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Themanagement of animal mortaitiesisanimportant
consderationfor livestock producers. Livestock
producers have been chalenged to discover innovative
waysto managelivestock and poultry mortalities.
Composting isoneoption for managing mortaities.
Whilethereare benefits, producersmust decideif
composting fitsinto their operations. Aswith any other
farm operation, successful composting requiresa
commitment to good managemen.

Thismanud describesthe composting processand
providesinformation ongenerd planning congderations,
building and managing thecompodt pile, and universa
worksheetsfor Szing compodting facilitiesfor dl typesof
anima mortdities. A troubleshooting guideisa soincuded.

Composting Phases

Compostingisanaturally occurring processinwhich
bacteria, fungi and other microorganismsconvert
organic material into astabilized product called
compost. Thismeansthat the microorganismsdo the
composting work for you. Your rolein managing the
compost processisto make surethat the
microorganismshavetheenvironment they needin order
todotheir work quickly and effectively.

Mortality composting involvestwo phases. Intheprimary
phase of mortality composting, theanimal carcassis
placed inacomposting bin or windrow. A bulking agent
thatishighin carbon, such assawdust or straw isplaced
around the carcassto completely surroundiit.

During thisprimary composting phase anaerobic
microorganisms (those not requiring oxygen) work inthe
carcassto degradeit, releasing fluids and odorous gases
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such ashydrogen sulfideand ammonia Thesediffuse
into the bulking agent where aerobic microorganisms
(thoserequiring oxygen) degrade these materiasto
odour-free carbon dioxide (CO,) and water (H,0). The
aerobic process produces considerable heat, causing
thetemperature of the compost piletorise. Theactive
bacteriain both the aerobic and anaerobic zonesare
heat-tolerant. However, the heat killscommon viruses
and bacteriathat may be present in the carcass.

Unliketraditional composting, in mortaity composting,
thepileisleft undisturbed until itstemperaturedrops
continuoudly for 10—14 daysin arow. Thismeansthat
theaerobic microorganismsareworking lessefficiently
and have exhausted much of thefood and air intheir
environment. By the end of the primary stage of
compogting, somelargebonesand hair may till

be present but no soft tissues.

Itispossibleto acceleratethe primary process by
cutting open or mincing large carcasses.

Using abulking agent with smaller

pieces, likefinesawdust, and




The Mortality Composting Process

Phase One e Carcasses and bulk agent
layered in pile

e Highrate of anaerobic and
aerobic activity

e Temperature increases

e Temperature subsides

e Breakdown of flesh and

small bones

Turning the pileinitiates

increased aerobic activity

e Temperature increases

e Breakdown of long bones,
skull and pelvis

e Stabilization of compost
material

Table 1: The Mortality Composting Process

Phase Two °

turning the pile halfway through can a so shorten the
process. However, turning the pile part way through the
primary decomposition of the carcasseswill likely
exposeanumber of large bones, soitisimportant to
ensurethat theseare properly buriedinthenew pile. By
accel erating the process, producerswould requireless
spacefor the compost bins.

Thesecond phase of the processinvolvesregularly
turning thepileand introducing air. Largebonesand hair
remaining fromthe primary phasewill now decompose.
Atthisstagethepilewill need to beturned approximately
onceaweek or moretointroduce oxygenintothepile
andincreaseaerobicactivity. Thisincreaseinmicrobia
activity will causethetemperaturetoriseagain. The
compostisfinished and ready for storing or spreading on
thefield whenthetemperature of the pilehasdroppedto
theambient (outsdeair) temperature.

During the primary and secondary phases, thevolume
and weight of materialsare reduced dueto theloss of
carbon dioxide and water to the atmosphere. Thebulky
raw materid saretransformed into crumbly fine-textured
compost. Properly finished compost should appear asa
dark, nearly black granular material resembling humus
or potting soil. It may haveadlightly musty odour. Some
resistant bones (skull parts, teeth) will bevisible, but
they should be soft and easily crumbled by hand.

Figure 2: Turning the compost pile. Courtesy: Starlite
Hutterian Brethren Colony.

Theamount of timerequired to completetheentire
composting processwill depend on thetype of bulking
agent , temperature, moisture, management and carcass
size. Normally, the second stage of composting will take
thesamelength of timeasthe primary phase (Table2).
Turning the pilefrequently to maintain aerobic activity
could reducethetimerequired for the secondary phase
by two thirds (i.e. 90 days can be reduced to 30 days.)

Figure 3: This compost pile is 13 months old and looks like
a dark crumbly potting soil. Courtesy: Birch Bay Pork.



CarcassSize Primary Phase
(kg) (Ib.) (days)

0-5 0-10 15

5-10 10-25 30

10-135 25-300 90

135-340 300-750 120

340-635 750-1400 180

Table 2: Average times for primary composting

What are the benefits of composting?

Biosecurity: Composting allowsfor immediate year-
round management of mortalities so that diseaseisnot
spread. Thereisno entry of off-farm vehiclesthat could
bring disease onto the farm from other operations. The
high temperaturesgenerated in the composting process
kill pathogens.

Environmentally sound: Well-sited and managed
composting operationswill control risksto ground and
surfacewater. Odours, fliesand rodentsarekept toa
minimum. Composting turnsawasteinto abeneficia
fertilizer and soil amendment resultinginon-farm
recycling of nutrients.

Cost-effective: Composting haslow to moderate
start-up costsand minimal operating costs, athoughthis
will vary withthe design of thefacility. Volumeand
weight of theraw materialsisreduced.

Easy toaccomplish: Composting requiresgood
management but only minimal training. It requireslittle
equipment that isnot aready availableon-farm and
utilizesreadily availableorganic materias.

General Planning Considerations

Therearetwo genera approachesto composting
mortaities: enclosed or bin systemor anopen-pileor
windrow system. Producersshould check withSAFRR to
seewhat legidationand/or regul ationspertaintothe
management of mortdities.

Thereare, however, somegenera planning
considerationsthat rel ateto either type of composting.

