important issue in Ametican agriculture  The potentialiy negative environmental consequences
for handling and land application of swine siurry must be addressed in relationship to the same
consequences for using inorganic fertilizer sowrces, These consequences, including the runoff to
surface water and leaching to ground water of nutzients (especially N, P and K) must be assessed
from = scientific perspective based on actual data collection and not on theorstical projections
The LUW Team is curzently conducting ot has planned sevezal studies designed to evaluate these
issues. In order to correctly design studies to evaluate the energetic, environmental and
cconomic impacts of utilizing shurry, we must first recognize what we alisacy know.

What do we know? Assume the following scenario, a farmer has four grow-finish buildings,
each with a one-time capacity of 1100 hogs and a turn-over 1ate of 2.25 times:year producing
9,900 finishers and generating 2,409,000 gallons of shurty:year. The gallons of slurry
generated:year is based on an average pig in the buildings weighing 200 pounds producing 1.5
gallons of slurry:day containing 0 06 Ibs N, 0.02 Ibs P and 0.04 Ibs K: gallon Total N, P, K
production for the operation in one year is 144, 540 1bs'N, 48, 180 Ibs P and 96,360 1bs K. . We
know that one bushe! of shelled corn production 1equires 1 33 1bs N, 221bs Pand 1.10 lbs K
In this scenario, 180 bushels of shelled corn:acte requires 239 Ibs N, 39 6 Ibs (40 1bs ) P and

198 Ibs K




For this scenatio, the inorganic fertilizer choices ate Potash (60% K20, 50% K}, A A (82% N)
and DAP (18% N, 19% P) Accordingly, 246 Ibs. A A, 208 Ibs. DAP and 396 Ibs POT costing
$142.68, $118 56 and $182 16, respectively are 1equired Total inorganic fertilizer cost:acre
including application ($13 50:ac) is $456 90 if land applied today (Novembet, 2008).

If the 2,409,000 galions of shurry are land applied to satisfy the 180 bushel:acre corn yield based
on total N requitement (144,540 Tb N+ 239 Ib N:ac) each acre requires 3,982 gallons of slurry

cres; based on total P requitement (48,180 Ib P =40 1b P:ac) each acte

applied over 605 a
K 1equirement

requires 1980 gallons of slurry applied over 1217 acres; and, based on total
(96,360 1b K+ 198 Ib K:ac), each acre requites 4947 gallons of slurry applied over 487 acres.

Rased on a survey of manure applicators in Illinois conducted during the fall of 2007

(www sweeta.Illinois.edu), the average cost 10 land apply slurry via injection s 2.01 ¢ gallon for
less than one million gallons, 1.67¢:gallon for 1 -4 million gallons and 0 9¢:gallon fo1 more
than 4 million galions Therefore, for this scenario the cost to land apply slurry is 1.67¢:gallon

If the slurty is applied {o meet the N requirement, N is met at exactly 239 Ibs N:ac, P is over
0 Ths:ac or 2 times the required amount and 159 Ibs of K are applied which is 39 Ibs

applied by 4
$39 13 (including

short of the required amount Therefore, 78 Ibs of POT is needed costing
application cost) Subtracting the cost:acre to land apply shurry (3,982 galions 1 1.67¢ =
$66 50:acte) and the cost of POT ($39 13) from the total cost to apply inorganic fertilizer
($456 90), slurry has a fertilizer value 0£$351.27:acre or 8.82¢: gallon 1eturning $212,473 to the

swine operator (2,409,000 gallons x 8 82¢:gallon). But, the operator over applied P.

Tf the slurry is applied to meet the P requizement, P is met at exactly 40 lbs P:acte, N is deficient
120 Ths and K is deficient 119 Ibs Therefore, 146 lbs of A.A costing $94 68 (including
application cost) and 238 Ibs of POT costing $112.73 (including application cost) is needed
Subtracting the cost:acre to land apply slury (1980 x 1 67¢ = $33 07:acre), slurry has a fertilizer
value of $210 42:acre or 11.08¢:gallon ($456 90 - $94.68 - 5112 73 - 83307 =5§21942)
returning $266,917 to the swine operator (2,409,000 galions x 11 08¢: galion) Applying slurry

ements and supplementing slurry to meet N and K requirements provides a

to meet P requir
1e to the swine operator.

nutrient balanced fertilizer program and 1eturns the most potential incor

If the shurry is applied to meet the K requirement, K is met at exactly 198 Ibs:K acre, and N and
(+ 58 Ibs N:acre; + 59 Ibs P:acie) In other words, slurry is applied as a

P are applied in excess
to guarantee the mininum amount of N, P, X required to grow 180

sole souwrce of fertilizer
wacre of shelled corn Applying 4947 gallons of shurry to meet the K requirement costs

$82 62:acre (4947 x 1 67¢) and the fertilizer value for slurry (not counting the excess N and P

applied) is $374 28:acre o1 7.57¢:galion of slurry ($456 90 minus $82.62) This rate of

application returns $1 82,361 to the swine operaior (2,409,000 gallons x 7 57¢). However,
regulations for nutrient management plans (NMP) in most states limit manwe application:acre to
the amount of N required to grow the specific c1op and many NMP’s are beginning to prohibit




applying excess Pracie above what the crop requites In several states the soil P rating (low,
meditm o1 high) provides a recommendation(s) 1o not limit P application (Ib:acre) if the P soil
test is low (in Illinois < 50 Ib:acre), to limit P application to the amount zequired for crop
production if the P soil test is medium (in Illinois between 50 and 70), and to not apply any P if

the P soil test is high (in Illinois above 70 lbs:acre)

From a fertilizer perspective, slurry has greatest economic vaiue per gallon if it is applied to
satisfy the crops P fertilizer requirement Applying less sluiry per acre provides more value per
gallon but requires more actes to apply a given amount of sluiry  If costs for transporting slurry
to the field ae included, more acres transiates to less fotal return to the swine operator

Applying sturry to meet N o1 K requirements may not be allowed under NMP guidelines and

may not be environmentally sustainable

What do we not know? We do not know the effect of 1.) utilizing slurry as the sole source of
fertilizer o1 2 ) utilizing sfurry in combination with inorganic fertilizer compared to using
inorganic fertilizer as the sole source of soil amendment on the following: crop growth and yield,

soil structure, soil cation exchange capacity, soil organic matter, nutrient overload in giound
watet, net dollar return pet acre and net dollar retwn for shurry generation Hopefully the LUW

Team studies will help provide answers to what we do not know.

