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~ 7 ., Water Program 0perat1ons as one of ;a series of reports to help supply’ .
1 . . detailed information for-tse in- se{ect1ng, develodping, - des1gn1ng, and

operat1ng municipal wastewater treatment and sludge manhgement system§“
"~ The series will-provide in-depth presentations of available 1nformat1on

on: topics of major interest and corcern related to mun1c1pa1 wastewaterﬂ L
- treatment and.sludge management. An effort: ‘will be made to provide the: *
a © . most’ current state-of-the<art information available concern]ng sewage . ¥
ey - sludge processing and d1qusa1/ht111zat1on aTternat1ves as'well.as = -
costs,‘transport and env1ronmenta1 and; hea]th ﬂmpacts. ',_ il o
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_.owned .treatment works under Section 203(a) of the: FederalyWater Po]?ut1on sy

o “Control Act as amended.: They also will provide planners, des1gners” .
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1nf0rmat1on ‘on mun1c1pa1 wastewater treatment and s]udge management 'gyr“ o
opt1ons o e ) _ N TN P

.

;;‘ T Vi'iQ,‘-f Haro1d‘P. Cah111 Jr., Dlreetor
R R . ~ Municipal Cpnstruct1dn Division R
e o e Office. of Water Program Operat1ons

I N
\
AY




¢ L \" ) S w ) : '.‘ : . u
.. Th1s bu11etﬁn was. or1g1na11y prepared under the sp nsorsh1p of twa
'.;;',: regiona] committees representing the North Central and Western Statei: ~
Agr1cu1tura1 Expe§1ment §tations and cooperat1ng elements of the U, S‘;
. Départment of Agr culture (the North Centra1 Regional Committee NC-118,
*, 7 Utilization and D1sposa1 of Mun1c1pa1 Industria¥, and gr1cu1tUra1
. Processing Wastes on “Land in cooperation with the weste n-Regional\,
_ *Committee W-124, Soil as a Waste Treatment System). report addresses -
. " the, app11cat1on of agricultural processing wastes, 1nduEtr1a1 and. municipal
.* wastes (i.e.,’sludges and wastewaters) on agricultural [land as both a.
. waste management and’ resourcg)necovery and reuse practjce. The document
._____\\\\emphas1zes ‘the "treatment"*and beneficial utilization of sludge. and. =
‘”"‘w? wastewater as opposed to waste ‘disposal. These objectives are gchieved.
' through 1ncorporat1on into well-designed and operated agr1cu1tura1 )
- production systems: in. ways. that are compat1b1e with majntaining the
soil's normal viability:and productivity. : App11cat1o of waste materials
'to forefted land, greenbelts, parks or go1f courses, and land reclamation .. -
progects are not spec1f1ca11y addressed, although. magy of. the pr1nc1p1es

- discuss -concerning their app11cat1on to agr1cu1tur 1 land wou1d apply - .
T to these s1tuat1ons as well. e / R U
' waste character1zat1on crop se1ect1on and management, s1te se1edt1on, v

management and monitoring are addressed in a manner designed.to lead ‘
. readers logically through the decision mak1ng process. ., Sample problems,
': procedures, cal¢ulations and.: diagrams are incorporated: ‘into most sections.

In*addition, public health'-and nuisance concerns,:as well as public . -

acceptance, Tegal and economic considerations are discussed from a, .’

_cautious, .though informative, point of view that also offers-ideas for-

- dealing with such matters based upon exper1ence gained from recent .

proJects . : N
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The document does not prov1de in- depth des1gn cr1ter1a and is not a
' comprehensive design manual which could be used to design and manage a
land application system:- It 1S, however, a useful p1ann1ng tool, educat1ona1
~ guide, and information source for those who desire basic information - -

»' concerning land application systems., For more detailed and comp]ete
~design -information.and procedures, the reader should c§nsult such-sources
as the EPA Process Design Manuals, "Land Treatment of Mun1c1pa1 Wastewater"
(EPA 625/1-77-008; October1977) and "Sludge Treatment and Disposal" '
(EPA 625/1-74-0065 October.1974 - turrently being updated), the EPA
Technical Bu11et1n, "Municipal- STudge Management: -Environmental Factors"
. (EPA 430/9-77-004; October 1977), and the EPA Technology Transfer Design -
~ Seminar. pub11cat1ons on sludge and wastewater management. ava11ab1e from g
EPA/Techno]ogy TranSfer 26 west St Clair, G1nc1nnat1, 0h1o 45268 /
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NG .. - = .+ INTRODUCTION L -

S . for Application of Sludges and Wastewaters

B ( - on Agricultural Land. . " . . .
— -+ "U(A’Planning and Educational Guide}. =~ S .
. \ . ) . ) - - o T ;‘. ‘ ! . ‘. . ’ -‘ . . . E ! 3 . Le ’.— ; 1 . . .. .\ :
IR - ©" " Bernard D Knezek a_n‘dl"Robe{jf Miller . R /"J
) .. Under the Federal Wat@r'Pollution~CgQ;r01 Amendments of 1972, 1and’app11pa€30n‘~

is rétognized‘as)anﬂalternétivé”method for effecting stages of wastewater tréatment. . .
and for ultimate disposal of solid wastes. Fot certification and shared-cost funding -
under this legislation, a waste treatment proposal must include evidence that the w» . ..
plan is based on "the best practicable techinrology' and "the most tost effeétive'_ TS
method(s) over the.life of thelWorks." - Requirement for.compliance -are phased over' '
periads of" years and advgncé'by-éfages_toward-the'goél,of‘"eliminatingvdischarge of

all pollutants into navigablefsurface waters by 1985.'"

. _5§ The idealized goal of "zero,discharge is neither practical nor wholly desirable.
Nevertheless, it is.to be expected that the-quality and permis;ible uses of waters,w _

originating in waste treatment opergtions will come under increasing regulation at -
... all ‘levels of :government. Dischargd standards ultimately adopted will vary with
"background levels -in: Ratural waters from one locality.or region to another and will _
" be subject to periodic¢ revision as'new technologies evolve for assessing environmen- '
tal impact and for effecting rational comtrol. . =~ . o ' ~ I
. The capacity of soils to receive wastewater-and sludgégg;nd to inactivate con- - -

P \taminants varies greatly, depending.upon a variety of soil, plant; and climatic.fac- -

v 'tors. Generally, most well-aerated soils are quite ‘efficient in organic matter
“conversion so that BOD loading is not a direct problem: Certajin nutrients (such as
nitrate) which are produced by organic breakdown may become a problem at :high loading -

- rates. Soils with-high water infiltration.capacity, which would allow large water ©
“loading rates, may be .ineffective in trapping.nutrients even though BOD: elimination is .
_ rapid..”Thereforeé,the{soillselebted‘foz.waSte"application on land-must bg "chosen on
.. . . the-basis of waste characteristics, operation and, management aspfcts, cropping sys-
~ .+ tems, and other factors which make ‘each decision dn individual uhdertaking. .Usually, -
dZﬁtated‘by'a.necesSary_b' ance between poten-

the best soil.for waste application is [ : c _
- tial soil loading rates and potential environmental contamination. - - . .. :

o n';-Emphasis in,thi$\doéﬁmqnt;il.dﬁrecxed toward. utilization of-agricultural proces-
@ .- sing, industrial, and municipal wastes- through application on agricultural land. L
- .. 'Animal wastes are covered in a separate document. * (21) ‘. --* T '

. I R . . . ) . - . ‘\ﬂ...'

-~ o~

;;if“;"58§vefél bésic'point$ needftoWbexclérified tbiéét@blish';héfcontext thhih which -
all of the contributions of this document have(been'de%eloped;_ o A
i , e p B s S o _ B

" P, Land ig'é valuable natural rescurce and the Vﬁhbil;ti;znd'préduc;ivity o T

P 3
..

‘must not be endangered during applicatiéﬁ-Q?,Was;est
e ,Z;H.Theisystém'qut'bé'mandgeq'SO that normal égriéhltdral-prodpétidn-cang' C
R . . be maintained'without‘sacrificing crop quality or yield. = . ' ’

"33 A balanced system must be. established so that the finite limits of thg

- . 'regeneration processes of fhe soil are ‘not exceeded. S L.
T e ey T o e
e Lo I‘jallj}-- * » - : n1f' R
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-4, Pr1mary empha51s is. upon utlllzatlon of the.usable resources in the waste
const1tuents rather,;han pnov1d1ng a dlspoﬁg -

»

' v Erne : .
L Who w1ll be "the primary users of the 1nformatxzn prov1ded by the numerous pro- :
' fesslonals who have- contr1buted to this- document? 4Throughout its-compilation, the N
‘editors have considered a broad potential- audience.;’ Pefsonal experiences.of both
. .have shown that a broad spectrum of individuals and professions$ naturally- become in- ~
‘--,volved when 4 mun1crpa11ty makes a decision to, conshder land application.of waste-
waters and/or sludges; e.g., municipal off1c1als, g;her commun1ty leaders, health
- officials, .sanitary engimeers, consulting englneers, farmers, extension agents, 5011 ¢
',conservatlon psrsonnel ‘mass. media’ répresentatlves, teachers, and local c1tlzens w1th
a de51re to be better 1nformed L Lo , . o
. . s ,
ThlS document is not-1ntended “to prOV1de f1nal de51gn criteria and 1nformat10n
. which could be used to totally’ deslgn and manage a lamd app11cat10n syseem. Rather,
it is to be used as. a planning tool by people who’ must plan, as an educational tool
" for those who must educate, and as an 1nformat19n ‘vehicle for those who desire infor-
“mation. For this reason, the. 1ndlvpdual contributions have ‘been organized in-a
- manhner which it is hoped will lead interested people logically through the decision-
”a . maklng ot educational processes. Al ose-leaf format was selected to allow for up-
- dating of various sections as moré 1gformatlon becomes available without the need
. to repr1nt the entire document This will undoubtedly happen frequently in the next"
;IS years in. ‘the area of heavy metals and nitrogen react1dns, vhere con51derable
research is rap1dly reach1ng fru1t10n., .
Appl1cat10n of these same wastes to forested land, greenbelts, parks, golf
. * courses,*or -land reclamatlon areds is not considered spec1f1cally Yet, the prin--
5c1ples 1nvolved and dlscussed can often be app11ed to ‘these locat1ons as well o

a0 S o

. - Bernard D. Knézek is Professor.and Associate. QKQZ— Department of Crop and
Soil Shlences, M1ch1gan\State Un1vers1ty, East Lan51ng, M1 . 48824, .. o
. ) ‘.

, ; "
ﬂ Robert H. Miller is, Professor, Department of Agronomy, The Ohlo‘SBate Unlver51ty
; and 0h10 Agrlcultural Research and - Development Center, Columbus, Ohio 43210
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SITE SELECTION CONSIDERATIONS
R o R for . S]udge and Nastewater
App]}cat1on on: Agr1cu1tpra1 Land

R P George F Ha]] Larry P w11d1ng, and A Ear] Er1ckson N

' w L -." R u. ) - "‘ T .o '

N S1te select1on;cr1ter1a cons1der %hose charaoter1st1cs of the so1l and landg
scape which.will" 1ead tb. the renovation: of sludge and wastewater solids without
creating environmental.problems outside. the site per1meter., The basic objective
is to apply sludge and/or. wastewater to the soil in such a mannér that the soil can
"assimilate the wastes and prevent’ the. wastes and harmful by-products from moving on- .

" to adJacent land, into flowing water, or 1nto the groundwater beneath the land

; : . e , ,

The s1te select1on cr1ter1a for Wastewater renovat1on are in many ways . very - .
s1m1lar to those for sludges. ‘There are, however, some very important differences.
~Three basic interrelated parameters will.be- d1scussed relative to the best possible
'site selection.. These parameters includé land5cape features, s0il parent material
1nclud1ng geologic characteristics,’ and propért1es of the soil. It must be empha-
sized that soils and landscapes are very ‘complex and the principles given here are

"~ . . only guidelinés for the seleit1on of. a: sludge~and/or wastewater applicdation site. -
K On-site evaluation of s#il and landscape conditions is essential prior to final site

selection.. These on-site investigations should ‘be. made by qualified soil scientists

- and’ supﬁiemented in ‘some cases by spec1al1sts such as geologlsts, hydrolog1sts, engi-

neers, etc. Assistance can be obtained from a numhfi of organ1zat1ons in each state,

1nclud1n : ) o o - ]
o .' .' ?5 Depaw of Agricul'ture.,'-_v-Soil';‘, Conservation' 'Service. o b-
' ; f’ﬁ':Staté Departments of Naturad Resources or comparable agenc1es
"r ..+ state Agricultural Exper1ment Stat1ons: or Colleges and Un1vers1t1esrwf{h .
7 T;l ,Departments of Agronomy or Soil Sc1ence S o »

. Cooperatlve Extens1on Service - ,,~

.- : +. Professional consultants w1th tra1n1ng and exper1ence 1n the f1eld of
( L %Nagronom1c soil science .

. U S Geolog1cal Survey - : \

© Site. Se]ect1on ey :‘ﬁﬂfl~

Q". ”An 1deal s1te for sludge ‘and_wastewater ut1l1zat1on would have® the folloW1ng
landscape, parent material, and soil characteristics.  Keep in mind, however, that
“less than 1deal sites may sometime be usable W1th proper des1gn and" management '

¥

PO :
o ndscage : “ .
'v-”tA closed or mod1f1ed closed dra1nage system (F1g 2. l)
. ~ '+ Slopes less than 4 %5 steeper grad1ents may be acceptable on coarse- textured
%% o 'soils ‘or where management practices (see Sections 4 :and 7) or appl1cat1on

methods (see Sections 5 and 8) reduce erosion hazards.
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- parent . Material'i o <fﬁ“<ﬂf{' fﬁT' :L | L 41“ T P
BT oo Medlum-textured mater1als, f1ner-textured or high bulk den51ty materlals rf;h
: are: suitable for sludges if- managed properly and may be* su1table for waste- :

: waters 1f overland flow is used.” - 5/ . i < '

-

. H;gh pH's and/or free carbonates (llmé) "p S 3g‘ A

e Bedrock and unconsolldated substrata, when present, shouid be free'of coarse
_ conduct1ng layers or conduits,. and should always’be at least. 3 or’ 4 feet )
below the 5011 surface.y-' : : *
';Soils ' S, R AT ; V

R . High- surface 1nf11trat10n capac1ty -and moderate sub501l permeablllty «'(See '
' '_-AppendleA for methodology ) SRR

- A 5011 th1ckness of at least 3 feet W1thout restr1ct1ve layers.f:

g/ .« Well or moderately well- dra1ned so0il condltlons to prOV1de oxidizing con- 5.'_
= dlth\s throughout most of the’ year, less well dra1ned 501ls 1f adequately E
tiled ' o oY . . e . ) L
' = :<*

,F' Moderate to h1gh moisture supply1ng capac1ty (lS to 20 percent by volume) ’

..‘;4 8011 pH values rang1ng from 6. 5 to. 8 2
Medlum and h1gh levels of organ1c matté! in the surfaoe hor1zon

. 'A ‘more detalled dlscu551on of these 51te selectlon cr1ter1a is conta1ned 1n the
follow1ng paragraphs. : : : ‘ :

;-‘-,.»-‘z R '-Landscap'e Position-' ‘- _'._‘

TWO eneral landscape dra1nage systems eX1st, the: open and the closed system
. (F1g 2.1). . The open drainage system of most humid and subhumid areas permits the
e movement of! sed1ment and soluble’ mater1al from a g1ven site to the waterCourse and

Excess water is ponded and evaporates or filters for short dlstances
‘throu h the 501ls in these areas These systems contribute llttle to the pollutlon

/ In the selectlon of a site for sludge ut111zat10n, a landscape‘con51st1ng of or o
: app/oachlng a closed dra1nage 'system is most desirable.. Containment of -the 'sludge o

its by-products is necessary until the risk from ‘potential environmenta]l contami-.-
ts has been removed by phy51cal, chem1cal, or blolog1cal reactlons of the 5011.

. o . . ‘ o . . - -
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A mod1f1ed closed system ‘can e351ly be developed on a nearly level landscape by the
erectlon of small r1dges across the outlet of - the dralnpge bas1n.. S

/ b .' ¥ .
A site for wastewater appl1cat1qn should be a mo!af1ed open system wher 'prOj. C
. visions are made for the 1ntercept10n and removal of water after renovat1on o e

. . In-most landscapes, the surface so1l‘ts underla1n by horlzons or s ? wh1ch
'_,-j.are‘less permeable~(F1g 2.2) and which restr1ct watér movement and renovat ve. cap*‘
ab111t1es. ~ Examples of less permeable subsurface and subsoll hor1zons are‘“

P

)'.." - ) Ca . )
e f1ner textured B hor1zons (claypans)

e

i compact1on pansé?plowpans)
_-':fragipans (Sllt pans) o N .

fiu3" ‘ f»}dlspersed subso1ls (chem1cal pans) v T
. p

-8 _-,,dense glac1al t111 shale, 51ltstone, and’resxduum overly1ng l1mestone

if§- dur1pans (5111ca-cemented hardpans)

. '_-,_petrocalclc.horlzonsi(callche or'l1mefcemented hardpan) * +

. irOnStone*sheets. S »”-'.»“ -

R g Where these layers occur, much of the water Tioves down to the less perm -
layer and then laterally downslope. Where slopes become .more_ concave, or w‘jf”pj
less permeable layer comesdgloser to the surface, seeps occur (F1g. 2. 2) A
R Shap1ng of landscépes may cause some, of the above. cond1t10ns. At:any proposed .
* site requiring major shaping,. the character1st1cs of ‘the sub501l hori ons should o
' .be carefully evaluated to determine. the- types of chemical and physl al: character-
“istics which may be exposed or brought closér to the surface dur1ng ‘the hap1ng .
o?erat1on.' : L s . v o ;//js :

o [

So1ls on’ convex landscape pos1t1ons -or on steep slopes usually ‘are well dra1ned
‘well ox1d12ed thinner, and subJect to erosion. ~ Soils .on.concave landscape pos1t10ns"'
and on broad flats are aften more poorly dra1ned less ‘well ox1d1zed and . deeper.
Water aﬁd 'sediment from. h1gher ‘positions move to these low 1y1ng landscape%eas."

b

.k . ~

' o : ‘ 5011 and Parent Ma'temal ,: A
' On land used for sludge and/or wastewater ﬁpplrcatlons, the s l functlons as a
natural filter and as a. med1um for the’ b1olog1cal and chem1cal reactlons ‘which result

in renovation of ‘these waste materigls. The'su1tab1l;ty of a site.is therefore a-
function of ‘the phys1cal chemical/ and m1neralbg1ca1 character1st1cs of the so1l. .
These are dlscussed in deta11 bel w: . -//h s

Texture

[ Texture of the, so#l and parent geolog1 mater1al is ‘one .of the most 1mportant
aspects of 51te seIect1eh because it 1nflu nces 1nf11trat1on rate, subsoil percola-

-




, F1ne textured 50ils: 1nclude clay, sandy clay, s11ty clay, c1ay loam, and s1lty
o clay'loam. ‘Medium.fextured soils are silt, silt.loam, loam; and sandy ¢layv -loam.
.~ Coarse textured 501ls “include sand, -loamy- sand and sandy clay loam: Def1n1tlons o
‘:3of textural terms can- be found 1n the U S.D.A. So1l Survey Manual (25)

, In most&sorls,,the clay fract1on 4"resents only about 10 to 40% of the total
so1l but because clays are plate-shaped and have high surface areas, this component,
‘”I‘along with/organic matter,” governs most physical, and chemical reactions in the soil.
.+ These eledtr1cally charged particles have structures and properties which permit.
‘_;7_,-the1r large surface areas to hold var1ous nutrients (1nclud1ng phosphates), heavy .~

v '”metals, and pest1c1des. N1trate, on the other hand is’ not held to these surfaces

£f<and is moblle. ' P _ P L , o o

o e o - . ;' R F ", Y.
'-‘;‘“Inflltratlon “and Permeabllltg B o L o L

.‘;:

- .
-

: F1ne textured so1ls often have as much pore. space as coarse textured s01ls but o f
S pores in fine textured soils are very small. and transm1t water very slowly.: As a™ g
' _result, most water movement in fine' textured soils is along the surfaces of the soil
“aggregates- and“cracks . rather than through the entire soil volume. When f1ne textured - /
_'surface materlals are wetted and the(large transm1tt1ng channels closed,. the 1nf1ltra- L
7 . tion rate. becomes ‘very ‘slow. Percolation-rate in the. subsoil follows: a- similar pat-"
" ‘tern.in medlum and fine textured materials. Swell}ng of".the clay- fract1on, particu-. ./
. larly hlgh shrink-swell clay m1nerals, effectively seals the soil against furkher ,
downward movement of water.- ‘This sealing causes the water to-pond on top. of*fhefsub-;
'§0il’ which in turn favors’ runoff ‘and erosion from the landscape. . One shougd bé cau-""
.= tious.in evaluat1ng a site for 'sludge. appl1cat1on on fine- textured soil to agsure
)!-that the amount of. water added will infiltrate. - ‘Failure to .achieve rapid. infiltra-
tion could result in temporary anaerob1c cond1tlons and 1ncreased r1sk of odors. .
o .
4 If*poorly and 1mperfectly dra1ned so1ls are to be used for renovat1on of waste- i'_':f
_'_.watpr by spray.irrigation, drainage systems’ will be needed. These drainage: systems '. L
- -should be placed at greater. ‘depths and at more frequent iritervals than in normal ,l ;
L agr1cultural drainage.deSign. {Thjs will insure sgveral feet of aeroblc soil’ for - '
;A .normal-crop growth and adequate\wzstewater renovation.. If art1f1c1al drainage is
TR prov1dedﬂ monitorjing of drainage water should be undertaken. foz’ the f1rst season to
" . - insure that the treatment system is perform1ng as" des1gned S : Y
Recently there has been cons1derable 1nterest in ut1l1z1ng overland flow for
' wastewater renovation on fine textured soils where. topdgraphy is favorable (see o
Section 8). Design criteria for detprm1n1ng ‘both' ‘the" percent “and- length of slope
ff0r proper renovat1on are still being. developed e . : e

e

o ® In contrast ‘to the f1ne textured so1ls, coarse - textured so1ls have many large 1.
Ve ‘1nterconnect1ng pores which allow water‘to move rapidly through. the soil. . Upless
- the coarse textured-material is unde lain, by a finer textured zone (such.as a f1ner
textured- subs01l pan, ‘or parent ma ;al) s?;er carrying suspended soluble compo-
.. nents from" sludges and wastewaters &an move ward to the aquifer and may cause. ..
»'contamlnat1on of a publ1c or pr1vate water supply T , o ) Sy
6. . : . .Y)L

