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ABSTRACT

Wastewater in manure storage basins or anaerobi ¢ treatment lagoons at confined anima feeding
operations (CAFOs) may contain high levelsof nitrogen, primarily intheammoniacal form. Kansaslaw
allows seepage from such impoundments at arate of 1/8to 1/4inch per day. Kansas State University
researchers have recently characterized an anmoniaplume at adepth of 10 feet or more under severd
CAFO lagoons and have model ed the potential for deeper penetrationsin sandy subsoils. If theplumeis
not removed or contained after wastewater isremoved from theimpoundment, then exposureto oxygen
fromair or dissolved in precipitation will drivethetransformation of ammoniumto nitrate, whichismobilein
the vadose zone. Based on acleanup standard of 25 mg/kg of NH,-N, thetotal cost to remove or contain
the nitrogen beneath federally permitted swine and dairy wastewater management basinsnow in operationin
Kansaswould be about $60 million. 1n most cases, the preferred remedia option would be the excavation
and spreading of the contaminated material onfarmland. However, deep plumesin sandy soilsand limited
accessto farmland may dictate use of the backfill-and-cover option. Theremedid cost for some opera
tions, not currently required to providefinancia assurancefor closure, isestimated to range from $500,000
to $650,000.
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INTRODUCTION

Wastewater in manure storage basins or anaerobi ¢ treatment lagoons at confined anima feeding
operations (CAFOs) may contain high levelsof nitrogen, primarily intheammonica form. Kansaslaw
allowsthiswastewater to seep from such impoundmentsat arate of 1/8to 1/4inch per day. Milleretal.,in
1976, suggested that the accumul ation of ammonium-N beneath lagoons presented aserioushazard. They
found elevated NH,-N levels beyond 5 feet deep beneath two swinelagoonsthat had been used for less
than 11 years. Kansas State University researchers have characterized an ammonium plume at adepth of
10feet or more under several CAFO lagoons and have model ed the potential for deeper penetrationsin
sandy subsoils (KSU, 1998-2001). If theplumeisnot removed or contained after wastewater and dudge
isremoved from theimpoundment, then to oxygen exposurefrom air or dissolved in precipitation will drive

transformation of ammoniumto nitrate, which ismobilein thevadosezone. Existing nationd closurestandards
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do not addressthe removal of thissubsoil plume. Rather they focusonly onthe disposition of wastewater
and dudge (NRCS, 2000).

Thereisgrowing evidencethat nitrate contamination of groundwater isincreasngin Kansasandin
most areas of theHigh PlainsAquifer (USGS, 2001). Likewise, the Kansas Geologica Survey reported
that nitrates had increased, from the 1970 sto the 1990 s, in three-fourths of thewelIsthey surveyedin
central and western Kansas (KGS, 1999), though they suggested that this could be afunction of both
agricultural pollution and poor well construction. The KGSanalyzed 112 samplesto determinethe source
of nitrogeninwell water and found that 42% was derived from anima waste, 29% from commercid fertil-
izer, 22% from mixed sources, and 7% other (Townsend and Young, 1999). TheUSGSisasofinding
levelsof nitrates exceeding the health standard at water table depths greater than 100 feet. Inwellsof their
own construction near Garden City, Kansas, they found 54 mg/L nitrate-N at 121 feet (traced to animal
waste by nitrogen 15 isotope analysis) and 22 mg/L| at 161 feet (USGS, 2000).

Itismorelikely that the application of manure and commerciad fertilizer to crop landsisthe principal
source of thisproblem rather than wastewater impoundments. Nonetheless, therecent influx of large swine
and dairy CAFOs situated over the High Plains Aquifer suggeststhat safeguards need to be applied for the
long term.

Kansaslaw requiresaclosure plan and financial assurancefor only very largeswine CAFOs. As
yet, no specific guidelines have been devel oped for remediation of contaminated soilsbeneath CAFO
wastewater impoundments. The cost of remediation will beafunction of the size and depth of theimpound-
ments and the depth of the nitrogen plume underneath. For the excavate-and-spread dternative, thetotal
mass of nitrogen will determinethe amount of land needed for disposal. The objectivesof thisstudy areto
1) review remediation aternatives, 2) suggest cleanup standards, 3) devel op example cost models, and 4)
assessthelong-term economicimplicationsfor the state of Kansas.