Binsvs. Windrows: Binsmay be preferred over
windrowsasthey are contained and therefore somewhat
screened. Covered binsarea so moresuccessful in

variadlecdimatesasthey smplify managementand
maximizethepotentia for successregardlessof weather
conditions. Covered binscan minimizethe potentid for
seasona odour problems caused by overly wet compost.
Binsuselessspace, improvehest retentionin cold
wesather conditionsand hel p to avoid problemswith
scavenging insectsand animals. Bin systemsdo not have
to be complicated or costly. Three-sided straw walled
structures, open-front livestock buildingsand other types
of unused farm structures can be converted for
compogting at arelatively low codt.

Thelabour, materia and management resources
required to operate windrow systemsduring adverse
wesether conditionswill behigher thanfor bin systems.

Site Selection: Good site selectionisvery important
for the success of any type of composting site.
Producerswill need to consider soil type, topography,
location of water sources, accessfor handlingand
hauling, distancefrom neighbours, wind directionand
aesthetics. Some sitesmay be suitablefor composting
with only minimal development, whereasother Stesmay
requiremoreenginegring.

Surfaceand Groundwater Protection: Avoidlocating
compost siteson slopeswhererunoff may beaproblem
or in depressionswhere the compost may become
saturated withwater. Generally speaking, the
composting and curing Siteshould bedightly Soped,
clay-lined and have bermsand runoff control structures.
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Figure 4: A properly planned composting structure.



Roofs: Inareaswith highrainfall, composting fecilities
may need to be covered in order to prevent excessive
runoff or leaching. A roof isrecommended to help
control moisturelevels. An open compost bin may
receivetoo muchrainfal inagiven period or too much
snow accumulationinwinter.

Therearetwo problemswith excessmoisture:
1. Thepilemay leachinto underground water systems
or runoff into your yard or surface water systems;

2. The pilemay becomeanaerobic (without oxygen),
deactivating the decomposer microbesand creating
odour issues.

Onedrawback to having aroof isthe need to add water
to maintain gppropriate moisturelevelsinhot, dry
weather. Inaddition, roofed facilitieswill needto be
designed with adequate head clearance, will require
ongoing maintenance and may trapwind, creatingissues
related to temperature and dust.

Aesthetics. Whileoffensive odoursare not usually
generated in awell-managed composting process, the
handling of carcasses, manureand litter onadaily basis
may not be aesthetically pleasing. Planting treesaround
the composting Siteimprovesits aesthetic appeal.

Size: Itisimportant to sizethe composting facility
properly. Inadequatefacilitieswill forcethe compost
through the operation before the processiscompl ete,
contributing to problemswith odour andflies. Thetype
of composting method chosenwill influencetheamount
of spacerequired. Thewindrow method requiresthe
most land. Bin composting would requireless space.

To sizeacomposter, it isnecessary to know or estimate
theaveragedaily weight of mortalitiesexpected. Once
theaveragedaily mortaity weight isknown, the number
and size of composters can be calcul ated.

Traffic Patter ns: When locating acomposter,

cons deration should begivento traffic patternsrequired
for moving themortditiesand the required composting
ingredients, and for removing thefinished product from
the composter. All-weather roads and work areasmake
accessand movement easier.

Equipment: Equipment usudly includes, & minimum, a
front-end loader large enough to bring the carcassesto
the compost binand capable of turning the material.

Utilities: A freeze-proof hydrant at the composting
facility isuseful for wetting down the pileswhen
moistureisrequired and for cleaning up and washing
down equipment and the composting area.

A minimum 20 amp e ectrica circuit will alow theuseof
power tools, lightsor other appliancesthat may be
required at the compost facility.

Access. When using bin systems make surethat the
front of thebinisremovable, so that carcassesdo not
haveto belifted over. Removabledropboardsthat dide
into avertica channel on each sideof thebin, doorsthat
split horizontaly, or gates can be used.

Bulking agent/ cover material: Thematerial usedto
cover the carcassesisan important part of the
composting system. Theided cover materia retains
heat, absorbs excess moisture and providesabarrier
that hel psdiscourageinsectsand scavengers. Cover
materialsalso providemuch of thecarbonthat is
necessary for the microbesthat decomposethe
mortalities. Thephysica characteristicsof thebulking
agent will affect how well the compost pileswork.

In addition to choosing abulking agent with an
appropriate C:N ratio (see Composting Management
section), you will want to find abulking agent witha
largeenough particlesizetolet air flow, but not tothe
point that it coolsthepile. Sawdust isgenerally
considered thebest cover materia asit retainsheat well
andisvery absorbent. However, assawdust isnot
awaysavailable or may betoo costly, dternative cover
materia sinclude chopped straw (2.5cmor 1”7 pieces)
and small woodchips. You can aso usefinished
compost aspart of the bulking agent (up to 30 per
cent). Thishastheadvantage of inoculating the pilewith
microorganisms. Avoid using materialsthat are saturated
withliquid or that contain high proportionsof manureas
these conditions may retard the composting process.

You can estimatethe annual volume of bulking agent
required using Table B in Appendix 2. Thisestimateis
useful for planning purposesbut it may need to be
adjusted asyou gain some experiencewith your
particular bulking agent.



Availability and stor age of cover material: Cover
materia sshould be availablefrom one or more sources
in sufficient quantitiesthroughout theyear. Having
sufficient amountsof ingredient such assawdust, straw
and litter present at the composting Sitegreetly facilitates
the day-to-day management of the process. Whenusing
abin system, binsused for storage can double as
primary composting binsif needed (e.g., during periods
of high death loss), or they may facilitate the expansion
of thecomposter if thefarmisexpanded. Ingredientsdo
not haveto be stored in bins, but theingredient storage
areashould beroofed to keep the materialsdry.

Composting M anagement

Compost piles haveto be managed to ensurethat the
composting microorganismshavetheright food and
environment to be effective. Therearefour management
consderations: C:N ratio; air flow; moisture content
and temperature.

Carbon: Becauseanimal carcassesarevery highin
nitrogen, you must add large amountsof carbon, inthe
form of thebulking agent, to the pilein order to provide
theright environment and food for the composting
microorganisms. The C:N ratio describestheamount of
carbon compared to theamount of nitrogeninthepile.
A reasonablerangeisbetween 25:1and 40:1.
However, you don’'t need to be too worried about
measuring the C:N ratio, Sincethe composting process
isfairly forgiving and will occur under avariety of C:N
ratios, aslong asyou keep theoveral C:N ratioinmind.

