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1. Purpose. The purpose of this Public Wrks Technical Bulletin
(PWB) is to transmit current information on conposting

technol ogy and procedures that can be inplenented at Arny
install ations.

2. Applicability. This PWB applies to all US Arny facilities
engi neering activities.

3. References.

a. AR 420-49-02, Facilities Engineering Uility Services, 28
May 1997

b. U S. Environnental Protection Agency (USEPA), Conposting
Yard Trinmm ngs and Municipal Solid Wastes, 530-R-94-003, My
1994.

c. On-Farm Conposti ng Handbook, Northeast Regi ona
Agricul tural Engineering Service-Cooperative Extension, NRAES-54,
June 1992.

4. Discussion.

a. AR 420-49 contains policy and criteria for the operation,
mai nt enance, repair, and construction of facilities and systens,
for efficient and econom cal solid (nonhazardous) waste
managenent i ncludi ng source reduction, re-use, recycling,
conposting, collection, transport, storage, and treatnent of
solid waste. Chapter 3 gives general guidance on all aspects of
solid waste managenent, including conposting (in section 3-3i).

b. Organic, conpostable materials conprise a |large fraction
of the municipal solid waste stream Capturing these for
conposting wll reduce the volunme of waste that an installation
woul d ot herwi se dispose of in a landfill. Conpostable materials
i nclude yard waste, food scraps, and sonme paper products. The
fini shed conpost product can provide soil conditioners, |andscape
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nulchz backfill, resurface material for eroded areas, and
landfill cover.

c. Appendix A gives detailed informati on on conposting
techni ques and equi pnent applicable to | arge scal e operations at
Arny installations. Appendix B lists sources of additional
i nformation.

5. Points of Contact. HQUSACE is the proponent for this
docunent. The POC at HQUSACE is M. MalcolmE. MLeod, CEMP-RI
202-761- 0206, or e-nmil: mal col me. ntl eod@sace. arny. m | .

Questions and/or comments regarding this subject should be
directed to the technical POC

U S. Arny Engi neer Research and Devel opnent Center
Construction Engi neering Research Laboratory

ATTN: CEERD-CN-E (St ephen D. Cosper)

2902 Newmark Drive

Champaign, IL 61822-1072

Tel . (217) 398-5569

FAX: (217) 373-3430

e-mail: cosper @ecer.arny. m|l

FOR THE COMVANDER

Dl 0
DW GHT (A. BERANEK, P. E

Chi ef , Engi neering and
Construction D vision

Directorate of Civil Wrks
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APPENDI X A
Instal |l ati on Conposting Cuide
1. Framework for Conposting
a. Introduction.

(1) An integrated approach is vital and necessary in the
pl anni ng and devel opnent of a solid waste nanagenment program
Pl anners in Federal, State, and |ocal governnents, and in the
private sector consider a hierarchy of nethods for this
integrated solid waste managenent (I SWW) program source
reduction, recycling and conposting, incineration, and
landfilling. Source reduction prevents problens associated with
di sposal and is the nost favorable waste nmanagenent t ool
Recycling (including conposting) diverts wastes fromincinerators
and landfills and provides for the reuse of resources.
I ncinerating waste is next in the hierarchy; it reduces vol une
and can recover energy. Landfilling is the |east preferred waste
managenent nethod. (Landfills are very costly to site and
mai ntain.) The installation | SWM program may i ncl ude any
conbi nation of these methods. This guide addresses conposti ng.

(2) Mlitary installations could cut their reliance on
dwi ndling landfill space by as much as 50 percent by inplenenting
a conpost program Huge volunmes of yard waste (green waste),
papers, food waste, and other organics can be conposted in a
simpl e, outdoor w ndrow system Diverting this |arge anount of
muni ci pal solid waste (MSW fromlandfills could greatly aid
mlitary installations in nmeeting Federal/State waste reduction
goals. Figure Al shows what our solid waste is conposed of,
based on national averages. The potentially conpostable fraction
woul d be the yard trimmngs (13.1%, food (10.4%, wood (5.2%,
and 70% of paper products (279 . O course, many paper products
such as newspaper and cardboard are actively recycled. The food
waste figures include uneaten food and food preparation wastes
fromresidences, comercial establishnments, institutional sources
such as school cafeterias. It does not include waste from food
processing industries. This is a total of 56%of the total solid
waste stream Currently, only 27% of solid waste is recycled or
conposted, nationw de. This does not count private citizens
conposting in their back yards.

(3) Most food waste is technically conpostable, i.e., edible
means conpostable. However, some materials are difficult to
handl e or take | onger to bi odegrade such as fats, bones, and
eggshells. On average, roughly 70% of food wastes woul d be
easi |y conpostabl e given that proper conditions are present.

(4) Many States have recycling goals and ban | andfil
di sposal of materials such as yard waste and tires. Under the
Federal Facilities Conpliance Act, Arny installations nust follow
State policy in these matters. Figure A-2 shows the States that

A-1
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have banned yard waste fromtheir landfills. Because yard waste
can conprise nearly one half of the solid waste stream banning
the landfilling of yard waste has dramatically increased the life
expectancy of sone States' landfills. States also have their own
recycling or waste reduction goals. Although there is no real
enforcenment nechanism the mlitary should try to neet these
goal s because Arny installations are a |arge and integral part of
St ates' econom es.

(Total weight = 209.7 million tons)

Glass 5.9%

12.4 million tons
Matals 7.7%

16.1 million tons
Plastics 8.4%
19.8 million ts
Paper & paperbeard 38.1% 9.8 million fons
79.5 miitiion tons
-‘ Wood 5.2%

10.8 million tons

: ; Food 10.4%
21.9 million tons

Yard timmings 13.4% Other 8.9%
28.0 million tons 20.8 million tons

Figure A-1. Materials generated in
MSW by wei ght. (Source:
Characterization of Minicipal Solid
Waste in the United States: 1997
Updat e; USEPA; O fice of Solid Waste;
Report No. EPA530-R-98-007; My,
1998.).

o fF
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Source: BioCycle tMagazine, Map'9h

Figure A-2. States with yardwaste bans (Source: USEPA
Fact book) .
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(5) Pl anni ng and Managenent

(a) This docunment focuses mainly on the technical aspects
of conposting yard wastes as well as other conpostable materials.
However, planners nust consider several other issues.

(b) I'n the initial planning stages, make every effort to
involve all interested parties because there are a host of
regul atory, social, and econom c issues that nust be addressed.
The siting of any type of waste nmanagenment facility can spark
heated citizen reactions. The situation is a bit different on a
mlitary installation, but you still want to be a good nei ghbor,
and you certainly do not want to adversely inpact soldiers in any
way.

(c) The first question is, what are the goals of the
conposting progran? C early define the goals and what ever
pressures are pushing you to reduce waste. Then, who wll own
and/ or operate the conpost program —the Federal government or a
private contractor?

(d) Then you will need to assess the solid waste stream
VWhat fraction is conpostable? Were is it generated? Wat type
of collection systemw |l nost efficiently gather the highest
portion of conpostables? The type of waste will, in part,
i nfluence the choice of conposting technol ogy.

(e) If the conmposting facility will be Federally owned,
you wll have to site the facility on the installation, ideally,
downwi nd fromthe cantonnent area, well within installation
boundaries, with clay-type soil high above the water table.

(f) Wio will use the finished conpost? In many cases you
will have a built-in market; |arge troop-based installations are
anal ogous to small cities. You nust conpare your potential
conpost generation to the demand. Al so, weigh the cost of
constructing and inpl enenti ng conposting against |andfill
di version, and the value of finished conpost.

(g) These types of questions nust be addressed before
expendi ng funds on equi pnment or site design. A software tool
that can be used to help estimate the cost of conposting and
material quantities is “Solid Waste Options,” available fromthe
listed I SD or CERL POCs for this PWB. Appendix B |lists useful
references and State-by-State POCs who can answer many questions.

2. Conmpost Sci ence & Techni ques

a. Conposting is a controlled biological decay process
i nvol ving many species of mcroorgani snms and invertebrate ani mals
(i.e., bugs). However, humans can intervene in this natural
process by mani pul ating the organic materials and environnent al
conditions to speed up the conposting process. The bi ol ogi cal
and physical processes are highly interrel ated.

A-3
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b. Science. The nmain factors that
process are:

i nfluence the conposting

e Carbon and Nitrogen Content (Cto Nratio)
Oxygen (Q2) Concentration
Moi st ur e Cont ent

Particle Size

Tenper at ur e.

c. Carbon and Nitrogen Content

(1) Carbon (C) and nitrogen (N) are required nutrients for

m croorganisns to grow and nultiply. Ideally, the conpost
operator should strive for a ratio of approxinmately 30 parts
carbon to 1 part nitrogen (by dry weight). The correct CNratio
(CN allows for rapid and efficient degradation of organic
material. Typically, green, wet plant materials have a |ow C. N
(high N, and brown, dry materials have a high C.N (high O

Tabl e A-1 gives exanples of this.