SOURCESOFDATAAND METHODS

Characterization of subsoil ammonium contamination isbased primarily on datadevel oped by
Kansas State University (KSU, 1998-2001). Recommendationsfor remediation alternatives and cleanup
standards were obtained from Agronomy Solutions, LL C., based on their experiencewithindustrial cleanup

of ammonium-contaminated soilsand groundwater. A profile of federaly permitted swineand dairy CAFOs
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(1000 animal unitsor larger) in Kansaswas developed from (1) acurrent list of such facilitiesobtained from
the Kansas Department of Health and Environment (KDHE) and (2) from design datafor some 100 swine
and dairy facilities collected by Spectrum Technol ogistsfrom KDHE permit filesduring theyears 1997 to
2002. The profilewas segmented between typical Kansasclay and silty loam soilsand sandy soilsfoundin
some parts of western Kansas by analyzing soil boring reports on 74 lagoons obtained from KDHE permit
files(Volland, 2000). The CAFO profilewasanayzed to develop aset of representativeimpoundment
designs. Thesewere submitted to Engineering Solutionsand Design for estimation of remediation costs.
The estimateswere normalized to the cost per anima unit. Theleast expensiveremediation alternativewas
multiplied by the number of animal unitsin each category to obtain thetotal expected cost for the state of
Kansas. The cost of removing wastewater and sludge prior to remediation was not considered.
CHARACTERIZATION OFNITROGEN PLUME
Wastewater Characteristics

Wastewater in manure storage basins or anaerobi ¢ treatment lagoons at confined anima feeding
operations (CAFOs) may contain high levelsof nitrogen, primarily intheammoniaca form. Kansas State
University researchers collected lagoon wastewater samplesfrom 20 swine sitesand 20 cattle sitesfrom
1997 t0 2000. The average ammonium-N concentration was 910 mg/L (range 180to 3540 mg/L) for
swineand 171.5 mg/L (range 10to 510 mg/L ) for cattlefeedlots (Ham, 2001) Inanother seriesof
measurementstaken in the year 2000 from 42 swinelagoons, to distinguish between production phases and
time of year, other KSU researchers obtained amean concentration of 1142 mg/L for al facilities. Grower
and finishing facilities had means of 1506 and 1469 mg/L, respectively (DeRouchey, et al., 2001).

Meantotal nitrogen concentrationsfor the two swine data setswere 1080 mg/L and 1402 mg/L,
respectively. Sincenitrates are negligible under these anaerobic conditions, the difference between total
nitrogen and ammonium-N isthe organic nitrogen component. The percentage of organic nitrogenwill be
influenced by theloading applied to the waste management facility and the surface areaavailablefor anmo-
niavolatilization. Meantota nitrogen for cattle feedl ot impoundmentswas 303.8 mg/L.

Thedifferencein nitrogen concentration in swineand cattle CAFO wastewater can be explained
by design function. Notwithstanding afew cases where pre-sedimentation basins are used to capture

solids, swine storage basins and lagoonsreceive al the wastes produced in aswine confinement building.
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In contrast, cattle feed ot impoundmentsreceive only precipitation runoff from the open lotsand frequently
useaprimary sedimentation stageto capture solids.

Large confinement dairies generally route all wastesto sedimentation basins, followed by deep
anaerobic treatment lagoons. However, runoff from afew open lots may aso bedirected to theselagoons.
Two of the seven facilitieswhosefileswe examined were open-lot dairieswhose lagoon wastewater would
resemblethat of acattlefeedlot. The previoudy cited KSU researchersobtained only afew samples(n=3)
fromtwo dairy lagoonsat their Southwest Kansas Research Center. Mean ammonium-N was 397 mg/L,
and total nitrogen was 607 mg/L (KSU 2000 Appendix). However, more extensve dataisavailablefrom
Strahm et a (2000). Inthisanadysisof seven Kansasdairiesthat useflush systemsto clean forestallsand
holding pen aress, the average ammonium content of lagoon wastewater was 398 mg/L, and total nitrogen
was 816 mg/L. Wastewater characteristicsfor open-lot dairieswere assumed to be the same asthat of
cattlefeedlots.