If you havetoo much carbon (ahigh C:N ratio) thelow
nitrogen supply canlimit microbid activity. The
temperature of the compost pilewill decreaseandthe
decomposition will bedowed. If you havetoolittle
carbon (alow C:N ratio) thehigh nitrogen supply is
converted toammoniaandisemitted fromthepile,
resultinginincreased odour. Leaching may also occur
when thereisexcessnitrogen that convertsto nitrate.

Air Flow (oxygen): Sinceaerobic microorganisms
need oxygen to work, oxygen must be ableto moveinto
the pileand carbon dioxide and water vapour must be
ableto escape. Thismeansthat the bulking agent must
haveaparticlesizethat dlowsair tomovefregy. A
particlesizeof 0.6cmto5cm (1/4in.to2in.)is
reasonable. Bulking agents such as newsprint can pack

Figure 5: A hay moisture probe with a long stem works well
to measure the moisture content of a compost pile. This
pile is at the correct moisture level of about 45 per cent.

down, inhibiting air flow to the microorganisms, which
will dow or even stop the composting processand
produce odours. Large particles such asbranchescan
let too much air in, cooling the pileand dowing down
thework of themicroorganisms. Ideally, 25 to 30 per
cent freeairspaceisrequired.

M oistur e Content: Microorganismsrequirewater asa
mediumfor chemical reactions, to transport nutrients, and
to moveabout. Compost withtoollittlemoisturewill not
supply sufficient water for microorganismsto survive. Too
much moigtureinhibitsoxygen flow throughthepile,

caus ng aerobic microorganismsto dow down, which can
lead to odours. A moisturelevel of about 45 per cent
will ensureagood composting environment.

A hay moisture probe (areasonably accurateprobeis
generdly availableat farm supply storesfor
approximately $250) can be used to monitor compost
moisturelevels. Severa samplesshould betaken at
random throughout the pileto get an averagemoisture



reading. Recording themoisturereadingswill helpyouto
make decisonson managing thepile, asmoisturelevels
will affect temperature. Moisture content should not
exceed 5510 60 per cent. The compost should fedl moist,
but you should not beableto squeezeany liquid out.
Coveringacompost facility with aroof will reduceexcess
moistureaccumulations, especidly inareasof highrainfal,
but may necessitate adding water to keep thepileactive.

Temperature Heat isrequired for themicroorganisms
towork and isalso generated asaresult of the
composting process. Thewarmer thepile, thefaster the
microorganismswill work, themore heat they produce,
thewarmer the pileand so on. Compost that is
properly managed will havetemper aturesfrom
54°C to 71°C (130°F to 160 °F). Internal temperatures
can bemonitored usinga0.9t01.2m (36to48in.)
temperature probe. For an accurate picture, it will be
necessary to probethepilein several locations (5t010)
to determinethe averagetemperature.

Itisquitenormal tofind hot and cool spotswithinthe
samehbins. Recording thetemperatureswill allow you to
track thelevel of activity inthepile. Temperatures|ower
than 49°C (120°F) indi cate reduced microbial action,
which meansthat decompositionisoccurring dowly; this
may affect the destruction of weed seedsand pathogens

Figure 6: This pile is at an optimum temperature of 146°F
(63°C).
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and may alsoresultinodours. If temperaturesreach
77°C (170°F) or higher, spontaneous combustion can
occur. Temperatures should be maintained between
54°C to 71°C (130°F to 160 °F), for several daysor
weeksto maximizethe composting process and destroy
weed seeds and pathogens.

Thetroubleshooting guidein Appendix 1isuseful for
identifying possible problemsand solutionsfor your

compost pile.

Recor d keeping: A composting logbook isneeded to
record dates and weights of carcassesplaced inthe
composter, temperature readings, amountsof bulking
agent added, dateswhen compost isturned and
amountsof finished compost.

Composting Bins

Therearemany different waysto build compost bins.
Regardlessof what systemisused, theobjectiveisto have
enough capacity tomanageal mortditieson-farm.
Composting facilitiescaninc udewooden or concretebins,
hoop sructuresor bales Alterndivey, exiding facilities, like
meachine sheds, can beadapted aslong astheroof ishigh
enoughtodlow theloader tolift and turn thecompost.

Binsareusualy laid out asthree-sided enclosureswith
the open sidewide enough (at least 0.6 m or two feet
wider than bucket width) to allow accesswith afront-
end or skid-steer |oader. Square binsare best, although
length-to-width ratios of up to 2:1 are acceptable. Bins
areusually filledto adepth of 1.5t0 1.8 m (5to 6 feet).
Layout should consider snow and wind loads. If
problemswith dogs or other animals occur, removable
gatesarehelpful.

‘:li; A -q:rf"-'-'- -'E"
Figure 7: Design for 350-sow farrow-finish system.
Courtesy: Preun Farms.
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Figure 8: This bin has a concrete base with a 4 in. curb.
Courtesy: Birch Bay Pork.

Sizeand number: Thenumber and sizeof binswill
vary depending on thetype and size of the operation.
Bindimensionsdepend on carcasssize: largeanimals
requiremorewidth than small animalsto compost. Bin
volumewill depend onthe size of the operation and the
expected death loss. Theworksheetsfor Designing
Your Binsareprovidedin Appendices 3 and 4.

In most cases, aminimum of threebinswill berequired,
two of which areused for primary composting and the
third for secondary composting. Inatypica situation,
onebinisfull and compostingwhiletheother binis
beingfilled. Larger operationswill requiremorethanthe
minimum threebins. Experiencehasshownthat having
extrabinsavailablefor the storage of the bulking agent
andfinished compostisbeneficial.

Base: It isrecommended that the base should bea
concretepad withalOto15cm(4to6in.) curborlip
to prevent leaching and runoff. A well-packed clay base
isalso appropriate. A buffer of crushed rock around the
compost binwill discouragerodents. Duetoits
absorptive properties, sawdust isquite effectiveto
control runoff and leaching.