Table A-1. Exanples of high N and high C materi al s.

Green Materials (H gh N)

Brown Materials (H gh O

Fresh grass cli ppi ngs

Dried | eaves and pl ants

Manur e

Wbod chi ps

Garden pl ants

Dried crop residue

Food scraps Hay, straw
Green | eaves Tree bark
Sewage sl udge (biosolids) [Wast e paper

(2) Too lowa CNratio (low C, high N will cause the
material to degrade too rapidly, usually produci ng unpl easant
odors, under anaerobic conditions. Too high a CNratio (high C

low N will slow or even stop the conposting process. 1In
reality, the correct ratio can be difficult to achieve. Sone
trial and error may be necessary because obtaining the correct

m xture is nore of a learned skill than a precise science.
Nonet hel ess, Section gives a sanple cal cul ation.

d. Aerobic Degradation

(1) Mcroorgani sns need an adequate supply of oxygen to
effectively degrade organics into carbon dioxide (CO), hunus,
and inert mneral compounds. This is called aerobic
bi odegr adat i on.
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(2) Wthout oxygen (anaerobic conditions) organic materials
will still degrade. This is what occurs in landfills and
wast ewat er sl udge digesters. However, the products of anaerobic
degradation include nmethane (CH) and noxious sul fur conpounds
(which yield a characteristic “rotten egg” odor). The result is
a snelly nmess.

(3) As the aerobic degradation proceeds, the m croorgani sns
depl ete the avail abl e oxygen inside the conpost pile. Air nust
periodically be introduced into the pile in a variety of ways.

I n backyard conposting, the pile is sinply turned with a shovel
or pitchfork. Conpost is turned nmechanically in |arge-scale
conposting facilities using either front-end | oaders (wheel

| oaders) or specialized machi nes known as “w ndrow turners.”

e. ©Moi sture Content

(1) Water is another essential elenent for successful
conposting. Water dissolves the organic and inorganic nutrients
in the pile making them available to soil organisns for netabolic
processes. ldeally, the noisture content of the conpost pile
shoul d be between 40 and 60 percent by weight. Too wet a pile
wi Il bring about anaerobic conditions, while a | ack of noisture
will slow or stop biodegradation.

(2) Conpost facilities in regions with dry climates wl|
have to add water periodically to maintain the correct noisture
bal ance.

f. Particle Size

(1) The surface area of organic materials exposed to soi
organi sns al so determnes the rate of conposting. The nore
finely ground a material, the higher the surface area per unit
weight. To increase the rate of deconposition, |arge pieces and
hard materials should be ground, shredded, chipped, or otherw se
reduced in size. This is especially inportant for woody
materials, |arge garden plants, and sone food scraps (e.g.,
citrus rinds, onions, broccoli).

(2) Again, a careful balance nust be struck. Small particle
si ze does increase the deconposition rate. However, it also
reduces the porosity, or air void space, of the pile. Low
porosity restricts the flow of oxygen into and throughout the
pi |l e, causing oxygen depl etion and anaerobic conditions.

(3) The solution to deconposition problens caused by too
much “same-sized” conposting materials is to ensure a conbination
of fine and coarse materials in the mx. A mx of |eaves and
grass shoul d be augnented with a bul ky material (e.g., wood
chips) to increase porosity. |In fact, wood chips are often
referred to as a bul king agent, especially in large industrial
conposting facilities.
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g. Tenperature

(1) A well-operating conpost systens will hold interior

tenperatures between 90 and 140 EF. The tenperature is measured
with a long stenmed thernoneter (figure A-3), at a depth of at

| east 18 in. Tenperatures above 140 EF will begin to limt

m crobial activity. Exceeding 160 EF can be |ethal to your
hel pful soil organisns.

(2) Maintaining high tenperatures is necessary for rapid
conposting, as well as to destroy weed seeds, insect |arvae, and
potential plant and human pat hogens.

(3) All of the above physical factors are inportant for
successful conposting. However, of these, tenperature is the
nost inportant for nonitoring. By recording and graphing the
tenperature over tine, the operator will have an excellent grasp
of the status of the “windrow.” After raw conpost is first

pl aced, the tenperature will rise to a plateau of around 140 EF
(dependi ng on the external tenperature). |If the tenperature

ri ses above the plateau, or begins to decrease, then it is tine
to turn the windrow to introduce nore oxygen. The act of turning
will dramatically lower the interior tenperature, but it wll
rise again to the plateau. |If, after adequate tine and severa
turnings, the tenperature does not increase after a turn, this is
a good indication that the wi ndrow has finished conposting.

Figure A-3. Conpost thernoneter.
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h. Summary. Table A-2 gives a summary of the optinma
conposting paraneters discussed in this section

Table A-2. Summary of optimal conposting conditions.

Condi ti on Pref erred Range

Carbon to Nitrogen ratio (C.N) [25:1 to 30:1

Mbi st ure cont ent 50 to 60%

Oxygen concentration >5% hi gh as possible

Particle size shoul d contain a m x of sizes,
fromvery snmall to 2-3 in.

pH 6.5 to 8.0 (neutral)

Tenperat ure 130 to 140 F

(1) Mx Design

(a) Conmbining the above factors into a successful conpost
process is a learned skill. Nonetheless, a good conpost m x can
be pl anned and nodel ed mat hematically. This can be done on
paper, with a spreadsheet, or with an autonated conputer program
Figures A-4 and A-5 show a spreadsheet nodel used to calcul ate
the correct m x between five different material s.

(b) The user may input known data about the nmaterials
into a spreadsheet. (Figure A-3 shows a good nodel with
formulas.) In the spreadsheet shown in Figure 3, the user inputs
the information in the light gray shaded cells: product nane,
%uC, 9N, %oi sture, bulk density (I b/cu yd), and daily (or batch)
volume (cu yd). The %C and %N are obtai ned through | aboratory
anal ysis or can be found in commonly avail abl e reference books.
| f your reference book gives % and C. N, you can back-cal cul ate
%N, or vice versa. Percent noisture and bul k density are best
determ ned through field neasurenents. Note that this
spreadsheet works equally well for English or metric units. Just
be consi stent throughout in your choice of units for volume and
wei ght (nmass).

(c) After entering the material properties, the user
sinply adjusts the daily volunmes by trial and error until the CN
and noi sture content for the mxture fall into the acceptable
range.

(d) I'f noisture nust be added to the conpost, sinply add
anot her product line to the spreadsheet for water w th %=0,
98\N=0, %oi sture=100, and bul k density=1,685 | b/cu yd (1000 kg/ n).
Then adjust the daily volunme of water until the %isture for the
m xture i s about 50.
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@ test recipe B
A | B C | D | E F G =

1 |Ingredient Data =

z 1b/yd~3

3 Product BC (diry) B (dry) C:M ratic & moisture bulk density daily wolume

i Sludge = 5 ! 18 ; T 1568 115

5 ‘Yard {=1t] 2.9 1 24 [ TE 458 [=lal:]

& Food it ] 2 : 15 : 59 E1Et] 41

7 Faper 15 B.25 | 166 | 19 GEE 445

§ | __Manwre _____d48______1.6 ! ®m ___ 7@ ______: 1379 _______1.7___|

el

10 |Carbon—Hitrogen Balance

11

12 Product Ory weight #C (dry) C (weight) &M (dry) M fweight)

13 Sludge 172,568 58 56, 258 5.8 g, 625

14 ‘Yard 299, Tad [=]E} 173,828 2.5 7,493

15 Food 16, 466 26 4, 926 2.8 328

16 Faper 267, GEg 48 1687, o4l 0.3 559

17 Maknure 2,344 458 1,125 1.6 238

13 Total 758, Sdd 17,152

19 TAOTAL C:M= 22

20

2] |Hoisture Balance

22

23 Product E moisture § =solids  dry weight wet weight water weight

Z4 Sludge e 78 172, 568 562, 560 £0@, BEE

25 ‘Yard TE it} 299, TEE 999, BEE 599, 388

26 Food [=l=} 21 16, 466 52,9683 36,5683

27 Paper- 19 21 267, BEE 338, 378 £2,778

za Marire 72 28 2,344 2,373 £, @28

] Total 753,544 2,253, 146 1,494,602

30 |TOTAL #® moisture= 66

a1

ac

I3 |SUMMARY for Mixture

34

5 C:H= 22

36 | B moisture= 66 |

a7 —

=] il
14| 4| » | M} Fort Sill recipe // [T 0 B

Figure A-4. Recipe spreadsheet.

(e) Figure A-5 shows the sane spreadsheet as shown in
figure A-4, except that the cal cul ated val ues are repl aced
with the formulas, to allow the readers to easily reproduce
this spreadsheet on their own conputers.