Lagoon Seepage and Soil Contamination

Kansaslaw alowswastewater to seep out of lagoonsat arate up to 0.25 inch per day, except for
large swinelagoonswhich arelimited to 0.125 inch per day. Based on measurementstaken by KSU
researchersat 14 swinelagoonsand six cattle feedlot runoff impoundments (Ham, 2001), swinelagoons
seeped at an averagerate of 0.05 inch per day and cattlefeedlots, 0.04 inch per day. Researchersattrib-
uted the difference between the rate expected from soil-liner characteristicsand the measured rateto the
attenuation of seepage by thelagoon dudgelayer.

Even at thereduced rate of seepage, KSU researchers determined that alarge plume of ammo-
nium-saturated soil would build up under swinelagoonsduring thelife of thefacility (assumed to be 25
years). Using an overall average seepagerate of 0.043 inch/day, Ham estimated that about 9.1 kg/m2 or
81,200 Ib of ammonium-N per acre of surface areawould build up benesth atypica swinelagoon during
the 25-year lifeof afacility. For cattlefeedlot impoundments, the estimate was about 15,200 b per acre
(Ham, 2001). Ham concluded that the eventual cost of remediation may justify the use of aplasticliner to
reduce closure costs.

The depth of theammonium plumeisacritica factor in thedifficulty and cost of remediation.

Plume depth isafunction of clay content of the soil, soil density, cation exchange capacity (CEC), and
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the concentration inthe wastewater of calcium and magnesiumionsthat might competewith ammoniafor
adsorption sites (Ham and DeSutter, 1999). To estimatethisdepth, we utilized the model developed by
Ham and DeSutter. Vauesused for NH,-N*, Ca'?, and Mg** werethe average of thetwo data sets
published by KSU researchers. Ham noted that the CEC for most sitesthey examined ranged from 15to
25 cmol/kg. Thusfor a CEC of 20 cmol/kg inthe soil underlying the basin, we cal cul ated the plume depth
for swinewould be 12 feet after 25 years, for confinement dairies, 7 feet and for open-lot dairiesand for
cattlefeedlots, 4 feet.

Thesevduesarefairly cons stent with actua measurementstaken by KSU researchersfrom borings
beneath empty CAFO basins. A 20-year-old abandoned swinelagoon in M cPherson County, Kansas,
produced soil concentrations of more than 1100 mg/kg ammonium-N on the surface that declined to 56 mg/
kgat 10.5feet. Theaverage CEC of the soilsunderlying thissitewas about 21 cmol/kg. Soil NH,-N
measurements at another 20-year-old swinelagoon declined from over 900 mg/kg at the surfaceto near
zero at 10feet of depth. A 12 year old cattlefeedlot in Scott County, Kansas, approached zero at 2.4 feet
of depth. Theaverage CEC at thissitewas 19 cmol/kg. However, ammonium concentrationsat an 11-
year-old cattlefeedlot in Grant County did not gpproach background levelsuntil adepth of about 10 feet,
perhapsavery sandy siteor onewith aparticularly leaky soil liner with preferentia pathways (CEC was
not reported). A 20-year-old dairy siteyielded NH,-N levels of 30 mg/kg or above up to 11 feet of depth.

Based on our review of numerous soil borings submitted for permitsat swinestesin western
Kansas, we estimate that nearly 30% of Sitesinwestern Kansas, overlying the High Plains Aquifer, will
exhibit aCEC of 10 or lessthat ischaracteristic of sandy soils. Accordingly, inour statewide cost projec-
tions, we doubl ed the estimated plume depth for 30% of CAFO facilities|ocated over the High Plains
Aquifer. Miller et d. (1976) measured ammonium-N exceeding 300 mg/kg in very sandy soils 14 feet
below an eight-year-old swinelagoon. So degper plumes can be expected in such soil conditionsover a
25-year dStelife.