Suggestions for land applying shurry. 1) Obtain pit specific shury samples for chemical analyses
prior 1o Iand application Sturry composition vaties by storage method Slurry stored i lagoons

is more dilute than shutry stored in deep pits  Fresh slurry (less than 2 weeks old) 1s more dilute
than shurry stored for prolonged periods  Slury from shallow pits where pit flushing and/or pit
1echarging with water is used is more dilute than slurry stored in deep pits for prolonged periods.
The liquid manure genetated by sows, nursery pigs and grow-finish hogs varies in nutrient
composition and N, P, K concentration. The concentration of sclids and N, P, K will vary
substantially from pit to pit. Sepaate samples from each pit are required  2.) How samples are
obtained affects N, P, K concentration anaiyses The solids are concentrated on the botiom of'a
pit ot lagoon The efftuent containing little biosolids 1s on top. Therefore, constant and
compiete agitation of the slurry is important to obtain a 1epresentative sample. Even with
agitation a shurry probe should be used to collect truly representative slurry samples  Be sure the
piobe can reach 1o the bottom of the pit 3.} Obtain multiple samples from each pit/lagoon
Coliect probe samples from multiple locations within the pit/iagoon  Obtain 2 minimum of one
sample for every 50,000 gallons if multiple pits are sampled If one large shurry storage facility
{one million gallons or mot e) is sampled, obtain one sample for every 200,000 gallons. 4 ) Be
sure to use the slurry analyses when calculating how much slurry to apply:acre. Do not average
all samples to determine how much slurry to add per acte  Only average the sample values for
cach storage facility When the source of shurry is changed, use the analyzed values from that

specific storage facility and re-calculated gallons of slury 1equired pet acie

3P g







Fall 2009 Manure Application

For many swine producers fall {post corn and soybean harvest) is the time for land application of
manure This yea may prove more challenging than most years due to the wet weather and
excessive soil moistore In fact due to a delayed grain harvest, there may be little opportunity o
land apply mamue before freezing weather and frozen soil conditions set in - Even in those cases
where farmers have been able to harvest corn/soybeans wet soils increase the chances of nutrient

leaching and run off during/after manure application

Therefore, the following top 7 list should be reviewed as producers prepare/wait for fall manure

application

I

Review nutrient management g;lan.

In order to prevent leaching and/or runoff resulting from manwe application, lower
manure application 1ates may be warranted Nutrient leaching may increase when
injecting liquid manures and solids runoff may inctease when spreading solid manures
during episodes of high rainfall Consequently more acres of land and additional fields
may be required for this falls manure application. Using fields with flatter siopes and
lower Phosphorous Index scozes may be a good idea Plan ahead, manute may have to
wait for application under emergency guidelines this coming winter when the ground 1s
frozen Review of your current nutrient management plan and noted application
methods, application rates and fields of choice may require 1evising for this year
Making updates now while it is raining may save time, energy and cost later

Develop an application emergency plan.
The incidence of manure spills increases when the weather is harsh. Handling manure is

bad enough on a sunny, 80 degree day Near freezing temperatures, wet weather and
muddy conditions increase the chances for something to go wiong Train employees in
manure spill response. This information should be part of your manure management
plan Remind your team of youw plan Emphasize who to contact, safety issues and what

to do when emergencies occur

T ake manure samples,
If nutrient overload, runoff and/o1 leachate is a potential problem, as it is this yeaz, if is

especially important to know the nutrient (N, P, K but especially N and P) concentration
of the manure High nutrient loads mean more land area for application is requited Ina
wet year like this year, balancing nut:ient application with potential for runoff is more

important than normal to prevent environmental contamination Sampling ahead of land

application helps plan which fields can be used




Sampling during land application or manure agitation may provide better results to use in
future planning, but will not provide nutrient analysis results (o use in planning
application rates for this fall Itis important to build a history of nutrient analyses
overtime for manure sampling to help manage the nutrients in manure for crop

production over the yeais

Corect sampling technigue is most important A sample that is not representative of the
manure volume is of little value Slurry sampling is best accomplished using a pr obe of
sufficient length to reach to the bottom of the storage tank Sampling should only take
place immediately following agitatjon and multiple samples from several locations
shauld be collected and pooled, especially if only one sample will be sent to a laboratory
for analysis For solid manure, several grab samples fiom several locations in a manure
pile both insids and outside of the stack should be collected and pooled

Take soil samples.
Soil samples should be taken prio to manure application If a field has not been sampled

recently, then one sampie for every 2.5 acres is best Generally one sample collected for
every 10 acres is adequate especially, on fields that are routinely sampled

Calibrate application equipment.
When applying inorganic fertilizer for crop production, has the application equipment

been calibrated? You bet it has! Calibrating manure application equipment takes a little
time, but in the long run it will help meet the correct application rate and make better use

of marre nutrients.

To determine how much solid manusre a manute spreader applies layout a 56 sguare inch
sheet of plastic Spread manure at the desite rate of travel and spreader settings The net
weight in pounds collected on the plastic sheet is eguivalent to tons per acre application
rate Remember nutrients (N, P, K} are calcuiated based on the dry matter weight of the
manure - not the wet weight basis, unless the laboratory has been given directions

otherwise

Timing of application.
Application on dry soil is the best option This fall we do not have that choice Tryto

apply at least 24 hours before a substantial rainfall This will help prevent runoff.
Injection of slury is a necessity but it requizes dryer soil conditions Surface application
of solid mamure should be followed by some kind of primary tillage but even pulling a
disk over freshly applied manure is more desitable than no tillage. Applying manure to
snow covered o frozen ground may not be allowed except under emergency conditions,

and this looks like 1t could be one of those years




7 And lastly, consider the neighbors.
Ves, manure does have odor  In biunt terms, it just smells bad  That is not perception It