Materials: Composting binsshould be constructed of
rot-resistant materia including pressure-trested lumber,
concreteor chain-link fencing. Binsaregenerally 2.1to
2.4 m (7to 8feet) high and solid to keep out
scavengers. Toavoid corrosion, ventilationisrequired
and hot dipped galvanized nailsshould be used. Field
experience suggeststhat composting binscan be

Large round hay bales set end-to-end
F N\

Secondary / b

3 N
composting bin Fresh sawdust mounded
Compasting (o shed waler
material

Figure 9: Compost bin made out of bales. Source:
Composting Dead Swine. University of Missouri, 1999.

constructed using largeround balesof hay (1.5t01.8m
or 5to 6 feetin diameter). Balesare placed end-to-end
toformwallsfor three-sided enclosuresor bins, as
showninFigure9. A moveablegate(i.e, chain-link
fencing) will keep scavengersout of the opening and
alow easy accessfor disposal.

Building the Compost Pile

Start with astorage pile of sawdust or straw bales.
Placealayer of material at least 0.45t0 0.6m

(1.5to 2 feet) deep on the base of thefirst bin. This
layer isnecessary to provide good surface areacontact
with the carcassand to soak up any leachate. Lightly
dampenthebulking agent. Pileonfresh mortdities,
making surethey do not touch thebinsides.

Figure 10: Simple cross-section of a compost pile.



Make sureyou cover the carcasswith a0.45t0 0.6m
(1.5to 2feet) layer of dry material. Proper coverage
will reducethe odour and will prevent scavengersfrom
digging up the carcasses. Start in one of the back
cornersof thebinand work your way forward Slowly as
thepileincreasesinheight.

Lancetherumensto avoid bloating and possible
explosions. Explosiverdeasesof gasescanresultin
odour problemsand may blow the cover materia off the
composting carcasses.

For subsequent layers, scrape back thetop dry portion
of material |eaving about onefoot between carcasses, as
showninFigure 10. Continuelayering mortalitiesand
dry materia, using either ashove for small materid or a
tractor for heavy material.

Make sure new carcasses have adequate carbon
materia surrounding them. At notimeshouldthe
carcasses bein contact with each other. When
carcassestouch, you may havearotting carcassrather
than acomposting one. Small animalsmay be grouped.
Addfresh materid occasiondly, especidly if the
compost isbecoming too soft or liquid.

Thepilemay need to bewatered down occasionaly,
especidly if conditionsaredry or if itiscoveredwitha
roof. Youwill know thisisnecessary when therate of
decomposition beginsto dow down.

When starting anew bin, 30 per cent of the dry matter
can comefrom composted materia . Advantages of
recycling finished compost include: theneed for less
bulking agent; active bacteriaand heat containedin
finished compost; faster process; and lessfinished
compost to be hauled for land spreading.

Windrow composting

Windrow composting can be used in conjunction with
bin composting for the secondary stagewherethepileis
aerated. Alternatively, both the primary and secondary
phase of composting can be doneinawindrow rather
than abin. The costsfor windorows may be somewhat
lessthan for binsbut the management requirementsare
often moreintense, especially in adverseweather
conditionswhich can affect the composting process.

When windrowsare used, they should be
constructed on animpervious surface and have proper
runoff control.
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Figure 11: Windrows

Aswith bin systems, windrowsthat areused to
compost mortalitiesdo not haveto beturned during the
primary stage of composting. However, thewindrow
will haveto beturned (aerated) during secondary
composting, so when designing the compost fecility itis
important to allow enough space between windrowsfor
accessby equipment.

Building the Windrow

Theworksheetsfor Designing Your Windrows
appear in Appendices 3 and 4. Thewindrow volumes
will besimilar tothevolumesrequiredfor bins.

Thewindow should be properly sited on animpervious
base with appropriate runoff control structures.

To preparethewindrow, first lay downa0.3t00.45m
(12to 18in.) deep bed of the bulking agent (generaly
about 4.3 mor 14 ft. wide). Thislayer will absorb
liquidsfrom the decomposing carcasses. Mortditiesare
then put downinlayers, with the bulking agent
separating thelayers. Aswith bins, lancetherumento
avoid bloat, explosionsand odours. Layersare built
until thepileis1.5t0 2.1 m(5to 7 ft.) tall.

Thefina layer should consist of the bulking agent and be
at least 0.45m (18in.) deep. Using adequate materia
will ensure an adequate massfor composting, provide
sufficient insulation, reduce odoursand discourage
scavengers. Thecal culation for estimating the amount of
bulking agent required appearsin Appendix 2.



Figure 12: Covering a cow with material.

Aswithhins, itisvery important to completely cover the
carcassesonal sdeswith bulking agent toaminimum of
0.3t00.45m(12t018in.) onal sdes. Smdl animals
may be grouped but aminimum of 0.3t0 0.45m (12to
18in.) of bulking agent should still be applied between
layers. Never leave hooves, legs, earsor snoutssticking
out of thepile. Most problemswith composting
mortditiesoccur wheninsufficient materia isusedto
cover the carcasses. Useapointed rod or dowel to
measurethethicknessof thebulkingmaterid. Large
carcasses may need to bere-covered after aday or two,
especidly whenusing sawdugt, asit will tend to settleand
may expose part of the carcass. Thewindrow should be
shaped sothat it will shed rainwater.

To accel erate the composting process, especidly incold
westher, the bulking agent can bewarmed by adding
extramaterial —over and abovethe0.3t00.45m (12to
18in.) layer, sothat new carcassesare actualy added to
awarm bed. Alternatively, a0.3t00.45m (12to 18in.)
layer of an absorbent materia like sawdust or straw can
be used to form the base of the pileand to thisbasea0.3
m (12in.) layer of hot (composting) manurecanbe
added. The carcassesarethen placed betweenthelayers
of hot manure, ensuring that they arecovered onal sides
withat least 0.3t00.45m (12to 18 in.) of material.