(2) Techni ques

(a) Several different techniques are used in conposting.
The sel ection of the correct method depends on the type of
mat erial to conpost, the anmount of |and area avail able, and the
avai |l abl e budget. This docunent focuses on w ndrow conposting of
typi cal yard wastes, such as grass, |eaves, wood, etc. However,
each technique presented in this section is described for its
applicability and for the pros and cons involved in its use.
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i. Honme or Backyard Conposting

(i) Backyard conposting is the nost practical and
cost-effective nmethod for managi ng yard wastes and sone food
wastes fromsingle famly housing areas. It elimnates the need
for specialized collection systens (vehicles) and centralized
conposting facilities (permtting). This type of programis
[imted only by the notivation of the residents and
resour ceful ness of the programadm nistrators. Additional source
material can be found at URL: http://ww. epa/ gov/ epaoswer/ non-
hw/ conpost/index.htm Table A-3 lists materials to include in
(or exclude from backyard conposting.

[[=———"—"testrecipewithfoirmulas>—-——— 0|
& E C D E F G =

1 |[Ingredient Data =

z 1b/yd™3

3 Product BC [dry) N [dry) C:H ratio 2 moisture bulk density daily vol

4 Sludge =15 5 1 =B4/C4 : 26 1566 115

5 Yard =15} 2.5 : =B5/C5 ! TE 456 GGG

[ Food 28 2 1 =B6,/C6 : 69 488 41

7 Paper 4 8.25 I =BT 19 GiEE 44F

B | __Marure _____ 48 _______ 1.6 1 =EE/CE G _____ 2. 1379 _ 1.7 __]

a

10 |Carbon—-Hitrogen Balance

11

12 Product Ory weight BC Cdryl C (weight) EH (dry) M (weight)

13 Sludge =Fa*G4 =Ba =ELlF*C13/168 5.8 =E1*E13/168

14 Yard =F5#G5 =B5 =B14+C14/160 2.5 =B14+E14/160

15 Food =FE*GE =BE =B15*C15 /168 2.8 =B15*E15 /108

16 Paper =F7#G7 =E7 =B1G+C16,/160 8.3 =B1G+ELG/ 160

17 Marure =Fg*Ga =B =B17+C17/168 1.6 =B17+EL7/ 168

18 Total =SUMIELZ:E17) =SUM(F1Z:F17)

19 TOTAL C:M= =012/F1s

z20

21 | Moisture Balance

22

23 FProduct B moisture § solids dry weight wet weight water weight

24 Sludge ] ] =Fa*G4| =024/ (C24/108) =Eza-Dz4

25 Yard T i) =FS#G5 | =025/(C25/1680) =E25-025

26 Food s3] jca =FE*GE | =026,/(C26,/188) =Ez6-026

27 Paper 13 g1 =F7*G7 =027/ (C27/18@) =E27-D027

28 Manure 7z 28 =F*GE | =028/ (C25/188) =Ez28-023

29 Total 5] =SUMCEZ4:E28) =SUMIF24:F25)

30 | TOTAL & moisture= =F29/E29+108

31

3z

33 |SUMMARY faor Mixture

34

35 C:M= =012/F12

36 | B moistures =38 -

37 |~ |

35 -
4] 4] » | b\, Test Recipe / [l nn 2

Figure A-5. Test recipe with fornul as.

(i1) Factors agai nst backyard conposting incl ude:
| ack of command support, |ack of space in yards, resistance from
residents, and the | ow percentage of residents in single famly
housi ng.

(ii1) The nost comon nethod for backyard conposting
is to place an appropriate m xture of materials into a bin or a

A-9
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series of bins. These bins should be at least 1 cubic yard in
size to properly maintain heat.

(iv) Conposting bins can be purchased or constructed
from i nexpensive material s. A sinpl e wooden conpost bin could
easily be made with di scarded wood scraps (li ke those taken from
old pallets). A nore sophisticated three-section wooden bin
(figure A-6) could be used in turning the conpost and/or to all ow
the conposting of different materials at different stages. |If
you are constructing bins of wood, do not use pressure-treated
| unber unless you are certain that the resulting conpost wll
be used in grow ng food.

not

Tabl e A-3.

Materials to include in and exclude from backyard
conposti ng.

Materials Suitable for Backyard|Materials Not Suitable for
Conposti ng Backyard Conposting

Pl ants, weeds, grass Bones

Bread, coffee grounds and Pet manures (e.g., dog or cat)

filters, egg shells

Farm ani mal manures Dai ry products

Garden trinmm ngs

Di seased pl ants

Leaves

Meat scraps

Straw

Mayonnai se, sal ad dressing,
cooking oils, lard

Soi | ed or nonrecycl abl e paper
(shredded)

Noxi ous weeds |i ke poison ivy or
ni ght shade

Wbod chips, tw gs, shredded
branches, and sawdust

Weds that have gone to seed

Fruit and vegetabl e scraps

etetaretetarets!

S
L

L
L

et
SN

ettt
g

225
S
hetels!

etetatetetaretetrets!

L

!
ooet

5055
S
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Figure A-6. Three section wood bin.

(v) Bins are also available comercially at garden
centers. Mst of these are made fromplastic to prevent rotting.
The | east expensive bins could be nmade of a sinple plastic
cylinder, which m ght be used as an encl osed backyard bin. The
encl osed nodel s m ght be nore appropriate when there is little
backyard space, or when conposting a high percentage of food
scraps. Sone of the enclosed nodels are insulated to all ow
backyard conposting throughout the winter nonths in cold
cl i mat es.

(vi) One of the nost dramatic inpacts that a
resident can make is to sinply | eave grass clippings on the | awn.
There is no reason to bag grass clippings, especially with the
current availability of mulching nowers. The clippings wll
deconpose naturally and return some nutrients back to the soil.

ii. Static Pile

(i) A conprehensive conposting programw || require
a central facility to handl e conpostable materials from
residential areas, grounds mai ntenance, and possibly food wastes
and nonrecycl abl e paper. Four different types of centralized
conposting facilities are applicable to Arny installations:
static pile, turned w ndrows, aerated w ndrows, and in-vessel.

(i1) Static piles are the sinplest and | east
expensi ve nethod of |arge scale conposting. |In fact, the word
“conposting” may not really apply. The idea is to sinply nake a
| arge pile of honbgeneous materials that you wi sh to deconpose
over time. The best exanple is a |eaf pile.

(iii) A static pile should only be used for
materials with high carbon content (very high CN). The goal is
to have the pile degrade very slowy to elimnate the need for
any human intervention. Too nuch Nwll cause rapid
deconposition and require that the pile be turned to avoid
anaer obi c condi ti ons.

(tv) Static piles should be kept in w ndrow
formati on for convenience and safety reasons. |In the unlikely
event that the pile should begin to snolder, it would be nuch
easier to reach and extinguish the material in a w ndrow rat her
than a pile that is high, w de, and deep.

(v) Static windrows are al so used for curing and
storing finished conpost.

iii. Turned W ndrows
(i) Turned windrows are the nost conmon type of

central conposting facility. They are nost often used for yard
wast es, | eaves, wood chips, and manure. They can al so be used

A-11
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for food wastes, sewage sludge, and nonrecycl abl e paper under
carefully controlled conditions.

(i) Wndrows do require a large land area for
i npl ementation, not only for the rows thenselves, but to allow
enough space for m xing, stockpiling, and maneuvering the |arge
machi nery involved in noving and turning material (see Section 3,
p A-14). Figure A-7 shows conpost windrows at Fort Riley.

Mﬁm* =, --..-_.-'_ i oo SR =
Figure A-7. Wndrows at Fort Riley.

(ii1) Because wi ndrows are exposed to the el enents,
aeration, noisture, and tenperature nust be nonitored and
mai nt ai ned. Conposting tinme is quite variable with this system
The tinme depends | argely on frequency of w ndrow turning.

(iv) Turned windrows require environnental permts
from State regul ators.

iv. Aerated W ndrow

(1) An aerated windrow is not turned nmechanically to
i ncrease oxygen. Rather, the conpostables are piled over a
series of perforated pipes to which a blower is attached (Figure
A-8). This process is nost applicable for co-conposting sewage
sl udge, nunicipal solid waste (MSW, and yard wast es.

(1i) These systens can incorporate electronic
controls that adjust the blower based on the internal tenperature
of the pile. The blower can either pull or push air through the
pile. Pushing air through the pile guards agai nst clogging the
pipe. Pulling the air through allows you to trap any odors in a
biofilter —a contai ner of activated carbon, finished conpost, or
simlar organic naterial.
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Figure A-8. Aerated static pile.

(iii) Properly controlled, the piles are not turned
until the end of the process. Aerated w ndrows would al so
require environnmental permts.