Organic Nitrogen and Subsoil Transformations

In cal culating the plume depths, we conservatively assumed that the organic nitrogenin the waste-
water would befiltered out at the soil interface. However, Dr. Ham and associ ates al so measured organic
nitrogen comparabl e to the concentration of ammonium-N beneath most of the closed lagoonstested. Two

abandoned swinelagoons contained organic nitrogen equa to about 80% of the mass of ammonium -N.
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The abandoned dairy lagoon was 60%. Ham stated that thisorganic-N consisted of small manure solids,
soluble organic acids, and nitrogen inthemicrobia biomass beneath thelagoon.

To establish theland requirement for the excavate-and-spread remedia dternative, it was necessary
to addressthefate of the ammonium exported from the lagoon. The amount of stored nitrogen was about
asexpected at one closed cattle feedl ot |lagoon examined by KSU researchers. However, at aswine
lagoon only about athird of the nitrogen was found that would have been expected by modeling thetypical
facility. Dr. Ham noted that the abandoned swinelagoons he and his associates studied were small and
unrepresentative of newer facilities whereammonium-N soil concentrationswould likely be higher and
extend to much lower depths (Ham, 2001).

The soil core at the abandoned swinelagoon for which detailed datawas presented by Ham
contained afive-foot layer of very sandy soil (CEC =6). Itispossiblethat asignificant amount of the
exported ammonium had aready changed to nitrate and moved on. In Miller’ sstudy, soil coresweretaken
immediately after thelevel of an activelagoon waslowered to near empty. Miller returned two months|later
to do adeeper corein onelagoon and found that asignificant amount of ammonium had aready beentrans-
formedto nitratein thetop layer. The massof ammonium under Miller’ slagoon wasroughly what would be
expected from Ham' smodd, if we assumed aproportion of organic nitrogen smilar towhat Ham found.

Ontheother hand, KSU labinvestigations suggested that some microbial uptake of ammoniaNH,-
N would be expected, (Reddi et al., 2000). Thisissupported by the substantial amounts of organic nitro-
gen found beneath these old lagoons. What happensto thisorganic nitrogenisunknown. However, its
presence needsto be accounted for in our remediation-cost model. Denitrification has been detected
beneath lagoons sitting in groundwater. However, conditionsfor extens ve denitrification would not be
expected to befavorablein the vadose zonein the moretypical setting. Despitethefact that thesetransfor-
mationsare not well understood, we felt some subsoil loss of nitrogen needed to beincorporated into our
assumptions. We reduced the model ed nitrogen export by afourth and estimated the nitrogen speciesto be
roughly in proportion to that found under the old lagoons examined by KSU researchers. Our calculations
alsoincorporated individua average seepageratesfor swine and cattle as measured by Ham.

CAFO PROFILE
A ligt of al federa permits (1000 anima unitsand larger) for swineand dairy facilitiesin Kansas

was obtained from KDHE. Thelist contained 109 swine permitsand 25 dairy permits. Lagoon design data
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wasextracted from KDHE permit filesfor 43 of these swinefacilities. Some of thismateria wasalready on
fileat Spectrum Technol ogistsfrom previousreports. Additional dataon smaler swinefacilitieswasobtained
to balancethe overal sample. Additiond datawasused from eight other swinepermits Theseweremostly
nursery unitsjust below 1000 anima units. A tota of 101 swinestorage basinsand lagoonswere examined.

Dataon six randomly selected dairy facilities (1000 a.u. or larger) was added to onefacility profile
aready onfile, including 19 storage basinsand lagoons altogether. Sedimentation channelsat thedairies
weretypically only two- to four-feet deep and were not considered.

Average depth of thedairy lagoonswas 17.9 feet with amedian of 20 ft. Average depth of the
swinelagoonswas 16.3 feet with amedian of 18 ft. The“footprint” in acresat the maximum liquid depth
wasrecorded for each lagoon. Average surface areaof swinelagoonswas 3.1 acresand 3.5 acresfor
dairies. Averagelagoon surface areas per 1000 animal unitswas 1.60 and 1.76 acres, respectively. The
average permitted sze of CAFO facilities, which may include multiplelagoons, was 4,600 anima units
(11,500 mature head) for swineand 5,000 animal units (3,571 head) for dairies. Approximately 60 % of
the basinswere constructed with internal side slopesof 3to 1, and 40% were 4 tol.