Figure 13: Layering the windrow.
Emergency Composting

Inthe event of acatastrophic death loss, you may have
too many carcassesto compost inyour existing facility.
Other arrangementswill likely haveto bemadeor
temporary facilitiesdesigned. Livestock operationsin
Saskatchewan should contact Saskatchewan
Agriculture, Food and Rural Revitdization (SAFRR),
Agriculturd OperationsUnit.

Composting Sick and Diseased Animals

Composting may not always be an appropriate method
to managedead animals. Animalsthat dieasaresult

of areportable disease should be disposed of
according to guidelines provided by the Canadian Food
Inspection Agency, Agricultureand Agri-Food Canada.
When unsure of the appropriate action, contact your
local veterinarian.



Appendix 1: Troubleshooting Guide

Problem

Probable Cause

Other Clues

Solution

Pile fails to heat

Materials too dry Cannot squeeze water frommaterial or | Add water, liquid manure or wet
moisture reading is below 20 percent | bulking agent
Materials too wet Materials look and feel soggy; pile Add dry bulking agent

slumps; or moisture reading is more
than 60 per cent

Add more carcasses, perhaps cut or
poke holes in the carcasses

Slow decaying, or not enough nitrogen

C:Nratio greater than 50:1; large
amount of woody materials

Add/mix existing bulking agent with
sawdust

Poor pile structure or bulking agent
used is too porous

Pile settles quickly while not
excessively wet.

Consider a different bulking agent
with a larger particle size

Cold weather and/or small pile size

Pile height less than four feet

Enlarge or combine piles; add highly
degradable materials (manure)

Failure to maintain
temperature

Compost has dried out Looks very dry; wind is blowing Open pile and add water or liquid
materials manure
Cold weather Ensure adequate cover with bulking
agent and avoid adding frozen
carcasses
Too much moisture Looks soggy; moisture reading is Add fresh bulking agent to absorb

above 60 per cent

moisture

Failure to decompose
carcass tissues

Improper C:N ratio

Improper mix of ingredients or very
old sawdust or straw

Carcasses layered on top of each
other

Carcass is intact even after 2-3 weeks
after adding to the primary pile

Make sure 0.3 m (12 in.) of bulking
material between layers

Carcasses placed on the outside edge
of the pile

Maintain at least 0.3 m (12 in.) of
space between carcass and outside
edge of the bin

Smell of decaying flesh

Inadequate cover of bulking material
over the carcass

Cover the carcass with at least 0.3 m
(22in.) of bulking material

Extended period of low temperature

Add manure and partially cut up the
carcasses and cover with 0.6 m (12
in.) of bulking material

greater than 71°C
(160°F)

Pile overheating: temp.

Insufficient aeration in the bulking
material over the carcass

Pile is too moist

Add drier material and mix with the
moist material

Pile istoo large

Height is greater than 2.1 m (7 ft.)

Decrease pile size

Low moisture

Add water or liquid manure
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Problem Probable Cause Other Clues Solution

Extremely high Spontaneous combustion Low moisture content; pile interior | Decrease pile size; add water to
temperature: greater looks and/ or smells charred charred or smouldering sections;
than 77°C (170°F) break down pile

High temperatures or Compostis not stable Turn and mix pile till temperature and

odours inthe curing
(secondary) pile

moisture are within limits

Pileistoo large Higherthan 2.1 m (7 ft.) Decrease pile size
Ammonia odours High nitrogen level Add more bulking agent
coming from pile
High ph level Add manure
Rotten-egg odour Anaerobic conditions Add dry bulking agent and mix top

coming from the pile

Materials too wet; poor pile structure;
pile compacted

Low pile temperatures

layer (if in primary bin) or the whole
pile (if in secondary bin)

Runoff and/or leaching
problems

Heavy rainfall Build a roof over bin, make sure you
have a curb on the base to catch
runoff

Too much moisture Looks soggy; moisture readingis | Add fresh bulking agent to absorb

above 60 per cent

moisture

Fly Problems Inadequate cover over the carcass Maintain 0.3 m (1 ft.) layer over carcass
Poor sanitation conditions Avoid having standing water around
the facility — keep the surrounding site
clean and free of garbage or debris
Too high moisture Looks and feels soggy Add more cover of bulking material
Scavenging animals Inadequate cover over the carcasses Maintain 0.3 m (1 ft.) cover over the

carcasses
Keep gates closed at all times

Pile doesn't reheat after
turning in the
secondary hin

Low moisture

Cannot squeeze water from
material; moisture reading is below
20 per cent

Add water and mix

Composting near completion

Approaching expected composting
time period

None required

Compost contains lumps
of materials and large
bones; texture is
generally not uniform

Poor mixing of materials or insufficient
mixing/turning in the secondary bin

Visible raw material; lumps of
compost

Mixe the pile in the secondary bin as
frequently and as thoroughly as
possible

Active composting not complete

Curing pile heats or develops
odours

Increase secondary composting time or
improve composting conditions
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Appendix 2
Table A: Annual

Death Loss Estimates (%)

Type Kind of Animal Weight Annual Death | Cycle Length
Loss (%) (days)
Beef Cattle
Cows and bulls 550 kg or 1212 Ibs 1 365
Feeder cattle 450 kg or 992 Ibs 15 120
Replacement heifers 360 kg or 794 Ibs 1 240
Calves 135 kg or 298 Ibs 4 200
Dairy Cattle
Cows and bulls 600 kg or 1323 Ibs 4 365
Replacement heifers 450 kg or 992 Ibs 4 365
Calves 135 kg or 298 lbs 8 210
Hogs
Boars or sows 150 kg or 331 Ibs 4 365
Feeder pigs 100 kg or 220 lbs 3 126
Weanling pigs 16 kg or 35 Ibs 15 53
Poultry
Hens, cockerels, capons 1.8 kg or 4 lbs 6 294
Chicks, broilers 1.5kg or 3.3 Ibs 2 40
Hen turkeys, geese, ducks 8 kg or 18 Ibs 5 92
Heavy tom turkeys 12 kg or 26 Ibs 7 114
Sheep
Rams or ewes 45 kg or 99 lbs 3 365
Lambs 20 kg or 44 Ibs 5 80
Goats
Does or bucks 45 kg or 99 Ibs 3 365
Kids 20 kg or 44 Ibs 5 180
Horses
Mares and studs 600 kg or 1323 Ibs 1 365
Replacements 400 kg or 882 Ibs 1 365
Colts or ponies 135 kg or 298 lbs 4 365
Table B: Primary composting phase, bin and bulking agent factors
Carcass Size Primary Phase Bin Factor Bulking Agent Factor
(kg) (Ib.) (Days) (m3/kg/day)  (ft¥lb./day) | (m3/100kg)  (ft¥/100 Ib.)
0-5 0-10 15 0.2 3 0.13 2
5-10 10-25 30 0.3 5 0.19 3
10-135 25-300 90 0.9 15 0.62 10
135-340 300-750 120 16 25 0.94 15
340-635 750-1400 180 2.2 35 1.25 20
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Appendix 3

