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The 1nterface between agrlculture and urban areas Wlll contlnue to be an

important generator of-publlc.issues. One of these lssues concerns the use of

the soil and the open space of agrlculture as a receptor of munlclpal wastes. If

a means of maklng beneflclal use of the waates 1n a polltically acceptable manner
can be found, 1t lS clear that soc1a1 welfare ‘would be 1ncreased. vThls,paper '
reports an analy31s of a proaect that attempts to do thls.

The Metropolztan Sanltary Dlstrlct of Greater Chlcago (MSD) 1s charged w1th

‘-the treatment and dlsposal of the sewage waste of the c1ty, 1ts suburbs, and 1ts

industry. One of the products of thls act1v1ty is over 900 dry tons of anaeroblc-_

ally dlgested sluﬁge per day In the past 1t was lagooned drled, or 1nc1nerated

; all of which are nowrlmpractlcal. As a result, the MSD Searched for other'meanS'“v

'of dlsposal, 1nclud1ng both carrylng out experlmental progects and supportlng organ=

'1zed research efforts. )

Fulton County, IllanlS, located 170 mlles southwest of Chlcago, has had over :

‘ 50 thousand acres of its land area dlsturbed by strlp mlnlng operatlons, and mlnlng

 1 cont1nues at the rate of about 25 OOO acres per year. There is cons1derab1e publlc

- pressure W1th1n %he county to put the dlsturbed acreage to some useful purpose, 1f :

~ possible to return it to row crop productlon as was the case prlor to mlnlng.‘ The

.s01ls belng stripped are generally of hlgh quallty. The overvburden in the county

is calcareous 50 that 301d wastec are not a problem, and the establlshment of a_
cover CrOp‘lS not partlcularly dlfflcult sﬁlso,fthe materlal 1s=free enough from

large rocks to allow the Operatlon of agrlcultural machlnery 1f the slopes are

»vsuff1c1ently gentle.

_j Paper presented at 1973 meetlng of Amerlcan Agrlcultural Economlcs Assoc1at10n,-
August 8-11, 1973, Edmonton Canada. ,



After some preliminary exploretions by public officials ih'Fdlton County
concerning the alternative‘possible-means of utiliéing the s;udge as a means of
reclaiming the spoil land and some contact with the MSD, the MSD purchased a
tract of approximately 7,000 aores. Additional land has been purchased subse=
guently. The general thrust of the project is thaﬁ sludge will bé app;ied on
land that has beeo leveled end that rOW crops will be produoed’on the iand.

Reseafch by agronomisis has:indicated that_pollution.probiemé would not be
@ constraint in this type of operation. Heavy‘metals are not~absofbed in the
‘plants to levels that can be considered a problemfA The constraint on the quanﬁity ’
:of sludge'applicationslis expected to be nitrogen'which:it eonteins in both organic
_and inorganic form. A system of capturing eil‘surfaee,waterbaﬁd mohitofingeground ‘

_ water has been esteblished to minimize the possibility of pollution episodes.

The Pro;ect and The Model

The d1sposa1~reclamatlon proaect 1nvolves the shlpment of sludge to Fulton
eCounty down the Illanls rlver by barge and plplng it to one of three. lagoons
with a total storage capa01ty of over 8 mllllon cubic yards. &The‘poss;blllty
;_Sof constructlng a pipeline from Chloago to yulton.County is beiné\éonsiaered.
The stripped land is ieVeled 50 ﬂhaﬁ cropoing‘ooerdtions are possible ahd‘surrOUﬁded '
 with berms so that all runoff can be recycled in the event of water quallty problems.
The sludge is pumped out of the lagoons and sprayed on the prepared 51tes before
planting and during the grow1ngvseasons weather permlttlng. The crops grown.W1ll
'most llkely be typical central Illln01s row crops but the -Zexro tlllage practlce
A w1ll likely be used to reduce runoff and mlnlmlze the need to collect rocks. .