V. | n-Vessel Systens

(1) I'n an in-vessel conposting system nmaterials are
first batch mxed* in a special m xing device to achi eve the
correct C. N and noisture content, then placed into an encl osed
chanber or vessel. These containers can take many forms, but a
common format uses nodified roll-off boxes (figure A-9). These
proprietary systens can be quite sophisticated and are designed
to mnimze conposting time. Air is blow into the box to
provi de aerati on.

(1i1) Because these systens are closed, all the
requi site environnental conditions (i.e., aeration, tenperature,
noi sture) are kept at optimal |evels throughout the conposting
process, which can take as little as 1 week.

(tii) In-vessel conposting is ideally suited for
handling materials, such as food waste or sewage sludge, that
m ght cause odor or pest problens if |left exposed. This system
does not take up nmuch space since all material is containerized.

(1v) The cost of equipnment necessary for an in-
vessel systemis on the order of tens to one hundred thousand
dollars. However, these systens are nodul ar in nature and can be
easi |y expanded as material volunes increase.

*Batch mixing” refers to placing certain proportions of materials
together in a container for mxing. After mxing, the container is
enptied, and the process is repeated. This termis used to

di stinguish froma continuous m Xi ng process.
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Figure A-9. In-vessel containers.

(v) The big advantages to i n-vessel systems is
that there is no runoff to control, and they can be used
wi t hout conplex site preparation. These avoi ded costs nmay
out wei gh the expense of the specialized equi pnent. Because
there is no significant earthwork or infrastructure required,
t hese systenms can be set up at several, or varying |ocations
across the installation. They can be noved relatively easily,
whereas you cannot nove a tradition outdoor wi ndrow site.

i. Summary. Table A-4 sunmmarizes the pros and cons of the
conposti ng met hods di scussed above.

3. Heavy Machinery for Conposting. Currently, relatively few
installations use conposting as part of their integrated solid
wast e nmanagenent strategy. One barrier to inplenenting a conmpost
programis unfamliarity with and expense of the specialized

equi pnent typically used in |arge-scale conpost operations. This
gui de gives sone basic information on size reduction equi pnent,

Wi ndrow turners, and screens available, and lists the pros and
cons of these equi pnment types. Appendix B lists nmanufacturers.

a. Size Reduction Equi pnent
(1) The particle size of organic materials slated for

conposting nmust be small enough to pronote rapid deconposition
For a given anount of material, snaller particle size nmeans
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greater surface area exposed to soil organisnms that performthe
desired bi odegradation. However, sone fraction of |arger pieces
should remain to increase porosity and allow for natural aeration
t hrough convection. Unless the incom ng material consists only
of small itens (e.g., |leaves and grass), sone sort of nechani cal
reduction will likely be necessary. Two broad categories of size
reducti on equi prent are high speed grinders and | ow speed
shredders. “Hi gh” and “low speed refer to the rotational speed
of the hammers or cutters, and not necessarily nmachi ne

t hr oughput .

Table A-4. Summary of conpost mnet hods.

Land area
Met hod required Pr os Cons
Static Controlled Low nai nt enance, nay Limted types of
pile only by not require permt material, slow
anmount of degr adat i on
nmat eri al
Tur ned Large, for Sinmpl e and effective Requires State
Wi ndr ow mat eri al s and|for wi de range of permt, heavy
equi pnent materials; |arge or machi nery,
snal |l scal e noni tori ng
Aer at ed Moder at e Direct odor control, Expense,
w ndr ow area, |ess paraneters conpl exity of
i ntensi ve el ectronically contro
mat eri al nmoni t ored and equi pnent; not
handl i ng controll ed for very |l arge
scal e
I n-vessel |Small area; Qdors and vectors Conmpl ex,
concrete pad |[controlled; may not speci al i zed
required require State permt; |equi pnent
fast conpost tinmes; no |required;
runoff; no earthwork potential high
for site preparation capi tal cost

(2) Tub Ginders

(a) Tub grinders are the nost common type of high speed
grinder. The entire unit is roughly the size of a sem-trailer
(figure A-10). It consists of a large “tub” that rotates over a
hi gh speed, horizontal hamrer mll. The output particle size is
controlled by a perforated grate under the hammers. Tub grinders
process organi c wastes, especially woody materials, very quickly
and produce a uniform chipped product. They do not tolerate
contam nation with netals, as a |large netal object in the chanber
could do significant damage in a short tine. Drawbacks to using
tub grinders include noise and flying debris. Because the hamer
chanber is open, the high speed hammers can eject material a
significant distance fromthe machi ne unl ess the operator keeps
the tub full.
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Figure A-10. Tub grinder.

(b) This equipnent allows the tub to tilt up (Figure
A-11) to allow access to the hammers, to ease mai nt enance,
and to renove any debris that becones stuck. The hamrers
t hensel ves each weigh 5 pounds and the wear surfaces can be
coated with a sacrificial weld material to extend their
useful life. The hanmers swing freely on their axis as the
entire drumturns at high rotational speed (Figure A-12).

(c) The size of the output fromthe tub grinder is
governed by the size of the holes in the grate under the hamrers.
Usual ly the perforations range in size fromabout »to 3 in.

Figure A-11. Tilted tub grinder.
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Figure A-12. Tub hammers cl ose up
(3) Horizontal In-Feed Ginders

(a) The other common type of high speed grinder consists
of an encl osed horizontal shaft hamrer mll with an in-feed
conveyor or platform A front-end | oader places naterial to be
reduced in the central section of the nmachine. The material is
then nmoved with a belt or hydraulic raminto the hamer m ||
chanber .

(b) These machi nes can handl e a wi der range of materials
than tub grinders, depending on power and configuration.
Machi nes of this type (figure A-13) can grind nmany different
types of debris, short of netals or rock. It uses snall,
har dened teeth on a the high speed rotating drum Particle sized
is determned by a perforated grate |ike a tub grinder.
Processing material through a grate results in uniformsized
out put, which is good for produci ng wood chi ps, but (because the
grate is solid and has no “give”) it is nore prone to clogging.

(c) Alighter duty grinder is best suited for preparing
m xed yard waste for conposting, but not for producing uniformy
si zed wood chips (figure A-14). Such a grinder uses a set of
smal |, free-sw nging hamrers that rotate on a drumthrough a set
of parallel bars, Iike a conb (figure A-15). (Photos courtesy of
Fecon, Inc. Conposting Equi pment. (photo courtesy of Fecon, Inc.
Conposting Equi pnent) This arrangenent results in | ess clogging
and an end product that | ooks nore shredded than chi pped.
Because the processed material is not uniformy sized, it yields
a good m x of high surface area and porosity, inportant el enents
for ventilation, as discussed in Section 2 (p 8).
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Figure A-14. Ginder with in-feed conveyer.
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Figure A-15. Flails and sizing "conbs."

(d) I'n general, both these nmachines are easier to | oad
than a tub grinder, using a standard wheel ed front-end | oader (as
shown in Figure A-14).

(4) Chipper-Shredders. A chipper-shredder is a snall,
portabl e grinder, used exclusively for tree Iinbs and branches.
Chi pper-shredders are typically used by electrical utilities and
tree services in their tree trimmng operations. They are easily
towed behind a truck as it noves to many |locations in a day. The
chi pped wood is ejected at high speed through the chute at the
top, into the back of an enclosed truck (figure A-16). A chi pper
shredder could be used as part of an installation conpost program
if the only material needing size reduction is a relatively |ow
vol une of tree |inbs and brush. This m ght not be adequate for a
| arge troop installation.

i
L

Figure A-16. Chi pper-shredder.
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(5) Low Speed Shredders

(a) The second nmai n category of size reduction equi pnment
are | ow speed, high torque, shearing shredders (figure A-17).
These machi nes consist of two (or three) shafts with neshed
cutting disks. Different wdths are used depending on the
toughness of the material to shred, and the size of the end
product desired. The hydraulically powered shafts turn at a very
sl ow speed (a few rpm, but with very high torque, which allows
the machine to shred all types of materials: yard wastes to
plastics to light steel.

Figure A-17. Shearing shredder.

(b) Shredders would not be the first choice for reducing
solely yard wastes. Because they enploy no particle size
control, the output tends to be in longer strips rather than in
chips. However, it could be used as a primary processor for a
nodest secondary grinder or perhaps a chipper-shredder. This
woul d be an ideal arrangenent if the installation needs to shred
many different materials in addition to yard wastes (e.g., at the
DRMO): scrap netals and surplus, construction and denolition
debris (C/ D), or normal municipal solid wastes. These machi nes
have shown at |east a four-to-one volunme reduction in shredding
C/ D

(6) Summary. Table A-5 sunmmarizes the throughput and
pur chase cost of the equi pnent described above. Periodic
grindi ng/ shreddi ng tasks can often be done through contractors,
thereby elimnating the need to purchase equi pnment. Vendors are
typically not interested in renting out equipnment. They make
their noney fromsales. The logistics involved in continually
transporting and mai ntai ning these devices nakes rental s
i npractical. However, contractors would be willing to operate a
machi ne at an installation on a periodic basis, because the
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contractor's fee would include maintenance, transportation, and
the contractor's tinme for operating the machine.