is reality Therefore, inform your neighbors  Let them know about manuie application
plans If possible, telf them how long it mighi take, how you plan to apply the manure,
and how long they might expect to smell the manare  Inquire about any outdoo: events
in the neighborhood such as weddings, cookouts, etc and try to avoid those times for
application This will be extremely difficult this fall because we seem fo have such small
“windows of opportunity” to land apply manure  Most neighbors will understand Some

won’t, but at least make an effort It may yield future dividends

Handling manute is always stressful This year it will be especially stressful
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Ritter and Chirnside _1990; Burkholder_et_al._1997;_Haywood,
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feeding operations (CAFOs), the amount of waste generated in
a given location is concentrated and may exceed the capacity
of proximal and available agricultural lands for land applica-
tion, resulting in “land-lmited conditions' and an excess
supply of waste products (Haywood, 1997) The high water
content of the slurry makes shnry difficult to handle and
mansport long distances to reach available lands, further
limiting disposal eptions Manure can be used as a valuable soil
amendment, but the nutrient charecteristics of untreated
swine shurry, with a N:P (nittogen to phosphorus) ratio of
approximately 511, results in an over application of P when
land applying based on N application rates (USDA, 2005} These
nutrients and other physical and chemical components can
lead to ground and surface water contamination, eutrophica-
tion of waterways, and can create odour and hygienic €oncerns
during storage and application Increased concems from
government and citizens about water quality and odour
impacts (USEPA, 2007, Pew Comumission on Industrial Farm
Animal Production, 2008} have recently brought these issues
irtto sharper focus

Separation of wastewater inio its solid and liquid compo-
nente is a technology that has been utilised by municipal
saniration departments for decades Removal of the biosolids
{BS) fraction can clean the liguid portion sufficiently that the
wastewater effluent meets Envirenmental Protection Agency
(EPA} standards for direct discharge to surface waters There
are several separation technologies that can be borrowed from
municipal wastewater treatment operations {Melse and Ver-
does, 2005; Burton, 2007}, but there is a need to understand the
operational practicaliies and efficiency expectations of the
varous applications of these techrologies to pig manure
manzgement (Lorimor et al, 2006) Full scale, muiti-step
processes that combine solids separation, denitrification, and
phosphorus removal tc produce discharge-quality effluent
have been proposed for treating pig waste sluiry {Martinez-
Almeln and Barrera, 2005; Vanott et al . 2007}, but surveys have
shown that pork producers need, if they are to be persuaded to
implement these managerment practices, a simple, low cost,
easily operated system that addresses the most pressing
environmental and health concerns while creating more
beneficial, easily utilised products from the waste (Cates et al ,
2006; Walker, 2008)

Many city wastewater treatment departinents use polymer-
assisted sepaiation systems that combine the use of chemical
flocculants, gravity beit thickeners and belf presses to remove
the solids fraction from wastewater However pig waste is
typically produced in both higher volumes and solids concen-
trations than municipal wastewater, due to the increased
waste production relative to management practices involving
ad libitum pig production feeding, reduced dilution rates when
compared to hirman sewage, and liquid waste concentration in
pits and/or lagoons The decentralised nature and the
increased energy and labowr-intensive waste management
techniques of most pig waste production facilities relative to
human sewage treatment facilities make treatment more
challenging and result in high treatment costs relative to
revenues generated Other concerns with pig waste include
increased off-odours relative to human sewage due to higher
concentrations of NHs, HsS, and other volatile compounds

a mixture of solid and liquid pig manures with or withcut water
added io facilitate pumping of flushing In order to treat swine
slurry efficiently, economically, and in an environmentally
responsible manner priot to disposal, application of modified
traditional wastewater treatment technologies to pig shury
may be considered Several studies have explored the use of
polyacrylamide (PAM) to coagulate solids in both pig and dairy
waste and some have shown promising results when
combining PAM use with separation screens, screw presses,
and separation tanks (Sievers et al, 1994; Vanott and Hunt,
1999; Hammer and Hammer, 2001; Vanott ef al , 2002; Walker
and Kelley, 2003, 2005; Westerman and Atoge, 2005)

This study evaluated the efficiency of a static gravity
screen-roll press combination sclids separator operated in
conjunction {tandem} with a PAM-assisted gravity belt solids
thickener under production-gcale conditions to reduce the
conceniration of solids and other commonly used aquatic
pollution indicaters in the treated effluent relative to the 1aw,
untreated pig slurry (RS1) An analysis of the resulting data
was then used to examine the feasibility of using this treat-
ment system to reduce pig waste pollution indicators, deter-
mine the suitability of separated (treated) effluent (SE} for
irrigation as a nitrogen fertiliser for row crops, and to evaluate
the nutrient composition of the BS fiaction as a potential raw
material for compesting Total costs for separation and land
application were calculated and compared to the cost of
current practices where raw slurry (RS) is directly injected into

fieids

2. Material and methods

21 Slurry separation

RS generated from gestation, farrowing, nursery and grow-
finish swine buildings located on the Hlincis State University
(iSU) Parm at Lexington, I, USA was utilised for this study RS
was drained by an underground sewer pipeline from building
pits to an in-ground 53 3711 concrete holding tank 1.83 m deep
located in the slurry processing building All slurry pits in ali
the swine buildings at the 220 sow farrow to finish swine
operation were drained once or iwice each week and
recharged with 5075 mm of SE Whilst in the hoelding tank,
RSt was continucusly stizred until it was pumped from the
bottom of the pit and passed across a static gravity screen-roll
process separaior to remove separable solids producing
separated slurry [RS2) A PAM premix was infused into RS2
prior to the mixture passing across 2 gravity belt thickener to
remove total suspended solids {1S5) The resulting BS were
transported to the compost site, mixed with landscape waste
and composted The resulting SE was stored in a Slurry Store®
{Engineered Storage Products Company, DeKalb, IL, USA) until
land applied during the corn/soybean growing seasons vig
a centre pivot irrigator