. . If only coarse textured_501ls are ava1lable, 1mproved renovat1on can be aoh1eved
by l1m1t1ng the quantity 'of wastewater applied at any one time. This allows more
‘time for plant .uptake. of nutrients and for the soil chemical and biological reactions .
important for renovation to occur. Under intensive management and proper conditions,
. wastewater renovation has also been achieved 1n coarse textured so1ls by the rap1d
. infiltration- percolat1on method’ (5).  ° :

2.5
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1nt11trat10n and permeab111ty rates tend to 1ncrease with- 1ncrﬁased organ1c

-matter content. Organic matter improves soil. aggregatloh and porosity and allows
-water to be transmitted more tapidly. In addition,: organ;e—materlal in the surface_

" “helps prevent crust1ng, part1cu1ar1y 1n 511ty soils. 7'..'w;{ )
BlOth factors also contr1bute to var1ab111ty in permeab111ty “In areas whlch Iy
are forested or.which have recently been cleared, old oot channels permit water S
. and potential poIlutants to move, through the surface soil more rapidly. Burrow1ng ' .
insects and.animals also ¢reate channels. Followlng a heavy rainfall, water may = -
. move through the soils 'in"these biotic channels rather than through the soil profile.
Th1\¥effect1ve1y reduces . the renovat1ve capac1ty “of the 5011 T . .
"M01sture Holdlng Capac1ty o ' ;-;33',‘f o T”ﬁ':.. f 13",‘.,5“_' . f'_/' ;1

EN
B
8011 texture and :§1k den51ty (5011 we1ght per un1t volumeJ of the soil are -

A

' 1mportant factors in de ermining the available mojsture hold&ng capacity. 'This capac-
ity is a measurelof th

‘moisture a soil can hold for plant use. - It also gives an
index to the amount.of moisture a s0il. can absorb.: Medium textured solls with bulk
denslt1es of 1less than'95 1b./ft.3 have. available moisture hold ng cdpacities of 15:

_~to 2Q%. Such soils, when dry enough.that plants permanently wilt, will.absorb 9 to ‘:7
- 12 .inches of water from sludge, wastewatér, or rainfall in the- upper 60 inches be--

e
€ :

. 5011 Reactlon' S '4fh

*?Bulk Densr;y

ffore transm1tt1ng water to the under1y1ng aqu1fer. Finer and coarser textured 501ls
‘have lower m01sture hold1ng capac1t1es and thus wou1d not reta1n as much water.*

-

In a11 50115, the m01sture holdlng/;apac1ty and percolatlon rate decrease as f _%, ~
bulk density increases. Add1t10na11y, pla oot growth is 11m1ted‘1n soils with

. high bulk. den51t1es., Bulk deénsities gneater than 100 1b./ft.3 are restr1ct1ve to. .
moisture movement and plant. root growth - Two common situations where these h1gh

bulk denslty values may pccur.are in: fraglpans and in unweathered glacial till,
Often:in the spring of the year, these very- dense zones will limit vert1ca1 water',
movement to such an extehnt that watet will be ponded above these horizons and a
perched water table situation develops. Dense zones or horizons: limit the th1cknessi

~of - the soil as a renovation medium, and favor anaerobic. conditions above the _pan.
“when waterlogglng occurs, '~ Soil compactlon and increased bulk densltles.may occur
.-when sludge app11cat10n equ1pment is used on excesslvely wet soils. (see Sectlon 5)

. . Coew
- . f . . . f . -

. s B " ;
T . . ) »-,, ) s . -

R

. The glaC1a1 till and loess TOMm, wh1ch most of the 50115 ‘of the NOrth Central
Region are developed were calcargeous when deposlted “As a result of leaching and.

.o

‘-,5011 development, carbonates have, been removed from ‘the surface._ -80il 'reactions. e

near neutra1 (pH values 6.5-7.5) are ortant. for the jimmobilization of heavy. metals

~and phOsphates which occur in sludges and wastewaters. -Most s0ils_of the Western

Un1ted States, since they have soil reactions nehr neutral, have su1tab1e soil . re-

. actions to'immobilize heavy metals and phosphates. Soils. w1th low pH's  (<6.5) must "

be amended with lime prior to app11cat10ns of sludge to raise the pH. “Medium tex-
tured soils wlth free carbonates at lessethan 4 or 5 feet are very. effective in 1m-

. mobilizing heavy metals and phosphates wh1ch might move downward, partmcularly in a-

closed dra1nage system. S L P . L . .

'Restrlctlve Layers '.f'fﬁ S ;'* R - f . : ' o

~ Soils are not un1form e1ther vert1ca11y or hor1zonta11y - In cross- sectlon, the

- soil can be seen as a series, of layers of differing permeab111ty A number of ‘these.

layers 1n dlfferent 501ls are restr1ct1ve to wdter movement a T,

.



. The most ‘common restrlctlve 1ayer 1s the hormzon of clay accumulatlon'(clay pan)
-which occurs in-most.upland soils. A second restrictive. layer is'the plowpan, or

'.traff1c pan, wh1ch may form 6 .to 10 1nches below the. surface as a result of traff1c
" of heavy equipment (either farm or. constructlon) .over the surface " Fragipans . (511t

pans) are a third-type of restrictive, zone resultlng from. nathral 5011 -forming proces- .

ses in silty or loamy materials, These :compact: Ppans.’start at. depths of 15 to- 40 ot
1nches and have bulk den51t1es ranglng from 95 t0'125 lb /ft

e i ’ e -l

~ pans.. These, restr1ct1ve layers ‘resulf from the di
_ cles-&an%hat the soil mass has lost fiost’ of - ‘its’ structural Characterlstlcs -and water.
',condUctlng channels. . -The main.chemical respon§1b1e for the dlsper51on is sodlum‘ f-f

“_ Most. soils with a maJor clay component of montmorlllonlte and a 51gn1f1cant amount
.of sod1um have restr1ct1ve 1ayers _c"g. . S T ;

. - . f/
A . ‘-‘,&--: I 7
. Pty .

A fourth type of‘restr1ct1ve zone-is the dlspgiged sub5011 51tuat10n oxr chemlcal

; T A *'C;»
W f1fth ‘type-of restr;ctlve layer 1s the result of‘dense parent materlal or -
bedrock such-as' glagial till, sHble,.511tstone, etc. ' Rock-like layéTs can ‘also form
vjas the result of pre p1tat10n of silica’ (durrpans), carbonate (petroca161o and’ car° )
.cic: horlzons), or 1ron (1ronstone 1ayers) . . ‘ : oo 5 F

Soil Varlablllty ' ;" o ;y t:' ,’p.r-g_'$3;f': .'. o ?ﬁ D i\-

’ In se1ect1ng y 51te for sludge and/or wastewater renovatlon,-. is 1mportant
"to. consider soil var1ab111ty 'Soils.-developed from 10e551a1 “{wind- blown,511t) mate-
rials are most uniform, while those derived.from glac1a1 ‘outwash or interstratified
. bedrock materials are most variable.. Glacial till may also be qulte variable, part1-
cularly when ‘in close proximity to- glac1a1 .outwash dep051ts .The ‘magnitude and type
of soil variability may determine the suitability 'of af ‘area for sludge and/or waste-
~ water application and are- 1mportant in determining the pattern and eXtent of sam-
ﬂpllng for site evaluation.  On-site irivestigation of a proposed site is essential to
“determine the ‘magnitude of soil var1ab111ty ~ Failure to do.so could result in some a
'?-unexpected enVJronmental or management problems.- U ”‘. . o o
: _ . P . A S o :

-Samp]1ng‘ T

”‘W1th1n every s011 ser1es there is a glven range in phy51ca13 chem1ca1 and

-,' . s
. .

;m1neralog1ca1 propert1es Soil. analyses in Soil Survey Reports represent the céntral

concept of the soil, but- soils at a proposed site may have somewhat different charac-
teristics. Therefore, it is h1gh1y recommended that: analyses be made-of the SDllS -
‘found at: the site. Useful 1aboratory ‘analyses 1nc1ude particle size, organ1c -matter,
*pH, cation’ exchange capacity, moisture hofdzng capac1ty, and bulk density. On-51te
evaluation- should ‘include the measurement of percolatlon, permeab111ty, and water |
table levels at various times of the year "Yf clay m1nera13gy ‘of the soils is not -
‘well documented this analysis shou1d also be made. In most, of the Western United
“States and in the central 'and western portlon of the N Central Region where’ high"

sodium l?vels are ‘commonly found in the soils, e1ectr1ca1 conduct1v1ty of ‘the sampleS'

should also be determimed. Soil samples from the. actual site. also provide base line
: data from wh1ch soil changes may be evaluated after sludge and wastewater app11cat10n

.

~ “.h ", o Ava11ab1e Resour e Mater1aT

4

" The preced1ng dlSCUSSlOH has out11ned a number of propert1es of the IAndscape,.
soils, and soil parent mater1als which are important in. evaluating a site-for sewage
sludge and/or wastewater application. This discussion is not sufficient for making-
a- final decision on site location. Many other resources of published material ‘ahd

C e

t

rsioh of. individual soil parti-: '

K



. personnel are ava11able and should{be onsulted before a f;nal dec151on is made »
Some sources-bf qual1f1ed personnel were dlscussed on page - 2 l °7‘5 - D
’ ﬁ1 o Pubi1shed reports on 501ls, geoZogy, topography, and hydrology are avallable
- for most ‘areags. in ‘the country: - Emp sis is being placed on. publlea ion.of more re- .~
3-«-. ports for. areas underg01ng urban expan31on., Among ‘the most useful standard reports.
"+ available are .the Soil Survey- Reports produced by the National Cooperatlve Soil Survey
" and published by the ‘U.S. Dept. of Agriculture, anh ‘report contains a detailed map -
showing the areal dlstrlbutlon of/soils in the. area, “along- -with® physrcal—“chemlcal—“ ''''' N
~and m1neralog1cal ‘data and/or esfimates, for .all the soils. ’In many. areas, maps may . ol
be ‘available’ even th¥ught.the final report has not beén printed. . - Often- ah.interim -~ =
o report containing soil descrlptaons and, data. is® available prior to the final Teport. -
;“ AT soils map 1s/developed by so;l 'scientists examlnlng’the entire area, and . is: useful :
' - ‘for~ general plann1ng purposeg/ It 'is not, .however, detailed enough so that it can

-]

be used without on-§ite inspection by qualified pérsonnel.. In areas where a soil -
survey .is no ava11able, a spils map can be requested by contact1ng the local S011
Conservatlon Service offlce.: I '

. BN
.
/ ;o : 1

NV

_ .In some areas, geolog1c reports on a- quadrangle base are ava11able rThese Te-,
e ports givé details on the geolog1c ‘strata inthe area,‘1nclud1ng a’map and discussion
‘ ~of surfjcial epos1ts "Some hemical and .physical data ‘on the various strata are
- also ihcluded -in most of these reports.. ‘These Teports are particularly ‘useful in’
. 1deht1fy1ng équlfers and thus areas where - -sands, gravel llmestone, and other rapid
.. conductors of water! are’: -located.. Topograph1c maps of the 7-1/2. minute quadrangle ' St
‘q ser1es are ava11able/from the U.S.-or State Geological Survey for most of the country
“These maps / show contour 11nes -and cultural: features, including roads, ‘houses,--and °

/

lakes. In, _many ‘'areas;,. spec1al reports have been made on. groundwater hydrology by the
U.S. .or State Geologlcal Survey“br‘by local groups 1nterested 1n know1ng the ground-

water potent1a1 ST N v , e

. 3. R .~,—.-- g : N .
: On 51te 1nspect10n by tra1ned profess1onals is. a must for all sludge and waste- E
‘water appllcatlon $3itesT ' The quallfled soil ‘scientist can provide the user with more
detailed information on the ‘limitatfons of the soils at the site and ca* identify
' areas of soils that d1ffer from those delineated on a standard soils map accompanying
_SoilySurvey Reports Qua11f1ed soil scientists may’ be available.at the local Soil =~ =~ .
Conservatlon Serv1ce off1ce, the State Department of Natural Resources, the State
.{. Agricultural Experiment Station, or at local- profess1onal consultgng firms. The
. Cooperative Extension Service usually has personnel in the- county)who can assist in
‘ determining suitable sites.. Geologists "should also be consulted ip-tases where in- -
stallations are to be made to depths greater than S 6 feet; or. where there may be
questlons congerning a shallow or complex aquifer. Help from geolog1c consultarits
-is .available from the U S..or State Geolog1cal Survey and. professfbnal eng1neer1ng
consult1ng forms T - :

George F. Hall 13 Assoc1ate Professor, Department of Agronomy, The ahqo State
- Un1ver51ty and Ohio Agr1cultural Research and Deve10pment Center, Cplumbus, Ohlo

N Larry P W11d1ng is Professor,_Department of Agron0my, ‘The Ohlo State Un1ver51ty
.and Ohio Agricultural Reseatch and Development Center, Columbus, Ohio 43210. :

- A, Earfgkrlckson .is Professor of Soil Sc1ence, Department of. Crop and Sdll TS

Sc1ences, Michlgan,State Un1vers1ty, East Lans1ng, Mich, 48824 N ’
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‘ﬁ'{. ’f.~ j%:',ANAgY§Es AND THEIR INTERPBETAinN ."’1 — ;',*- ';jv, f“- Q .
ST pr.§]udge.App]1Qat10n to Agriiult“h§1 Land o e
ﬂf.,.;‘ij j . ;;f‘er..E3?SBmmefs éndggafrgiffwgfﬂglsoqi'.lv1 }>. iiQi ‘ .
wm”'-““ ::5f f;?:'_;.v'f_; ";,,  : «.;" _ _‘ ’ . I?:.;.i.*< .' ";_j.‘_‘§ . —

" Sewage sludge is a general -term used to describe a variety: of materials, com=

‘monly a_suspension containing.1 to 10% solids, produced during treatment-of ‘
wastewater. ,Sludges’generatedjdurﬁng-the,secoﬁdary.stage;of wastewater treatment
are riormally "activated sludges." -Solids_separated from the wastewater during -
‘Primary treatment (primary sludge) are subjected-to anaercbic digestion, producing o

_ what is generally referred.to as "sewage sludge" or “anaerobically digested sludge". -
j,In,sqme'treatment'systems,»both;thevgrimary and secondary sludges are digested -

anaerobically.. In'addition,.wet-air oxidation processes or lime (Ca0) treatment . . -

" are being used in some treatment’plants as alternative methods for stapilization

~ of primary and/or secondary ‘sludgés. - In‘accordance with recent policies of

U.S. EPA, the recommeéndations discussed herein ‘refer:to application of stabiliied;f_:ij
sludges on land. The principal reason for requiring stabilization of sludges is ...

 .the-potentia] threat of- dispersing pathogens contained in “"raw" sludges. :Addjtiona]""l

types.of sludgeswill require consideration in the future, such as tertiary

¢+S]udges[re5u1ting;from lime or a]um‘treatmentiof second§ry wastewater. . - o 5 

" In genéral, the majority of sludge applied to land will be either anaerobically

'or aerobically digested sewage sludge. ‘After-digestion, sewage sludge may:be - %

- further, processed to reduce the water. content by vacuum filtration or centri

| | ! ifugation,
resulting in a sludge "cake" containing 30-40% solids." In many cases, sewage sludge

* 'will be applied to land as a suspension containing from 1 to. 10% solids -(i.e. e

the form exiting the digester or‘settTing_tank){'>Thehdewatering,of,s]Udge'nqt only . -
influences the economics of sludge.disposal but it also alters the chemical composition,

- of the sludge and thus the rate of qpp]ication‘on~agriCu1tura1;]and. L I

I Ifish6u1d be feéiiied-thatxséwagé~51Udge<15 a.Véry'heferogenous materié1; Véhys

 ; ing #n. composition from city to city and from day to day in the same city. Thus, ... '
" before a serious-attempt is made to develop plans for sludge application on agri-- ° .-

_Sahple'Coj]eCfion' X

: : A

~cultural land, censiderable thought should be given to obtaining representative = -~
_;samp]es_and making arrangements;ﬁor;accurate chemicg1 analysis of the sludge. - ...

. Sludge Analyses = . . - #

-

- PreTianéry'analySes can. be madle’ from a single grab sample, but more detailed

* sampling.is needed;'ﬂFor-calculation;of'app]ication rates, -separate samples of the-:'

sludge shou1d,be';o1lécted once per 2-3 months for a period - "6 to 12 ‘months in,

-order to obtain a represéntative analysis of ‘the material to be considered .for land .

application. The most desirable sampling scheme involves.obtaining ‘samples based -

~on flow so that the flow-weighted average chemical composition canbe determined. - .

ERIC oo ooy T e



.*§ required, it is

w;.'hydroch10r1c ac1d shou1d 5% added to s1urry samp]es to bring: the pH vaTue to’ L ',‘
_betWeen 0-and 1 ) . . L e

:h-S1udge Ana1ysis*

.4Percent so11ds
. Total N (n1trogen)
) . + .

. NH4eN 5ammon1um)‘.

» . ) » ‘_. = \_————— '

s .. One ]1ter (or gt ) of samp]e'shou]d be stored “in a p1ast1c or g1ass conta1ner so
-~ that evaporation of water is prevented. If dry_ sludge is used, these pretaut1ons

are. not.necessary and a plastic bag will suffice. for sample storage and -transportation.

gSQ@p]es should be, iﬁbJected to chemical- analysis as soon as possible. If- storage
ecommended that samples be frozen or stored .at-33-367F. .- If

‘more than 1-day will elapse between. sample coliection and cold storage, enough

’ \ . . . L P _.',. -.. - F'o.?

Sewage s1udges conta1n a wide var1ety of mater1a1s, 1nc1ud1ng p1ant nutr1ents,

.- organic materials, 0ils; greases, and trace metals. The meta]“tontent‘“? sludge is = -
- especially important .bet use -many metals are essential for plant growth at small

-.concentrations, but’/ré ic at high concentrations. -A complete analysis of

- sewage sludge is @ very. involved process requiring considerable effort. Fortunate]y;
- -a complete, analysis is not required to make a. recommendation for rates of s1udge.

application to agricultural lands. The sludge analysis recommendations which

. follow should be considered tentat1ve since .future information may 1nd1cate that

additional elements should be 1nc1uded or that -some of the e]ements 1hc1uded need';_>'-

‘not be determined. S . S _ ‘ "

NecessarY‘Ana1y es . R o 'o »“,‘_ | -r' m'. r }‘ - . ]‘_;.

_ Ana1yses reunred ‘of all s1udge samp]es and the suggested ana]yt1ca1 methods '
are shown in Table-3.]. Since the solids content of sludges varies from batch to

. batch, all composition data must be expressed on an oven- dry solids basis. The
- f011OW1ng parameters must be determ1ned to deve]op recommendat1ons for application
: rates on agr1cu1tura1 so11s : e . , : o '

-y

{__TABLE'3.1 Methods for Sludge Ana1ys1s*ﬁ";; )

Parameter e o Suggested Method
':Dry1ng at 105°¢ fOr 16 hrs
- Micro-Kjeldahl and $.0.1

Extract1on W1th potass1um ch1or1de and

. : L o ' . . S.D. .