The quantlty of sludge applled over the life of the progect Wlll depend on
the level of organlc nltrogen 1n the soml 1n1t1ally, expected to be very low

relatlve to normal soils, on the nltrogen removal from the,s01l_1n'the_form of
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harvested crops and on the excess of nitrogen applicatioe over nitrogen removal
possib1e while avoiding leaching‘problems‘ ‘b

In order to appraise the importance of the several veriebles influencing the
operation of the project, a deterministic simulation, or multi-period cost and
benefit accounting model, was constructed and abplied with the‘3ﬁpport of the
Illinois Water ResourCes Center. The model is less SOPhistieated fhan meSt'simula-_
. tien modele,in thaﬁ in many cases it wae constructed on point estimates of the
: relationship‘between'variables. This was heceseary ﬁhen the'oﬁl&’eétiﬁetes‘availe
able were the initidl estimates available from the MSD. Ae exéerience is.gained,b
f‘in this project or iﬁ others, it‘ﬁillebe possiblelte'sdbstantiallyvimprove the
model, At this boint,ehoweeer, it is'pessible to begin fe,identiﬁy thefvariables.

- that are'important detefminants of costs and benefits to'the‘MSD and to the counﬁy.n'
The model developed reflected the operatlon of the proaect from tranSportatlon o

of the sludge from Chlcago to the site, storage, handllng, and appllcatlon on the

‘?'land. It reflects costs of leveling the land prior to appllcatlon and farmlng

© which will vary over sites as well as & constant per acre cost forvrunoff control.

The productivity of ‘the soii is determined by sludge applied.and crepbfesidues,
which in tﬁrn determines the nitrogen present‘in the soil. The nitrogen iequiree
 ::ment of the crops grown is eomﬁared with nitregen present»to‘defermine arinual
'sludge applications possible, if any. | |

| CroPS»produced and land #aiues determineVCrOP expenses;:yields defermine.gross
cfop revenues and the difference is net ¢rop revenue to the MSD. The increases in-
~land values due to changes in quallty and the sav1ngs over‘other methods of sludge
bvdlsposal»are edded to.crop,revenue to determine gross MSD beneflts. The,costs of
‘ﬁrahépcrﬁatiOn, storage, epplicatidn, ieveling,llend'purchesesiand meniforing are
‘, subtracted to eetermine'net district benefits. Crop’expeesee ahd‘coeﬁs of operations

" carried out in the county deétermine initial county benefits, which are assumed to
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have a multiplier effect on county income. All costs and benefits are calculatéd

by year over a ten to twenty year horizon and are discounted.

| Results Generated

In line with the objectives of the analysis those variables that have a sig-’
nificant impact on the performance will be identified, roughly in order of their

importance.

' Transpbrtation CoSts.‘ At nresent, the sludge 1s belng Shlpped 170 miles to
Fulton County by bargea under a contract w1th an 1ndependent flrm. IL the resultsv
under thls contract are compared with the results assumlng constructlon of 2
plpellne prlor to proaect 1n1t1atlon, a substantlal dlfference of more than $2000
‘per acre over & ten year perlod and over $3000 per acre over a twenty year period
i are. observed Whlle 1t 1Q p0°31ble that future bids for barge transportatlon may_ 

‘be lower and the actual cost of the shlpment via plpellne may be hlgher than estlmated,

. the clear advantage of a plpellne 1s ev1dent

Slte Preparatlon Costs. The costs of clearlng and levellng sp01l ban} land

as a part of any reclamatlon proaect 1s a subJect of con51derable dlsagreement
Thls progect dlffers only in that an addltlonal operatlon of constructlng berms

~or other dev1cea for gontrolllng water runoff 1s necessary. The MSD estlmates

T _Ehis to bé a cdnstant‘$ 00 per acre. regardlesu of the nature of the spec1f1c 31te o

:: f Thlu is added to the cost of clearlng the 31te of brush or trees, 1f any are present,»r-

 and of levellng- Dependlng on the roughness of the 31te, levellng and c1ear1ng
s estlmated to range from several hundred to several thousand dollarq per acre. |

:Most of the cost estlmates for levellng operatlons are based on experlmental

”»'one tine, progects carrled ouL on SLtes of W1dely dlfierlng types. Over a perlod

e of years long enough to, allow ccntractors to galn experlence on the condltlons
. r _
!found 1n_Fulton Countj,‘the costs per‘acre may be reduced That is a learnlng
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curve mey exist, A trade-off also exists between the levellng of progressively
rougher 1and on sites already owned and the purchase of addltlonal 31tes that
include less rough spoils but age more distant from the storage lagoons. This
aspect was not included in the ﬁodel.