Layoutsand depthsof cattlefeedlot runoff impoundmentsare dmost infinitely variable, becausethey
areusually designedtofit the contoursof the siteand becausetheir capacity isafunction of expected
ranfal. Thetimerequired to accumulate asufficient databaseto produce adefensible estimate of average
lagoon acreage and depth was deemed excessive. Given also that the nitrogen plumesare considerably
smaller than those associated with swine and dairy lagoons, cattle feedl ot runoff impoundmentswere
excluded from further analysis. Nonetheless, cleanup costsfor cattle feedlot impoundmentsin certain
geologicd settingsmay besgnificant.

APPLICABLE KANSASREGULATIONS

Proper closure of CAFO impoundmentsisrequired only for swinefacilitiesof 3,725 animal units
and larger (9,312 mature head) under KAR 28-18a-22, effective January 1999. So far no impoundments
have been closed under thisrule, and detailed guiddinesfor cleanup have not been established (Friese,
2002). Thisrule statesthat, after theremoval of “swine and other processwastes,” animpoundment may
be closed asfollows: (1) removeberms, level, and revegetate; (2) leavein place asafreshwater pond or
reservoir; (3) retain for future use as part of aswinewaste management facility; or (4) other method ap-

proved by the department. Financia assuranceisrequired based on acost estimatein the closure plan.
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Our review of KDHE permit filesindicatesthat KDHE has not considered the cost of removing the
plume of nitrogen contamination under the swinelagoons. For example, aswine CAFO operator in Norton
County, Kansas, estimated it would cost only $4,100 to close histhree- acrelagoon by turning it into an
irrigation water storage pond. Likewise, an operator in Pratt County estimated it would cost $73,000 to
removewastes and reclassify his10 acresof lagoonsasfreshwater ponds. Removal of subsoil wasnot
anticipated. Use of an abandoned CAFO lagoon for freshwater storageisparticularly risky sinceasub-
stantia head of oxygenated, clean water isapplied to the bottom of theimpoundment saturated with ammo-
nium, and percolation isno longer retarded by thedudgelayer. Holding the pond open for future usewould
belittle better, asprecipitation would run off the side d opesand collect in the bottom over cracksformingin
theoldliner.

REMEDIATIONALTERNATIVES

Potentia alternativeswould be (1) phytoremediation in thelagoon bottom, (2) backfill and cover
with clay and vegetation such as poplar trees, and (3) excavation and disposal ascrop nutrients. KSU
researchers conducted |ab research on growing cropsin soil obtained from the bottom of lagoons (Mankin
etal., 2001). Thoughthecropsgrew well, they were ableto take up lessthan one percent of the
NH4-N inasingle growing season (KSU Exec. Summary, 2001). Wewould expect to see someinhibition
of plant growth dueto the salinity imparted by typica wastewater. Soil acidification caused by thenitrifica:
tion process could dsoinhibit plant growth.

Theresearchers suggested that soil be excavated and spread on land after sampling to 12 feet of
depth at several locations on thelagoon bottom. They noted that theintroduction of plantsinto thelagoon
bottom may aeratethe soilsthrough drying, tillage, and devel opment of soil macroporesfrom root channels.
Sincemany yearswould berequired for cropsto take up al the nitrogen, deeper nitrogen would have
plenty of timeto nitrify and escapeto groundwater. Thus, wedid not consider thisoption further.

Backfill and Cover

Thisapproach would isolate the plume and prevent further leaching of nitrogen. The cap would be
constructed so that the surface would drain, and excess moisturewould be utilized by vegetative cover.
Poplars or other deep-rooted trees could be established using the TreeWd|® system (Quinn et al., 2001) to

exert hydraulic control over moisture movement beneath the cap to adepth of 30 feet or morefrom the
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surface. Thetreeswould removealimited amount of nitrogen inasingle growing season, but over the
course of 20to 50 years, they should have greater impact.
Excavate and Spread on Crop Land

The extent to which the excavated soil could be spread would belimited by crop uptake capacity
and practical physica congtraintsrelated to land application. Materia with higher concentrationswould
need to be spread on fewer acres. Inapractical land application scenario, ammonium-laden soil would be
excavated and laid out in windrowsto dry. Thevariousdepth layerswould be piled according to their
inorganic-N concentration and eventually mixed to create auniform product for spreading. Oncead-
equately dried and blended, the material would beloaded into atruck-mounted manure spreader and
appliedtofields. Fieldsnear CAFOsare often nutrient-saturated, and thusit would likely be necessary to
export to other fieldswithin afive-mileradius of the operation.