NOg-N (nitrate} - -~ . -~ - :Extract1on with potass1um ch1or1de and
S et L s D, after reduction -

_Total P (phosphorus): -~ “w = . - . Nitric acid-perchloric acid d1gest1on
S . o o ". ) '.;w. - Tand co10r1metry : ;?‘ -,
Total K (potassium) ' S . . " Nitric acid-perchlgric ac1d d1gest1on
S | - A N - and- f1ame photometry

- Copper’ (Cu, zinc . (Zn), nickel (Ni) " Nitric acid-perchtoric acid d1gest1on

Tead (Pb,) and cadmium (Cd) R and atom1c absorption + »
‘ , . g

* References (4,11 20) ‘ 3]

+ +S.D., steam d1st111at1on and- t1trat1on of d1st111ate w1th standard su1fur1c ac1d

Colorimetric methods may be used for ammonium and nitrate. . =

: ¥ Background correction (e. 9., deuter1um or hydrogen lamp) may be needed for

~cadmium, n1cke1 and 1ead



Additionai Ana1ys1s . ' 1“’_ P
: The fo]]owing e1ements may be of concern in specia1 instances, but dn most
. sewage ‘sTudges which 'are encountered they will not infiuence the rate of applica-
“tion of sludde to land: selenium, cobalt, chromium arsenic, boron, iron, a]uminum
. mercury, s11ver barium, sulfur, caicium magnesium, - sodium, molybdenum, ~
~© _inorganic, carbon, and organic carbon (Refer to Sectign 11 for information
g "qualifying the above list of e1ements) “With the exception of »sulfur, ,carbon,
-, -and boron, -all ana1yses Jlisted above.can be actomplished with-atomic absorption
: 1 spectrophotometry 'provided the' s]udge contains sigpificant amounts of the element.
- In'most cases. the elements -arsenic, selenium, boron, chromium, and mercury are of
greatest importance in industrial wastes; however, some municipal sludges may .
j contain elevated levels-of these metals if industrial wastes :gp added to-the sew-

age system. In these €ases the industrial wastewater should bg examined and based
. on this information a decision should be made as to which sludge Pparameter is.of
greatest concern. -Even though some of the above elements may be present in high
“concentrations in.sludge, they do not appear to 1imit crop growth to ‘the -extent.
- of the e1ements 1isted under Necessary Ana1yses : _

N

Cons1derations for App]ying Sewage S]udge ‘on Agr1cu1tura1 Land

ffgw ‘;:' . The fo]]owing information is needed: prior to ca]cu]ating the rate of s1udge
e app11cation . . ) ‘
“ »Siudge compos:tion (see Tab1e 3 1) o o B
=,;5011 pH cation exchange capacity, and 1ime requirement to adJust s011 -
- to pH 6.5 o i .
© o Soil. test for avaiiabie P and Ks P and K fertiiizer recommendation for crop
to be’ grown . ':; R SR o

t Crops to be grown ) :vg'g‘u R { - 'Vu : CER
»'J The rate of siudge app11cation to 1and is based on the nitrogen requ1rement

--of the crop grown and the metal content of the sludge. . If the studge being -
app11ed has.-a low metal content, then ‘it is-possible to use. sludge as a nitrogen
fertilizer material. - However, iﬁ the sludge contains high concentrations of Cd
then. the sludge may. be used as a supplemental nitrogen source only.  In either -
case it may be necessary to use.commercial fertilizer materials to furnish potass1um
for crop growth. .The ranges of nitrogen, phosphorus, and- ‘potassium contents ; ‘

: typica11y found in anaerobicaiiy digested sewage sludges are shown in Tab1e 3. 2

‘hTABLE 3.2 Composition of Representative Anaerobic Sewage:S]udgesf' ”

‘ Component'jy '.-t_i.&', S 'ﬁangef o 7f- T 'an/Tdnf
Organic nitrogen o 1% =5% . '_fu - 20 - 100
_Ammonium nitrogen =~ .. . 1% - 3% . B . 20 - 60
-Total phosphorus ;],'.;_\ 1.5% - 5% S .30 -100
Tota1 potas51um - o 0.2% - 0.8%'_ o » ;4--‘ 16
U Percent of oven- dry solids f'”'.'. ’ " ;; :5 . l, o " y,» ;;f j-‘.

f Lb /ton dry s1udge

},‘-:.'A v

© 3,3
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_ After. add1t1on to soil, sewage s1udge is slowly decomposed resu1t1ng in® re-_
lease of" n1trogen available for~plant growth. Available data suggest that 20%
- . of the organic n1trogen is converted to p1ant avaijable forms. the first year and
" - that 3% of the remaining drganic nitrogen is released.each year for.at 1éast three.
St subsequent years. Thus, plant avallable nitrogen is ‘released for several years .
‘ after sludge has been added-to soils.- For example, decompos1t1on of a sludge-con-
R . taining 3% orggnic ‘nitrogen app11ed at 10 tons/acre/year. for 3 years will. re1eas€
- - +" 41 1b. of nitrogen the fourth year. Thus, s1udge app11cat1on *yates are: ba'sed on
o “the quantity of . read11y’%va11ab1e nitrogen .in sludge (i NHZ and NO3) and.on -
Cy the amaunt of nitrogen released during sludge decompositio

in‘soil. ?he data -
presented in Table 3.3 is based.upon ‘N mineralization, rates of:20, 3, 3, and 3%
- for years 1, 2,3, and 4 after sludge application. The’ ‘exact percentages'used for .
.. organic N~ m1nera11zat1on in sludge: treated soils. are undoubted]y a funct1on of .0
“sludge, soil. and c11mat1c conditions. In more temperate, cT1 ates, the. percentages
are 11ke1y greater than those used herein< Nevertheless, a’ decay«ser1es for:
organic N mineralization- should be employed for calculating s1udge app11cat1on
rates based on'N requ1red for crop growth. An additional’ consideration in sludge_ -
o .,‘app11catlon rates is the method of application. . For surface app11cat1onsgof o
S -sludge, approx1mate1y 50% of the NH'-N applied will be volatilized as NH,, .re- .
P .'tsult1ng in increased application‘rates. If sludge is 1ncorporated %mmed?ate1v L
- "(e.g., injected), then available N applied.in.sludge should: equal the fertili.
N recommendation. When sludges are added to soils at N- utilization rates,” the .
amount of P added exceeds that requ1red for-crop growth.. Excess available,P in
"~ 'soils may. be.related to' decreased soybean y1e1ds encountered in some’ eXper ments.
. Based on the limited data available, the level of available phosphorus in soils -
. rece1v1ng sludge sheutd be checked and -serious consideration given to d1scont1nu-_
- .1ing s1udge app11cat1ons 1f ava11ab1e phosphorus exceeds 1500 1b/acre :

v The cr1ter1a used to prevent meta] injury from s]udge app11cat1on on 1ahd
" are based upon the total amount of Pb, Cu,-.Zn, Ni, and .Cd added.in sludges.
Whereas nitrogen common1y Jimits the annua] app11cat1on rate of sludge, metals
in sdudge will determine the Tength of time a given acreage can receive s1udge
The upper.1imit for metal addition is given in TabTe ,3.3. The current version of" -
‘Table 3.3 differs from the first edition of this paper in that the limits“for =
©Ni- have been increased by a factor 2.5.  This increase in Ni limits reflects =
~ recent research data indicating that Ni. toxicity to crops will not be a prqblem
in soils maintained at pH > 6.5, as required for 'seils receiving sewage sludges. .
The 1imits for Pb are not based on potential toxicity of Pb to plants. but rather -
- to protect both animals and humans from Pb exposure ‘through direct 1ngest1on of -
" s0il receiving sludge. In addition to the maximum accumulation of Cd shown in -
~Table.3.3, the rates of sludge application should result in no more than 2 1b.
of Cd per acre being applied on an annual basis. It must be emphasized that .
soil pH.must be maintained at pH > €.5 after- s1udge ‘applications are d1scont1nued. .
If s1udge applications are Timited by Zn, Cu or Ni, metal tox1c1t1es to p1ants
‘cou1d result if the s0il 1s a11owed to become acid 1n the future ‘
??2 in

The use of. CEC in Tab1e 3. 3 does not 1mp1y that meta]s added to ‘so
.s1udge are present as exchangeab]e cations. - Rather, tie ab111ty of a soil to
_ maintain added metals in-a form unavailable' for. plant uptake is related 'to the
~organic matter, c1ay and hydrous oxide: content of the soil. : A$ these soi] para-  “:
“meters increase in concentration, incréases in CEC result. Thus, 'CEC was chosen - -
. - as a.single, eas11y measured soil property wh1ch 1s proport1ona1 ‘to: the ab111ty
of a soil to m1n1m1ze meta] effects ol crops

[ o R
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IABLE 3 3 Tota] Amount of S]udge Meta]s A]]owed on Agr1cu1tura1 Land c
>:»”ﬁtf}f~7- Sy 'h3';{3jf;fdf | So11 Cat1on Exchange Capac1ty (meq/]OO g)* R
ﬁkﬁa]‘ L T 0 - 5 ; - 5 - 15 ‘ o __1SA

co e T . S Maxlmum Amount of Meta] (Lb/Acre)
LSUPb e sl0 e g L 2000
SN Inl e S 250.,; Coso 1000 -
B T BVIE U S T125 Tt T Rk0. T ST ; 500 M
SINTTTT TN 126 e 20 s T TB00
L b 5 L N I A _'l? o

SR R oo S TRRN e \ :
577 Determ1ned by the pH 7 ammon1um acetate procedure;. o ;f,ﬁf IR d';» N
e . . - SR B 3

. The va]ues in Tab]e 3. 3 are the tota] amounts of metals wh1ch can be added

o te 'soils. With metal contaminated ‘sludges, one of the above criteria‘may be -

S .met with a -single- app11cat1on -whereas 5, .10.or 20 app11cat1ons;mgy~be eeded-for -,
-7 *Melean" domestic. sludges. - Furthermore, when the:metal 1imits are reache » :Sludge S
~~:’appTication must .be term1nated ‘A soil pH > 6.5 must be maintained.in a]] sites. ‘

;:after sludge is applied to reduce the solub111ty and plant uptake ‘of potent1a11y
;tox1c heavy metals e

: ‘ ~ 5 . -
e . . .- )

;Calcu1at1on of Annua] App11cat1on Rate e T b“";'f;'?_v :jVH - §$:;.ﬁg;n

L%

".\.. :
A2

Step ﬂ 0bta1n N requ1rement for the crop grown from Table ' 3.4 or obta1n
" N.fertilizer recommendation. from Cooperat1ve'ExtenS]on Serv1ce
r‘or so11 ana]ys1s 1aboratory ST ‘ :

B 'StepIZf Ca]cu]ate tons of s1udge needed to. meet'crop S N requ1rement

”a. .Ava11ab1e N in s]udge' NS - f e o
% Inorgan1c N, (N ) = (% NH4 N) + (% NO3 N) T

i ;v.f { ;-'fd% Organ1c N (N ) ('% total N ) - (’% 1norgan1c N-) -

( °

.‘0.

e ) ‘Surface app]ned s]udge A '
SRR '.{. Lb ava11ab1e N/tqm sludge 44 NH4-N x 10) + (% N03 “N. x 20)

N .|. - .
) Incorporated s]udge S ( b N X 4) . |
Lb ava11ab1e N/ton s]udge -( 9 NH4 -N X 20) + (% N03 N)X 20) |

h:‘bc,'Res1du\1 s]udge N in. - s0i1 o : + ( % N X 4)

v.,]' “7._ : If the soil has rece1ved s]udge 1n the past 3 years, ca]cu]ate
: g.res1dua1 N from Tab]e 3.5, . . ST

“'9-'fAnnua1 app11cat1on’?ate f~..; l”“?' e T

crop N requ1ren%nt -~res1dua1 N
Lb; ava11ab1e N/ton sludge
i'*dhff.;”' :‘;Quf .}; o j})i-TOns'sTudge/acne e Sp;decg/aggg ;:}»T hp

t,u’- ' ‘:"- ‘) Tons s]udge/acre =

o ifﬁii) The' 1ower of the ‘two amounts 1s app11ed ' ‘~f_.'$fr"' N
COON L T e T e T e R '
. \)‘ . . . \ : N " KX ‘. i '; . o ‘-.: . . L o \ * . .

o
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Table 3. 4eqaje§nua1 Nitrogen, Phosphorus, and Potass1um Ut111zat1on by- Se]ected
) rops.* . . e ,
Crop - _Yield Nitrogen . Phosphorus ~~ Potassium \
‘. L ,___Lb. per Acre . e
_Corn .- . 150 bu. 185 + . . 35 178
. .. 180-bu. 0 240 . 44 . 199
Corn silage . . - 32 tons - 200° - 35 - 203
Soybeans - .50 bu. . . 257+ 21 ~ 100
T 60 bu. . 336+ - - 29 ) 120
- Grain sorghum. 8,000 1b. © 250 - .40, ' 166 - v
- Wheat . 6p bu. - 125 22 S ) 3
St . 80 bu. - 186 L 24 L 134 - e
oo Gats AU 100 bu. 150 o246 - i105.
.. Barley " - 100 bu.- 150. v 24 Lo 125~
- . Alfalfa - - 8 tons . 450+ foo35 0 : 398 .
Orchard grass .6tons 300 . - . 44 - 3M '
Brome grass . . - -5 tons =~ 166 - 29 ) 217
. Tall fescue =~~~ 3.5 tons . . 135 . 29 - ’ 154 =
~ Bluegrass 3 tons- A200 . 24 . 149
R . S : s g : : : z

%
“Values reported ‘above are from reports by the Potash Inst1tute of America: and
are for the total above- ground portion of the plants. Where on]y grain is re-
moved from the. f1e1d, a S1gn1f1cant proportion of the nutrients is left in the -
" residues. However'," sinceé most of.<these nutrients .are temporarily tied up in the
_,res1dues, ‘they: are not read11y available for crop @ise. . Therefore, for the purpose
of estimating nutrient requ1rements for any part1cu1ar crop year, comp]ete crop -
- removal can be assuméd.: . ;
= , . _ . BN
: *Legumes get most of the1r n1trogen from the a1r, 'S0 add1t1ona1 n1trogen sourceSa
Toare not norma]]y needed : . .

L O . - . A : N P .o - ) -

LR oo e
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Tab]e 3. 5 --Release of Res1dua1 N1trogen Dur1ng S1udge Decompos1t1on in So11

| d.Years After : - o dffﬁgiﬁ‘%i 0rgan1c N Content of Sludge, % 2
S1udge App11cat1on ' TL200 0 2.5 3 0 3.5 4.0 4.5 5.0
T | i ffﬁLb R Released per Ton Sludge Added
S 270 14 1T 19 2.2 2.4
2 2 1.4 .16 1.8 21 23
SR UEIE AN 13 1 1T 2.0 2.2
S . .
\ . . . ‘g k23
TNy N
~ g K
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- Step 3 Ca]cu]ate tota] amount of s]udge a]]owab]e
\".‘ar‘ 0bta1n max1mum amounts of Pb Zn, Cu, N1, and Cd: a]]owed for ' o
.CEC of ‘the soil from Tab]e 3 3 1n 1b /acre '

b. Ca]cu]ate amount of s]udge needed to exceed Pb, Zn Cu, N1, and
Cd 11m1ts, using s]udge ana]ys1s data

-~

Meta] , :
o .. ’,'\'.,. " - V *
. | dde/acpe = b Pbjacre
‘pb, Tons s]udge/acne ppm Pb x .002 o

© o5 7. Int Tons sludge/acre = _%%ﬁ;%%z§sr802. s
e L - “Cu: Tons sludge/acre = ;gﬁ Ca ichbz‘ L '

AN
' o R = 1b. Ni/acre .
| - Nii Tons s1udge/acre ~ ppm NI x .002
PR _ 1b. Cd/acre -
' . Cd: ZTons s]udge/acre = -Bsﬁ'taly“ooz'
e (Note: Sludge metals shou]d be expressed on a dry W319ht ppm '

mg/kg basis
9/kg ) | e
- The lowest value is chosen from the above f1ve ca]culat1ons as
the maximum tons of sludge per acre which can be app11ed

s Step 4. Ca]cu]ate amount of P andaK added in s]udge _
| 1b. of P added ‘

Q

Tofs,of s]udge X % P in s]udge X 20

- Tons of s]udge X %K in s]udge x 20 “1b. of K added»

e .

'Step 5 ’Ca]cu]ate amount of P and: K fert111zer needed o S s

(lb P recommended for crop)* - (lb P in s]udge) 1b. P ferti]iier
needed s o

- (T 1b. K recommended for crop)* - (lb K in s]udge) lb. K fertibiieri'
- . needed - _ : e T
A samp]e}ca]cu]atiOn may be'found jn Appendix Bo o oo "»--iﬂ- .
Il ‘ o ) I 4 : i .. * ' ‘ . v /// )
*pand K recommendgt1ons based on soil tests for ava11ab1e P and K. Fertilizer = °
recommendat1ons.£an be obta1ned from Cooperat1ve Extens1on Serv1ce or- 5011 ana]ys1s

. 1aboratory ‘ :
@f‘ . Lee E. Sommers and Darrell W. NeTson arep: Assoc1ate Professor. and Professor, re-
o spect§p§1y,,Agronomy Department Purdue n1vers1ty, west Lafayette. IN 47907 '
e . ;o 37 S ’
ERIC . .- R T
T ' N . - . o \J . TR
. , _ L _ @%.



o . Section.4 .- _‘ o “*‘j _'/.

. CROP AND SYSTEM MANAGEMENT . . J
for S]udge App]ication to Agricu]tura] Land :

lRobertH Miller N

" The. pr1mary empha51s of thlS document has been the appllcatlon aof sludge to.

- agricultural lands in a manner which will assure that no permanent .damage /is done '

: 5011 Management—51te Selectlon . - K . :

to the land or to the environment./ This is particularily important if the land

_receivi wastes is leased rather than purchased and the farmer applies the

- .efforts

sludge to his land as .an alternate 'sounce of nutrients. If this approach is. followed

. the-annual application raté will usually bé’ based on n1trogen suff1c1encf for crop
- .growth: (see Section 3) and usually will be under 10 tons/a The. long- ‘term quan- °

tity of sludge app11ed 'to any one site will be based on the type and quant1ty of
metals present 1n the sludge (see Sectlon 3).

- Thlg sectlon conta1ns a number of con51derat1ons 1mportant for manag1ng the '

. farm1ng operation when ‘sludge is applied tp land. .'As with so many other aspects .of
-waste apEchatlon to land, no one pxropoSal can be recommended for all situations.

The desifn and management of each site will be unique .and require the coord1nated
f the farmer and/or farm manager, the treatment plant operator, and agri-
cultural, eng1neers.

Management Cons1derat1ons ‘
N ' K]

1

Proper 51te selection- prlor to sludge appllcatlon greatly 51ip11f1es 5011 man-

. agement., Thesé factors have been discussed previously in Section 2 and w1ll be re-
»peated only br1efly before g01ng on to other conslderatlons

. -t‘ :

Of pr1mar;&1mportance to the’ success of ‘the system is the: establlshment and
ma1nt§ﬁ?hce -of .a pH >6.5. Most metals are less s§luble at pH.6.5 than at. lower pH
values, and a pH >6.5 will restrict plant uptake ahd accumulation of met}ls as well
as their.downward mobility in the soil.  ‘Soils should be selected which ave the
desired pH or be limed until.a.pH of 6.5 or greater-is attained. . After sewage

- sludgep are applled, soil pH should be evaluated annually to insure that the pH

tremaln- at or near pH 6.5. 0x1dat10n of excess nitrogen to nitrate or sludge sulfur
to sulfate could lower the soil pH. Other 'soil properties 1nfluenc1ng the chemistry-
- and avallabillty of metals’ in soils include the" cation exchange capacity (see Sec-

tion 3 and the influence of cgtion exchange capacity on maximum total sludge appllca- :

tion rate), the soil ogganlc matter content, the presence of hydrous ox1des of 1ron,“, LT
_'alumlnum, and manganes :

and the phosphorus content.

8011 dra1nage characterlst1cs, wh1ch are 1nfluenced by a myr1ad of factors
(Section 2), are also 1mportant because they influence the timing and method of

- sludge application, as well as tlllage, p1ant1ng, and- harvest1ng operétlons after

'fsludge add1t10ns S o co | 7)_ . S )

L2
K3

-5011 Management—Fertllrgy Con51deratlons . o ' ' ' ‘ y:{: . _‘ (. £

s

The n1trogenzgn anaerochally d1gested sewage sludge usually con51sts of about -

‘;one -third ammonlugu,tcher sewage sludges also contain significant, concentratlons of .

ammonlum n1trogen. The most commonly employed method of_sludge appllcatlon is on .

- 4. ' Co
29




- the s011 surface, after wh1ch it may or may ‘not be 1ncorporated If the sludge is
‘allowed to dry on the soil surface, considerable ammonia is volatilized into the,
atmosphere. The actual amount lost will depend on the nature of the soil, soil water

content, quantity of sludge applied, and the sludge itself. It has been estimated
that 25-50% of the ammonium will be lost if sludge is applied on the surface. If

 the sludge is injected d1rectly into the soil or 1ncorporated into the soil 1mmmed1-'

ately after ‘surface app11Catlon, most of the ammonlum will be retained.

Sewage sludges generally conta1n cons1derably more . phosphorus. relat1ve to the
nitrogen needs of most crops. Sludge applications based on the nitrogen requirements

_n

of-the; crop_may_often over-fertilize with respect to phosphorus. "-Unless very hlgh
amounts of sludge are applled however, the soil will immobilize excess. phosphorus
rapidly and over-fertlllzatlon should not present problems for many years. - However,
in one exper1ment in Illinois, the appllcatlon of. a very high amount of sewage
sludge in a single year resulted in phosphorus tox1c1ty to soybeans.
\ .

. Sewage sludges are ‘usually . very low in potassium, a value of about 10 lb of

potass1um per won of- dry sludge being common. Other catdons in the Sludge will. often

“compete with potassium.in the soil solution and restrict potass1pm uptake by plants.

Thus, no credit should be given to even the low amount of potassium in sludges and

B the soil should be fertilized w1th potassium accord1ng to the results .and recommenda- .

tlons of s01l tests.

Soil Management-RUnoff Control

. - Y

Sewage sludge applled to the surface of.-the s01l w1thout immediate 1ncorpora-

. tion can be transported in. runoff waters and result in contaminated surface waters.
The potential danger of runoff increases greatly on sloping land in regions. of high

rainfall and is the reason that soils to be used for sludge application should be

.restrrcmed to those with less than 6% slopes wherever possible. (See ‘Section 2.)

The dangers are most severe if an intense rain occurs soom after liquid sludge is
spread on sloping land. Methods of- application other than surface application musf

 be considered where: lep1ng land is employed. Diversions *or earthern barriers -may.
‘also be necessary to contain’ runoff temporarily, and prevent sludge ‘from reaching

water -courses. - These latter cons1derat10ns are all facets of eng1neer1ng des1gn. -

Regardless of slope, certa1n conservatlon pract1ces can be adopted wh1ch will .