Tabl e A-5. Summary of size reduction nmachinery.

Aver age
Thr oughput Cost

Type (ton/ hour) Range [Not es
Tub grinder |10-25 $160- Good for uniformy chipping

200k woody naterials
Hori zontal |15-30 $150- Ginds variety of materials;
gri nder 190k many configurations avail.
Shear 25-45 $300- Shreds anyt hi ng; not best for
shr edder 400k yard waste only

b. Wndrow Turners

(1) As mcrobes work to degrade organic material in a
conpost wi ndrow, they use up avail abl e oxygen inside the w ndrow.
Al so, air spaces in the wi ndrow conpress due to gravitationa
settling. Wthout adequate oxygen, the w ndrow can begin
anaer obi ¢ deconposition, which results in mal odorous byproducts.
To ensure adequate oxygen, the w ndrow nust be turned. There are
many different types of machines available to do this.

(a) Wheel Loader

i. The sinplest windrow turning device is the front-end
| oader or wheel |oader (figure A-18). The windrow is just
scooped up and dropped a little at a tinme, down its |ength.
Conposting can al so be done in a series of side-by-side concrete
bunkers, simlar in concept to a backyard bin with three
sections. A wheel |oader would be the only choice in that
si tuation.

ii. The obvious advantage of using a wheel |oader to
turn conpost is that they are relatively conmmon. Even a nodest
si zed conpost operation wll need one for placing and | oadi ng raw
and finished product. On the downside, a wheel |oader is slower
than a specialized windrow turner and may not mx as well.

(b) Towed Rotor. A small, specialized windrow turner is
the towed rotor type (figure A-19). This unit is towed with a
tractor or tracked vehicle and powered by its own engine or via a
power take-off |inkage (PTO. A horizontal drumwth flails or
knives rotates at high speed and rides close to the ground to
engage the wi ndrow and shoot it to the rear or to the side. It
does a good job of mxing and aerating snaller windrows. This
type of machine is ideal for smaller or startup operations that
do not want to nmake a | arge capital equipnent investnent. They
are relatively inexpensive and use existing equi pment for tow ng.
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Figure A-18. CAT wheel | oader.

Figure A-19. Towed wi ndrow turner.

(c) Elevating Face. Another major type of w ndrow turner
is the elevating face (figure A-20). This self-propelled or
towed machi ne uses a wide, inclined conveyor to lift the w ndrow
and drop it off the back. Wde wi ndrows can be turned with two
passes. This machine does well at aerating and “fluffing” the
pil e and does not produce high speed projectiles. It is ideally
suited for materials that are rel atively honbgeneous or materials
you wi sh to avoid scattering (e.g., food wastes). Towed units
are noderately priced, but would not do as well in mxing or size
reduction as the drumrotor nodels.

(d) Wndrow Straddle. Wndrow straddle type turners are
the |l argest, nost effective, and the nost expensive nmachines
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avail able (figure A-21). This self-propelled machine rides over
the entire windrow and turns it via a horizontal, high speed,
rotating drumwith flails. It thoroughly m xes, aerates, and

ej ects the conposting material out the back, reformng the

wi ndrow. The hi gh cost (over $200k) is the only drawback to this
type of machine. Any long term high volunme conpost program
shoul d seriously consider the investnent.

Figure A-20. Elevating face wi ndrow turner

Figure A-21. Straddle type w ndrow turner
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(e) Tronmel Screens

i. The consistency (particle size distribution) of the
fini shed conmpost will vary based on the original materials. Sone
end uses for conpost will dictate what it nmust | ook |ike. For
exanple, if the finished conpost will be spread on damaged
training |lands to encourage revegetation, it would not matter if
t he conpost contained |arger wood chips or chunks of tough plant
stens. However, if the conpost will be used in gardens and
flower beds, then it is nore inportant that the conpost have a
uniform fine texture. The best way to acconplish this is to
screen the end product before distribution.

ii. There are different types of industrial size
screeni ng machi nes available for different types of bul k
materials. The nost suitable for conpost operations is the
trommel screen. A trommel screen is basically a large, rotating,
cylindrical sieve (figure A-22). A wheel |oader dunps conpost on
the in-feed conveyor, then the conpost goes through the center of
the trommel. Fine material passes through the nmesh, and the
oversize is carried all the way through, and falls out the far
end. The tromel screen can use two different sized neshes to
separate the conpost into three different size classifications.
For exanple, the first screen would be % in. and the second, 1
in. The result would be three separate piles: smaller than %
in.,% to 1-in., and larger than 1-in. Conveyors can be used to
put the sorted materials into distinct piles.

| ':--r -g".- E!;_:}_:.

o gy
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Figure A-22. Trommel screen.
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iii. Large brushes at the top of the tronmel
rotate with the trommel to prevent the screen from

cl oggi ng.

4. Arnmy Case Studies. Although conposting has not yet becone

wi despread in the Arny, sone installations have devel oped
successful conposting prograns. Their successes and “chal | enges”
will pave the way for the rest of the Arny. This section
profiles conposting prograns at Fort Riley, KS and Fort Sill, OK

a. Fort Riley

(1) The conposting programat Fort Riley is managed by the
Directorate of Environnent and Safety (DES). It is part of a
conpl ex called the Environnmental WAste Managenent Center (EWAL).
In addition to conposting activities, the Center collects and
processes antifreeze, fuels, and househol d hazardous wastes.
They al so have an encl osed area where, in cooperation with State
regul ators, they are trying different biorenedi ation strategies
on soil contam nated by | eaking underground storage tanks. DES
has several enployees stationed at the EWMC, but their duties are
quite varied. The conposting program alone requires the
equi valent of 1.5 full-tinme enpl oyees.

(2) The actual conposting takes place on a concrete pad
(roughly 100x300 feet in area) surrounded by an earthen berm
Because this was one of the first |large scal e conposting
operations in the State of Kansas, State environnental regulators
were somewhat stringent in their site requirenents, preferring to
err on the side of safety.

(3) Grass, |eaves, and wood chips conprise the majority of
mat eri al s conposted. Fort Riley also conposts manure and beddi ng
from horse stables and a bison herd. Contractors pick up yard
wastes fromthe residential areas and deliver themto the conpost
site. Residents may set out either paper or plastic bags, but
paper is preferred, because DES enpl oyees often have to de-bag
the yard waste in plastic bags by hand. Paper bags are all owed
to conpost with the yard waste. In the future, DES staff may
performthe residential collection thenselves since, that way,
they coul d better ensure that contam nation would be elim nated
fromthe yard waste. Sol dier and contractor grounds crews bring
grass clippings and other debris fromaround buildings in the
cantonnent area. All of the raw material delivered to the
conpost site is placed directly on the concrete pad in w ndrow
formation (figure A-23). Mst of this material requires no
grinding as it is nostly grass and | eaves.

(4) Wndrows are turned about once per week using a Sittler
towed rotor type windrow turner (figure A-8). Staff track the
tenperature and noisture content of the windrows. They have a
sprinkler systemavailable in case the piles dry out due to |ack
of rain and high winds. Their typical mxture of |eaves and
grass takes an average of 4.5 nonths to fully conpost. After the
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degradation process is conplete, the material is run through a

tromel screen with 0.5 and 0.75-in. openings. This results in a

fine, uniform rich conpost (figure A-24) that is used for

| andscapi ng on post, and by the Natural Resource and Land
Managenent offices. In fact, the finished conpost is of such
high quality, the Directorate of Public Wrks is considering
bagging it for distribution to the housing areas.

e A
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- e e

Figure A-23. Fresh conpost at Fort Riley.
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Figure A-24. Finished conpost at Fort Riley.
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(5) The conpost program at Fort Riley processed about
1,200 cu yd of material in fiscal year 1996. The POC for the
Fort Riley conpost programis:

Doug Schonber ner

Chi ef Recycl e Branch

Directorate of Environnent and Safety
Attn: AFZN ES-R

Bl dg 1970, 2nd Street

Fort Riley, KS 66442-6016

(913) 239-8144

(913) 239-8535 (fax)
schonbed@i | ey-emhl. arny. m |

b. Fort Sill

(1) The Fort Sill conpost programis an anbitious, |arge-
scale, long-termproject. Planning began in 1992 in the
Directorate of Environmental Quality (DEQ. They prepared a
Conpost Facility Business Plan that went into nuch detail on
regul atory requirenents, solid waste assessnent, conposting
operations, cooperation with their host community, and,
especially, an econom c analysis of the program The ori gi nal
pl ans called for the eventual conposting of many different types
of materials: land clearing debris, |eaves, food wastes, sewage
sl udge, and nonrecycl abl e paper. Construction was scheduled to
begin shortly thereafter; several years were allowed for the
construction and permtting process.