Theact of excavation, windrowing, and occasional turning would encourage the process of nitrifica:
tion. One could expect al of theammonium-N and about 35 percent of the organic-N to become plant-
available nitrogen (PAN) within 12 months (Moore et d ., 2001) (Midwest Plan Service, 1993). In subse-
quent years, the remaining organic-N would be sparingly available and of little consequence.

In the case of the swinelagoon with a12-foot-deep plume, we predicted that 44,900 poundsNH -
N and 30,000 pounds organic-N per acre of lagoon surface areawoul d need to beland-applied. We
assumed that all of theNH,-N and 35 percent or 10,500 pounds organic-N would be plant-availablewithin
thefirst year of application. Thus, atotal of 55,400 pounds PAN and 48,000 cubic yards of soil would
need to beland-applied. 1t would beimpractical to apply morethan 80 tons (72.7 yds®) of contaminated
soil per acre because of the excessive soil compaction created by overlapping of manure spreader tire
tracks. Thusapplication of the 48,000 yds® of material would be physicaly limited to 660 acres. Most
Kansas crops can utilize 150 pounds PAN per acre-year, and at that rate, 1145 acreswould be needed to
recelvethe excavated lagoon soil. Thuscrop nutrient needs controlled the acreage calculationinthiscase.
SeeTablel1l. Ontheother hand, physical limitationswould control the amount of land needed to spread the
less concentrated nitrogen inthe material from open | ot dairiesand confinement dairieswith deep plumesin

sandy soils.
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RECOMMENDED CLEANUP STANDARD

We suggest that thelagoons be excavated to adepth wherethe NH,-N concentration of the soil
doesnot exceed 25 mg/kg. Background soil levelsaretypicaly lessthan 5 mg/kg. Therecommended
maximum of 25 mg/kg issimilar to the Kansas Department of Health and Environment remedia level for
nitratein soilsbelow eight-inches depth (KDHE, 1996), and it representsaleve (90 Ibs PAN/acre-foot)
that can be removed through phytoremediation techniques.
REMEDIATION COSTS

Costsfor the backfill and cover aternativeare outlinedin Table 2. Table 3 outlinescostsfor the
excavate-and-spread option. Both tablesinclude costsfor design, testing, on-Site supervision, inspections,
and reports. For the excavation and spread cal culation, the depth of the nitrogen plume on the side dopes
wasassumed to increasein proportion to depth from zero at the maximum water level to the plume depths
showninTable3. Thecost of land applicationincludes windrowing, turning with afront-end loader,
loading into the manure spreader, and spreader expense. Combined material preparation and handling
expensewould be about $1.50 per cubic yard. Spreading expense, within afive-mileradiusof thelagoon,
would cost about $2.20 per yard (Page, 2002).

Wehaveincludedin Table 3 afertilizer credit for PAN at the current value of 18 cents per pound.
Actud credits, if any, will vary according to patterns of land ownership and local market conditions. Some

farmersmay charge afeefor accessto their land.

Acres Acres
Needed Needed
Surface for Land for Land
Acres Basin N Volume NH4-N PAN PAN per App. @ App. @
Impoundment Plume to Org-N per
per Depth (Ib/surface Avgerage Max. of Max. of
Type Depth Excavate (35% PAN) Surface
Average (ft)* (f**  (cy)** acre) Acre Lagoon 1501b 72.7 cy
L agoon Y PAN/ac M ax/ac
Average Average
Lagoon Lagoon
Swine 3.1 16 12 48,000 44,900 30,000 55,400 171,740 1,145 660
Dairy-confinement 3.5 18 7 29,900 15,978 10,652 19,706 68,971 460 411
Dairy-open lot 35 18 4 16,900 5,182 5,182 6,996 24,485 163 232