Designing Your Bins (Metric)

This worksheet is designed to calculate the number of bins required for your operation.
Example: A 1200-sow farrow-to-finish operation containing 1,200 sows, 3,000

weanlings and 8,000 feeders.

1. Mass of carcasses composted (kg / cycle)

Number of animals in each cycle x average mass (kg) x death loss : Table A (%) +100 = (kg/cycle)

EXAMPLE

1200 sows x 150 kg x4 % +100 = 7,200 kg/cycle

3000 weanlingsx16.0 kg x1.5% +100 = 720 kg/cycle

8000 feeders x 100 kg x 3 % +100 = 24,000 kg/cycle

Your Numbers

2. Mass of carcasses composted (kg / day)

(kg/cycle)+number of daysin each cycle: Table A = (kg/day)

EXAMPLE
Sows:
7,200 kg/cycle+ 365 days = 20kg/day

Weanlings:
720 kg/cycle+ 53 days = 14 kg/day

Feeders:
24,000 kg/cycle+126 days =190 kg/day

Your numbers

3. Total weight of carcasses composted (kg/ day)

(kg/day) + (kg/day) + (kg/day) = Total (kg/day).

EXAMPLE

(Sows) 20 kg/day + (Weanlings) 14 kg/day + (Feeders) 190 kg/day = 224 kg/day

Your numbers
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4. Total bin volume (m°)

Total (kg/day) x Bin factor : Table B (m’/kg/day) = Bin volume (m’)

EXAMPLE Your numbers
224 kg/day x 1.6 m*/kg/day = 358 m’

5. Total bin area (m%)
e Assume each bin will be 1.5 to 1.8 m in height.

Bin volume (m’) + Bin height(m) = Total bin area(m®)

EXAMPLE Your numbers
358m’ +1.5m =239 m?

6. Individual bin size

Between 10 and 20 m?

Ideally bins should be between10 and 20 m>. To complete the calculations, you must pick a bin size between 10
and 20 m” that works for you and results in an even number of bins (i.e. 15 bins or 16 bins, but not 15.9 bins, see
example in #7)

7. Number of primary bins

Total bin area (m?) + Individual bin area (m*) =# of primary bins

CORRECT EXAMPLE Your numbers
239 m? +15.9m? =15 bins

NOT CORRECT
239 m* + 15 m*= 15.9 bins
rounding up or down does not work

Note: An equal number of secondary bins are also required

14



8. Bin width
¢ Bin width should be at least the width of the loader bucket plus 0.6 m.

Bucket width (m)+ 0.6 m = Bin width(m)

EXAMPLE Your numbers
1.8m+0.6m=24m

9. Bin length (m)

Individual bin area (m?*) =+ Bin width (m) = Bin length (m)

EXAMPLE Your numbers
159m*+24m=6.6m

The result is now 15 primary bins; each bin is 2.4 m x 6.6 m in size. As somewhat square
bins have been found to be more efficient for management and composting — you can
adjust the dimension of the bins (width x length) to result in a more square design. An
example is given below.

10. Adjusting the bin width (m)

Bin width is usually no greater than twice the width of the bucket.

EXAMPLE Your numbers
24m+1.6m=4.0m = revised bin width

11. Adjusting the size of the bin length (m). Divide the individual bin area by the
bin width to find bin length.

Individual bin area (m?) =+ bin width (m) = adjusted bin length (m)

EXAMPLE Your numbers
15.9m? +4.0m=4.0m

e The result is now 15 primary bins; each bin is 4.0 m x 4.0 m in size.

15



12. Total # of bins
As noted earlier an equal number of secondary bins of the same size is required. In
addition one extra bin is required to accept new carcasses.

Total number of bins = (# of Primary bins x 2) + 1

EXAMPLE Your numbers
(15x2)+1=31

16

e In most cases, a minimum of three bins will be required, two of which are used
for primary composting and the third for secondary composting. In a typical
situation, one bin is full and composting while the other bin is being filled.
Larger operations will require more than the minimum three bins; as well,
experience has shown that having extra bins available for the storage of bulking
agent and finished compost is beneficial.

e Throughout this example, all animal sizes were composted together. Consider
separate facilities for animals of different ranges of weight.

e Refer to Table B to determine primary composting time. Secondary composting
time will be similar to (or less than) the number of days in the primary phase.




Estimating the Volume of Bulking Agent (Metric)

This worksheet is designed to estimate the volume of bulking agent required for your

operation.

Example: A 1200-sow farrow-to-finish operation using bulking agent.

1. Weight of carcasses composted annually (kg / year).
Multiply the total weight of carcasses composted daily by 365. * The daily weight of
carcasses composted was determined in step three of the previous example.

(kg/day) x 365 days/year = kg/yr

EXAMPLE

224* kg/day x 365 days/year = 81,760 kg/year

Y our numbers

2. Volume of bulking agent required annually (m’ / year).
Refer to Table B to find a “bulking agent factor” for the largest expected carcass size.
Multiply the weight of carcasses composted annually by the factor and divide by 100.

(kg/yr) x bulking agent factor (Table B) = (m*/yr)

100

EXAMPLE

81,760 x 0.94 = 769
100

Your Numbers

This example finds that approximately 769 m’ of bulking agent is required each year.
Remember, this is only an estimate! New bins could be started with about 30% finished
compost. The amount of bulking agent will therefore vary with the amount of finished

compost recycled.