" minimize runoff from sludge- treated soils.. Such practices include' reduced tlllage
systems, terraces, strip cropping, and retention of cr0p res1dues on the soil surface'

»

wherever poss1ble.~ S T S

crop Selectlon Lo 'if

\ Crop selectlon is not an 1mportant management cons1derat10n in systems where "
the sludge application rate is based on nutrient needs, or restricted to minimize
potential damage by heavy metals.. The farmer - or farm manager. has ayailable almost
all of" the common agronpmic cr0ps._‘ : :

W1th no 11m1tat10ns in the’ selectlon of plant spec1es, it is usually advanta-’

-~ geous ‘to ma1nta1n or’utilize the normal cropp1ng patterns - found in the: community.
- "These patterns have ‘usually: evolved because of favorable soil, climatic, or, eco- _
nomic reasons and will probably maintain certain advantages in the,sludge appllca-.'

tion- system as well.  One possible exception could occur if the crdpping pattern of
the aréa is restricted largely to a single crop. A Here there _could be advantages in’

' employing an additional crop or cr0ps to increase the opportun1ty of applying sludge

dur1ng a var1ety of seasons._PA s1mple example would be a corn monoculture system
- 4.2 4

:_¢yo. . .: . 1 | _J_;i\_,"



© Vs, a corn'and grass forage rotation. In the latter system, sludge can.be applied
~to corn ‘land. and incorporated prior to planting %nd after harvest. Additional sur- "~ *
face applications could be made on some soils.of the North Céntral-Region through-
', out the winter months, subject to local or state Negulations, when not frozen or L
- _covered with ice or snow. The forage component woyld allow,sludge applications to\
,ﬁ’lazg/ag‘those times when the corn land would be inagcessible; é.g;,fWheq,tbo wet for
 trafficability. N o N Co e T
i \

s

Wy

Timirnig of Operations

‘ Timing.¢f;sludge applications to land as QgIl'és.  ;'thé farﬁingfoperatian of
the system are dependent on climate, soil properties, t crop, ‘and the tillage,
. planting, and harvesting prdcedUréE employed. o '\g‘ : A .

—

.- Climate has a major influence on management of soilS}é,d,crop dstems receiving
sludge. Temperature has a‘direct1inf1uence'on'applicationﬂpﬁ,sludge)in areas where '’
frozen soils or snow cover make sludge applications impractical or environmentally ' .
unsound. - In northern areas of the U.S., winter storage facilities for wastes are
required and increase the operation costs for the municipality, Nemperature also . .
.. influences the growing season of plants and the Wete of decomposition bf §}Udge
. organics in soil, Both of theSe,factors‘ﬁnfluence the redova;ivexcf ability of the
'-soil. The mean length of the freeze-free'period in days (growing éegspn).varies.
greatly within the North Central Region from about 100. days along thé Ganadian border
to about 200 days in the southernmost states of the region. Ithfreezéﬁiqee period
varies from 150 to 180 days in.most. of ‘the Corn Belt. Useful temperaturegata for .
.the North Central RegioniFan be- found in N.C. Regional Publication NQ;_174;TQ&;

Rainf11 has an.influencé on all management decisions involving: $ludge apﬁfiLN

tion, tillage, planting, and harvesting. Care must be exercised to-assure that Ny

- sludge :is not applied to-wet soils with, heavy equipment. . Such.applications would TR,

- Tesult -in-compaction and reduction in crop yields. . Rainfall distribution also in- 3%
fluences the amount of sludge storage required by a municipality. If the soils are @ .

_ too wet for sludge application at the plafined or desired time, the farmer”may not
_ be able to .accept the sludge as planned. Storage would thus be frequired until-con-

‘ditions are again favorable for applications to continue.

Soil properties are extremely important. to scheduling sludge application as
well.as determihing the ease and timeliness of all tillage, planting, and harvesting
‘operations.. Applying sludge to'land by almost all methods is an additional opera-
. tion of concern’ to the farmer as well as the treatment plant. :Delays for the farmer
w-eoo..May mean a disruption of his normal tillage and planting operations, and may be o
~ ecoriomically -unacceptable. - Unfavorable soil properties, e.g., high water table, *~ . '~
~saturated soils, etc., also mean that sludge cannot be applied-in the Spring of the
- year and reduce the acceptability of land application for 'a municipality which must
~have the-capability for all-season application.. Likewise, delays in' harvesting
because of wet soils might limit Fall application of sludge with the same result.
~ Thus it is very impprtant that soils be chosen which are well: enough drained to pro- .
. duce a minimum dgygy for all important operational procedures.of the system. ¢ » °
- R . s : . R S :
. The choiceﬂﬁﬁﬁcrop,or crops provides a means by which. the. farmer.as well as the
treatment plant ‘gperator can vary the time periods during which slhdgéfgié;be/épplied'
to land.  These ‘aspects have been discussed briefly under-'CropSelection<” Some flexi-
bility in sludge-application can also be provided by altering the maturity dates of
'small_grains, ‘cgrn, or sorghum cultivars:so that harvesting,“tillage, and planting
operations canmore nearly fit-the-climatic or soil limitations on sludge. applica-
~ tion discussed:previously. R e ot o

43 S T
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Other Management Conslderatlons

R
) L

.- There are ‘some/data show1ng that sludge can retard seed germ1nat1on and early
% plant growth. Most of these cases have occurred -at sludge ‘application rates higher.

. than' those recommended here. The retardat1on is. thought to be caused by a high con-~ .
centration of soluble salts and/or high ammonia contents. These problems can be .
further rediiced by. apply1ng the sludge 2 to’3 weeks before planting, by thorough
" mixing of the sludge in ‘the tilled soil layer, or by'a thorough. 1rr1gat1on‘§r1or to . .

: Dlant1nﬁ. In the humid remonq of the U.S . the nrnh'lnm_w_]__l_]__be_Potentlally less o
~severe than.in. the more ar1d non-1rr1gated reglons. '
Herb1c1de appl1cat1ons for weed - control on so1ls rece1v1ng sludge should be the
same as those normally used for a. part1cular crop or soil. . Weed control is espe-
c1ally important bécause of a desire to maximize crop y1elds and ‘nutrient removal.

o An’ additional weed problem may arise because tomato seeds survive waste. treatment

' and grow profusely in sludge treated so1ls. L R S

&

In: general the use-of other pest1c1des .on sludge treated so1ls will not be
altered from the normal procedure recommended for untreated soils. A

Sewage sludges should not usuallﬁ(be appl1ed d1rectly on leaves of growing _
plants unléss.: the sludge solids can be subsequently washed.off by ‘irrigation water. .
. Liquid sludge When applied on leaves. of plants will dry and coat the leaves, reduc-~
. ing photosynthetic act1v1ty Observations from studies in I1linois have indicated o
-that corn yields will be redueed if the leaves) .are coated with sludge repeatedly o
Ndur1ng the growing season. If desired, liquid sludge can be appl1ed to. row crops -
" during the growing season by grav1ty 1rr1gat10n techniques,’ by tank wagons, or by
overhead- 1rr1gat1on systems equ1pped with drop hoses ‘between rows._

Sludges can*be applied to forage :crops during 'the season if app11ed pr1or to
: Spr1ng growth, after. dormancy, or immediately. after cutt1ng and before s1gn1f1cant«
' new growth/has begun o - _

e

Robgrt H., Miller is a‘?rofessor, Department of Agronomy, The Ohlo State .
.Un1vers1 y and Ohio Agr1cultural Research and Development Center Columbus Ohio
43210 o _ . _ , o S
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" avoid nuisance. - A vital part of the total handling systemis storage t

Section 5 -J“FP~'a l?;””?@?

S SELECTION OF THE SYSTEM.
for S]udge App]ication on’Agr1cu1tura1 Land

Richard K Nh1te o

v ‘o

System and eq 1pment conslderatlons -are:the maJor eng1neer1ng 1nputs to a’ work-’ B

L able operation of renovating mun1c1pal sludges by land application. What are’the o
)cr1ter1a which' need- to be cons1dered in designing an acceptable system? Theé criteria

should meet the . following:" no ‘detrimental impact on the environment (air,.water, or
soil), while using the best available equipment to ‘handle 'and apply the sludge on

'+ the land, in an econom1cal manner, with good mahagement practlces such as un1form
- appllcatlon and m1n1mum nuisance.

- ‘ ‘ - . . .o "1“5. )
? RN

Three phases 1n the handllng of. sludges for land d1sposal are 1nterdependent R

' ‘treatment (storage), transport, and. application. The degree of treatment will affect'
“the mode. of transportation, e.g., vacuum filtered sludge will need ‘to bdftﬁuled as

e soil to
allow for
periods when appllcatlon to the_501l may not be p0551ble, e.g.s. free21ng weather or
soft ground S : , o BN :

Y
¢

a solid, Partlally stabilized sludge will need. to be 1ncorporated ‘into

Once the decisionis made that the sludge will be handled as a’ slurry (llquld),. ,

‘semi-solid,. or solid (cake), the type of transportation and appllcatron,equipment :
.can he selected. Table 5.1 indicates ‘a range of solids content and:handling- charac-

teristics. In the following sections on Transport and Application, systems. and equlp‘:

. ment Will consider both.liquid ‘and semi-solid or solid sludges. One additional con-

‘sideration, without respect to the sludge being in the liquid, . sem1 solid; or solid . e
~~ form, is whether soil 1ncorporat10n is needed to prevent odor nulsance or -surface -
o runoff S R £ 3 _
“oeLL jf; Trans ort

: The selectlon of the transportatlon systems and equ1pment should con51der ‘the
--sludge production rate; i.e., quantity, distance to site, proximity ‘of appllcatlon -
area to waterway, rallway, or h1ghway, whether appllcatlon wlll be seasonal or year-

v_TABLEfS,l.--SludgefSoTids:Content and'Handling CharacteristiCSa'

e T / - fl,‘fr vj;tf.LSG]ids”" o ' | . h |
| Type - - e .+ . “Content R Hand]ing Methods'
CLiquid f’*»';'d L '.'i'x']eTO% TR Grav1ty f]ow, pump, .
S S e tank transport | ‘
“Semi-Solid ; '.i, a’:':d_ v8+30%.', S Conveyor, auger, truck'f
("wet" solids) s e T R transport- (water t1ght
, T box) .
" Sol1d K o ) e g7s25}80%"; o Conveyor, bucket, truck
,("dry" so]1ds) LT e transport (box)
i ;' —

5.1
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round, and the life of the appllcatlon area. ,Tabl_*s,z. li~sts‘a1ternatz;" mpdes of

transport for both 11qu1d and SOlld sludges

: For large c1t1es, i.e. ,,large quant1t1es of sludge, thé use of a p1pe11ne,’ .
barge, .or rail tank car may be the.best. choice from an’economlcal and- management

ffV1ewp01nt The use of a truck which provides flex1b111ty often is the best choice

~ for: 3;§mallen4mmmmuuAaL——44%haﬂ%tng“dtstances—are Tong, it may-be best to use tank.

‘ftrucks for hauling over the highway ard transfer to either.a high flotatlon tank’

{

truck or tank wagon for field spreading. If year- -round application by: truck' or tank

"‘:wagon is selected the use of flotation tires is necessary to allow field travel .

over soft ground.. The use of tank trucks provides.flexibility in locdting-land
appllcatlon -areas, scheduling haullng, and enab11ng direct appllcatlon, 5011 condi-
tions perm1tt1ng :

.

TABLE 5. 2 --Transport Modes for. S]udges e

‘Iype' - ' .“' L T \:Characteristics 2

LIQUID SLUDGE

L}

Ra11 Tank Car | R _b 100 wet tons (24 000. ga1 ) capac1ty, sus-« .
= o . pended so11ds w111 settle wh11e in. o
. e _ trans1t v ' (
‘_ Barge L ; - - ~.°:,T; Capac1ty determ1ned by waterway, Ch1¢§go
o .. " has used 1,200 wet tons (290 000 ga1 )
, barges R - o
Pipe1ine - L 4 Need m1n1mum ve10c1ty of 1 fps to keep -

- o S “solids ip suspens1on, friction decreases
: R © . . as pipe diameter increases (to_the fifth
- " power); buried p1pe11ne suitable for
e year-round use.

. VehiCTes'

1Tank’Truck»--. A: X e Capac1ty--up to max1mum “Joad allowed oh
o : " .road. Can have gravity or pressurized
- discharge. Field trafficability can be
_ N _ improved by:- us1ng f10tat1on t1res
Farm Tahk-wagon' K o Capac1ty--800 to 3, 000 ga110ns Pr1n- ¥
> and Tractor L ,."‘ c1pa1 use would. be for f1e1d app11cat1on
' SEMI-SOLID OR SOLID SLUDGE - - / o e e
' Rail Hopper ‘Car N Need spec1a1 un]oad1ng s1te and equ1pment
S R for field app11cat1on
. Truck' R G T ~nCommerc1a1 equ1pment ava11ab1e to unload
o S : -~ and spread on ground; need to 1eve1
_ R \f s1udge p11es if dump truck 1s used
- . : _ .

[

o o

AN
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Commercial tank trucks are avallable from companles hand11ng equ1pment for sew-‘y'
* age and sludge handling and for livestock manure handling. Gravity discharge' from

"’ the ‘tank-truck is most common. 'The rate of discharge and the area of app11cat10n

;can be increased by using a pressurlzed.tank or.a pumped dlscharge .

At some p01nt in the system for handllng sludge, storage w1ll need to be pro-
vided. It can occur at the treatment facility or at the land app] cation site.

'Except for large cities-which nay have limited space at the: treatt 1t fac111ty, it .

”would normally be best to. prOV1de storage ‘at the treatment fac111ty . This storage

- 'is necessary so that the, transportation will not be hindered by fluctuatlons in the .
".sludge output: . Storage is also necessary if a breakdown occurs in the transporta-'

. tion, or weather ‘and, soil conditions at the application area prevent immediate appli-

" cation.’ Storage may be provlded in the- d1gester or aeration tanks for a short t1me

. For longer term. .storage, -a tank or-liagoon is normally used. Public acceptance of °

- storage tanks or lagoons at the treatment slte is ‘better than at ‘the app11cat10n
51te, : - o oo :
: . , A . ,

Sett11ng of suspended SOlldS has been a problem in sludge storage un1ts and in

tanks when hau11ng liquid sludge over long distances. The agltatlon of sludge in:

storage units is necessary before transporting. It is best gp m1n1mlze the number ..?

of storage. events in the handling system.

g

App] i cat1on ‘

The cr1ter1a for selection of app11cat10n systems and equlpment are/dependent

_:-upon several factors: the form of the.sludge (liquid, semi-solid, or:solid), the
~ quantity, the areal app11cat10n rate, whether a yearly" appllcatlon to the same area - -

- or one application in several years, whether seasonal or. year- -round app11cat10n, o

' topography of the area, and time of year. To prevent runoff, some states may requlreo

‘berms and/or diversions to be formed requlrrng land shap1ng

-

' 'i S Twoﬁmodes of application are surface or subsurface (5011 1ncorporat10n) The
latter may be required to control odors of partially digested sludge If large quan-

‘tities of d1gested slydge are being applled, soil incorporation may - be ‘necessary for
a good public image. ~Table 5.3 indicates methods and equlpment wh1ch ‘can, be used
for'purface or subsurface app11cat10n of 11qu1d and sem1 solid sludges

Surface app11cat10n ‘may be done by two general methods--lrrlgatlon or tank veh1-
cle. EXperlence has indicated that a fixed irrigation system, in lieu of using port-

able pipe, is .easier .to manage. Because of thls, irrigation.will be better suited

“to ‘a system which applies sludge regularly. "It 1s _possible to imclude slud%e with a -

treated wastewater:irrigation application system An irrigation engineer (agrlcul-

v

Commun1t1es of 10 000 to 15 000 populatlon have utlllzed tank trucks to apply
their sludge on farmland The tark truck’ provides flexibility in when- to haul and L
‘’where to apply the sludge.  Year-round application can be performed by selecting
sodded-fields for application during wet conditions. " The use of a pumped discharge

on the tank (commerclally avallable) will allow dlscharge over a W1der area'or from R

- a roadway, wh1ch may be 1mportant in an emergency _
e If there is the’ p0551b111ty of pub11c nulsance “from srudge app11cat10n, and for
- greater n1trogen use ‘efficiency, soil 1ncorporat10n ‘should be designed into the
appl;catzon_system, Enr_speclal condltlons -or.at partlcular seasons‘of the year,

(W

— Storage— A} o L e
‘ w B CL e

tural eng1neer) should be consulted to design’ the 1rr1gat10n system - _ T

N



TABLE 5 3.--App11cation Methods and Equ1pment for L1quid and Some Sem1 so11d

E Siudges._
v . L prographica] and
e Method Characteristics - Seasona1 Suitab111ty
?’=‘_’ SURFACE APPLICATION )

Irr1gat1on
_Spray - (Spr1nk1er)

I

" Ridge and furrow

" Overland flow

Y

) Farm Tank Wag_n and
:_Tractor o . :

:.-p1eted

5

i

- Large orifice required
~on nozzle; large power

and. Tower -1abor require-

- . ment; wide selection of-

commercial equipment..

when irrigation com-

Land preparation needed

Tower power Tequire-

ments than spray.

& Used on sloping ground

with vegetation-with no

~runoff permitted; .su1t-;;_

able for-emergen

" operation; diffic It to

get un1form area] app11

- cation, \E\\ T

. Tillable land; not- usable

Capacity 500 to more
than 2,000 gallons;
1arger volume trucks

~ will rfequire f]otat1on“_ |

“.tires; can use with -
~ temporary 1rr1gat1on

 set-up; with pump d}&- :

charge -can spray from

- roadway«onto f1e1d os o

Capac1ty, 500 to 3 000;1-

~gallonsy larger volume”
wWill require flotation
tires;. caniuse with
temporary 1rr1gat1on

“set-up; with pump dis- .
charge can spray from -
= roadway onto f1e1d

~,Canjbe used: on sloping

land; can be used year-
round if the pipe.is
drained in winter; not -

.. .Suitable for application
available; sludge must '
.be flushed from pipes

to some crops during .

.%rqw1ng season; odor

aerosol) nu1sance may

. -.OCCUY‘

BetWeen 0.5 and 1.5%°
slope depending on
percent solids; can . .
be used between rows L ]
of crops. -

Can be app11ed from
r1dge roads. '

with row crops or on: soft
ground

Tillable 1and; not. usable

. with row_crops_or on. soft[ lf~
-ground ’ .
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TABLE 5.3, (continued)--App]ication Methods and Equ1pment for Liqu1d and Some
Sem1 solid Sludges._, : . ,
‘f'fzo. A R -  v.:” e, Topognaphica1 and . o
Method _ . ——Chapacteristics — "~ Se
SURFACE APPLICATION | o _ )
S Flex1b1e 1rriggtion hose . Use with pipeline or T}ZLT111ab1e 1and‘ not ;
. _with plow furrow or d1sc . ...tank truck with pres-- . ' usable on wet or frozen v
- cover o .. _ . sure discharge; hose --ground : v
, .. . . connected to manifold .
L . .. discharge on p]ow or - e :
_ RS . .disc. - o o S -:_' o
Tank truck with plow .~ 500-gallon commercial - “Tillable Tand; not -
" furrow cover = - equipment available; - ~gusab1e on wet or
RO . B - - sludge discharged in . - .frozen_gtound
S ..+ .+ ...  furrow ahead of plow . . - T
L " mounted on. rear .of : ,,"' ;,':" : s
.  4-wheel-drive truck. -~ = e ’
Farm'tank wagon and Lo | ._' . R IR
tractor . T e S e
- P]ow_furnow‘cover IR $1udge discharged into . Tillable land; not.
I .. - furrow ahead of plow - ., usable on wet or frozen
- B - . ‘mounted on tank tra11er-- ‘ground
B app11cat1on of 170 to - A A
. s o se -+ 225 et tons/acrey or. ¢ T
; sludge spread in narrow oo
.. band on ground -surface. .
- and immédiately plowed
" * under--appiication of . . ... e e
_ 50 to 125 wet tons/acre._‘_ e 5 m.p-v .
e 'Sobsuffaceﬂinjeetionv ‘_ﬁf S]udge d1scharged dinto T111ab1e 1and not |
Coope emimmo R 0% channel, openéd by a0 usable on'wet or frozen
——e T et Ll ti11able tool mounted ',_ground S e
R AR . -"on tank trailer; appli~ S :
_ cation rate.25 to 50
T E . . . ~wet_tons/acre; vehicles _
... .. ... ' should not traverse, -~ y ' .
el ot Uinjected area for, - o . D e
LT v several days, oo o - oRD o IR S
uE o t§~ - )
S A -
8 ‘ T )
‘ 7&-‘-'-;'
,' ."_f.:
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TABLE 5. 4--Methods and Equipment for Application of Semi sol1d and Sol1d

_Sludges. |
'Method f e [ " Characteristics— .
,'*._Spreading e o Truck-mounted or tractor-powered box : spreader
B T ~ (commercially aVailable); sludge spread evenly
L “on ground; app11cation rate controlled by over=
: - .. the-ground speéd; can be 1ncorporated by d1sc-
P '1ng or’ plow1ng .‘
'lPiles or wlndrows" : - Norma]]y hauled by dump truck, spread1ng and .
. AP + Tleveling by bulldozer or grader needed to g1ve R
~uniform application; 4 to 6-inch 1ayer can be
_ | i '1ncorporated by. plow1ng v R
Res]urry and handle = g - | 'Suitable for’ 1ong hau]s by ra11 transportation. B

as in Tab1e 5. 3

- . . . . - . s v N .
T . : o« s 48 > : L
. . K . Bk

9

o

]

;soil incorporation can be omitted; e.g.,.cold weather or.land.areas located.far. from
residences. . Soil 1ncorporat1on will require a. larger power unit to. perform both till-
age ‘and appl1cat1on 51multaneously : 3ﬁ3_ L . A
Where equ1pment 1s currently ava1lable at the waste treatment faC1l1ty 85 de-
- »"water the sludge into a cake,’:land appl1cat1on in.a solid form.may be the best -option.
-, - If the sludge has to be transported a long: distance, economics' may dictate dewater1ng
. 'Tabde 5.4 presents methods "and. eqp1pment for apply1ng sludge to the’soil in the solid
fogmF The'.spreading method would generally be. preferred over the pil1ng or w1ndrow-
_1ng ‘S0° that normal farm t1llage 0perations and cropp1ng can follow. ' :

B
Lk

STtis 1mportant to con51der the land appl1cat1on of sludges as part?rhl~ne;total7'

-Q'ﬂ?treatment system. Th1s means tﬂat ‘not only is the select1on and use of

7>L;31g is operat1ve. In fact w1thout good managementfﬁh

- equlpment.. F o ‘. '__ ..\. ‘v~-”f-

: R1chard K Wh;t 1s Assoc1ate rofessor, Department of Agr1cultura1 Eng1neer;ng,
The 0h1o State Un1vem 42 L

o>
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s ; Section 6 i”” “

G * ANALYSES AND THEIR INTERPRETATION * -
e for wastewater App]ication on Agricultural Land

' . . Bode E]HS

Wastewaters .may be. generated by’ mun1c1pal, agrlcultural, or 1ndusxr1a1 waste ‘
treatment fac111t1es. Because of the ndture of the1r~or1g1n, wastewaters are quite -
i variable and as.such’ offer a’ great challenge to the analyst.Q-Var1at1on in data may
- occur because of the method, utilized in obtaining the "sample or from laboratory to. -
laboratory due to the -use of -different procedures. ‘Recommendatiens made here should
be considered as the. procedurecs) that will producg¥the most un1form1ty in'data and -
. not as the only method p0551ble or even the best hod in some cases.." b1

e _fr_." . _i"dl ) . Sam Q e COllection

e )

g The most cr1t1cal stage in analysls Jf wastewaters is generally 1n obtaanlng a-
representative sample. Igdividual analyses require one liter ‘(or qt.} ‘or less
whlch représents a very small part of the totgl: flow into or out of a ‘waste: treat- T
-ment facility. For this reason, it is recommended ‘that the minimum be 10 equal “QlfilTif»?
ume grab. samples obtq;ned over a, 2-day. perlod ‘and comp051ted to .give & 51ng1e 5 L,

_for analyses. - Thed@é&al,and common system. involyes sutomatlc samplers whlch take ~ - oY

samples 1n“proport1on’¢oﬁflow for longer. perlodstof tinie, .. More detail on: samplrng

is contalned in.North Central Reglonﬁl Publlcatlon NQ' 230 (20)

L Preservat1on of samples ‘without some change 1n'chemlstry is almost 1mp0551b1e, ;
S conséquently, analyses should be completed as ‘soon as possible after the sample is .
;nbtalned To keep changes 1n the sample to' a m1n1mum dur1ng storage, the gu1del1nes~~ '

.t10n (1) should be followed. "It is 1mportant to note that a single methodi'
,serV1ng samples is not adequate for- all analyses. :

. 1 K
H .