In this model the costS»of site preparation are included'as first,&ear-
costs to the MSD. These costs are included in county beneflts, in total or in
part depending on whether local contractors and 1ocal 1aborers are utlllzed
‘The specification of local operators for such activities has a elgnlflcant 1mpact

on the level of'lncome generated in the county.

The N;trogeo Bqugg; The third most important factor is the.qlentity_of :
nitfogen applied. It the onlj project objectiﬁe ﬁas sludgeedisposal; the miost
teffioient technique would likely be very heavy aoolieations onia'sma;i‘acreege,
essentially the creation of~lagoons Or-at ieast ereae that wou1§'have levels of
water and nntrogen t00 high for crop productlon Giveﬁ'thetsecohd’objeétive,. |

'that of crop production, the sludge dlsposal objective could ‘be most effectlvely
met by operatlng in the third stage of the productlon functlon, in terms of water
‘ or.nltrogen applled. Presumably the nitrogen limit would be reached flrst and
and operation in the thlrd phase would imply nltrogen pollutlon problems, although
the relatlonshlp between nitrogen levels on farm land and nltrogen pollutlon is.
}la subgect of contlnulng controversy.

Slnce research is not avallable demonstratlng the relatlonshlps among’nltrogen
appllcatlon, crop productlon, and pollution on strip mine sp01ls, 1t was necessary
to utilize the experlencé on nogmal 301ls which can be broken into stock and flow
aspects. Normal fertlle 50115 carxy a stock of organlc nltrogen, e portion of
whlch becomes available to crops ln each year through mlnerallzatlon to an 1norgan1c
i form which is also subaect to leachlng problemse Strlp mine sp01ls have much less
organlc nltrogen present, in some cases 1t may be essentlally void. Over half of

the nltrogen present in sludge is in organic: form and therefore sludge appllcatlons



will provide organic nitrogen, as will crop residues.

The flow aspects of this problem'lnvolve the epplieation of iﬁorganic nitrogen,
the loss of nitrogen through volatilizaiion, removal in the form of crops, and
possible losses in the form of runoff ofvleaching into the ground water. It has
been estimated that on normal'Illinois.eoils approiimatelypl/3imore commefcial
inorganic Aitrogen is added than is removed b&»crops produoed;v. *

The potential impact of the two variables, the initiel lévél of organic
nitrogen present and the relatlonshlp between the nltrogen applled and that Te-
moved is qulte 51gn1ficantv If the orlglnal stock is assumed to equal levels
present in normal fertlle s01l and the max1mum allowable appllcatlon of nltrogen

is equal to that removed by the crops, only 53 dry tons of sludge can be applled
over a ten year perlod. If the orlglnal stock value is zero and tW1ce as much
}nltrogen can be applled as is removed by the 5011, 195 tons can be applxed over
p:»ten years. The orlglnal stock of nltrogen present is sllghtly more 1mportant
-e:than the relatlonshlp between annual appllcatlons and removals |

Cropplng Systems. A varlety of cr0p rotatlons, contlnuous 51ngle cr0pp1ng

:and oontinuoﬁs.double‘oropp;ng optlons were analyzed. Generally systems u51ng
large amounts of sludge nibrogen are thevmoet-deSireblel ‘The economlc beneflts
'_from'using heavier levels of sludge Outﬁeigh'the diffefeneée in“netbreﬁeﬁue‘frOm
{,cfopping operetionsf For thls reason the double?cfoppiﬁg’operetiobsfafeiéuperior
to single croppihge‘?Bothbof-these are'supe?iof‘to the crop robabions.