Table B:
Primary composting phase, bin and bulking agent factors
Carcass Size Primary Phase Bin Factor Bulking Agent Factor

(kg) (Ib.) (Days) (m¥kg/day)  (f3/lb./day) | (m3/100kg)  (ft3/100 Ib.)

0-5 0-10 15 0.2 3 0.13 2

5-10 10-25 30 0.3 5 0.19 3
10-135 25-300 90 0.9 15 0.62 10
135-340 300-750 120 1.6 25 0.94 15
340-635 750-1400 180 22 35 1.25 20
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Designing Your Windrows (Metric)

This worksheet is designed to calculate your windrow requirements.
Example: 5000-head feedlot.

1. Mass of carcasses composted (kg / cycle).

Number of animals in each cyclex Average mass (kg) x Death loss : Table A (%) +100 = (kg/cycle)

Example Your Numbers

5000 feedersx 450 kg x1.5% +100 = 33,750 kg/cycle

2. Mass of carcasses composted (kg / day)

(kg/cycle)+ Number of daysin each cycle = (kg/day)

EXAMPLE Your numbers

33,750 kg/cycle+120 days = 281 kg/day

3. Total mass of carcasses composted (kg / day)

(kg/day) + (kg/day) + (kg/day) = Total (kg/day)

EXAMPLE
281 kg/day (only one type of animal in this example)

Your numbers

4. Total windrow volume (m®)

Total (kg/day) x Bulking agent factor : Table B (m’/kg/day) = Windrow volume (m’)

EXAMPLE Your numbers
281kg/day x1.25 m’/kg/day = 351 m’

18



5. Windrow height (m).

Ideally, each windrow will be 1.5 to 2.1 m in height. Select the windrow height from the
table below to give you the windrow base width and the cross sectional area. Assume the
side slopes are 1:1 and the top width is 0.3 m.

Windrow
Height

(m)
L5
1.8
2.1

Cross
Sectional
Area
(m?)
2.7
3.8
5.0

Base
Width

(m)
33
3.9
4.5

6. Windrow length (m).

Windrow volume (m®) + Cross sectional area (m?) = Total length (m)

EXAMPLE

351m* +5.0m?> =70 m

Y our numbers

This example finds a total windrow length of 70 m; the windrows are 2.1 m in height
and 4.5 m in width. Depending on the site and equipment, 2 windrows each 35 m in
length may be easier to manage than one long windrow.
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Appendix 4 Designing Your Bins (Imperial)

This worksheet is designed to calculate the number of bins required for your operation.
Example: A 1200-sow farrow-to-finish operation containing 1,200 sows, 3,000

weanlings and 8,000 feeders.

1. Weight of carcasses composted (1b. / cycle)

Number of animals in each cyclex average weight (1b.) x death loss : Table A (%) +100 = (Ib./cycle)

EXAMPLE

1200 sows x3311b.x 4 % +100 =15,888 Ib./cycle

3000 weanlingsx351b.x1.5% +100 =1,5751b./cycle

8000 feeders x 220 1b.x 3% +100 = 52,800 1b./cycle

Your Numbers

2. Weight of carcasses composted (1b. / day)

(Ib./cycle)+ number of daysin each cycle: Table A = (Ib./day)

EXAMPLE
Sows:
15,888 1b./cycle+ 365 days = 44 Ib./day

Weanlings:
1,5751b./cycle+53 days = 30 Ib./day

Feeders:
52,800 1b./cycle+126 days = 419 1b./day

Your numbers

3. Total weight of carcasses composted (1b. / day)

(Ib./day) + (Ib./day) + (Ib./day) = Total (Ib./day).

EXAMPLE

(Sows) 44 Ib./day + (Weanlings) 30 Ib./day + (Feeders) 4191b./day = 493 1b./day

Your numbers
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4. Total bin volume (ft’)

Total (Ib./day) x Bin factor : Table B (ft*/Ib./day) = Bin volume (ft*)

EXAMPLE Your numbers
493 1b./day x 25 ft*/Ib./day = 12,325 ft’

5. Total bin area (ft})
e Assume each bin will be 5 to 6 feet in height.

Bin volume (ft*) + Bin height(ft.) = Total bin area(ft*)

EXAMPLE Your numbers
12,325 ft* +5 ft. = 2,465 ft*

6. Individual bin size

Between100 and 200 ft*

Ideally bins should be between100 and 200 ft*. To complete the calculations, you must pick a bin size between 100
and 200 ft° that works for you and results in an even number of bins (i.e. 3 bins or 6 bins, but not 4.9 bins, see
example in #7)

7. Number of primary bins

Total bin area(ft®) + Individual bin area(ft*) = # of primary bins

CORRECT EXAMPLE Your numbers
2,465ft* +154 ft* =16 bins

NOT CORRECT
2,465 ft* + 150 ft* = 16.4 bins
rounding up or down does not work

Note: An equal number of secondary bins are also required
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8. Bin width

¢ Bin width should be at least the width of the loader bucket plus 2 feet.

Bucket width(ft.) + 2 feet = Bin width({t.)

EXAMPLE
6 ft. + 2 ft. =8 ft.

Your numbers

9. Bin length (ft).

Individual bin area(ft*) + Bin width(ft.) = Bin length(ft.)

EXAMPLE
154 ft> =8 ft. =19 ft.

Your numbers

The result is now 16 primary bins; each bin is 8 ft. x 19 ft. in size. As somewhat square
bins have been found to be more efficient for management and composting — you can
adjust the dimension of the bins (width x length) to result in a more square design. An

example is given below.

10. Adjusting the bin width (ft.)

Bin width is usually no greater than twice the width of the bucket.

EXAMPLE
6 ft. + 6 ft. =12 ft.= revised bin width

Your numbers

11. Adjusting the size of the bin length (ft). Divide the individual bin area by the bin

width to find bin depth.

Individual bin area (ft*) + bin width (ft.) = adjusted bin length

EXAMPLE
154 ft> =12 ft. = 13 ft.