B j;*'.V , f."'ﬁﬁ - | wastewater*Analyses f'_T' .

Analyses wh1ch are recommended in all oases pr1or to appl1cat1on of wastewater
to land are given in' T 6.1, _ Other analyses should be made if the presence of
L certain materials (di.e. —fheavy metals) is suspected in the particular wastewater._
‘'Generally, a knowledge of.the source of. the wastewater is sufficient to 1de§§1fy,

7mﬁfﬁeeanalyses that should be made. Many of .the procedures recommended are:p

1n~Methods for Chemical Analysis of Wate&~and Waste (11).. Other alternat1vejff‘ bds -

are “found in Gu1del1nes for Plann1ng and Conduct1ng Water Quality Experlmeﬁbg‘ afiit

,Jo1nt report of:NC-12 “and NC~98: (19) - ‘and Sampling and “Analysis of Soils, Ri aq Sy
- Waste. 'Waters -and Sludges: . Suggbsted Standard1zat1on and Methodology, a publ
of'NQSIIB (20) T , o - . oL

“gltAs in dlllanalyses, analyt1cal procedures should ‘be constantly checked i
laboratory by'the use of carefully prepared standards- whlch match “the matrj 5
the samples being anaiyzed and.by cr055 check1ng with - Standard samples ex;“ ;
. tween . laborator1es.. % . wht

. - - Intejretatwn of | Data

-

Any of the parameters listed 1n Table 6 1 may 11m1t the quantr
. that may be'applled to a part1cular s1te. In general the parﬁ%ﬁtﬁr




A Recommended
i for Ana1y51s:

,‘-'ﬁf-EPA (11)
R o - . L wv' . EPA. (1)
;.»ﬁ%“toté1-56iids";" . 1 SUSpeCted to. be‘h1gh o ‘fo EPA (11) &;
. Conductivity ~ | e

If h1gh so]ub]e sa1ts are suspected v

.fVeifil N A _."EPA (11)*"f
' L e () g
R EPA“(]]) Black- (4) :
f#f?%mmeymwmmeIfmuvpmhmw' @AUU

o ~;C1"(ch16r1de) o '_ 1 conduct1v1ty exceeds;250fum/cm'd v EPA (11)* j

- ettt A

I K*g(potassmum) S If onductivity exceeds
R S lateste.

‘g"If'conduct1v1ty exceeds ‘25 um/cm o EpA (11)

-ﬁi"..'Mg?+V(magnesﬁ§m) s 7'171f_conguct1v1ty exceeds 5( ﬁ*'ﬁpd.:EPA (11)
S L X o

:?Taj‘: N?*,(SOHj“m)[{f' c e If conductIV1ty exceeds

)

-,fEPA.(11), Black (4);

C -

‘ﬂCaét-jta1cium)'

50.ymfcn- .7EPA (11)

: - - at'25® C.o° . ‘ I
- Heavy metaJst w'.*gg,_ If snurce of. wastewater 1nc1udes ok ef

3.'Bf(bomoh) : .“\iikgd : Mun1t1pa1 effluents and if suspected

| _ . 7 in.others . _ S
- .'Pesmdes S Ifssiispected: | FueR (1975) - ¢
;:EPA (22)

"-Industrma] organ1cs i ' If suspectedibﬂ

o E1ec rode methods may be used tf the quant1ty 1s gre te”.than 10 ppm N as NQ‘lji:f7”
or 10 ppm-¥ 1‘ NP | o Sl o L i e_ﬂ"
o *Federa] work1ng Group on Pest Management 1975 “Gu1dé11nes on Ana1yt1ca1
';.‘_iMethodoJogy for Pesticide Residue Mon1t0r1ng, Pest1c1des Mon1tor1ng Journa] M'E S,.;_ g
NS GOVernment Pr1nt1ng 0ff1ce o Lomn e T TR R




4' ' ’ : Y
to 1nf1uence¢he short term performance of a land appllcatlon system are water, susa
pended solld*} readzly decomposed organics (BODS), nitrogen, and total salt. Para-”
‘meters which may be cr1t1cal in limiting the numbers of years a particular-system .
may be used include phosphorus, heavy metals, and - 1ndustr1&l organlcs.' A discusslon '
of individual parameters fpllows. . g . o v ;/;;/ ’

% natUral resource which’ may be ut111zed for crop needs (i.e.; applled
19 Tgtes ,Iess ‘than 20 .inches per year) or it .may be renovated by its ‘association
wlthﬁthe spil;-and the biological envxronment at considerably hlgher rates. (i.e., 60

: per year). - The. .s0il may pose definite limitations upon the quant1ty

o 0f wa_er;whlch'may be applled_ (For ‘a discusslon of thlS aspect, see Sections 2 and

¥

B

edSolJ.dsandBOD o R

iSuspended SOlldS and BOD are generally low in secondary effluents ‘but may ‘be -

' \'in wastewaters from canneries or other industries which process agricul-,

st products.. Infiltration capacity ‘can be lost by sedimentation and -

if suspended solids and BOD loadlngs exceed the respiratory capadity

hpulatlons which decompdse organics filtered out at or near the soil

: If the -sqil’system is overloaded with'BOD, anaerobic conditions will
‘develop, - nd severe odor and 1nsect ‘problems can result. At moderate rates of ap- .
plication, the'Teadlly decomposed organics which give rise to BOD can augment the
vegetative cover in supplying energy for den1trif1cat10n and structural carbon for ,
1mmoblllzlng n1trogen and other pollutants. ) o .
Nztrogen ‘ ;' R "f

K

LX

N1trogen_)n the n1trate form is the critical form of.n1trogen because of its - -
solubility aﬁa‘moblllty in water, its stability in groundwaters, and its 1mp11ca-
_tions for eutroph1cat10n and for -human and animal health. The other mlngral forms . .
.of nitrogen are ammoniui and .nitrite. - All three are readily taken up bx;glants.
"Ammonium and nitrite are converted (nltrlfled)wqulckly to nitratg.in: -moderately
well-aerated soil. Under poorly aeratéd conditions and in the presgjice of rapidly
‘decomposing organlc matter, nitrate and nitrite are reduced (denltr fied) to gaseous
fdrms'Whlch recycle back 1nto»the atmosphere. Both nitrification anhd denitrifica-

tion ark‘blologlcal processes tarrled outxby m1croorganlsms which are not very actiye
at temperathres below 50 F. . o

-As much as one- third of the organ1c ﬂltrogen appl;ed in wastewater‘may be Te-

- leased (mlnerallzed) as ammonrum and nitrified to nltrate the first year. The re-
..mainder qlll be retained (immobilized) in resldual humus. The humus. w;ll continue ,
to decompose and feIease m1neral forms of nitrogen and other nutrients in subsequent |

;g“:. xyears,,but aﬁ‘very mUch reduced rates. fThe rates of initial and residual release
;7 are 3educed in the presence of rapidly decomposing carbonaceous materials (BOD) .
, wh1ch may be added as wastes o@ supplled by roots and surface trash from the vegeta- -
twecmmn : i . .

..

ot b

: ta k3 : s . 2

In overland flow systems, nitrogen may not be a crxtlcal load1ng parameter
slnce the objective, frequently, Wwill be to obtain partially renovated water for
intermediate use rather than for dlsc e. = fate.irrigation systems, inputs’
of n1trogen should not exceed the ¢apdcity of the.vegetation to take it up, plus

some allowance for den1tr1f1cat10n 1mmob111zat10n. ff no crop is to be har-.
> : : ‘

. ‘.';..
- el




vested some arbltrary 11m1t-9perhaps no more: than 50 1b. per acre pe@ year--should
._;be set 1n1tially and adJusted as indicated by mon1tor1ng experlence S
-'"“Lf crops are harvested annual - 1nputs of n1trogen should not. exceed by more than
" 50% the'ant1c1pated harvest removal at yield goals which past exper1ence indicates
can'be attalnedion_slmllar soils with good management (see Sectlon 7).. .This quant1ty
o is a ‘functio oth?concentratlon and rate of app11cat10n ““An example ca1cu1atlon\
- is given-belo B - : -

Problem: Wastewater~wmth 12 ppm N as NH and 8 ppm N~as NO 1srto ge'applied toa
I corn crop w1th an expected y1e1d of 150 buQ/acre : R

; Question. How many acre inches of wastewater may be app11ed dur1ng the grow1ng
: ' _season” _ - , . : S g

R v, . - . i o ' .. ‘; A . ,-'.'”
Calculation: 150 bu of corn will Temove approx1mate1y 125 1b. /acre of N, there-
Co fore, no more than 125 x 1.5 = 187 5 1b. of N may be applled s

Ay
L
*' o

1.acre 1nch 226 512 1b of water
i i

v Therefore,

187.5 1b. N°
"4 53 1b. N/acrefinch

= 41.4 acre inches of wastewater ‘maximum.

L1tt1e nitrate remova1 is expected during perlods when act1ve1y grow1ng vegeta-
tion is not present. Consequently, .any level of nitrate exceeding;10 ppm nitrogen
‘would be- considered a sericus hazard :in wastewaters applied to barren land. Th¢ .4s€e-
‘of cover crops might W igextend the. successful app11cat10n season on,many treatméht N
sites,

L I -
L;H.igh Rate  ~

HA 2
- .

. ~-Nitrogen application rates for hléhhrate infiltration percolation systems are
- dependent upon the magnitude of denitrification and dilution within the aquifer.

. These parameters w111 ‘be h1gh1y site dependent and cannot be dysdussed in ‘a gener-
alized manner. . )

?fg Phosghorus :
Phosphorus may be a key element “£6T the” success of a land treatment system whpn

viewed ovér the. long term. . It can be utilized by crops. and. adsorbed or precipi
by the soil. “Both total’ phosphorus and soluble’ orthophosphate determinatio re
necessary for proper 1nterpretatlon of data from wastewaters which are to hj applled
to land. Within“a@ few days (or weeks), all of the applied’ 1norgan1c condgnsed:, :
phosphates should be converted to soluble orthophosphate. Orginic phosphoru3'may

-be mineralized more slowly, but should be retained by the soil i1 converted to-
orthophosphate. If the conversionito soluble orthophosphateﬁgeaurs, wastewater may -

" be applied even without an actively growing crop with little danger of immediate ﬂn

~ loss to the drainage watery;;The phosphorus will be..adsorbed by the soil and a por-:

.+, tion of it will subsqupntly be removed. by cropping. Soils from eagh particular

TW site’ should be exam1ned “with Tespect to their ab111ty to adsorb. phosphorus

, Due to°11m1ted contact between wastewater and soil in overland flow systems,'
._phosphate is inefficiently removed and runoff may not be of a quality that can be

;cdlrectly dlscharged into surface waters. N .
. et . . N : g . ) b :
i~ : ' : .
ce - ~4e R . D ’ -
. . LIV .
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] TABLE 6. 2--Max1mum’Rates ‘of Wastewater App11cat1on Re]ated to So1]
Texture -and- thewAbiTity’ fithe Soil to Adsorb Phosphorus. *

Rate of App11cat1on VR

acre 1nches/year

S 60 -

.f5§ hji“' )
E : .'--"Sandy Joam o 40
Loamy sand'-. _gf: : AT SR 45 L;
Sand e ‘_'40,
| P *Assume 7 ppm -total phosphorus in the. wastewater and ‘a crop remova]
4 of 25 1b. phosphorus/acre/year, w1th a 50-year expected life of the .
&system Data from M1ch1gan so1ls. o : R

. ®
.

- Soluble SéltS' = f.. o RETT I

Soluble saltgage;erally will not accumulate in the 50115 of the North Central
) Reglon since prec1p1tat10n\ r?luses in Fafl, W1nter, and Spring.will yemove salts
vgf7 by leaching. This is not trﬁk*1n the arid or sem} ar1d areas of the United States.
¥ In local situations, salts from spec1a1 industries or from use on city streets may
give rise to abnormal concentrations in sewage or storm waters. Further concentra-
tion of salts occurs in soils by evapotranspiration. In soils which do not tramsmit
4 rainfall and 1rr1gat10n water rapidly. enough to keep salts moving downward - through
~ the root zone,q¢salt injury to’sensitive crops can occur if. wastewater containing - ¢
- more than 1250 ppm.dissolved solids .(electrical conduct1v1ty about 2.0 mmhos/cm) is
applled regularly during the summer mOnths. -

.
B

/ Sodlum Adso;ptlon Ratlo (SAR)

Sodium adsorptlon rat1o (SAR) may be an 1mportant cons1derat1on in the use of :
wastewaters even though Na.(sodium), K (potassium), Ca (ca1c1um) and Mg (magnes1um)
are not frequently a problem in wastewaters. A calculat1on of SAR values should be

“ made accord1ng to the follow1ng equatlon : :

S Na
SAR = V____eca_ e

. Anhexample of .this calculation for a,typicai'wasteWatei is shown below:

Problem: A;mastewater‘is found to have 150 ppm,Ne,e75 ppm Ca, anéhZO'pﬁm‘Mg,




2

Questlon. What 1s ‘the SAR for thlS effluent”l
Calculatlon"':.‘!‘ _ .
~ 150 mg Na/1

. 23 mg/me_Na

75 mg Ca/1 + 20 mg Mg/l _ 6,522 -3, 97
.20 mg/meCa ‘12'mg/me4Mg, 1.64

lSAR{i.

Wastewaters w1th SAR. values greater than 15 should be avoided because of the1r
detr1menta1 effect on soil structure and ultimate reduction. in the 1nf11trat10n rate
"~ of the soils. - Sodium adsorptlon ratio values from 5 to 15 can, over a period of years,
; lead. to loss -of- structure in soil horizons containing more than 10 or 20% clay’ (loam -
" or finer texturé5 Lower values are generally satisfactory, although long ‘term de-
clines in infiltration and percolation capacities have, been observed in moderately
v f1ne-textured SOllS when 1rr1gated w1th water haV1ng SAR ratlos as low as 3

4

‘Aucronutrients B

M1cronutr1ents and . metals are’ expected to accumulate in the sludge and not in the.'
wastewater.' Boron is a notable :exception to this. " It.is 11kely to remain in the
~wastewater and move with the soil water. - The toxicity of boron is related to plant

',specles with the most sensitive crops-showing toxicity. at 0.5 mg. B/1. -Semi-tolerant -
crops may show toxicity for levels of 1 mg. B/l. or greater. - In some soil. 51tuat10ns,
plants may actually benefit from low concentrations of boron 1n wastewater.v The -

. same may be true for 1ron, manganese, and zinc. . N

organzc Compounds L "' . i o o E

‘,.4¢ 0rgan1c compoundﬂ-are found in wastewaters. Pretreated wastewaters contain

- natural products of partial decomposition-and resistant synthetic compounds which

"%~ have detergent or chelating properties and can enhance .the mobility of potentlally

' stoxic trace organics and metals. Known organic.toxicants. which persist in waste-
waters from conventional sewage treatment include -a number of pesticides, chlorin-
ated plast1c1zers, fire retardants, and other industrial chem1cals._ Most. are strongly"'
‘adsorbed by soils and.are subject to slow decomp051t10n or alteration to harmless ‘
products._ They may pose an. environmental hazard in special situations, . particularly
if water is allowed to percolate too rapidly through the soil. Sources of such

~ chemicals should be identified and" regulated ‘to avoid excessive concentrations: in 4

" wastewater that is to be app11ed on land where dlscharge 1nto streams or lakes m1ght :

occur. L : :

«

Boyd G. Ellis is Professor of Soil Chemlstry, Department of Crop and 5011 )
Sc1ences M1ch1gan State- Un1ver51ty, East Lan51ng, Mich.. 48824,

L.

o . . . ) . . . L .




N | Sect1on 7 e , f-;?" : R '
' CROP. AND_SYSTEM MANAGEMENT T |

,: for wastewater App11cat1on to Agr1cu1tura] Land

~,Arthur R. wo]cott;ananay LTTSook.

, ‘Land’ app11cat10n may be viewed as an alternatlve treatment method or as an
intermediaté use.for’ wastewater at a stage of renovation which cannot be dlscharged o
directly into surface streams or lakes. The two views do not oppose but support.

+ each other. The need to remove nitrogen and phosphorus from wastewater presents. the
' opportunlty to use these and other waste nutrients to upgrade natural landscapes or
. to support production of economic crops. " In turn, beneficial responses of vegeta-

tion to added water or nutrlents can contr1bute to the cost effect1veness of treat--
ment. E : :

. The ch01ce of land app11cat10n as a method for treat1ng wastewater w111 be 'in-
fluenced by public policies .and att1tudes, fund1ng incentives, and regulatory con- .
straints which are described in other sections in this publlcatlon.. Considerations -

. in site selection and system design also are dealt with in other'sections. In this

section, factors’ wh1ch should be considered in selecting vegetative covers and ‘
-pr1nc1p1es for management of wastewater app11cat10n sites are . dlscussed S

o

Se1ect1on of Vegetat1ve Cover | :“fz RV

\ The se1ect10n of vegetatlon to receive wastewaters cannot .be. con51dered 1nde-.

. .pendently of the selection of site or design’ approach Con51derat10n must be given

" to the hydraulic capab111t1es of soils and terrain in re}at1on to. natural hydrolog1c'
-systems or to- hydrologic systems ‘which can be imposed on the site by: engineering.

Climate will influence decisions regarding site, design approach, and vegetat1ve cover.f

Economlc or -other advantages associated with a given type df vegetatlon or a g1ven
resource management system must be con51dered as well '

Influence of Water Appllcatlon Method

The w1dest 1at1tude ‘in:choice of vegetative cover is afforded ‘
" tion. (2.to .8 ft, per .year). Low-rate ‘irrigation on moderately permeable soils and

. slopes of 0 to 6% has the greatest- potent1a1 for environmental benefit and economic

- return- of any design approach. Options for vegetative cover and resource management

. 'systems range fron public and private. landscaping, greenbelts, wildlife habitats, ‘or .

commercial forest plantings to agricultural -and horticultural crops. Perennial or

annual species can:be considered 'including intertilled crosz, BT x
. E . T

. " , .

) In the case of. crops grown for food or feed, the appllcatlon of wastewaters

~ which’ or1g1nate in livestock. operations or mun1c1pa1 sewage 'systems will bé closely

regulated by state health authorities and marketing agencies: Restrictions on use

- of wastewater will vary w1th the crop and from state to state..

For effect1ve renovatlon by low rate 1rr1gatlon, the- wastewater must enter and
-percolate. through 3.to 4 ft. of the soil profile. ~This. approach'may not be feasible,
-on slowly permeable soils which will not accept and transmit at least 2 ft. of water
~ per year. On such 501ls, substantlally renovated water can be obta1ned by overland
”'row.'h - . '-ff- : ' R .

By .

N
o

by 1ow- -rate 1rr1ga-"



'*'annually

£

a

W1th su1table eng1neer1ng, numerous . cr0ps can be grown in overland £low systems.f

' On grass. or forest cover, as much as 20 ft -or more of wastewater can be appl1ed

v\’.

V1gorous, water- tolerant grasses which form dense sods are 1deal for h1gh rates o

‘of app11cataon. Reed canary grass (Phalaris arundinaceae L.) ‘and tall fescue
'(Festuca elatior L., var. arundinaceae) appear most promising under climatic condi-

tions in the North Central Reg1on.' Reed canary is slow to establish itself from: '
seed .An established grass -in old fields in many cutover areas ‘is quackgrass (Agro- .