The gravity screen-roll press separator used during this
study was a Model 250, manufactured by Key Dellar Cab. Inc
{Milton-Freewater, OR, USA} The screen pore size was
159 mm, and the maximum capacity of the separator was
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757 1lmin=!. Eorthis_study,_the separator_was_operated-at
arate of 227 14102 1min™" The gravity belt thickener used
was a2 Model GSC-1, Series Il manufactured by Komiine
Sanderson {Peapack, Nj, USA) The belt fabric permeability
was 3601 min~! and the maximum capacity of this system
was 567 8lmin~" For this study, the belt separator was
operated at a rate of 2271+ 1021min~" The proprietary
liquid cationic PAM polymer flocculant used in year 1 was
Percol 757% (Ciba Specialty Chemical Water Treatments, Inc;
Suffelk, VA, USA) which had a charge density of 58%, an
intrinsic viscosity of -8 units, and percentage active solids of
greater than 999%. RS was modified to provide a final floc-
culent concentration of 0014%, or 140 mg !~ " of RS The PAM
flocculant used in year 2 was Zetag 8160" (Ciba Speciaity
Chermical Water Ireatments, Inc; Suffolk, VA, USA) which
had a charge density of 60%, an intiinsic viscosity of 6-8
units, and percentage active soiids of gmeater than 99 9%
Polymer premix was made with Zetag 8160® at a concentra-
tion of 0 26%, or 2580 mg!~! of water The premix was then
added to the RS to provide a final average concentration of
66 mgl~ of RS The floceulent and flocculent concentrations
chosen were based on previously-determined optimal
concentrations for swine slurry (Walker and Kelley, 2003} and
as determined by “in-field” operation observations Between
May and Octobar of 2006, separation occurred approximately
once every 7-10 days for 16 separation perieds during the 145
day time span During 2007, separation was carried out twice
weekly from May 1 until November 8 Slurry was separated
on-site under typical production-scale conditions at the

15U Farm
2.2 Laboratory analysis

One-litre samples of RS1, RS2 and SE were collected for anal-
ysisand stored at4 °C Prior to sampling, slurry was agitated to
re-suspend settled solids Initial RS1 samples were collected
from the bottom of the holding pit using a 2 40 m probe The
RS2 samples were collected as the liquid was discharged from
the gravity screen-roll press and final SE samples were
randomly collected as the SE was discharged from the gravity
belt thickener Sub-samples were analysed for pH, dissolved
oxygen (DO), chernical oxygen demand [COD), solids dry
weight (SDW), settieable solids (S5), 1SS, total N, totzl P and
NH;3 A Corning® pH meter, made! 7 (Corning Inc , Corning, NY,
USA) was used to measure pH in standard 0-14 pH scale units
and DO was measured using a Hanna® (Hanna Instruments,
Woonsoecket, Rl, USA) DO meter COD was determined by Hach
method 8000 micrpdigestion procedure and read using
a Hach® DR 2600 Colorimeter (Hach Corporation, Loveland, GO,
USA) 3DW was determined by drying samples at 103-105°C
according 1o Method 2540 B in Standard Methods for the
Examination of Water and Wastewater, 20th edition (Faten
2000) Settable golids were determined by transferring samples
to 101 Imhoff cones according to method 2540F in Standard
Methods for the Examination of Water and Wastewater, 20th
edition (Eaton, 2000) 1SS were determined by Hach method
8006 using a Hach® DR700 Colorimetre (Hach Corporation,
Loveland, CO) Tota} N was analysed by a LECO® nitrogen
determinator, model FP528 {LECO Corporation, St Joseph MI,
USA) Phosphorus was determined by the nitric acid/hydrogen

peroxide digestion.method-described-by_the Association_of.
Analytical Chemists (1975} and subsequent analysis using an
IRIS Plasma Spectrometer (ICPF} model number 13283200,
{Thermo jarrell Ash, Frankhn, MA, USA) NH; was determined
by Hach method 10001 using a Hach® ammonia probe, model
51927-00 and a Hach® sension? ISE meter, model 5172518

{Hach Corporation, Loveland, CO USA)
23. Cost caleulations
The compenents of the separation system (gravity screen-roll

press separator gravity belt thickener and all accessory
pumps) were powered by electric motors All electiical power

was provided by a tractor PTO generator Therefore, iternised g4

costs included diesel fuel as a power cost rather than elec-
tricity The total costs of all component parts of the separation
system were grouped together and are shown as equipment
with a 15 year straightsline depreciaticn schedule Mainte-
nance costs as a2 percentage of initial equipment cost was
estimated as no repair or maintenance costs were jequired
during the first two years of operation Polymer cast was
calculated based on actuzl rate of polymer used, 140 mgl™?
during year 1 and 66 mg 1™ during year 2. I abour cost per hour
reflects an estimated value but actual hours of labour requirad
were used The cost of land application of SE via centre pivot
irrigaton was based on estimated commercial irTigation costs
to pump and irrigate well water (personal comnmunication, RJ
Alton, Alton Irrigation, Inc Rockfalls, 1L, USA),

24 Statistical analysis

Statistical analysis of COD, SDW, S5, 1SS, N, P and NHi
concentrations (dependent variables) were conducted for RS1,
RS2, SE, and BS {independent variables) using a protected F-test
(SPSS® software, 2007) Significance differences between data
values were determnined at a P < 005 level

3. Results

During year,1, 4039919] of RS were separated producing
36762291 of SE and 363690 1 of BS This represents a cellection
rate for SE of 91 0% An average of 1994981d ! of RS was
separated during each operational run producing an average
of 181544 1 d~* of SE over an 8~17 h period of time During year
2,4674 8401 of RS were separated producing 4235738 1 SE and
439 1031 BS giving collection rate of 91.0% for SE An average of
194785 ] of RS was separated weelly producing an average of
1772551 of SEovera 12 h period per week