One problem w1th crop rotatlons is that the 1nclus1on of crops with low
5 nltrogen requlrements lower the MSD beneflts, as noted But also, nltrogen pol-}
:.lutlon problems are. an apparent threat W1th rotatlons vThls-ls-due to,the build .
up of soil organlc nltrogen levels tnrough appllcatlons in the years when Crops
1‘demand1ng hlgh levels of 1norganlc nltrogen are grown, Then When crops with low ks

nltrogen demands are_grown, more nltrogen is converted from'an organlc:to an



inorganic form then is gtilized by the crop. The cxcess may leach into the
vground water. | . ‘

The cropping systeﬁs‘whﬂcﬁ ﬁhe;model suggests will pcrforﬁ,best are: corn-
rye double cropping, for‘éra%n or silage;'sorghum-sundacgrass;:and;corn single
cfoPped. ?o? example, almost 50% more sludge ic:applicd,over fen years With
the corn-silage-rye Systém than with a corh-soybeéhs—Wheaﬁ-alféifa rotétion.

Labcr Use. The use of local labor and local contractors to carryout the
'phy51cal act1v1t1es of the progect is an 1mportant determlnant of county 1ncome.

‘Wlthout an income multlpller (or a multlpller of l), the present value of income -
'lgenerated in the county over 10 years 1s $ll3 per acre when out31de contractors
_and labor are utlllzed | If local labor is used by out51de contractors thls :
Jumps to almost $SOQ. If both local contractors and local‘labor are used, this
lncreéses to $626 | | N

| _The existence‘of a ﬁultlpller w1llvfurther 1ccrease these beneflts.
"multlpller of 1 11, as was estlmated for Fulton County, would increase thls tc
l:$69). If 1t equalled 2.0, the beneflts would double from $626 to $1252

Other Varlables.' The remalnlng aspects of the progect are, at least in

» relatlve terms, not hlghly s1gn1flcant determlnants of progect perxormance. Thc
costs of the storage lagoons, pumplng and appllcatlon systems, etc. are large
,nbut the 1mpact of changes of these costs over reasonable ranges 1s not s1gn1f1cant;
Variations in the dlscount rate frcm h to 12 per cent dld not signlflcantly 1n-l

fluence progect performance due to the hlgh LOSt load in the flrst year of the

", project.

Selected Results and Conclusions

Since the estimates on which this analysis is based are approximate, the

“*results are less than éxact. ‘Some of the resluts will bevpfeScnted, however,



in order to provide a general understanding of thé project.

Based on assumptions that appear reasonable for the level of nitrogen present
and crop utilization, the following can be reported.b Almost 150 dry tons per acre
of sludge could be appiiEd in the first ten years, with another‘100+ tons'being
applied in the following ten years. The net present value cost‘of’the.project to
the district would be about $68 per dry ton using current franspértation'methods
and about $39 per ton if a pipeline were constructed, The pfojéct would génerate
economic activity in the county amounting to $600 to $1200 per»acrevdepénding on
the multiplier and assuming that local labor and contractors are used.

Tt seems that if is reasonable to conciudevthat a prdjeét'of this nature is
economically feaéible.‘ Thé.MSD will‘bé‘ahle to dispose of'sighificént quantities
of‘sludge, and if the pipeline is constructed, be able to do SO:ét a léwei cosf
than with previous methods;‘ Thebcounty will realize benefits_in iﬁat,significant
acreages of strip mined land wili»bé reclaimed and'significantvievéls of income
will be generated. Tt is this anticipated benefit by both parties that resulted
‘in the initiation:of the projegt. | | |

Of course, édditioﬁél research needs to be done. Thesé estimates are
rather crude. The presumption of no heavy metals pollutioh‘is accepted injfhis
analysis, but will need to be monitored, asbwiil the nitrogen levels in the water
environment. In addiﬁion,‘the prbjéct involveé the heavy'use of héfbiciaes‘in
a zero-till cropping s&stem.

While the possib‘ilif,y of problems whick would st5p this operation exists,
it appears that it shouid be successful. It may WEll‘demonstraﬁe thaﬁ a
piofitable interaction between agricﬁlture and urban centers is a realisbic

goal,