(2) One of the nost inportant considerations is howto
mar ket, or otherw se use the finished conpost. Fort Sill is the
Arny’s field artillery school, and has a high volune of mlitary
vehicle traffic as part of training exercises. This type of
activity invariably rips up vegetation and causes erosion
problens. This is an especially serious probl em because the
native soil and vegetation is rather poor. Therefore, a rich
source of organic material is just what they need. Directorate
of Natural Resources (DNR) staff estimated that they could use
nore conpost on the training |ands than the conposting site could
ever produce. This built-in market elimnates the concern for
finding public or conmmercial markets outside the base.

(3) The site selected for the conpost operation was an enpty
field adjacent to the landfill (figure A-25). This site is a few
m | es northeast of the main cantonnent area, thereby elimnating
the possibility of odor conplaints. Also, trucks delivering
conpostabl e materials could use the scales already at the
landfill. Site design was perforned in-house. Special care was
taken with the grading and earthwork to ensure correct slopes
that drain to a runoff collection pond (figure A-26). The
natural soil in southwest Oklahoma is a thick, red clay. Al nost
all of the 33 permtted acres passed the State-required
pernmeability test on the first try. The areas that did not pass
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were sinply reconpacted. Also constructed at the site was a

ci nder block building to be used as a testing |laboratory, with
benches, a restroom and a double bay garage. The total startup
cost, including site preparation, building, and equi pnent

pur chase was under $300k.

Figure A-25. Conpost site prior to
construction.

ENoe 2 - = gt "

Figure A-26. Earthwork and grading.

-

(4) Three full time enployees are required to keep the site
operational. Their duties include: sanpling and testing,
mat eri al handl i ng, equi pnment mai nt enance, and recor dkeepi ng.
Enpl oyees from both the DEQ and DNR have participated as this
program has progressed. Total annual cost for operating the
conpost facility at capacity is estimted to be about $650k.
Thi s i ncludes, equipnent, |abor, and operations and nai ntenance

(&M .
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(5) Through the sunmmer of 1995, |andscapi ng and Nat ural
Resources crews had delivered conpostables on an irregul ar basis.
This allowed the staff to becone famliar with the equi pnment and
noni toring procedures. In the sumer and fall of 1995, the
command decided it was tine to begin conposting as nuch as
possi ble to make use of their large investnent in the conpost
site. The various conpostable materials were collected in three
ways, in addition to the |andscaping materi al :

(a) Fromthe office and break room areas using speci al
containers |ined wth biodegradabl e plastic bags.

(b) Fromthe housing areas using the biodegradabl e
pl astic bags for inside the house (food wastes), and wheel
plastic carts (yard waste) to take to the alley or curb. Figure
A- 27 shows back alley containers, for conpostables and trash.

Figure A-27. Conpostabl e sand
recycl abl es col |l ecti on from housi ng.

(c) Fromtroop units, shop activities, etc., using
dunpsters placed around the post. Figure A-28 shows two
dunpsters near the recycling center—ene for conpostables, and the
other for trash. Figure A-29 shows the sticker placed on
conpostabl e bins at each residence and dunpster

(6) Materials arriving on the site are dunped in a concrete
bunker (figure A-30). There they are mxed with a wheel | oader,
then transferred to a Rotor Gind, horizontal shaft hamer ml|
for grinding (figure A-31). Fort Sill purchased this grinder
because if its high power and ability to grind a wide variety of

materials. For the nost part, the grinder worked very well, but
it would sonetinmes get plugged up with sonme of the softer or
wetter material. Wndrows are turned with a Scarab straddle
turner, which worked very well, although the turner would

occasionally get stuck in the nud.
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(7) I'n case of drought (a commobn Okl ahoma occurrence), the
W ndrows are kept nmoist with a punp set up to draw water fromthe
run off retention pond connected to a sprinkler system (figure A-
32). The installation has recently begun to use a water truck
simlar to those used in street cleaning.

Figure A-28. Conpostabl es and
recycl abl es coll ection via dunpster.

PCOMPOSTABLES ONLY

-
©

THE FOLLOWING MAY BEPLACED IN
THIS DUMPSTER:
GRASS CLIPPINGS
LEAVES
TWIGS, BRANCHES
NON- CORRUGATED CARDBOARD
NON- RECYCLABLE PAPER
FOOD WASTES
VEGETABLE PEELINGS
EGG SHELLS
COFFEE GROUNDS, TEA BAGS
WOOD (UNFINISHED, UNPAINTED,
UNTREATED)
REMOVE COMPOSTABLES FROM
CONTAINER OR DEPOSIT IN
BIODEGRADABLE BAG

Figure A-29. Sticker on
conpost abl e recept acl es.
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Figure 30. M xing bunker.
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Figure 32. Water punp.

(8) The described system of collecting all conpostables from
all sectors did net |Iarge quantities of material s—an average of
500 tons per nonth. However, the volune and m x of materials
al so caused sone problens with unacceptable | evels of
contam nation. Staff estimated that only 2 percent of the office
conpostabl es were sorted correctly. The contractor collecting
from househol ds was not discrimnating enough. Staff received
many calls from households trying to deci pher just what was and
was not conpostable. The collection via dunpsters was a
conpletely hit-or-mss situation. |t appeared that nost people
did not notice or may have sinply disregarded the instructions on
the sticker (figure A-29).

(9) Eventually, the windrows contained too nuch
contami nation (especially plastics) to be useful. In the sunmer
of 1996, the decision was made to suspend the program pending a
re-evaluation of the collection procedure and a cl eanup of the
conposting site. Fort Sill restarted the programin the fall of
1996 using a “phased approach,” that is -- running at ful
capacity on "sinple" honbgeneous materials (like grass and
| eaves) first, and then start adding other materials one at a
time.

(10) In sinple terns, the lesson that Fort Sill’s experience
shows is to “learn to wal k before you run.” Begin conposting
with sinple materials until you get the bugs worked out of your
systenms. Start with a mx that has a slightly higher C N
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concentration (for exanple, 30:35). This will slow the
degradation and mnimze the chance of anaerobic odors while
getting a programstarted. Public education also plays a big
role in elimnating contamnation and will take tinme. Renmenber
t hat people did not start recycling overnight.

(11) Fort Sill has an excellent conpost site, and sonme of
t he best equi pment available. The program has grown into a
successful venture that now conposts a high volune of organics.
Their current mx includes 50%tree trinmngs, 30% pallets and
ammo boxes, 15% sewage sl udge, and 5% grass and | eaves. Their
materi al sources include |and clearing for new construction, DPW
grounds crews, and various supply locations (recycling collection
sites). Fifteen percent of finished conpost is used by DPW
grounds crews for | andscaping and the rest is used for |and
conservation in training areas.

(12) The POC for the Fort Sill conpost programis:

A enn Wheat

Chi ef HaziMat/\Waste Managenent Divi sion
Directorate of Environnental Quality
Attn: ATZR-B

Fort Sill, OK 73503-5100

405- 442- 3234

405- 442-5722 (fax)
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APPENDI X B
Ref er ences

1. This appendix lists many different resources the reader can
turn to for additional information.

a. Recommended Docunents
(1) Conposting Yard Trinmm ngs and Minicipal Solid Wste.

USEPA- O fice of Solid Waste and Energency Response. EPA530-R-94-
003. May 1994.

(2) On-Farm Conposting Handbook. Northeast Regi onal
Agricul tural Engineering Service - Cooperative Extension. NRAES-
54. June 1992.