Results of RS1, R52, SE and BS anelysis for. SDW, 55, 158, pH,
COD, N, P and NH, are presented along with the N:P ratios in
Tables 1 and 2 Data collected dwing year 1 are contained in
Table 1, whilst Table 2 contains data collected during year 2
During year 1, concentrations recovered in the SE were
reduced {F < 005) by 622% for SDW, 98 4% for SS, 98.2% for
I8S, 60.6% for N, and 91 7% for P, relative to RS1 Consistent pH
levels in the range of 7 5-7 .8 were found for RS1, R32 and the SE
generated The N:P ratic increased (P < O 05) after treatment,
from 4:1 in R51 to 17:2 in SE Reductions of 30 8% for SDW,
25 8% for S5, 18 9% for TSS, and 21 2% for N were found in RS2
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403
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348 RS2 09{02) FoB(s0) 7127 (8E73) 7503 1527 (824) 635 (268) 24:1
. sE¢ o401  1s(1sp 159 {8 1) 78(02) 763 (557) 45 (18)° 17 1211 405
346 BS* 1040177 8833 (1286 6439 (1630)* 1a 406
350 :
351 2 peans within a column with different superscript numbers differ (P <0 05) Qs 407
a N =13 raw 26 effluent and 17 salids semples taken May 24 to August 31 2006 408
352 b Unprocessed RS 409
353 ¢ RS after gravity screen 410
354 d SE after gravity belt 41]
355 2 Bigsolids 412
356 413
357 414
358 relative toRS1, although these reductions were not statistically - X 415
350 different (P > 0 05) Data preseénted in Table 2 indicate that year 4. Discussion 416
160 2 concentiation reductiens of 53 6% for SDW, 94 3% for 55, . o ) 417
36] 80 9% for TSS 62 8% for COD, 37 0% for N and 70 9% for P were The results of this study mdlcate.that the_c?mbmanon.gravity 418
362 significant for SE relative to RS1 Consistent pH levels in the SCTEEN‘__LOH press and PAM'.EISS_IS‘fEd gravity b.elt thickener 419
363 range of 7.29-7 63 were found for RS1, RS2 and 5E The N:P ratio separation system was effective in achieving solids separation
‘3 61.# increased (P < 0 05} after treatment, from 5:1 in R51 to 11:1in fromJR_S', m reduc.mg water quayq.z polluzant indicators in the | 420
165 SE Reductions of 11 9% for SDW, 14 8% for §8, and 11 1% for N SE, and in 1mprov1ngthe N:P1atioin tbe SE. The M:Pratio of SE 421
were found in RS2 relative to RS1, although these reductions ~ M9¢ closely approximates the sufficiency range of these two 422
g . .
366 were not statistically significant nutrients in the whole corn plant (Voss, 1993) This suggests 423
367 Significant concentration reductions were consistently that SE is more suitable for land application as a soif amend- 424
368 geneated for GOD, SDW, 55, IS5, N, and P in SE relativetoRS1,  Tent for corn producticn than RS1 and it should minimise the 425
.3?9 asing the static gravity screen-roll press and the PAM:- assisiad  Potential fornutrient oveﬂof]d T'he.separ atiqn efﬁ.ciencies are 426
] gravity belt thickener in tandem Significant concentration comparable to those found in previous studies (S1eve%'s etal, 427
o1 reductions were consistently generated in SE relative to RS2 1994; Zhang and Westerman, 1997, Zhang and lei, 1995 428
172 using only the PAM-assisted gravity belt thickener in both years Vanotti and Hunt, 1999; Vanotti et al ,.2002; Walker and Kelley, 479
in 1 and 2 (Tables 1 and 2) No significant reductions were genet- 2003; Walker fmd Kelley, 2005; Szogi and Vanott], 2007) and 430
374 ated for any parameters using only the static gravity screen-roll improvement in the N:P ratio is similar to the increase found 431
375 pI css by Vanott et al (2002} Previous separation efficiencies were 437
176 BS were significantly higher than RS1, RS2 and SE in more congistent with smaller standard deviations (SDs) 433
377 percent SDW, and N and P concentration The high M and reported for SDW, 158 and COD (Walker and Kelley, 2005} but 434
378 moisture content of the BS suggest they ate suitable for use as the volume of RS1 processed in the previous study was much 435
370 a raw material providing a source of N for aerobic composting 19‘_’\’91 comparing 26496 ] to the 3 676?23_4 0399181 used in 436
380 when mixed with a high carbon, low N and low moisture this study larger SDs in concentrations of water quality 437
. . i ‘ ters would be expected as the volume treated is
18] raaterial such as woodchips, tree leaves or corn stalks (Walker  PAT3me ‘ -
199 et al , 2008) increased and as the duration of separation is extended over jig
383 440
384 44)
3835 447
386 Tatle2-Mean (15D} com:em:mhunsuf evéluated water.guallt_‘@arametersﬁndn Prahusforlﬁ,sepamtedslurgy,ﬁeated . 443
187 - gffluentand BS inyear2" . ) ) ) 444
388 Sample % SDW 55, mgl™ TSS, pH CoD, Total Total Ammonia, NP ratio 445
389 type mgl™? mgl™? nitrogen,  phosphorus, mgl™? 446
390 i i 447
391 rs1® 084028 1054 (367) 4320 (1200) 729(23) 5155 (6886) 1078 (359) 2063 (69 1) 587 (218) 511 448
397 RSZC 074(026)  89B@7S) 4377 (2077)  736(24)  5528{10200) 964 (35) 204 9 (78 9) 600 (168) 4611 449
303 ged ¢ 39 (0.10)* 60(62)! 825 (1341)7 763 (024) 1919 (1924) 684 (252) 59 98 {17 81)* 651 (216) 11 31t 450
304 BS*® 878 {1527 5153 (1821)7 3285 (1178)° 1611 45
1
12 peans within a column with different superscript numbers differ {P <005
395 ) 452
"G a N =37 samples taken May 22 to Novemnber 3 2007
b Unprocessed RS 453
7 ¢ RS after gravity screen 454
398 d SE after gravity belt 455
159 e Biosolids 456
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AT L3O} —ol-time—(g al-months-ve--a-- = )73 Pa—— ] . " ..
e 1021351 periods-of- tlmel(qeveral manths.vs. a--few wee-s) “Table 4-Total separation and application costs for SE
N During wr—nm?z wlreeks pigs was.te r'nore drmkm‘g water trying produced and RS processed compared to directinjection® |
450 t’fj stay Cot?l diluting R'SI resu.ltmg in lower selids concent.ra~ ltem  Separation Application Total Direct
460 tions making separation easier Less wm‘;ex wastage b)./ pigs cost, USE1™Y cost, USg1-! cost, injection,
461 during cooler months can increase the solids concentration of Usgl? Use¢l
RS1
462 .
463 While treatment by the gravity screen alone did not ;{ES g;: ggi gis 024-044
464 produce statistically significant reductions in solids and
465 pollutant indicators, this step was critical to the process The a Costs reflect 2007 prices
466 sclids composition of the RS! became more uniform subse-
467 quent to gravity screen separation and therefore the polymer
amount was more easily regulated, resulting in more effective .
. . onclusion
468 and efficient separation of R52 5 Cenc
469 Niirogen balance of RS1 and SE was not addressed in this The ad . ; e treat ho] o ;
470 study Only total N data, were available during year 1 as an ea ‘aptanon ol was (_e re.a ment tec n.o OBy CODSISUI?E a
47] . . : a gravity screen operating in tandem with a PAM-assisted
error in NH; analysis made thedata collected inaccurate Only : ; " e
472 ‘ ‘ gravity belt thickener was used to effectively separate liquid
total N and NH; were measuwred and reported for year 2 . 010 its biosolid and fouid fract] il
473 Combining the separation system evaluated in this study with .swme Tnan;reNijz o s 1350; and hgqu Ialc.tlonsllw e
474 z method of nitrification such as the procedure described by ?H;]J.rovmg tne h ]Ztgo ?;] Teducing water quahlty po lutaflt
475 Martinez-Almela and Barrera {2005) could reduce the volati- leators n the 51 18 systems approach 1esults in
- . . o economicaily beneficial product development by aliowing the
479 lisation of NHyN from SE during storage increasing the ) ’ i A
. . e BS fraction to be composted for ultimate use as either an on-
477 nitrogen fertiliser value of the SE il o1 OfE5 . dment while also oroduci Mo
473 The itemised costs of separation {including equipment, o o Of OU-aIm Sotamencment whte aisoproducinga g
k ‘ . . fraction with low sclids and low phosphorus concentrations
479 labour, polymer, fuel and depreciation} are shown in Table 3 be irieated . rertiliser § '
480 Total cost for separation was calculated by basing it on the that can be imgated as a mitrogen feruliser for row crops The
use of these pest-ireatment end products, instead of using S
481 total volume of R51 processed and based on the volume of SE R X .
‘ . i for field application, reduces the potential for nutrient over-
487 produced Evaluating costs based on the volume of RS1 pro load and ) surf ¢ eround lution It al
483 cessad allows direct comparison to traditicnal land applica- ?3 an :;ventua Stf: afce] and gmm;a» '\;ra;ex plo utmg. ta 510
y tion systems (i e , directinjection) for RS1 ralative to the size of reduces the amount of fand requirec tor sy disposa
: : . . ‘ Additionally, this systems approach is an economically viable
LE5 the operation (number of pigs and volume of RS1 generated) ; ducers with ] e o
486 Calculating costs based on the volume of SE produced allows P ocoo° 101 f? uCEIsl Wit totz fsefa;?)nzc;nucsosii 1?;15'1 g
487 direct comparison to land application of R51 relative to cost of equipment, iabour, pelymer anc fuel o ¢orork:
488 application and fertilisey value Costs were approximately 10%
480 higher for RS than SE because the coliection rate for 5E was
490 91% the amount of RS processed (the difference being the Acknowledgements
49] votume of BS produced) Table 4 shows the total cost for
497 separation and land application of 5E relative to the amount of This study was partiaily funded by grants from the Hlinois
SEproduced and RS processed The costforland applyingSEis  Council for Food and Agricultural Research (C-FAR), Hiinois
493 compared to the actual cost for land applying RS via direct  Environmental Protection Agency {IEPA) and the USDA; NRCS
494 injection with either & drag line system or a portable siurry  Conservation Innovation Grants program Their continuing
493 tank systern. The cest for land applying SE via centre pivot support for this research is greatly appreciated
496 irrigation is within the reported range for land applying RS via
4G7 direct injection {Walker, 2008)
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499
500
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507 Eaﬁlé:i-sepmﬁoijtqsté?fn}'ﬂﬁluﬁtgpmauceﬂ-‘_a-n'ﬂ}RS-' ] i\;{ethods of Analysis (12th. ed} P;jOAC, Washmg’;on, PC
503 :prm-:essed“_ - T T ; Barker ] C {2996) lagoon Design an Managen.-lent or llves%tock
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508 Maintenance 2% per annum 002 007 rupFurE of a large swine waste holding lagoon Journal of
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COMPARISON OF THE FFFECTIVENESS AND EcoNOomiC COSTS
oF TwO PRODUCTION SCALE POLYACRYLAMIDE ASSISTED
SoLID/LIQUID SEPARATION SYSTEMS FOR THE
TREATMENT OF LIQUID SWINE MANURE