* At maximumwater level, add 2 ft to top of berm.
**Doublethisdepth for sandy sites(CEC < 11).
*** Assume 3:1 dopes.
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Costsfor remediation of the average-size swine operation, 4,600 animal units, intypical sty clay
loam soils, would be $620,000. Similarly, the cost for aswinefacility with apermitted capacity of 3,700
animal units, just under the sizewherefinancia assurancefor closureisrequired, would be $498,000. The
same operationsin sandy soilswith deep plumeswould use the backfill-and-cover option at $810,000 and
$651,000, respectively.

Tables2 - 4 do not includethe cost of theinitial closure stepsaready required by most state
regulatory agencies, i.e., removal of thewastewater and dudge. Thiscostissignificant. Based onthe
NRCS standard for lagoon closure, the North Carolina DENR estimated the cost of closureto be $42,000/
acre based on an estimate of $5 to $32/1000 gal to removelagoon contents (Joneset al., 2001). This

figure comparesto $84,000/acreto remove a12-foot-deep nitrogen plume ($261,253in Table 3 divided
by 3.1 acres).
SWINE AND DAIRY CAFOSIN KANSAS

Thetota population of federally permitted (1000 animal unitsor greater) svineand dairy CAFOs,
obtained from KDHE records, isshownin Table4. Tota anima unit capacity for Stesknown to use synthetic
linersin wastewater lagoonsisa so shown. Thiscount also includesalarge hoop housefacility that hasno
lagoon. Wearenot awareof any synthetic linersused at dairy sites. Sandy Sitesare estimated to comprise
30% of adl stesin countieswheretheHigh PlainsAquifer liesin Sgnificant part. Onthisbass, 83%of all
federdly permitted swinefacilitiesand 97% of dl such darriesaresituated over theHigh PlainsAquifer.

Backfill Tree Wel| Maitenance Total Cost
| mooundrrent Surface | Engineering Material Backfill | Recontour Recontour Seeding Install Cost for 25 Remedi- | per
T”pe Area |Design & & Earth Cost  |Volume  Cost Cost (70 e or Tni ol
» (acres) |Oversight  Work-vo- (3.75/cy) | (cy) ($3.50/cy) ($800/ac) trees/ac) {$800/ ) Cos Unit*
lume (cy) ($150TW) y
Swine 3.1 11,800 60,000 225,000 |14,100 49,350 2,480 32,550 20,000 341,180 |176.05
Dairy 3.5 12,900 73,300 274,875 |15,200 53,200 2,800 36,750 20,000 400,525 |201.41

* Lagoon surface acres per 1,000 animal unitsis1.6 for swineand 1.76 for dairy.
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PROJECTION OFTOTAL COSTS

Costsfor each remedia option are summarizedin Table4. Inthethird column, themost likely
optionin each category isselected and tabulated. Based on acleanup standard of 25 mg/kg of NH -N, the
total cost to remove or contain the nitrogen beneath federaly permitted swine and dairy wastewater man-
agement basinsnow in operation in Kansaswould be about $57.3 million. If no creditisallowed for
fertilizer vaue of themateria, then the cost risesto $62 million. Thisfigureisrestrained somewhat by
utilizing the backfill-and-cover optionin sandy settings. The backfill-and-cover option hasgreater risksthan
the excavate-and-spread option in such settings. 1ts successis contingent on extended maintenance of the
cover and plants, sinceit’ sunlikely that roots of plantslike poplar treesor dfadfacanretrieveal or even
most of the nitrogen under the lagoon bottom. On the other hand, the use of excavate-and-spread could be
limited by the very largeland requirements needed for larger swine operations.

No costswere assgned to facilities currently using synthetic lagoon liners. Small nitrogen plumes
may develop from pinholeleaks. However, these are expected to berelatively insgnificant, especialy if
operatorsuse protective layersof low-grade sand or soil to prevent mgor damage, or otherwise employ
means of leak detection. We did not addressthe desirability of leaving alargeland depression after the
plumeisexcavated and the basin recontoured. Depending onloca conditions, it may be possibleto usethe

properly closed facility asafreshwater pond or to grow crops on the slopes.