:pyron repens L. Y. Quackgrass r1vals reed canary in productlon of tough, interlacing

i‘rh1zomes to bind the 5011 and carry heavy equ1pment

P S
. T -

All three of these ‘grasses are h1ghly productive under cont1nuously m01st con-“

‘ditions. ‘However, they lose .palatability rapidly as ‘they approach. matur1ty and. must'

be cut two to-four t1mes a year to produce hay or- 51lage acceptable to 11vestock _
Y

A more palatable grass adapted to moist cond1t1ons is t1mo®hy (Phleum pratense
L.): This is a bunchgrass, not a sod former. “:Improved sStrains are highly" produc-
tive and are readily established from- seed “Timothy, seeded alofie or with water-

'tolerant. legumes such as ladino clover (Trifolium repens L.) or birdsfoot trefoil
- (Lotus corniculatus), can be used to6 provide product1ve ground cover qu1ckly Reed

canary drilled:at ‘the same time in widely spaced rows (3 to 4 ft ) will normally
spread, over a per1od of . years, to dom1nate the stand.

Coa

In areas of the. Western Reg1on where humid cond1t1ons and’ d1seases assoc1ated

with high humidity are_not a.prdblem forage legumes such as alfalfa may prov1de pro- ’

.Influence of Wastewater Analy51s o ‘ ‘:‘ ‘ »:;‘:_

f“mentfmay be necessary to.
'l;nes o; '

_duct1ve cover.

- .

, In most localitmes mun1c1pal wastewater w1ll be requ1red to approach standards
for secondary treatment'before it 1is appl1ed on land. ~Standards for wastewaters
front;wood » ﬁrdducts -OF food'process1ng will be less strict, although primary treat-
remove grease or coarse SOlldS wh1ch m1ght clog dlstr1but10n

b o
"\1 AN

spr&nklens:f;

Often the concentrat1on of n1trogen left after these treatments w1ll determ1ne

'the rate of wastewater. application. The nature-of the vegetat1ve cover will be a

critical consideration, sincé the. important processes’ wh1ch can Temove n1trogen de-~ -

'pend on plant activities and plant products._ R - -

. The fate of phosphorus is less dependent on vegetative effects. ‘Nevertheless,
removal of phosphorus by plants will help to extend the. useful life.of soil minerals
which ‘adsorb or precipitate phosphate. Other nutrients in wastewater are of concern

_ma1nly in terms of the balance of nutrients needed for v1gorous .plant growth In

special cases wastewater load1ngs 'may be l1m1ted by const1tuents which are toxic to
plants, l1vestock or humans.

: Nutrlent Removal Capabllltles

' If wastewater is app11ed on vegetatlon wh1ch is not to be harvested, relat1vely
large acreages may be. required to provide adequate renovative ‘capacity.. Under con-

- tinuously moist conditions, accumulating masses of dead: -and dy1ng vegetation can

‘intercept oxygen needed for normal ‘root function. The" excessive. demand for oxygen

" 'can lead to loss of infiltration capacity. Odors and insect -problems also may be

(

‘aggravated Grasses and other succulent vegetation® should be cl1pped two or three ;

L) .



" 'Crop Yields and Nutriehts'ﬂérvested. Lb;/Acre
e T . 7 . Corn Corn- ffwbgg; ' : A]fa]fa- . _Canary- :
- .Nutrient ' ' Grain- Si]age_ ~Grain’ Soybeans Brome . . Grass',.

,(Annua] Uptake, . x
b./Acre) - ' St e

Yield . o 150buae b T V60 bu.  3Sbu T 75T

Nitrogen . - 125 5 T2 - \lzo S 220 84 )
Phosphorus . i. .: 22 | tJEBO 13 - '

: PotaSSiun : L 28 B )

3 .chcmm.f R R

: Magnesium . »'h 100 730

. El]is. B. G. et al. (10}‘= '
¢ *SOpper. w E. .(26).

.;den1tr1f1cat10n, perhaps 15 to. 5(
quired for optimum plant’ growth, efail _
~standing crop, detritus, and re51dua1 "humus must be Teckoned wi aS'potentlal sources '
,of soluble nitrate and phosphate at ‘some time in the future. ;;g?“ . : A ,

The effectlve life of a system can be extended by ‘removing some of the app11ed <.;§%
: nitrogen and phosphorus in harvested, crops. Frequently the first con51derat10n w111
‘ , be to optlmlze harvest of n1trogen (Table 7 1) : = :

, In general agr1cu1tura1 crops produce more harvestable dry matter w1th h1gher
 nutrient .content. than tree species grown for °timber. Large harvest removals can be

. . achieved with’ perennial legumes and grasses 'if they are cut frequently at early
o _growth stages when their nutrient content is high, It should be recognlzed that :
- 'legumes can fix -all of the. n1trogen they need from the air, but they are act1v
-.]'scavengers for n1trate if it is present as well as for phosphate. o 1

_— - ' !
< .
The potent1a1 for harvestlng nutrients w1th annual crops is generally *1 %ﬂ
.with perennials since annuals utllfﬁe only part of the ava11ab1e grow1ng seaso - fou
j-growth and- active uptake.- ' : : :

[§

De51gn estlmates of harvest removal shou1d 'be based on yield goals wh1ch 1
‘experience indicates can be achieved with good management on similar soils. Es
~ mates of nitrogen removal can be extended to allow for effects of roots and su®f

trash-left in the field after harvest. ‘Unharvested re51dues retard the re1ease" W
.~ soluble nitrogen during periods when no actlvely grow1ng crop is present. They?hgfp
" supply energy to support . den1tr1f1cat10n. L }‘ c "}ﬂa

_ For deslgn purposes, the overa11 capac1ty of a:crop to remove n1trogen can beL
est1mated at. 1 1/2 t1mes the expected. removal by harvest. If vegetatlon or plant




. products are not harvested, some - arb1trar11y lower f1gure w111 need to be used
Actual removals will vary with many - factors of site and’ management and .can only be -

;determ1ned by mon1tor1ng in. the operatlonal system.,;

f:_ Potentlal Toxzcztles

‘N rmally, ‘micronutrient 1mbalances or'metal tox1c1t1es wlll not be-a problem ﬂe*’“
w1th wastewater. . In fact,,low concentrations of boron, iron, manganese, or zin¢ may-
. be beneficial to plants on: some soils. . Increased uptake of cdbalt, copper molyb- ‘

.vdenum,-or zinc into forage may benefit llvestock '
I ) B 3 . .
_ Boron tox1c1ty can .ogcur 1n some 51tuatlons since thlS element tends to remain -
--in solution through sedlmentatlon, filtration, and biological treatment. If the
wastewater.contains more than 0.5.ppm of boron, local agricultural authorities should
be constlted regarding tolerant crops. which m1ght be grown.  If the concentration o
exceeds 1.0 ppm, it may be necessary to 1dent1fy and regulate sources of boron -in = . -
the waste. collectlon _System.. - : . v
. Unusual concentratlons of organlc tox1cants (pest1c1des, 1ndustr1al chem1cals)
o also wlll need to be regulated at the1r source. -

Certa1n hazards are assoc1ated W1th en5111ng or w1th 1ndlstr1m1nate feed1ng of .

forages ma1ntaﬂ‘ed at exce551vely high levels of n1trogen nutrition. Abnormally h1ghf

‘concentrations of nitrate can? “haild’ up in.corn, .sorghum, and succulent annual grasses
"if growth is- slowedﬂsuddenly‘by drouth, cold, or extended periods of cool, cloudy
vfweather. ‘Nitrate poisonAng can result if such rpughages’ are used as the. pr1nc1pal

‘ ration for vestock. ,'n the 5110, nitrate can Be reduced tg9 nitrous oxide, a poi- -

‘sonous gas wh1ch ‘can ' ea serlous hazard to personnel ‘for' several. weeksﬂafter\sxlo

ﬂ:fllllng. : : : : - C L '

' Grass tetany (magne51um def1c1ency) and fat necr051s (1ntest1nal tumors) may be-
+encountered where cattle are pastured on grass receiving high rates of n1trogen. _
' Grass tetany is associated w1th high.inputs of potassium relative to magne51um " Fat
. necrosis. has beeﬂ.tound only on’heaV1ly manured fescue pastures. B N
" Excessive n1trogen can” cause lodg1ng of cereal gra1ns and reduce’ the process--k :
-ing qua11ty of ¢érops-such as” sugar beets and potatoes. -No toxicities are involved,
. but such effects must, be consldered if, heser Qps are xo be grown and marketed
"Fsuccessfully F .

suare(favored by moist .

;gation. .The geographic
requently resistance

afeydnd “federal -experiment

. A number of, p1ant dlseases;and:

501ls or by atmospher1c humidity assoclatedfw;th

. - range and host plant specificit '
(.. to a given pest can be enhanced'byiss
© - stations and other lecal authorities: Should: begon:

‘ * lems might be ant1c1pated and ﬂﬁ%ldentlfy plant_s_“\‘ £} 'ﬂﬁrletles wh1ch are use- .
S fully re51stant.; ) ! 2 : :

v Cllmate, Sozls, prography

. . Natlve plant spec1es or crops whose culture is-well established in the general
‘area of ‘the land application site are the most llkely choices for vegetative cover

stermine what pest prob-.'p,

'since their adaptation to local climate and soils is known. With adequate water and

; nutrients on well-drained soils, any crop can be grown which is c11mat1cally adapted. N
“ The avallablllty of water wlll perm1t econom1cally Valuable spec1es to be grown on




_ R it i " , ;
. FIG.~7.1.--Scrub oak and spérse na,iyﬁhyrasses on- drouthy, cutover 1and in north--'
_ern Michigan, fep]aced (see- F1g 7.Z by corn” 1rr1gated w1th mun1c1pa1 wastewater.
-Photo by R L Cook

S

FIG 7.2: f-Corn is a- good cand1da e.for 1rr1gat1on w1th wastewater.< Adapteq hy-
brids with tolerance 'to important:Hisease and- insect pests are ava11ab1e for ‘most -
~areas in the North Céntral Region: Photo by R. L. Cook.

[ERJf:‘ 1,“?" -.‘:‘,ﬁ,{}.j .




ot ﬂrdutﬁyiédiié.'so,submarginalTaféasvcén'be'upgradedAfdffméfé iﬁfensiVe'uSes;(Figs}’,'”'E%
7l and 7.2). e . o S b

'i..':-': . . l‘ .~

. If it is necessary to apply wastewater frequently on slowly permeable soils, the’
- choice of cover may be narrowed to grasses or forest,gpecies. On rolling land sub- .

./ ject to erosion, year-round protection should be provided through .use of perennial
species or by fall-planted winter covers and trash mulch systems of management where = ™

‘;cultivated annual crops are grown. o -

- . ‘Cropping Patteras . . .. - - .o ‘ ; A R

o
c. . iy

o~ - . Operational efficiencies cap be realized through specializing’in the production '
- of.a single‘crop for which.there is a ready local market, or two or: three crops ‘which
- require similar field equipment and handling facilities. Corn and-sorghums are can: - .
. didates for single cropping because availableé hybrids covera widerange of climatic = -
adaptation and tolerance to disease and ‘insect pests. IR ,'g N

.V;Mpnéculture promotes the build-up-ef<£pecific diseases and insects. Many. crops
cannot be grown in successive years in the same field for this-reason. . Rotation of -
crops 'interrupts the normal life cycles of host-specific pests arid helps to keep ., 7
‘their numbers low. ) Lo e e S

. . Rotation ‘of crops offers benefits in addition to pest control. - Rotations in- =
‘volving cultivated afid -sod crops will help 'to maintain or improve soil 'Structure and .’
the infiltration, aeration, andsadsorptive'capacitiesipfuthé“soii.':On soils with
tight subsoils, improvements in in®ernal drainage can-often be ‘achieved by growing

- .a deep-rooted legume like alfalfa.or sweet clpver from time to time. Irrigation may -

.‘need. to be ‘discontinued for a season to permit such crops to develop their character--
istically deep root systems.- : I o T

... .Double cropping--soybeans or silage corn afteér winter whéat or barley, for =~ "7

~“ . example--may be feasible where the growing season is long enough. The accessibility

" of irrigation water helps to assure quick germination.and rapid seedling development.

_These ‘are essential if two crops are to.be harvested the same season. - With suitable.
short-season varieties and good management, the potential for harvest removal of =

‘nutrients and for economic return is substantially greater than with more productive . .

. long-season varieties which produce only.one harvest a year.  The system also pro-
. vides year-round soil protection by vegetation and decomposing. crop -residues.

L4

.Other Considerations .
“._ Numerous other factors must be considered infselecting'vegetativé-¢0vers.for“.
. Tand application‘systems. ;Since large acreages may be involved, the established
.agriculture of the area and available skills, equipment, storage, handling, trans- -
- port, and processing facilities are of prime importance, as well as the market '
potential for crops which might be grown. S T '
.. Regulations of state or local agencies may deteérmine the quality of water or .-
. the schedule of irrigations which can be used on crops for human or livestock con-
. sumption. Availability of ‘land or considerations of cost may dictate high irriga--
tion.rates and the selection of water-tolerant. crops or other vegetation, or these’ ,
. .. same considerations may.lead to selection of native vegetation on submarginal land - .~
;. .- where wastewater can be applied at low rates or at sporadic intervals. . . -

K] -

.9.'




g 'f1cat1on occurs - slowly or’ not at all,

_every
- md&l growing season. temperatures. Ox1d1zable organics (BOD) applied with' wastewater

Under prov1s1ons of the 1972 amend ents to the Federal Water Pollutlon Control,

" Act, -areas used for land appl1cat1on of-Yastes will- be regulated as "dbn =point'
Le.* sources of pollution. ' For this Teason, - they must be ‘mahaged as an integral part of

the total waste renovation system, - The, primary objective must- be to produce reno-
'V&ﬁed water meeting federal and ‘state stamn: ards_for surface d1scharge, groundwater
reﬁharge or spec1al 1ntermed1ate use" ! i}

ne' .
age can be: obta1ned by low~ rate 1rr1gat1on. Appl1cat1on4?ates shoul_,nQ exdeed thev
's0il's capac1ty to accept ‘water without runoff or without: pond1ng for more thﬁn .an
‘hour or -two. . Instantaneous rates on intertilled crops should not- eXceed 0
‘per hour on loamy sahds or 0.1 inch per hour on clay loams. Somewhat h1ghe3n1nten-
sitiess ‘may be feasible-'on:grass or forest vegetation. To avoid- excessively' rapid .
‘transit through the .soil, the total application should not exceed l 5 to 2 1nehes in

‘a 24 hour per1od--even on so1ls wh1ch W1ll accept more. water.sl-

Weekly load1ngs and 1rr1gat1on schedules should allow suff1c1ent res1dence t1me
for waste constituents to interact with soil Systems and plant roots.— On permeable
soils, up to 4 inches of water per week (1nclud1ng rainfall)- may . be -feasible’ dur1ng
summer and early fall when evapotranspiration is high. At other times,- treatment-.
effective loadings will be much less because of prec1p1tat1on surpluses and: reduced .
b1olog1cal activity. - Wastewater conta1n1ng high concentrat1ons of nitrate. should
not.be applied on cold so1ls (below 50° F.) when vegetat1on is dormant and den1tr1_,

=

Winter 1rr1gat1on of cult1vated cropland should not be cons1dered in. the—north- e,

- .ern tier-of states in the North Central.and Western Regions. On.grass or forest

.vegetat1on, wintert irrigation with low. n1trate water at reduced rates may be feasable,
except during very cold weather or when soils -are frozen.-' D .. e R

—

'
Iz, 1gat1on schedules should allow for rest1ng perlods between appl1cat1ons for .
dra1na€£ and aeration of the root zone. This is commonly ach1eved bz_irr;gat1ng

to 10 days. . Longer interval's are required during cold weather than at nor- -

"can -build up in surface soil to the extent that 1nfllmrat1on and deration are inter-
fered with and dnaerobic conditions develop which are conduc1ve to odors. This is
frequently the factor which determines how often processing wastes high -in BOD can -

_be applied in‘low-rate irrigation-systems. - In cold weather 1t also. can be a factor
w1th wastewater pretreated to"reduce BOD v S . " -

. . . . b.a .

.oc ' Rap1d 1nf1ltrat1on is not essent1al for~treatment of wastewater by overland

flow. Some deep percolat1on can occur, depending on slope and soil type. However,
- the main flow of water is downslope--over ‘the surface or by seepage through upper

. soil layers. -Suspended. sol1ds are filtered out on vegetation, litter, and soil.
Thus, they are d1str1buted over a very large surface drea exp05ed ‘to the air. BOD-

is dissipated rapidly,’even at near-freezing temperatures.\ Effectlve reS1dence times
can be achieved, on.un1form slopes of 0 to 6% with downslope exppsures of~150 to 200
fﬁ?tﬁ LDa1ly applicat1ons can be made, except. during rainy- weather. . During cold
weather;- appl1cat1ons may need to be less frequent or dlscont1nued if soil and Titter
.are frozen.p; ‘ S :

- . - " B LI
. . - . ’ . R
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Kot '500" -

nJQa;f~very 11ttle w1ll be taken up by the vegetatlon or removed‘by~den1trif1cat10n Much

.7 of .the ‘ammonium’and organic- n1trogen filtéred out from winter applications ‘may, b

R :released\rapldly as nitrate when biological activity resumes in* €he .

- - phorus: is: removed less: effictlvely than n1trogen. ~Runoff from- overland flow may-.
.not ‘meet’ standards for discharge and’ may need to be d1verted for low- ate 1rr1gat10n
‘ on other land areas Or for perm1tted uses 1n 1n_ustry :

e In both oVerland flow and low- rate 1rr1gat10n systems, water appllcatlons must

" be dlscontlnued well in advance of field operations so soils. can dxdij.and stabilize
to carry tlllage or-harvest equipment without serious 1mpa1rmentuof soil ‘structure.
Appllcatlons should not ,be .made on bare soil except as neede o'pr mote germlnat10n3'
”--and rapld development of;a;newly planted crop..

.‘:

: .. TJ.llage and ReSJ;due Ménagement

Tlllage operat10ns wh1ch expose. bare'501l should be kept to a m1n1mum 'Convené

pring. Phos- f o

tional plowing (8 to 10 inches) and preparatlon of a'seedbed. free of weeds and trdsh. =

.. are necessary for most vegetables and root cr0ps. Many' field, crops,- however, can-be -
.o planted directly in-sod.or trash’ from a ‘previous crop_or after- part1al 1ncorporat10n.5_

- of ré51dues by "shallow; dlsclng . On some soils, it. may ‘be. necessary at’ some t1me to,
'&pw very deep (2 ft or™ more) to m1x 1mpermeable subsor g

. flnatural processes can be. broken up. by sub50111ng equ1pme
“pxotected by M\\ftatlon or' stubble ahd trash '

M1n1mumwmlllage and no- tlll methods oonserve fuel reduce'labo
_ mize compactlon of soils’ by heavy equipmenti* Crop re51dues left on the surface or
< part1ally 1ncorporated to a depth of 3 or 4 1nches provide protectlon against runoff .
v+ and erosion during ifitervals betwéen crops. The- decomp051tion of ‘résidues on or near
. the soil. surface helpsiito ‘maintain a fr1able, 0pen cond1t10n conduc1ve to’ good aera-
“tion and rapid 1nf11tratlon of water. :
\'r"* v ' ; ! !
Local 5011 conseruatlon dlstrmct personnel should be consulted regardlng t111-~
age pract1ces appr0pr1ate-for spec1f1c5’-¢ps, 501ls, and terra1n.'

_ , Vegetatlve covers should be manage, 0 promote both a h1gh rate of nutr1ent _ y
'harvest and frequent return of unharvested residues. Return of re51due§b s particu-
‘ larly important where wastewaters- have«beewytreated to reduce BOD. . The.re@;dpes '
' serve to restore an effectlve balance of;‘nergy and structural ‘carbon ralgt'vg to
. nutrients. and toxicants. - The cycllng'o. Mitrogen and phosphorus through’ deeay organ-
isms and their products ‘helps to regulatg he release-of soluble nitrate and phos-
,-phate Actively decomp051ng organic matter also helps to reduce the concentration
L of other- soluble ollutants and- canghasten the conversion of toxic organics, like
w7 pest1c1des, to less toxic products Carbonaceous solid wastes-or wastewaters high
" in BOD, from canneries or.wood: proce551ng 1ndustr1es, can be used to augment pro- :
”ductlon of .organic matter by on-site vegetatio Minimum tlllage or no-till methods-
will reduce decomp051t10n rates and help to tia ;a1n or 1ncrease~the level of cyc11ng
' organic matter. in-the soil. o ] TR :

Another approach for restorlng the carbon bialance in pretreated wastewaters is

‘ to'manage . q§£gﬁs and holding ponds so as to promote growth of aquatlc plants ‘ These
_can be harv e& for feed or for appllcatlon on land. ’

AL

osts, and mini-



"veral 1oad1ng parameters., water, suspended soiids,oBOD phosphorus, solu;
- b1e sélts, sod1um, or. 1n special cases’by -certain micronutrients, metals, or toxic”,
s trace organlcs.‘ In any case,‘n1trogen loadlngs shou1d not exceed 1-1/2 t1mes the,g

. od-7e .

: -can be’ tected before ser1ous 1mba1an" 'ccur by testlng so1ls systematlcally S
: every ye r or jtwo: for ava11ab1e nutr1entj_and pH ST fIA PR ._-“;a’

The ba1ance among maJor and secondary nutr1ents as of pr1mary concern Analy-

by “soil’ pH rather thah by -their concentratlo,

", most. 11ke1y under acid cond1t10ns .and may de'
: ava11ab111ty of native soil sources.

Qmore ‘1ikely under a1kaline cond1t10ns.

(e

- : L] nd
'A'made every 2 or; .3 years ﬁythe wastewater }s very" ac1d (pH_448 or lower) or: very
alkaline (pH.8.3 or h1gher), these ‘extremes w111 need to be neutrallzed before the o

: .water is app11ed on 11V1ng vegetatlon.,‘ T A : e S0

: L . P »_._,_- _Af.h. .