Addr ess:

Nort heast Agricul tural Engineering Service
152 Ri | ey- Robb Hal

Cooper ati ve Extension Service

| t haca, NY 14853-5701

(607) 255-7654

(3) Solid Waste Options. Software Planning Tool. Used to
estimate costs and material quantities. Distributed as
Install ati on Support Division Public Wrks Technical Bulletin
420-49-07, 19 Novenber 1996. Contact |1SD at (703) 428-6085.

b. Periodicals

JG Press (publishers of BioCycle and Conpost Science and
Utilization)

419 State Avenue

Emmaus, PA 18049

phone: 610-967-4135

http://grn.conf grn/ news/ home/ bi ocycl e/ i ndex. ht n

e-mail: Bi oCycl e@ol . com

Resource Recycling

PO Box 10540

Portl and, OR 97296- 0540
(503) 227-1319

(503) 227-6135 (fax)
resrecycl e@ol . com

Conposti ng News

Ken McEnt ee, Editor

13727 Hol | and Road

Cl evel and, OH 44142

216- 362- 7979

216- 362- 6553 (fax)
http://ourworl d. conpuserve. conl honmepages/ ntent eenedi a
71241. 2763@onpuserve. com
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c. State Contacts
ALABANA

Dave W I Ilians

Ext. Honme Horticulture
101 Funchess Hal
Auburn University,
PH (334) 844-3032
FX: (334) 844-9622
EM jdw | |ia@cenet. auburn. edu
ALASKA

Wayne Vandre

Land Resource Program Leader
Univ. of Al aska Fairbanks

2221 E. Northern Lights Blvd.
Suite 118

Anchor age, AK 99508-4143

PH (907) 279-6575

FAX: (907) 277-5242

EM af wgv@cad2. al aska. edu

ARl ZONA

Dougl as Dunn

Cooperati ve Extension Service
450 Sout h Haskel |l Avenue

Uni versity of Arizona

W cox, AZ 85643

PH (602) 384-3594

FX: (602) 384-3681

ARKANSAS
Tom Ri | ey,
Ext. Spec.
Pol i cy
Sect. Leader Environ. &

Nat ural Resources AR Coop.
Ext. Service

P. O Box 391

Littl e Rock, AR 72203

PH (501) 671 -2080

FX: (501) 671 -2251

EM tril ey@aex. edu

CALI FORNI A

Dr. David M Crohn

Asst. Professor and Extension
Wast e Managenent Speci al i st
Dept. of Soil and

Envi ronnment al Sci ences

Uni versity of California

Ri versi de, CA 92521

PH (909) 787-3333

FX: (909) 787-5522

EM davi d. crohn@ucr. edu

AL 36849

Jr.
Envi r onnment al

COLORADO

Dr. W Dennis Lamm Asst.
Agriculture & Natural Res.
Room 1, Adm nistration Bl dg.
Col orado State University
Coop. Ext.

Fort Collins, CO 80523-0002
PH (970) 491-6281

FX: (970) 491-6208

EM dl amm@i nes. col ost at e. edu
CONNECT!| CUT

John Bart ok

Coop. Ext. Speciali st

Dept. of Res. Mygt. & Eng.
Uni versity of Connecti cut
1376 Storrs Road

Storrs, CT 06269-4087

PH: (860) 486-2840

FX: (860) 486-5408

EM

j bart ok@anr 1. cag. uconn. edu
DELAWARE

Thomas Wi ans

Ext. Spec., Water Quality
055 Townsend Hal

Uni versity of Del aware
Newar k, DE 19717-1303

PH (302) 831-2468

FX: (302) 831-3651

EM

Dir.

thomas. wi | | i ans@rvs. udel . edu
DI STRICT CF COLUMBI A

Dr. Maurice Dorsey

State Prog. Ldr., CES

Univ. of District of Colunbia
901 Newton Street, NE
Washi ngt on, DC 20017

PH (202) 576-6951

FX: (202) 576-8712

EM j hazel @sl usda. gov
FLORI DA

Dr. Wayne H Smith

Bi omass Energy Systens
Bui | di ng 803, Room 11

Uni versity of Florida

Gai nesville, FL 32611

PH (904) 392-1511

FX: (904) 392-9033

EM whs@nv.ifas.ufl.edu
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GECRG A
Wayne J. MclLaurin
Ext. Horticulturist

Uni versity of Ceorgia

At hens, GA 30602

PH: (706) 542-2340

FX: (706) 542-2375

EM wntl auri @ga. cc. uga. edu
GUAM

Manuel V. Dugui es

Ext ensi on Veterinarian, CES
Col | ege of Ag. & Life Sciences
UOG Station

Mangi | ao, Guam 96923

PH: (671) 734-2575

FX: (671) 734-6842

HAWAI |

Dr. Ping-Yi Yang

Ag. Engineering Ext. Spec.
Dept. of Ag. Engineering

Col. of Tropical Ag./Hum Res.
Uni versity of Hawai i

3050 Muile Wy, Gl nore 203
Honol ul u, H 96822
PH: (808) 956-9459

FX: (808) 956-6442
EM agng8uhuni x. uhcc

| DAHO
Dr. Robert Rynk
Bi ol ogi cal and Agricul tural

Engi neeri ng

Engi neeri ng/ Physi cs Bl dg.
Uni versity of Idaho

Moscow, | D 83844-0904

PH: (208) 885-7626

FX: (208) 885-8923

EM rrynk@i daho. edu
I[LLINO S

Kat hl een Br own

Ext. Spec., Solid Waste Myt.
Uni versity of Illinois CES
P.O Box 575

Maconmb, IL 61455

PH (309) 836-3366

EM brownk@ dea. ag. ui uc. edu
| NDI ANA

Oscar Hopki ns

Rural Devel opnent Spec.
Krannert Buil di ng

Purdue University

West Lafayette, I N 47907
PH: (317) 494-0594

FX: (317) 494-5876

EM cpl@mace. cc. purdue. edu

| OMA

Dr. Tomdanville

Dept. of Ag. & Biosystens
Engi neeri ng

200A Davi dson Hal |

lowa State University

Anes, | A 50011-3080

PH: (515) 294-0463

FX: (515) 294-9973

EM tglanvil @astate. edu
KANSAS

Dr. WIliam Eberle

Ext. Spec., Land Resources
2014 Thr ocknorton Hal

Kansas State University
Manhat t an, KS 66506- 5504

PH (913) 532-5776

FX: (913) 532-6315

EM weberl| e@z. oznet . ksu. edu
KENTUCKY

Dr. Richard Warner

Dept. of Ag. Engineering
217 Ag. Engineering Bl dg.
Lexi ngton, KY 40546-0276
PH (606) 257-3000, ext.
FX: (606) 257-5671

EM rwarner @en. uky. edu
LOUI SI ANA

Rod Hendri ck

Specialist for Solid Waste
268H Knapp Hal

University Station

Bat on Rouge, LA 70803

PH (504) 388-6998

FX: (504) 388-2478

EM xtbran@ suvm sncc. | su. edu
MAI NE

Ri chard Verville

Ext. Educator Cy. Oficer
UMCE

125 State St.

Augusta, ME 04330

PH (207) 622-7546

FX: (207) 581-3304

EM di ckv@nte. unmext. mai ne. edu

217




PWIB 420-49-14
15 AUGUST 2000

MARYLAND

Herbert L. Brodie

Ext ensi on Agri cul tural

Engi neer

Dept. of Biological Resources
Engi neering University of

Maryl and

4701 diff Gty Road
Chestertown, MD 21620

PH. (410)778-7676

FX: (410)778-9075

EM hb23@mai |l . und. edu
MASSACHUSETTS

G sel a Val ker

Coop. Ext. Speciali st

St ockbridge Hall, Rm 218
Amher st University

Amherst, MA 01003

PH. (413) 545-2188

FX: (413) 545-6555

EM gwal ker @nmass. coopext . edu
M CH GAN

Howar d Per son

Ag. Engi neer

225 Farrall, Ag. Eng. Hal

M chigan State University

East Lansing, M 48824-1323
PH: (517) 353-4619

FX: (517) 353-8982

EM person@rsuces. canr. nsu. edu
M NNESOTA

Tom Hal bach

Water Quality & Waste Myt.

216 Soils Bl dg.

1529 CGortner Ave.

Uni versity of M nnesota

St. Paul, M\ 55108

PH: (612) 625-3135

FX: (612) 625-2208

EM t hal bach@res. utm. edu

M SSI SSI PP

Dr. Joseph Schm dt
Comm Dev. Speci ali st
M ssi ssi ppi Coop. Ext.
P. O Box 5446

M ssi ssippi State,
PH. (601) 325-3141
FX: (601) 325-8407
EM joes@res. nsstate. edu

Servi ce

M5 39762

M SSOUR

Marie E. Steinwachs
Househol d Hazar dous Waste
Pr oj ect

1031 E. Battlefield, Suite 214
Springfield, MO 65807

PH (417) 889-5000

EM stei nwam@xt. m ssouri.edu
MONTANA

Dr. Mchael P. Vogel

Ext ensi on Housi ng Spec.
Tayl or Hal l

Montana State University
Bozeman, MI 59717

PH. (406) 994- 3451

FX: (406) 994-5417

EM acxnmv@rsu. oscs. nont ana. edu
NEBRASKA

Wayne Wl dt

253 L. W Chase Hal

Uni versity of Nebraska-Lincoln
Li ncol n, NE 68583-0726

PH (402) 472-8656

FX: (402) 472-6338

EM bsen0l10@inl vm unl . edu
NEVADA

Janet Usi nger

Col | ege of Agriculture/ 222
Uni versity of Nevada, Reno
Reno, NV 89557-0004

PH (702) 784-6611

FX: (702) 784-4227

EM usingerj@s. scs. unr. edu
NEW HAMPSHI RE

Bruce Marriott

Program Leader Ag. Resource
UNH Cooper ati ve Extension
122 Tayl or Hal l

Uni versity of New Hanpshire
Dur ham NH 03824

PH (603) 862-2033

FX: (603) 862-1585

EM b _marriott.unh. edu

NEW JERSEY

Jonat han For sel
Agricul tural / Resource
Managenent Agent

15 South Munn Ave.

East Orange, NJ 07018

PH (201) 678-7988

FX: (201) 676-9826

EM essex@esop.rutgers. edu
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NEW MEXI CO
George Dickerson
Ext. Hort. Spec.
9301 I ndi an Schoo
Suite 201