Plume Engineering Excavation Excavation Regrading Regrading Hand_Ilng, Fertlllz_er Total Cost
Impoundment  Surface . Hauling, N Credit | per
Type Acres Depth Design &  Volume Cost Volume Cost Spreading ($.18/1b Remediation Animal
(ft)  Oversight  (cy) ($1.90/cy) (cy) ($.35/cy) ($3.70) PAN) Cost Unit
Swine 31 12.0 15,250 48,000 91,200 23,200 8,120 177,600 (30,913) 261,257 134.81
Swine 3.1 240 19,250 101,500 192,850 32,000 11,200 375550  (30,913) 567,937 293.05
Dairy
Confi 35 7.0 12,250 29,900 56,810 23,000 8,050 110630  (12,418) 175,325 88.16
Dairy
Confi 35 14.0 15,000 61,708 117,245 29,000 10,150 228320 (12,415) 358,300 180.17
Eg't’y Open 35 40 8100 16,900 32,110 21,300 7,455 62,530  (4,407) 105,788 53.21
Eg't’y Opn 35 g0 12000 34,400 65,360 24000 8400 127280  (4,407) 208633  |104.95
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AVOIDING FUTURE PROBLEMS

Theobviousstepisto incorporateinto the design of CAFO wastewater impoundments provisions

to prevent or minimizetheformation of the nitrogen plume. Seaboard Farms, Inc., has installed synthetic

linersinlagoonssited a their very largefinishing facilities, built snce 1998 inwestern Kansas. Thisdecision

may have been madeat least in part to avoid very significant liabilitiesfrom the formation of nitrogen plumes

under their four to eight acrelagoons.

Where suitable materid sare available, sze of the plume can be greetly diminished by building aliner

consisting of heavy clayswith CECsof 30 or more, optimally compacted to adepth of two or morefeet. In

effect, many more sitesfor ammonium adsorption are provided at thedudgeinterface. Thisliner must also

be covered with alow-grade sand protectivelayer to prevent puncture damage, and drying and cracking.

Animal
Unitsin
Kansas
Swine
Soil Liners

Silt/Clay Loam 240,900
Sandy 67,400

Synthetic
Liners

Subtotal
Swine

196,600

504,900
Dairy

Confinement

Silt/Clay Loam 66,700
Sandy 27,200
Open Lot

Silt/Clay Loam 22,200

Sandy 9,000
Subtotal 125,100
Total 630,000

Backfill and
Cover Method
(x$1,000,000)

42.4
11.9

NA

54.3

134
55

4.4
1.8
251
79.4

Excavate and

Selected

Wenod  Option
(x$1,000,000)  *$1,000,000)

325 .

198 119

NA NA

52.2 414

5-9 5.9

4-9 4.9

1-2 1.2

0.9 0.9

12.9 129

65.1 57.3
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Wewould recommend incorporating preventative measuresinto Kansasregulationsfor CAFOs, at least
those built above unconfined aquifers. Thiswould seem preferableto requiring financial assurancefrom
smaller operatorswho may have difficulty obtaining bondsor lettersof credit.
CONCLUSIONS

Based on acleanup standard of 25 mg/kg of NH -N, thetotal cost to remove or contain the
nitrogen benegth federally permitted swineand dairy wastewater management basinsnow inoperationin
Kansaswould be about $57.3 million. If no credit isalowed for fertilizer value of the material, then the cost
risesto $62 million. In most cases, the preferred remedial option would be the excavation and spreading of
the contaminated material onfarmland. However, deep plumesin sandy soilsand limited accessto farmland
may dictate the use of the backfill-and-cover option. Theremedia cost for some operationsnot currently
required to providefinancia assurancefor closureisestimated to range from $500,000 to $650,000, not
counting the cost of wastewater and dudgeremoval. Thesefigures suggest that apotential risk existsfor
county and/or state taxpayers, if someof thesefacilities are abandoned without athorough cleanup. These
risksmay be significantly reduced if new facilitiesarerequired toinstal suitably protected synthetic linersor
thick soil linerswith ahigh clay content.
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