P M Walker C A Wade

ARSTRACT This study evaluated and compared the effectiveness and economic costs of a polyacrylamide (FAM) assisted
continuous graviry belt thickener and a PAM assisied inclined siationary gravity screen separaior equipped with a backwvash
spraybar, each in wandem with an inclined stationary gravity screen-roll press separator 1o separate the solid and liquid
components of Liquid swine manure (raw slurry) under production scale operating conditions The separation sysiems were
operated from June thiough December processing 7,222,725 1 (1,908,048 gall of raw unireated slurry (RS1). Both treatments,
gravity belt thickener und gravity screen, showed significant reductions of 84 9% and §7 8% for Settleable Solids, 93.2% and
93.7% for Total Suspended Solids 63.7% and 69 5% for Chemical Oxygen Demand, 23 3% and 31.8% for wial Nitrogen,
and 52 3% and 60 3% for total Phosphorus, respectively, in the treated effluent The cost for separaiion with the gravity belt
thickener system was 0 474¢ per I (1 791¢ per gal) of raw shury The separation cost for the gravity screen system was (- 402¢
per L (1.518¢ per gal) of raw slurry Application costs for irrigating the separated effluent generated from either system added
another 0.061¢ per [ (0234 ¢ per gal) of raw siurry Fuher of these solid liquid separation systems would be an effective
and economically viable alternative o current disposal methods while providing additonal operational and environmental

benefits

Keywords. Swine manitre, Solids separation, Polyacrvlamide Gravity screen, Gravity belt thickener, Economics