New Mexico State University
Al buquer que, NM 87112

PH (505) 275-2576

FX: (505) 292-9815

NEW YORK

Tom Ri chard

Seni or Research Support Spec.
207 Rl ey Robb Hal

Cornell University

It haca, NY 14853

PH (607) 255-2488

FX: (607) 255-4080

EM tlr2@ornell.edu

NORTH CAROLI NA

Ji m Shel ton

Mountain Hort. Crops
Research & Ext. Center

2016 Fanni ng Bridge Rd.

Fl etcher, NC 28732-9216

PH (704) 684-3562

FX: (704) 684-8715

NORTH DAKOTA

Ron Smith

Ext. Horticulturali st

P. O. Box 5658

Lof t spaurd Hal |

North Dakota State University
Fargo, ND 58105

PH. (701) 237-8161

FX: (701) 237-8474

NORTHERN MARI ANAS

Ed R Deners

Wast e Managenent Consul t ant
P. 0. Box 1250

Agriculture and Life Sciences
Nort hern Mari anas Col | ege
Sai pan, MP 96950

PH: 234-9023

FX: () 234-0054

oH O

Dr. Joe Heimich

Ext ensi on CNRD

2120 Fyffe Road

Col umbus, OH 43210

PH (614) 292-8436

FX: (614) 292-7443

EM heinmich.| @gvax2. ohi o-
state. edu

Rd., NE

OKLAHOVA

Dr. Ceral d Doeksen

Dept. of Ag. Econom cs
508 Agricul ture Hal

Ol ahoma State University
Stillwater, OK 74078

PH: (405) 744-6081

FX: (405) 744-8210

EM gad@kway. okst at e. edu
OREGON

M chael Bauer

1421 S. Hwy 97

Rednond, OR 97756

PH (541) 548-6088

FX: (541) 548-8919

EM bauer maes. orst. edu
PENNSYLVANI A

Dr. Robert E. G aves
Prof essor of Ag. Engineering
The Pennsylvania State Univ.
246 Ag. Engineering Bl dg.
Uni versity Park, PA 16802
PH (814) 865-7155

FX: (814) 863-1031

EM reg2@su. edu

PUERTO RI CO

Dr. Sarah Tol edo

Ext. Speci ali st

Housi ng, Energy & Environnent
Ag. Extension Service
Reparto Piinero #34
Guaynabo, PR 00969

PH: (809) 720-3946

FX: (809) 767-8730

Goria C Pico

Regi onal Extension Agent
Agricul tural Extension Service
P.O Box 21120

San Juan, PR 00928-1120
PH (787) 751-1784

FX: (787) 250-8659

EM gpi co@eam upr. cl u. edu
RHODE | SLAND

Dr. W Mchael Sullivan

Pl ant Sci ence Dept.
Col | ege of Res. Dev.

Uni versity of Rhode Island
Ki ngston, R 02881

PH: (401) 792-4540

FX: (401) 792-2494
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SOQUTH CAROLI NA

Dr. Francis J. Wl ak
Ext ensi on Ag. & Bio.
222 McAdans Hal

Cl enson University
Cl enson, SC 29634- 0357

PH (864) 656-4075

FX: (864) 656-0338

EM fwol ak@l enson. edu
SOQUTH DAKOTA

Larry Ti deman

Ag. Natural Resources
Progr am Leader

Room 152 Agricul ture Hal

P. 0. Box 2207D

Sout h Dakota State Univ.

Br ooki ngs, SD 57007

PH (605) 688-4147

FX: (605) 688-6347
TENNESSEE

Dr. Thomas Sanpl es

Ext. Turf Grass Speciali st
P. 0. Box 1071

Uni versity of Tennessee
Knoxville, TN 37901

PH. (615) 974- 1840

FX: (615) 974-2765

TEXAS

Marty Baker

Associ ate Professor and
Extension Horticulturist Texas
Agri cul tural

Ext ensi on Service

P. O Box 38

Cverton, TX 75684

PH (903) 834-6191

FX: (903) 834-7140

EM nl -baker @anu. edu

Engi neer

Edith A. Chenual t
Assi st ant Prof essor
Communi cat i ons Spec.
Ext ensi on Servi ce
Agricul tural Conmuni cati ons
Mai | St op-2112

Texas A&M University

Col |l ege Station, TX 77843-2112
PH (409) 847-9318

FX: (409) 845-2214

EM echenual t @ aexco3n. t anu. edu

and
Texas Ag.

UTAH

Dr. Kitt Farrell-Poe
Ag. Systens Tech. & Ed. Dept.
Utah State University
Logan, UT 84322-2300
PH (801) 750-3389

FX: (801) 750- 3268

VERMONT

Vern G ubi nger
State Spec. Sus. Ag.
Smal | Fruits & Veg.

411 Western Ave.

P. O Box 2430

W Bradttl eboro, VT 05303
PH. (802) 257-7967

FX: (802) 257-0112

VIRG N A

G egory K Evanylo

424 Snyth Hall

Crop & Soil Environnent al
Sci ences

Virginia Tech

Bl acksburg, VA 24061- 0403

PH: (540) 231-9739
FX: (540) 231-3075
EM gevanyl o@t . edu
VI RG N | SLANDS

Dr. J. Keularts
UVI / CES Program Supervi sor
RR #2, Box 10, 000
Kingshill, St. Croix
USvI 00850

PH. (809) 778-0246
FX: (809) 778-6570

WASHI NGTON

Dan Sullivan

Assoc. Soil Scientist
Puyal l up Res. & Ext. Center

7612 Pi oneer Way East
Puyal | up, WA 98371-4998
PH (206) 840-4558

FX: (206) 840-4669

VEST VIRG NI A

W Edgar Hooper

Ext ensi on Speci al i st
Waste Mgnt. & Ext. Prof.
2104 Ag. Sci. Building
P. O Box 6108

Mor gant own, MW 26506- 6108
PH (304) 293-3408

FX: (304) 293-6954

EM hooper @wnvns. wnet . edu
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W SCONSI N

Dr. Pat Wl sh

Prog. Lead. & Waste Mgnt.

Spec.

Uni versity of Wsconsin -

Ext ensi on

Comm Nat. Resource & Economic
Dev.

432 North Lake Street, Room
625

USDA - CSREES

Annette W dener

Wast e Managenent Cont act
329 Aerospace Center

Ag Box 2210

Washi ngton, DC 20250- 2210
PH (202) 401-4601

FX: (202) 401-1706

EM aw dener @ eeusda. gov

Madi son, W 53706

PH (608) 262-1748

FX: (608) 262-9166

EM wal shp@w spl an. uwex. edu
WYOM NG

Joe Hiller

Assi stant Director
Agricul ture and Nat ur al
Resour ces

P. O Box 3354

Uni versity of Wom ng
Larami e, W 82071

PH (307) 766-5479

FX: (307) 766-3998/6403
EM jhiller@wo.edu

d. Websites. A few web sites on conposting with conpost
information and links to other related sites:

US Arny, Ofice of the Director, Environnmental
Pr ogr ans—ACSI M

http://ww. hgda. arny. m | / webs/ acsi mveb/ env/ envl. ht m

Cornell University Conpost Site
Much technical informati on and further resources.
http://ww. cal s. cornel | . edu/ dept/ conpost/

Rot Wb

Provides information on a variety of issues related to
home conposting. Includes a |list of hone conposting
publications and links to other sites.

http://net.indra.com ~topsoi |l / Conpost _Menu. ht n

The Conposting Resource Page

Provi des access to information on conposting from
backyard to | arge scale systens. Includes an
interactive bulletin board for questions and
answers, and a list of vendors.

http://ww. ol dgr owm h. or g/ conpost
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Conmpost Correspondence Course

This course is sponsored by the University of
W sconsi n- Madi son.

gopher://epd_hp9k. engr.w sc. edu: 70/ 11/i scour ses/ conpost
i ng
USEPA Non- Hazardous Solid Waste

http://ww. epa. gov/ epaoswer/ non- hw' i ndex. ht m
e. Organi zations

The Conposting Council (a trade and professi onal
or gani zati on)

114 South Pitt Street

Al exandria, Virginia 22314
703- 739- 2401

703- 739- 2407 (fax)

e-mai | : ConCounci | @ol . com
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