’

Supplemental nutr1entsﬁto correct def1c1enc1es can be app11ed through the. 1rr1ga-
tlon system or by sur;able\attachments~to t111age or p1ant1ng equ1pment. Supplemental v
7ﬁ.fert111zatlon ‘should be" gauged to, actual- ‘needs and regulated as 1nd1cated by V1sua1
symptoms or by changes 1n 5011 or t1ssue testsm - O o

Abnormal tlssue analyses:and v1sua1 symptoms can be caused by cond1t1ons, such ,

as h1gh salt concentration or poor soil: aerat1on, which impair root functiens. Salt _j‘
‘Aconcentratlons din. certain: ﬂ&oce551ng wastewaters may be high.enough to cause d1rect L
. 1nJury to. p1ants unless'salt ‘tolerant - spec1es ‘are grown. 'More often, 1nJur10us sa1t A
) concentrations bu11d.up dur1ng the growlng season’ 1n soi'ls which. do not transm1t _3 IR




T "'.A . ....'-.. ,\_

‘ee1ectr1ca1 con uptinggﬂ should not be used for low -rate 1rr1gat10h on slowly per_fv_.
jmeable 501lsﬁ les means can be found to 1mprove internal drarnage. S .
Y N

$te
s

L Loss of 5011 permeab111ty may’ result from effeéts of waste const1tuents such ,as-

.-

-'lay or ‘sodium, If sodium is. respon51b1e, it may be- necessary to’ increase the cal-

.slag, lime). Deep t111age or- the 1nstallatlon of add1t10na1 ‘tile for. underdra1nage
may be needed to assure rapid' movement of salts andvsodlum through the 5011 Improve-
,_Tments in- 1nterna1 dra1nage alsa Wlll 1mprove 5011 aeratlon. TR :

-

. .(
: . R .. .e;‘ _:.:-’
. Pest“ControI ﬁfA ";: o '*’;;/;ﬁq\.lf-._ R VTR
' Ca e T ey R

s

. Problems w1th weeds sects,uand plant dlseases are aggravatei under condltlons
‘ ‘of frequent 1rr1gatlon,«part1cu1ar1y when a 'single crop is grown*year, after ;year or.
.. when no-till practlces are used -Most pests can. beocOntrolled byaselectlng.re51S~
£ tant or tolerant: var1et1es ‘and. by uslng pesticides in comblnatlon with appropriate °
“”t-cuLtural practices.” State and’ local. experts. should be consulted 1n develop1ng an
““.overall pest?control program for- a g1ven 51tuat10n.~@ A

Yo -

e

N

o Most crops requlre a perfeq/of dry weather before harvest to matureQand reach a
K .molsture content compat1b1e w1th3harvest1ng éqplpment Additional dry1ng by artifi-
' "fe storage or. mo meet market standards.‘

srupt1Qn of irrigatidn schedules, harvestlng and any'tlllage or

‘cium ¢ontent of - ‘the wastewater or to amend: the 56il-with- sourceg of calcium (gypsum, [__'f

Soxr' 'sf';'“

A‘ifplantlng operatlons which follow must be carr1ed out.expedltlouslyp Adequate power,f<,f;;

v labor, and equ1pment must be. prov1ded for’ thi 3=alIOW1ng for"mnev;table delays due .’ "
s . Poorly drained areas:in a field can lead t0°expen51ve delays]a-
'nspln such areas’ should be av01ded unt11 adequate 1mprovements

fﬁ'.P'er?s'bhri'& :

ﬁief%aétmeﬁf;ﬁgﬂdwsia}age of*wastewater,in.a,'”'
i A,central core'of profe551ona1 expertlse 1n sanltatlon

af’ged jnd'appllcatlon Site.- Analytlcal capabrlltles for the mon1tor1ng requ1red
Stat agencres must be prov1ded w1th1n the organlzatlon or by cofitract with 1nde-
.;pendeht;laboratorles.. These, plus necessary admlnaspratlve and c1er1ca1 personnel

If; there 1s cqncern for upgradlng land uSe or’for rea1121ng econom1c return from

B depend- upon the proposed use of the: landu;whether for wildlife, recreatlon, forestry,
0T agrlcul re.’ Managers for stich. areas should have: profe551ona1 training or:tnique
:wu;._,;lnterests and’ exper1ence approprlaee for the type of management requ1red “Technical-
ot and® mechanlcal skills, will: vary w1th the nature of thétrésource. . ‘Semiskilled labor =
W'_j‘,,may perform many,tasks but well tra1ned persoﬁnel Aare, needed to tra1n anJ superv1se]}
L Tthem.; N S b . ; : .

. ea

“5app11cat10n of’ wastewater, other. competencles ‘will be requlrbd Spec1f1c ‘skills will -*



ski]]ed 1n 1ts use'and maintenance., 'Soil
,bbefore.such operat1ons. Photo by R.: L Cook

,expens1Ve e1ays“ ‘Additional t11e are: needed here.
'to repairldamage to 5011 structure. - Photo by R L Cook

B
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In some situations: it may’ be fea51b1e to dlstrlbute wastewate.r to. 1ndependent
' _operators. Such’ grrangements . should be contractyal. -Legal. counsel sMould be sought
“in draw1ng up agreements wRich are mutually advantageous and yet etain rights of
. .. access for m0n1tor1ng- purposes. apd provide. for courses .of actipn 1n the event that
.' . wateér quality. standards for djscharge or groundwater fecHaz‘ge are not met. Pe:son‘nel »
‘and organizatlon mpst be’ p;ovided to admin:.ste; such contracts. o “‘
. S Y ’ A
v 'Key 1nd1v1dua1‘s should have respons:.bl’,lltles for’ lla;l.SG'l w1th re‘ﬁulatory .agen— : _
' ‘cies.and for ;nformatlonal and educatnonal exchaﬂge w1th1n the: organlzatwn and with
the general' publlc. . ) ' . '
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| | Section 8

L ~ SELECTION OF THE SYSTEM AR
S ' for wastewater App]ication on Agricu]tura] Land S

N - B L ' A L | Ernest H K1dder L _":“ ”J. , ”

'\.'- , ' .- . . . e .
) " Three methods of wastewater appl1cat1on to land are. conS1dered "wThey are ‘o
. spr1nkler irrigation, surface 1rr1gat1on, and overland flow. Inf1ltrat1on percola-”
S t1on systems are not. d1scussed -5 v T e T

' ’ \ * ot

R In the Western states, 1nclud1ng those in the western: part of fhe North Central
' Reglon, ‘both ‘surface and sprinkler irrigation methods may be used. In the Eastern
- states, the amount of land leveling and the resulting damage: 'to the soil profile
~-would in most- instances eliminate surface irrigation. Thev1nJect1on of wastewater
into the soil by knifing does not appear to be. pract1cal because of  the dr§turbance _
-~ to .the crop and.to the soil which would result from weekly applicatipmrs, and because’
- »of the high cost of operating the appl1cat1on equ1pment A _renovation and ut111za-
tion concept of wastewater appl1cat1on is emphas1zed .‘.‘: A
». sg_‘a | water Management Strategies g ‘j T

at

K3

Certaf1able waste treatment plans may include cyclés of re-use for purposes
‘which do riot Trequire water of the quality specified for terminal.discharge.. Uses
which gemerate revenue will contribute directly to the cost effectiveness of.a system.
Such uses ‘are to Be found 1n 1ndustry, agr1culture, forestry, and aquaculture. '

2  There are benef1c1al uses of part1ally renovated water wh1ch may produce l1ttle :
. or-no revenue but which can 1nf1uence the qual1ty of life and, \indirectly, the eco- -
nomic and social goals of communities- and regions. Thbse include irrigation of
publ1c and private landscaping, greenbelts, and wildlife hab1tats, and. contalnment _
and control of surface flows for recreational and aesthetlc purposes.- Land applica-
t1on and surface cortainment' 6f wastewaters can. lead to 1ncreased recharge and ‘stor-
> age in local groundwaters, with ‘increased efficiencies in ‘water use. Increased re-
L tention of water in local reservoirs (holding basins, .cyclic re- use systems, soals,.
l_h ' groundwaters) can contribute significantly to moderation of seasonal and- long term .
- fluctuatlons in stream. flows and. lake levels. Q. : w{ o '
a “ -An essent1al obJect1ve in total design must be to proV1de for conta1nment mon1-j
toring, and control of wastewater flows until water of the des1red d1scharge quality s
is achieved. Seasonal and cyclic fluctuatlons in wastewater and.storm water flows
_ originating within the system, ‘and in natural. flows entering from outside, must be"
+ " anticipated in tjje 1n1t1al de51gn. Prébable increases in: vollme or changes in
qual1ty of ‘flows requiring treatmént must be allowed for initially, or ant1c1pated -
~ in cpntingeney plans-for; expans10n or for adopt1on of new treatment technolog1es,
" as néeded overs the pfOJected l1fe of the system.

) "\,_

'.‘Al’ . .o L.

"i' " Design and management options for. appl1cat1on of wastewaters w1ll vary with the
hydrau11c capabilities of available soils and terrain and théir relat1on to natural
;nd eng1neered hydrolog1c systems (Table 8.1). . .. . C ’

yoo o - S
‘\The renovat1vevcapab1l1t1es of soils and vegetatlon e utilized most.effec-

. tively with®low rate irrigation seystems (Fig. 8.1)%  With appropriate mhnagement

~ drainage water suitable for surffe discharge or percolate suitable for groundwater -

- recharge qag_be obta1ned_ Economic benefits -from 1ncreased ef£101enc1es An produc-

g . v .. ‘ e o K ) . . a " ' l‘v

" . ook - ¢ . : i
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o TABLE 8. 1--Comparat1ve Characterlstics of Low-rate Irrigation,foyeh]and]Flow,»;,ﬁ
_;and Infiltration-Perco]ation Systems.” . R g : o L

Desfgn.Approech‘:> . _
.. . o Low-rate . _ 0ver1and S . Infiltration- -
Factor -~ - = "Irrigation ... Flow - ;' ~ Percolation-
o L1qu1d 1oad1ng rate - 0 5 to 4 in./wk. T2t 5 5 1n /wk 4 to 120'in-/wk'
o .
' Annua1 app11cation .;342-8 ft./yr; S 8 to 24 ft /yr ‘.‘18 to 500 ft /yr
3;];' Land needed per 1.mgd 140 to 560 acres . . ,46 to 140 acres '::2 to 62-acres =
e ... .. plus buffer zones - ' plus buffer zones- ~ plus buffer zones’
- Soils e K fModekaté]y'permeable S]owTy;permeab1e " Rapidly permeabTe-'
. 7. loamy sands. to clay .-silt 1oams to.- . sandy loams: to
» ~1oams : o c]ays S sands o
STopes : j' | Cu1t1vated crops © 2-6% . S V-Less than 2%
L . 0-6%. Forages and S L
forest §pec1es
. 0-15% L , :
Removal of suspended 90 to.99%’ 90 to 99% Y790 to 99%
, solids ang BOD . . .~ R A A -
.I:Removal of nitrogen 480 ta. . 100% 70 to 90% e, 0fto,80%f." )
Ll e e '(may exeeed 100%)'- R . S Co
* Removal of phosphorus  95% to 100% = éo';'to‘ '6-0%.; T 70 to 95%
e e _»(may exceed 100%) _ i S |
: 'Eate'of wasteWater-~3 _Evapotransp1rat1on : Runoff max1m1zed -:_Deepfpercoiat{on'_f'f
R - . _and deep percolation. for -recovery-and. ~ maximized for
-~ for groundwater . re-use. Relatively .groundwater .-
" recharge, discharge  little.evapotrans- " recharge, - recovery T
into surface waters, piration or deep’ ' and, re-use. Runoff - - -
~.or recovery and re-. ““pereo1at1on not allowed. L
, _ 4. use. Runoff con-~.- . ..+ - Negligible. evapo-- .
<:l  ' o ;,tro11ed e RN R transp1rat1on R
o Adapted from R. E, Thomas and C.. C. Har]in Jr (28)_ahd.C.-E.1PoUndfaﬁd" s
R, W. Crites (23). EPA-660/2 73/006a A s e
- +Irmgat1on at 4 in. /wk wou]d be seasona] An 8-ft. /yr app11cat1on wou]d
-average 2~ 1/2 in. /wk over a 40-week irrigation ber1od B P - o
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IRRIGATION SYSTEM .

EVAPORA TION

SPRAY OR —>

%f;ﬁgfnom» ‘ -

SLOPE :
. RooT zo/vf VARIABLE
5 uSO! L—> Pmcomnom
FIG ‘8.1. --D1agrammat1c representat1on of the 1ow-rate 1rr1gat1on system.

for wastewater renovation. - - . .,_“ R

8

. . . s o . R )
‘ftlon or 1ncreased y1e1ds of crops\w111 compensate for increas yed’ costs for trans-

© mission and distribution of partially treated wastewater and:the need to extend

manager1a1 control over re1at1ve1y large acreages. In most cases, mun1c1pa1 effiu-

_ents. to be appligd. through 16w- rate 1rr1gat10n systems will be required to: meet stand-p

..ards for sbcondary treatment6w1th regard to BOD,. suspended SOlldS, fecal collforms,
-and pH o o i ‘

s . R . . : . _.=A_-»,-- o CE

‘ The permeab111ty of f1ne textured loams and clays is too low to accept and. trans—'

‘mit significant. quantities of water in-excess of normal precipitation in the - humid
- areas- (see Section 2). On 'such soils, substant1a11y renovated water for re-use can-
-be obtained by controlled overland flow. - Other descrlpf1Ve terms for this approach

“.are "hillside 1rr1gat10n” and’ “grass filtration." The filterlng action of vegetation o

and ‘associated organisms at .or near the soil surface can-‘remove suspended solids -

*f_ and organlcs as effect1ve1y as conventlonal pr1mary plus secondary treatment

Spr1nk1er Irr1gat1on

'

Spr1nk1er 1rr1gat10n involves spray1ng water out through the air. The water - . .

normally infiltrates the soil-at the point where it falls. During recent ‘years, a
~ number of mechanical systems have been developed for use on large areas. These "
:-systems generally work qu1te well and a minimum of labor 1nput is needed for the1r

o ;_;Operatlon (Flg 8. 2)

SPRINKLER IRRlGATION

-~

U -' o RAIIVOROP
S L "acTIoN —

: pb\/‘t“’u*"b(’"‘-‘a\ 5‘2’ 1...."..{“;“".' oo s RS h)
/,W//%(A‘/— /’/’5’4 A 4/:'-/”’/:«'/"“"" _____
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FIG 8.2. --D1agrammat1c representatidn of a- sprin-
kler irr1gat1on system for app]ying W stewater to
]and. R . .
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/ TABLE 8.2. --Range of Infi]tration Rates for
Various Soil Textures. .

,S

L A So1'| AR ’_";yf*i‘]thaffi'on».Rates‘.
e | toerse'sahd’5jf§f :ll . O;SOHto 1.00”‘g?
o .- Fine sand - : - 0.30 to 0.80." -
. .7 . Sandy loam e - 0.25 to 0.50
e T - Silt loam ¢ o 4 - 0.25 to 0.40
a0 To . -Clay loam - ' - .0.20 to 0.30 ..
ST X 0.1

. Clay

Spr1nkler 1rr1gat1on s used extens1vely for the appl1cat1on of waste;ater.' T
Rotary spr1nklers, which range in capacity from 0.5 to: -1,200 gallons per m1nute, make" ,
L poss1ble a' wide ‘range of application rates. The soil te%ture, structure,oand .vegeta- R

stive cover largely dictate the maximum water 1ntake rate.: Appfox1mate infiltration. ..y, -
rates based on so1l texture,ar\\glven in Table 8. 2 . “;"_ T .

oIt must be po1nted out that the 1nf11trat1on and percolat1on rat . %
tion of time, cropping- pract1ce, quality of water, permeab1l1ty -of deeper soi 'Zay- <
-..ers, and antecedent moisture in addition to the 'soil texture. "It is. strongly” rchﬂ'
'mended ‘that infiltration’ and percolat1on tests be made at. intervals along.a radauh .
line on the. specific. soil (for methodology,  see Appendix’ A) 0bservat1ons dur1ng R
"these tests will prov1de the 1n1t1al est1mate of the appl1cat1on rate, : -

.._i " R 4 . .
_ Because the water from the rotat1ng spr1nkler is prOJected through the a1r,_ ,
- there is concern about the drift of ‘tiny droplets (aerosols) Hence; isolation from
_public roads and private pr0perty must. be prescribed when sprinkling wastewater.
. Some testing is being carried out: w1th sprayer type nozzles and other- applicator- = = 7. .
devices at:crop level in an attempt to. reduce. droplet drift by d1rect1ng the - spray '
_ldownward decreas1ng the opportun1ty for droplets to become a1rborne. -

o

The type of equ1pment used to apply the’ wastewater will vary depend1ng on the '
land area. 1nvolved ava1lable labor, econom1c and cl1mat1c factors._' o

. Sol1d set type systems have been used,. cons1st1ng of permanent bur1ed or qu1ck Sy
. coupling portable pipe laterals using properly spaced rotary spr1nklers. Several :
- mechanized systems also.are avhilable.: The side roll. lateral in which the- pipe be- -
comes the axle to turn: the support1ng wheels is suited to low- -growing crops. - It - - . ¢
’_'requ1res about an hour s: labor every - few hours to roll the 1ateral to a new settlng.,j?

. The central p1votusystem, as the name 1mp11es, uses a lateral l1ne supported '
- by towers to rotate: abdut a pivot point. Great flex1b1l1ty s’ ayallable both in - = = j
appl1cat10n rates afd. rotat1dn speeds., 'The system is powered by water hydraulics,.
oil hydrauL1cs, electr1c motors, ‘air ‘pressure, or mechanical. .cable. . A rotation S

' per1od of one revolution in 8 hours makes three rotat1ons 1n.24 hours poss1ble.

A A th1rd type of 'system is a g1ant or boom spr1nkler pulled through the f1eld '
Lo by a‘winch. . This- trayeling unit is suppl1ed by a drag, high" pressure, flexible hose.
Both its speed of . iraVel and appl1cat1on rate can be adjusted. ' It takes about an -
hour's time to. reposlt1on the applicator unit, ‘drag. hose, &tc.), ‘after each’ trip. .
»'through a f1eld Th1s un1t 1s commonly used in 40-acre f1elds and 1rr1gates about S

v,\ .

Csa oy l*',f;f.;-: e




10 acres with each tr1p through the f1eld However, g1ant spr1nklers project’ water
~high into the air and result in aerosol dr1ft for a greater d1stance than smaller:
_‘spr1nklers.. : . o ‘
' Surface Irrlgat1on Co '..ﬂ.

Surface 1rr1gat10n 1ncfudes all systems wh1ch allow water . to flow over. the soil
‘surface and continually 1nf11trate as' it flows. The land must be rather flat with
_ no excessive slopes for. thlS system to be feas1ble (F1g 8.3). o,
Generally, some land shap1ng is necessary to level the surface to a sloping
plane for efficient irrigation. The depth of top soil present ‘'should be considered
in. plannlng for 'land leveling. Surface. 1rr1g tion has not been exten51vely studied
-for use in renovation of wastewaters, but is Jikely to be used in cases ‘where aerosol
‘effects limit sprinkler irrigation. The varidus surface irrigation systems are
'descr1bed and evaluated regard1ng the1r poten 1al use for land appl1cat10n."

o In one. system, a ditch or'a p1pe d1str1b te the water to the high end of.the ﬁ
“:fleld where it is- discharged” onto the surface. - "If a ditch system is used, various’
'structures'are requ1red to assure that'water in the supply d1tch is at the proper

S f“-"  SURFACE IRRIGATION

COMPLETELY -
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.felevatlon.' Pipe systems may be e1ther burled p1pes w1th risers wh1ch br1ng the

water to the surface or may be gated pipes p1aced on the surface of the soil. Where -
"~ surface 1rr1gat10n is used, a ditch system is requ1red for collecting and ‘handling
. excess water which runs off the lower end.of the field. This:runoff could be applied
. 'to a lower field, pumped back to its ‘original’ supp1y d1tch and app11ed aga1n to the
same: or other fle¥ds, or returned to storage.

L In another system, the entire surface of the 5011 may be 1nundated or small

L channels may be formed to carry the flow ower only a part of. the-surface. The par-

“* " tial ‘flooding systems are called: furrow irrigation if a row crop is involved. = = v’ -
" Smaller channels’ similar to furrows used for a cover crop are generally spaced closer. -
~and are called corrugations. - R1dge and furrow 1rr1gat10n involves the use of large -
channels with crops-.planted on ridges between furrows. . These. large furrows may be '//

flat, form1ng long narrow basins which are f111ed and allowed to set. wh11e water
.1nf11trates from them‘-_ e .

Any of the part1a1 flood1ng systems shou1d be app11cab1e to. wastewater 1rr1ga-‘

"~ tion.: When water contains some suspended solids, 'the surface of the, furrows”may

_ tend to seal after they have been wet for several hout's, but a perlod of rest dur1ng
which the soil surface is allowed to dry should restore the infiltration rate. ™ -« ...

' .. Bendixen, et al. (3) rkport ‘satisfactory operation’ of a ridge.and furrow system in p-i' )

" “".which effluent from:a two-stage trickling filter was applied to a silt .loamsoil.

. - I'n"some cases occasional t111age of the furrow may be necessary to fu11y restore th
g_-_g,;lnflltratlon rate. - :

d prepared for:furrow 1rr1gat10n a1so prov1des good surface dra1nage for .

fing. runbff-from heavy pre61p1tat10n. ‘Furrow systems:.would be -advantageous for.
o _.‘ er. appl;catrq”“because water does not contact the p1ant f011age and hence k4
5 : T resldues ar ‘not dep051ted on the p1ant

rs to be the surface 1rr1gat10n systpm;W1th the most e

‘1t has been studied rather extensively .
'have been developed - Border widths usua11y range from
' the. border are between 0.1 and 1% Length of runs .