urrent methods for managing swine manure consist

of holding tanks, treatment fagoons, and direct in-

jection application on crop producing fields (Bark-

er, 1996), but these methods create problems for
the environment, the public, and the pork producer {Cates et
al, 2006) Failure of storage sysiems to adequately store or
treai waste and mishaps during application can result in dis-
charges ieading to envirenmental degradation in both local
waterways and those [arther downstieam (Burkholder et al,
1997) When managed properly, manure from livestock can
be used as a valuable resource fer fertilizing crops and for ef-
fectively recycling important nutrients back into the soil The
nulrient characteristics of untreated swine slurry, with a N:P
(nitrogen to phospharus) ratio of approximately 3 1:1, results
in an over application of phosphorus when land applying
based on N application rates (USDA, 2005) There are sever-
al separation technologies that can be borrowed from munici-
pal waslewater trealment operations to improve the quality
of the effluent while extracting solids that can be used for
composting (Melse and Verdoes, 2003; Burton, 2007), but
there is a need to understand the practicaiities and efficiency
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expectations of the various applications of these technologies
to swine manure management (Lorimor et al , 2006) Small-
scale treatment using minimal technology has been investi-
gated bul efficiency results were low and actual producer
costs could not be calculated (Westerman and Arogo, 2005)
Full-scale, multi-step processes that combine solids separa-
tion, denitrification, and phesphorus removal to produce
discharge-quality effluent have been proposed for treating
swine waste slurry (Martinez-Almela and Barrera, 2005; Va-
notti et al, 2007), but surveys have shown that pork produc-
ers need a simple, low-iech, low cosl, easy-to-operate sysiem
that creates more beneficial and easily utilized products from
the waste if they are 1o invest in a treatment system {Cates ¢t
al . 2006; Walker, 2008}.

This study evaluated the separation effects, efficiency and
economic inputs of an inclined graviry screen-roll press
combination separator operaled in conjunction (tandem)
with either a polvacrylamide (PAM) assisted continuous
gravity beit thickener, System I or @ PAM assisted inclined
stationary gravity screen separator equipped with a backwash
spraybar, System 2, under production scale conditions The
reguctions in the concentrations of solids and other common-
Iy used aguatic pollution indicators in the treated effluent
relative 1o the raw, untreated swine slurry (RS1) were
measured. Costs for initial setup and ongoing separation
operalions using cach system were compared. An analysis of
the resulting data was then used to examine the feasibility of
utilizing each of these treatment systems [o reduce swing
waste pollution indicalors and to compare the (wo systers in
lerms of efficiency and cost during production scale opera-
tons.
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with an average Zetag 8160% concentration of 66 0 mg/L.
The polymer and polymer concentralions chosen were based
on previously-delermined oplimal concentrations for swine
sturry {Walker and Kelley, 2003 2005) and as determined by
“in-field” operation observations Between June and Decemn-
ber, separation occurred once of Iwice a week during the
170 day time span Siurry was separated on-site under lypicai
production scale conditions al the ISU Farm

LABORATORY ANALYSIS

One-liter samples of RS1, RS2, SE-Si, and SE-52 were
collected for analysis and stored at 4°C. Prior to sampling,
sturry was agitated o re-suspend settled solids. Tnitial RSi

Vol 26(2): 299-305

samples were collected from the bottom of the holding pit
during agitation using a 2 40-m probe The RS2 samples were
collected as the liquid was discharged from the GSR
separalor Final SE-S1 sampies were randomly collected as
the SE-81 was discharged from Svsiem 1 and final SE-82
samples were randomly collected as the SF-S2 was dis-
charged from System 2 Sub-samples were analvzed for pH
dissolved oxygen (DO), chemical oxvgen demand (COD),
solids dry weight (SDW). seitleable solids (S8), lotal
suspended solids (TSS), total nitrogen (INY, iotal phosphorus
(P). and ammonia (NHs). A Hach pH probe model 51910,
and sension2 ISE meter, mode! 3172518 (Hach cotporation
Loveland Colo) was used 1o measure pH in standard 0- o
[2-pH scaie units and DO was measured using a Hanna®
(Hanna Instruments, Woonsockel, R |) DO meter Chemical
Oxygen Demand was determined by Hach method 8000
micro digestion procecure and read using a Hach® DR 2000
Colorimeler {Hach Corporation, Loveland, Colo.). Solids
Dry Weight was determined by drying samples at 103°C to
105°C sccording to Method 2540 B in Standard Methods for
the Examinanon of Water and Wastewater (Eaton, 2003)
Settable Solids were determined by transferring samples to
L U-L [mhoff cones according to method 2540F in Standard
Methods for the Examination of Waier and Wastewater
(Eaton, 2005). Total Suspended Solids were determined by
Hach method 8006 using a Hach® DR700 Colorimeter {Hach
(orporatlon Loveland, Colo}. Total nitrogen was analyzed
by a LECQO® nitrogen deierminator (mode FP528, LECOD
Corporaticn, St Joseph, Mich ) Phosphorus was determined
by the nitric acid/ hyrdrogen percxide digestion method
described by the Association of Analytical Chemists (1973)
and subsequent analysis using an IRIS Plasma Spectrometer
(ICP) (mode! number 13283200, Thermo Tarrell Ash,
Franklin, Mass.) Ammoma was determined by Hach method
10001 usmg a Hach® ammonia probe, model 51927-00, and
a Hach® sension2 ISE meter mode! 5172518 (Hach Corpora-
tion, Loveland, Cole))