Your numbers

e The result is now 16 primary bins; each bin is 12 ft. x 13 ft. in size.
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12. Total # of bins
As noted earlier an equal number of secondary bins of the same size is required. In
addition one extra bin is required to accept new carcasses.

Total number of bins = (# of Primary bins x 2 ) + 1

EXAMPLE Your numbers
(16 x2)+1=33

e In most cases, a minimum of three bins will be required, two of which are used
for primary composting and the third for secondary composting. In a typical
situation, one bin is full and composting while the other bin is being filled.
Larger operations will require more than the minimum three bins; as well,
experience has shown that having extra bins available for the storage of bulking
agent and finished compost is beneficial.

e Throughout this example, all animal sizes were composted together. Consider
separate facilities for animals of different ranges of weight.

e Refer to Table B to determine primary composting time. Secondary composting
time will be similar to (or less than) the number of days in the primary phase.
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Estimating the Volume of Bulking Agent (Imperial)

This worksheet is designed to estimate the volume of bulking agent required for your

operation.

Example: A 1200-sow farrow-to-finish operation using bulking agent.

1. Weight of carcasses composted annually (Ib. / year).
Multiply the total weight of carcasses composted daily by 365. * The daily weight of
carcasses composted was determined in step three of the previous example.

(Ib./day) x 365 days/year = 1b./yr

EXAMPLE

493* |b./day x 365days/year = 179,945 1b./year

Y our numbers

2. Volume of bulking agent required annually (ft / year).
Refer to Table B to find a “bulking agent factor” for the largest expected carcass size.
Multiply the weight of carcasses composted annually by the factor and divide by 100.

(Ib./yr) x bulking agent factor (Table B) = (ft*/yr)

100

EXAMPLE

179,945 x 15 =126,992

100

Your Numbers

24

This example finds that approximately 26,992 ft* of bulking agent is required each year.
Remember, this is only an estimate! New bins could be started with about 30% finished
compost. The amount of bulking agent will therefore vary with the amount of finished

compost recycled.

Table B:
Primary composting phase, bin and bulking agent factors
Carcass Size Primary Phase Bin Factor Bulking Agent Factor

(kg) (Ib.) (Days) (mikg/day)  (f¥/b./day) | (m¥100kg)  (f/100 Ib.)

0-5 0-10 15 0.2 3 0.13 2

5-10 10-25 30 0.3 5 0.19 3
10-135 25-300 90 0.9 15 0.62 10
135-340 300-750 120 1.6 25 0.94 15
340-635 750-1400 180 2.2 35 1.25 20




Designing Your Windrows (Imperial)

This worksheet is designed to calculate your windrow requirements.
Example: 5000-head feedlot.

1. Weight of carcasses composted (Ib. / cycle).

Number of animals in each cyclex Average weight (Ib.) x Death loss : Table A (%) +100 = (Ib./cycle)

EXAMPLE Your Numbers

5000 feedersx 992 1b.x1% +100 = 49,600 1b./cycle

2. Weight of carcasses composted (Ib. / day)

(Ib./cycle)+ Number of daysin each cycle = (Ib./day)

EXAMPLE Your numbers

49,600 1b./cycle+120 days = 413 1b./day

3. Total weight of carcasses composted (1b. / day)

(Ib./day) + (Ib./day) + (Ib./day) = Total (Ib./day)

EXAMPLE
413 Ib./day (only one type of animal in this example)

Your numbers

4. Total windrow volume (ft’)

Total (Ib./day)x Bulking agent factor : Table B (ft*/Ib./day) = Windrow volume (ft*)

EXAMPLE Your numbers
413 1b./day x 20 ft*/1b./day = 8,260 ft’
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5. Windrow height (ft).

Ideally, each windrow will be 5 to 7 feet in height. Select the windrow height from the
table below to give you the windrow base width and the cross sectional area. Assume the
side slopes are 1:1 and the top width is 1 ft.

Windrow
Height

(ft.)

5
6
7

Cross
Sectional
Area
(ft*)
30
42
56

Base
Width

(ft.)
11

13
15

6. Windrow length (ft).

Windrow volume (ft*) + Cross sectional area (ft*) = Total length (ft.)

EXAMPLE

8,260 ft* +56 ft* = 148ft.

Y our numbers
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This example finds a total windrow length of 148 ft.; the windrows are 7 ft. in height
and 15 ft. in width. Depending on the site and equipment, 3 windrows each 50 ft. in
length may be easier to manage than one long windrow.




Appendix 5 Metric Conversion Factors* (Approximate)

Metrictolmperial Imperial toMetric
Metric Unit Multiply By Imperial Unit Multiply By Metric Unit
LINEAR LINEAR
centimetre (cm) x0.39 inch X254 centimetre (cm)
AREA AREA
sguare metre (m2) x12 square yard x0.84 square metre (m2)
hectare (ha) x25 acres x04 hectare (ha)
VOLUME VOLUME
litre(L) x0.22 gdlon x4.55 litre
PRESSURE PRESSURE
kilopascals (kPa) x0.14 psi x6.9 kilopascals (kPa)
WEIGHTWEIGHT
gram(g) x0.04 oz x28.35 gram(g)
kilogram (kg) x2.2 Ib x0.454 kilogram (kg)
AGRICULTURAL AGRICULTURAL
litres per hectare (L/ha) x0.089 galons/acre x11.23 litres per hectare (L/ha)
litres per hectare (L/ha) x0.357 quarts/acre x2.81 litres per hectare (L/ha)
litres per hectare (L/ha) x0.71 pints per acre x141 litres per hectare (L/ha)
millilitresper hectare(mL/ha)  x0.014 fl.oz per acre X70.22 millilitres per hectare (mL/ha)
kilogramsper hectare (kg/ha)  x0.89 Ib per acre x112 kilograms per hectare (kg/ha)
grams per hectare (g/ha) x0.014 ozl/acre X 70 grams per hectare (g/ha)
*EXAMPLE: To convert centimetresto inches, multiply by 0.39; conversely, to convert inchesto centimetres, multiply by
2.54. CAUTION: Herbicidelabelsarein metric unitsonly. Conversion between the Metric and Imperial system may resultin
confusion. It isrecommended to use metric units only.
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