Cos1 CALCULATIONS

The components of both separation systems were powered
by electricity and costs in kwh/L (kwh/g) were calculated
based on the rate quote from Ameren IP, Decatur, [llinois, for
the Bloomington-Normal, [Hlmois service area of 7 95¢/kwh
for the period of time during which operations occurred.
Total costs of all compenent parts specific to the operation of
each of the separation systems, including the building, were
grouped logether and are shown as equipment with a 10 year
straight  line depreciation schedule  Polymer cost was
calculated based on actual rate of polymer used, 66 mg/L
{0.55 1b/1000 g) of raw siurry for both svstemns, and markel
price (82 45/1b) as quoted by Ciba Inc {Suffolk, Va) Labor
cost per hour reflects an estimaled value ($15 00/h) but actual
hours of labor required were used The cost of land
application of SE via center pivot irrigating was calculated
using quoted costs for irrigator equipment, diesei fuel and
electricity  during the time peried of the study Total
separation and application costs were compared to current
markel costs 1o pump, transport and inject raw siurry as
indicated by surveyed producer responses (Walker, 2008)




produced per day can be calculated from the listed N and
P:0s equivalents The calculated mean N:P ratio is 3 1:1 and
ranges from 2 9:1 for growing pigs to 3 4:1 {or finishing pigs
The Soil Fertility Manual (Potash & Phosphate [nstitute,
1999) reports the N and P requirements per bushel of shelled
corn produced as 603 82 and 99 88 g (1 33 und 0 22 ib),
respectively, These requirements equaie to a 6 04:1 ratio of
N:P The [llinois Agrenomy Handbook (Hoeft and Peck,
2007} suggests that the critical corn plant nutrient levels for
N and P are 29% and 025% respectively These percent
plant compositions correspend to a NP ratio of 11 6:1
Removing more P relative to N from liguid swine manure
[23.3% to 31 8% for N and 52 3% to 60 5% for P in this study,
and 70 8% for N and 96 1% for P in a previous study (Walker
and Kelley, 20035) results in a SE N:P ratio more sirnilar to the
corn plants concentration and requirement for grain produc-
tion Increasing the MN:P ratio can allow higher land
application rates {Lsacre or gal/acte) of SE to meet N
requirements for corn growth without corcomitant increases
in P application

The separation efficiencies of this study are comparable
to those found in pievious studies (Sievers, et al, 199%4; Zhang
and Westerman, 1997; Zhang and [ei, 1998; Vanotti and
Hunt, 1999; Vanotti et al. 2002; Walker and Kelley 2003 and
2005; Szogi and Vanotti 2007). It is important to note that
pollutant concentrations in the RS1 geaerated in this study
are lower than raw slurty analyses in similar studies due to the
recharging of swine building pits with SE subsequent to each
separation and to maintaining relatively fresh R51 Recharg-
ing pits with SE reduces solid build up in the pits over time
and generates a more diluted, cleaner raw slurry stream
While treatment by the GSR separator alone did not produce
statistically significant reductions in solids and pollutant
indicators, this step was critical to the process because the
solids composition of the raw slurry (RS1) became more
uniform as RS2 and, therefore, the amount of polymer
required was more easily regulated, resulting in more
effective and efficient separation.

The itemized costs of separation (including equipment
and building depreciation, labor, polymer, and fuel) are
shown in table 2 For Sysiem 1 the cost was 0474¢/L
{1 T9¢/gal) of raw siurry The cost of separation for System 2
was 0 402¢/L (1 518¢/gal) of raw slurry Application costs
for irmigating the separated effluent generated from either
system via center pivof irrigation are shown in table 3 and
added another 0 061e/L (0 234e,gal} of raw slurry Costs are
approximately 60% higher for SE than RS becavse the

collection rate for SE was 94% the amount of RS processed,
Table 4 shows the total cost for separation of RS and land
application via center pivot irrigatien of SE based on (liters)
galions of RS processed for zach system and is compared to
the actuai cost for land applying raw slurry via direct
injection with either a drag line system or a portable siurry
tank system. The cost for separating RS and land applying the
resulting SE via center pivot irrigation is within the reported
cost range of land applving RS via direct injection for the
volume of RS separated in this study (Walker, 2008} Based
on the survey of [llinois Commerciai Manure Haulers and
Applicators {Walker, 2008), the average price tc land apply
swine slurry was 0 53¢/ (2.01e¢/gal) for up to 3 785,300 L
{1 million gal) and 0 44¢/L (1.67e/gal) when applying
between 3,785,300 and 13,141,200 L {1 and 4 million gal)
[f land applying more than 15,141,200 L (4 million gal), the
cost was 0.235¢/L {0.89¢/gal) The time required to separate
the 7,222,725 L (1,908,048 gal) in this study was one to two
days per week utilizing 8-h days Neither of the two
separation systems evaluated in this study required centinu-
cus monitoring by 2 monitor; therefore, under normal
production scale operating conditions an aperator could
separate slurry and conducl other duties simultangously, such
as feeding, proving pig care etc. A decision for several
producers, since separation and land application of SE is cost
neutral to traditional land application then, is whether the
environmental advantages and reduced acreage required for
iand apolication recognized for separalion justifies separa-
tion as a weekiy operational strategy compared to tiaditional
land application of RS once or twice per year Future EPA
regulations regarding P applicalicn rates and odor assess-
ments along with preducer desire to adopt environmentally
beneficial technologies will impact producer decisions

CONCLUSION

The adaptation of waste treatment technology consisting
of an inclined stationary gravity screen relipress combination
separalor in tandem with a polyacrylamide assisted continu-
ous gravity belt thickener or with a polyacrylamide assisted
inclined stationary gravity scieen separator with backwash
spraybar was used to effectively separate liquid swine
manure into its biosolid and liquid fractions while improving
the N:P ratio and reducing water quality pollutant indicators
in the separated effluent This systems approach resulis in
economically beneficial product development by allowing

lable 2. Separation costs for separated effluent produced and raw shurry processed in ¢/Lieigaly.fal

Separated Effluent Separated Effluent Raw Slurry Ruw Slurry
liem System | System 2 Systemn | System 2
Laborlb! 0088 (0333} 0082 (0 333) 0083 (0313 0083 (0313)
Polymerl¢] 0038 (0 144) 0038 (0 144} 0036 (0 135) 0036 (0 133)
Eleciricityldi 0133 (0503) 0 104 (0 394) 0125 (0473) 0 098 (0 370)
Depreciationl] 0241 (0 926} 0197 {0 745} 0230 (0870} 0 183 (0 700}
Total (1.503 {1.506) 0.427(1.616) 0.474 (1.791) 0.402 (1.518)
Bl Costs reflect 2008 prices
tl 515/,
[e] $2.45/1b

] 7 9%¢/kwh

fe} Bused o initial zquipment and building cost of $173.000 for the continuous gravity heit thickener and $146) 000 for the inclined stationary gravity

sereen and using a straight-line t0-year depreciation schedule
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