. of ¢ gener T gra1n and forage crops.' Furrows may be ‘ .
- formed 'in- box _ W Crops.~ L _ ”j

; X , but severa1 1deas show promlse ‘and have been i
' successful 1n [imjted. field use: tbmatlon of a surface: irrigation system requires

) y system to prov1de for, de11very of water to
g the opening and c1081ng of turnouts which .
1e1d The deV1ces which have been developed

 the proper fleld 10cat10n
-de11ver the ﬁate r,' t
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_ ; ,FIG,,8g4.—7biagrammat1p representation” of ‘the overland flow m&thdd. of apply-. -

- - setting time clocks prior tontﬁé‘beginniné_of an irrigation, water can’be advanced ..k,
«~ . from poinf“to point along a‘ditch'bxxgemoving_checkg_atgsetftime'integyals.j', B
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. .0Overldnd floﬁﬁTTable'S;l;vFig,:8,4) has :been used successfully for rengvating
., [foodiprocessing wastewaters and is presently ‘being studied for renovating municipal
- ‘Wastewaters -as well [Carlson et al.. (6), Hoeppel et al. (17)]. If feasibiFity can be
~ demonstrated, ‘overland flow might -be ‘used to ‘renovate wastewaters from communities
~.in aréas with soils’'of low-permeability. Land=formeéd ‘smodth:slopes and a length of:
- Tun’compatible withithe soil texture are necessary to'assire.éven distribution, =
effective detention:times, and 'containment and recovety‘of runoff.:. " effect;. over-
“~land:flew irrigation isva;form of surface irrigation known. as bordet check:™ The
- emphasis is on "cleaning:up" the'‘large volume of'water which floys déwn the slope . - ..
~./to.be collected at the baseof "the slope for otheriuse (Table 8,1y.:ti-# - AR

- .. Noné of .the points:mentioned:previously will dllow for the complete ‘design of ,
v ', a wastewateg application system. - The.final choice and’ design of a wastewater appli- " .
R catiQn.metﬁbgyiﬁVblves~the'input'df-a’competent engineer, 'soil scientist] crop sciens,

'-'tist;fand%ec_thist5.asswell’a%:consideratiqn'of the regulations of local, state, . N
*and federal agenciesii~ . i o oo oo T BN

-~ ¢+ Ernest H. Kidder is Professofs, _Agricuitﬁra1}Eﬁgineering;'Depa;theh;jof; . |
- . Agricultural Engineering, Michiga}l ®tate University, East Lansing, Mich. 48824. The '~ -
',faSsistahceloler..T..L.HLpudon ingshenpreparation‘bf';his section is acknowledged.
S .'-b'The;figuréé“ﬁsed ih-this séétianfaré feproduced=with”fhé permission of g;‘E;“'f‘."'
" .. "Pound of Metcalf,ﬁ“Eddy;»Inc. *Thgymfirst;appearad_iﬁ.Poqnd and Gritgs'(23}.“\f -_
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L e BUBLIC HEALTHAND NUISANCE CONSIDERATIONS © . el
LT ' for S]udge and Nastewater App'l1cat1on to Agr1cu'|tura'| Land
. Thomas P. wasbotten AL “. 2

- : fo Ny

Plans for any proposed sludge and/or wastewater appllcatlon prOJect should be .

: reV1ewed ‘with the local unit'of government where the project is located  for: com- -f‘, vl
.pl1ance§ ith local ord1nances.‘ Local, county, or district health departménts shduld
"also.beycontacted to. obtain pertlnent ‘information on health regulations. . The state -

A

‘;water poilutlon control -agency should be contacted and they should be able to pro- . 5
+"wide direction on any reQulrements of'other state. agencles._ Assistance can also be LT
.- “provided, byzthe U.S. Environmental Protectlon Agency; ‘the U.S. Department of - Agr1-_':_"
L ;culture,lQongrat1ve Extens1on Serv1ce, and the Food and Drug Adm1n1strat1on.'__. L
. In evaluatxng overall env1ronmentalvimpacts of any land appllcatlon 'of waste-=~d*¥¥¥

*  water effluent or sludge system,.cons1derat1on must necessarlly be given to potential :
'<_pu511c health hazards and offénslve odor . nulsances. Effects that: must be consldered
.1nclude groundwater ‘quality, aerosols, .contact: w1th the wastewater or sludge by the
. public’ and employees operatlng-the facilities, insects ‘and rodenﬁs, isolation from
the publlc, stOrmwater runoff fram the slte, and contam1nat1ona_‘rt e crops._

da y;treatment), odor nulsance c ditlons should not be experlenced
pplicatlon of wastewater. to. ;heh. d
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Sludge appllcatlons to'the land pose a much more serious potentnal for offens1ve
odor nuisances if not properly managed. -Odor problems can begin-at. the- polnt of -
initial-sludge hand11ng and the odor potential can extend for a slgn1f1caht period
of time after the actual application of sludges to the.land.. Since sludges producgd -
. .from wastewater treatment fac111t1es vary greatly in l1qu1d or solid consistency, «
s w'chem1cal composition- ‘including chemicals which may be added for - ‘$ludge cond1t1on1ng,
S % and. type and degree of preliminary ‘treatment  (very 1mportant with respect to odor ;_‘*V-
' {}generat1on), a case- by—case evaluat1on is usually necessary.,,_ IR . o
L Plans for land appl1cat1on should 1nclude prov1slons for 5011 1ncorporat1on of“.“
sludge prlor to rewetting of the sludge by. the next. s1gn1f1cant ra1nstorm. Liquid
' sludge appl1cat10n méthiods employlng subsurface 1nJect10n and ‘1liquid manure spread- -
ing followed by plowing and discing. have been c¢ited:in the l1terature as..being suc- "
\[cessful Other treatment and odor. control methods for sludge have included heat
treatment followed by sludge dewater1ng, compost1ng, chemical “treatment with high o
. concentrations of lime and chlor1ne, ‘and- pressure f11trat1on of sludge ‘cake. - The. ok
"*fappl1cat19n of well- -digested dry1ng ‘bed sludge to land has beemr—successful for. many e
years :and is -still probably the most econom1cal and normally Qdor free method for
4 *lsmaller fac1lat1es., - S - Ll L s .
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.1sludges from a public healt
. gens, .including both bagcte
'the_groundwater,wV1a m

" able concern, from a-public. health standpoint

f_appllcatlon.

envir

The often employed method/of'applylng llqu1d d1gested sludge to farmland has

nqt always been an odor-free method, but has been tolerated at isolated. locatlons
a];because of the lack of frequency, duratlon, and intensity of the odors generated from
.- the application area in small 1nstallat10ns. Many 'of these  operations are faced w1th
_citizen complaints and ‘litigation as ‘the frequency of appllcatlon increases. due to '

‘o

greater volumes of sludge generated at the. wastewater. treatment. plant and with.

;;adJacent land use changes (i.e.,-a new.residential type house in thé country; the
“" adjacent farmer stopping his livestock operation and growing crops, thus ellmlnatlng
" the manure handling- operatlon,'etc ). However, with proper sludge d1gester opera--

tion, ‘sludge handling techn1ques, and land management at the.application site,. these

_ odor problems can be kept to a minimum. .Better management procedures should: be T
, 'planned for new sludge application systems rather than Just dupllcat1ng sO- called _
. "successful systems" in a ne1ghbor1ng communlty : '

‘T,@?T Patho jens . _.”f~”;- .b_-v C ﬁ\ik',,\ ;7

" The- most serious, questlo::ralsed in land app11cat10n systems for wastewaters and

and viruses. . Transmission can potent1ally occur..via '
into physical: contact with éithef the wastewater S
‘e, "via the food 1 :0r- handling of theﬁcrop grownlpn the land; @hd via - °
. . In general;’ lﬂmethods ‘haveconSisted of multiple barrier restrlc-u“
mp'sed by. health regulator"“ gencles, 1nclud1ng such- techn1quesfas immini za4

wa stewater, the degree of “digestion of sludges required- before appllcatIon, and"'

.

: of bacterlaaand viruses, the literature cites :a number of chses: where both viruse

and bacteria-have traveled s1gn1f1cant ‘distarnc ”5%

the’ protectlon'of theugroundwater
aquifer from contam1nat10n by other wastewater or sludge const;tuengs including -

'.%'n1trate nitrdgen. Many states ‘require that ‘the minimum U.S. Public Health Serv1ce
" ‘drinking water standards not be’ exceeded. for' any ex1st1ng wells in. the vicifiity of

. the project. ~ Qthers require Ho measurable degradatlon to water quallty from ex1$t1ng
_wells or from future wells as:a result of . the prOJect. ' :; s T :
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'( : e " E . ‘.)

Aerosols ‘are m1cro§hop1c droplets wh1ch could conce1vab1y be inhaled into the .

b' throat and ‘lungs. ~Aerosol tfavel and: pathogen* ‘survival are dependent on factors’ such’
‘as wind, temperature, humidity, vegetat1ve screens, distance, etc. - L1ttle is actually :
'known about ‘the survival of pathogens in aerosols, but research projects are underway -

to-evaluate this potent1al hazard. Current methods employed to ‘reduce ‘this potential

fproblem include-isolation dlstances, vegetatlve screening, effluent and :sludge. app11— R
cation techn1ques reducing’ aerosolatﬁpn, i.e.; low pressure, large droplet spray 1rr1-jj
g

gation equipment, st0pp1ng of spray dur1ng h1gh W1nds, and d1s1nfectlon prlor to
~ . K o . S e ... B PR
: ' S Para51tes

The ‘ova, of 1ntest1nal paras1t1c worms- are excreted in the feces of 1nfected

. 1nd1v1duals and are regularly. present #in raw.sewage. 'Of part1cu1ar concern have
- been gga of Ascaris lumbricoides. These ‘ova are generally reésistant to adverse.
mental cond1t10ns -and are still present in both-treated wastewaters _and sew- =

age: sludges? Concern ‘with food chain’ transfer by.the sludge- -milk- human.;route has.

,:}prompted at- 1east ‘one' State Health - Department (Ohio) to res;rict sludge’ app11cat10n .
';to da1ry pastures._ Th1s is an area requ1r1ng an_ 1mmed1ate, 1ntens1ve research effort.,"
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“spect is the potentxal for the transmission® of patho-. .

of:employees of wastewater tréatment:systems, requirements for the’ d151nfect19nﬁ“'
1$olat10n of wastewater ‘and sludge handllng fac111t1es from the publlc.a; ‘i- "mei5
Although the s01l is generally agreed to- be an: excellent fllter and’;nactlvaéorQ }:

rough. the soil mantle of . compar-i-i'



. R, : , :
The control of 1nsects and rodents 0n’a “Fand - appllcatlon 51te is, more cr1t1cal

“than . for<elther other agrlcultura "land or’"“rlgated agr1cu1turaL land because of the

possrple transmission of bacteria nd- viritfes. from the wastewater or sludges. Wetter"

condltxons ~andi 1ncreased vegqtatlve cover also increase the potentlal for the number

.of 1nsects and" roddnts, however, conventlonal mqthods *of control:-can- normally be

i 1g¥ed to: control these, pests. Mosquito propagatlon ¢could be severe on wastewater

vati H - 51tes unless .the fac1l1ty is prOperfy de51gned :and. managed to el;mlnate

3 rfand.allow f0r sufficient’ dry1ng perlods between appllcatlons qf waste— pe

’H*’:fthe Publlc

A ﬂﬁmQEr of constralnts may be placed on»wastewater and sludge land appllcatlon B
_ 51tes'bytlodal,.state§ or: federalqregulatory dgencies ‘that have current authority to -
) .\1solatejuheu ite: from the’* pub11 _ nd from” potent1al odor nuisance and heéalth hazards.
:Sites utlllzed exclu51vely for wastewatdr or sludge management systems must. often

“be . suitably fenced and“posted to'inform ‘the general public, of ‘the use of. the’ 51te.
Isolatlon dlstanc shouldxbe prov1ded pr0port10nal to the degree. of potentqal ‘

* health' rlsk of" agrosols from: wastewater irrigation sites and- risk of ddot nuisance

" %rom sludge applicatlon sites. "M1n1mum distances may. be imposed from re51dences,

. water. supplmes,'surface waters, ‘roads, parks, playgrounds, etc. Public “acegss should
.only ‘be on a regulated basis: with due- con51derat10n glven to the additlonal}health

- hazards assoc1ated w1th wastewater or sludge. e s o %4 ?

.
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'~.? ‘f .,‘j' ”ﬁ'f'm ‘,, g Stormwater Runoff from the 51435 If’*fj.':i*"-~;',f§f*”ff

Along w1th the need to protect surface water quallty, surface runoff from waste--'r'
water and sludge appllcatlon sites. must be, managed to protect adJacent landowners.
Commonly, berms-and ‘dikes. are: used to e11m1nate surface runoff frem wastewater irri-.

& . gation sites. ' Grass filtration wastewater irrigation systems should have 'collection
ﬁ systems with additional treatment and dlslnfectlon to -assuxre the ‘resultant. discharge.
.to surface ‘water meets dlscharge requ1rements. Surface runoff from:sludge appllca-'. .
'f. tion sites’can usually be- controlled by. conventional .agricultural soil erosion con- .
‘ trol methods.' With ‘high rates of liquid-sludge appllcatlon, add1t10nal precautlons o
.:,ﬁ may be necessary to-control. surface runoff to reduce potenglal health hazards and
nulsance problems. : o

I

"Q;f"‘f'l'. IR 1. Contam1nat1on of. the Crops L : R
v"? - . . '_ . - v ,"_

Almost all states- e1ther pr\ﬁlblt or t1ghtly regulate the growth of crops d1rect~’f
ly consumed by man where sludges or wastewater effluentare applled Of recent.cof- = .
.. . cern aré‘the, largely unknown health ‘effects of heavy metals, PCB's,’ mercury, . and S
% other potentlal toxicants which may -enter -the ‘food chain. - Common practices to reduce.
v th1s potent1al involve control or elimination of the discharge of these téxic chemi-'
_cals-at the- industrial wastewater source. A prohibition of bppllcatlon of these '
wéstewaters and sludges to the land ‘where agricultural ¢rops or "livestock operatlons L
o “would cause a. potent1al food cha1n problem c0uld be applled by governmental regulatory:;i
A agenc1es. ' - : : ‘

o L L .'o :
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" Thomas P. Wasbotten is a San1tary Englneer, Mun1c1pal Wastewater D1v151on, iﬂ;7417
Mlchlgan Department of Natural Resources, Mason Bu11d1ng, Lan51ng, M1ch 48926
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s'not partlcularly a-
-new concept “but 1t has undergone‘afrecent ‘revival because -of water quallty and’’

_ ‘economic: concerns. - Such. systems of ‘renovation, if properly 1mp1emented can; greatly
~reduce. nutrient bu11d -up 1n water. courses and place the nutrients on land where: they
o ‘can be used benef1c1a11y App1y1ng wastewater “and’ sludge ‘to. the Jand is often a’ . | i
"+ .. .more cost-effectlve waste: treatment alternatlve than convent10na1 renovatlve and dls—_; oy
., posal techniques. ‘However, municipal, author1t1es ‘and* the pub11c must reQOgnlze that

..~ certain -préblems may arise ‘when:: they’ con51der the' land: renovatlon altern tive. Amonga

+  these problems are concerns and procedures: for acquiring’'the: needed 1and; £6% - such-a- .
A system and the general acceptance by the pubric of: the- land reatment co ept,mg_,“"”'f‘

j;f';";'-::; SR ff ;,[_f _ggal and Econom1c Arb!.é

Renovatlon of mun1c1pa1 wastewater:and sludges‘on lan"”

ements

-

Land‘Arrangements

~,'be evaluated ‘after con51der1ng spec1f1c cOmmunlty cOndltnons and goals Once a dec1-
sion 1s made ‘to employ land treatment, a- var1ety of‘land acqu1 tlon optlons can’ be ’

"“used. .Each will have different 1mpacts ane landholders and’ th goals of: mun1c1pa1
author1t1es., ‘The variety of the options- used reflects varyln apac1t1es of:commu-v

' n1t1es to. 1mpose costs on landowners..jl : : :

: Fee 51mp1e acqulsltlon of land (outr1ght purchase._p.o' des- better c0ntrol of_m'
: the renovat10n~system by mun1c1pa11t1es. It enables the mun. 1pa11ty to pursue its
'-ownggoals w1th1n state,,federal and local 1aw.5 ]

'n.'to 1ts exlstlng serV1ce act1V1t1es.. Landkpurchase is’ also
- and local, agr1cu1tura1 econom1cs relat1ve to other types of
L ments._' : ~

» In the North Central Reglon, mun;clpalltles w111’current1y, ave’ to. pay 1n the
” range of $650 to -$1,800 per/acre for. agr1cu1tura1 1and: which 1slsu1tab1e for> renqy
- tion’ of wastewater and sewage sludges. To purchase a farm unit-and-Telocate the ﬁ o
family under condemnation procedures | would currently.cost:in. the . range of: $18 000 to”
.$26,000 for the farm headquarters. bu11d1ngs, plus. approx1mate1y $8 000 :in-relocation -
+ . costs in- add1t10n ‘to the 1and costs ThlS assumes the average tract of land to be a
160-acre un1t Co KT .

L

. Easements or ‘use r1ghts (other than fee 1nterest) on su1tab1e land can be
'efobtalned without” acqu1r1ng full property rights if mutual - gains for. the n1c1pa11ty
; ‘. and farmer(s) exist. ~Suchuse r1ghts could run the gamut of permanent easemént to -ﬁ.;;ii_
;j,v'_seasonal land use agreements. Use- r1ght arrangements reduce ‘the control.of the. treat-~:
.. * ment system by mun1c1pa11t1es but lower the 1and cost and are less dlsruptlve to the SR
"flocal economy : . L

Acqu1r1ng the use of land v1a use r1ght arrangements usually meets W1th better Eﬂ’.if
-pub11c acceptance than land acqu1red by fee 51mp1e acqulsltlon.- Further 1mprovements;,.."

“ L B
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f in acceptab111ty occur 1f a11 rlsks and unknowns of the rgnovatlon system are m1n1-- i?3f7
" mized, fertllizer nutr1ents to farmers are.made available’ éConomlcally W1th no: 1ncon—»
‘ ven1ences, and farmers' costs- are-reduced as a resulb of the arrangement :‘,ﬁ;bf‘

: One example of an ;nconvenlence and unk: own iss excess water._ Excess water 1s éﬁ L
. problem in most of the North Ceritral states., Thus,‘app11cat10n of wastewater to’ l'w' L
.+ lapdwill.'be met . w1th skept1c1sm by farmers since they .require. nutr1ents as* 1nputs '
.. "te ‘kheir: productlon ct1v1t1es but do-.not" rEqulre greater water use," - Excess water.
© . - -imposes- dra1nage costs in ‘addition to the costs&of 1rr1gat10n.‘ -Such. costs will. have
to ‘be borne-by the mun1c1pa11ty before they can negotlate for use r1ghts to. apply -
ok wastewater to land (7, 16). In contrast, ‘the water. may be a’ d;stlnct .asset wh1ch
Lo will attract use-r1ght arrangements in. more ar1d states of the Un;ted States.'
A SR e
, Negotlatlons betueen mun1c1pa1 author1t1es and farmers to.apply mun1c1pa1 b
-sludges to’land W11% not meet;with these: ‘problems ‘since the quantity of water applled
e ‘with. s1udges As 1nsrgn1f1cant Howeyer, farmers who app1y sludges must -he- assured
R that their - S0ils or:crops will not be temporar11y or permanently damaged by factors,
o such 8s, excess heaVy metals or soluble-salts.-o-_- ST ST AR
_ e : _ : BRI B AR I
e ', Payments to the farmers ox 1andowners for any use- r1ght arrangement w111 cer— '.ff;
. ‘tainly be involved if uncerta1nt1es with respect to the.- appllcatlon of wastewater. > S

“.and sludge to ‘the -land exist; e.g., unknown heavy metals, -harmful- sa1ts, unknown. *

L 1rr1gat10n rates, etc.. These payments by the mun1c1pa11¢y to ﬁérmers will probably

+_-amount to. approx1mate1y ‘the ‘existing net- agrloultural land remts in: the area slnce‘§~ﬁ

. farmers stand to lose. at least that much money if: ‘problems. arlse.‘PFor corn- soybean
“* " land.in, the Corn Belt, such .rents. currently run.in the range’ of $35; to $60 per. !cre. L
RN € dra1nage is requ1red,,current ‘tile and, drain. structure costs rarige froma$200 to. o=
., - $550 per ‘acre, depending on local "$0il *and topograph1c cond1t10ns., Th1s figurg '
"fassumes 10 of the total dra1nage struoture ‘is a1ready in’ place -.Af;;f
. 3 i . v‘ a . ",‘.-'

Land may also b% ach1red for use from wasteWater or sludge farm1ng cooperatlves,

. o=In such ‘case, 'an agreement is made betyeen' the mun1c1pa11ty and a group of landholdefs
[:xorganlzed into .alcooperative. for the D rpose of receiving and. using given amounts of
'T,wastewater or’ .sludge generated by the‘mun1c1pa11ty The. app11cat10n rate. ‘and t1m1ng
a of wastewater or s1udge app11cat10ns to ithe: land is largely.. determ;ned by the-'members
i rof the cooperatlve.; Someﬁitudles in ‘Michigan ‘and. Ohig suggest -that even under this, 5'(.51
' arrangement, most additiomal 1rr1gat10n and dralnage costs would ‘have -to be borne by

thé municipality in the- form of'a ‘paymen
break down if farmers' inputs’ are altére

modtfled dra1nage or 1rr1gat'on systems.;.

o the cgoperative: - Negotlatlons often ol
reatly because of add1t133a1 capltal for

i qperatlve arrangemen; Operat1ng costs may

-ugdelfbered 'tothe:ifdividual ‘fafm unit.’

" eleméhts) would have to be 'provided: to’
for . land use and s1udge de11very could- be,

“ﬂfpeconomlc retﬁxn wlth m1n1ma1 problems.'

: _leg1s1at1qn under Publlc;Law 92[ y
fﬂ"@72) have made 1and treatment of waste-.

-J:va;aon capab1 fi t*effwofi en35§ v
Aﬁsleglslaﬂio an g”'centlde fundlﬁg?toxachleye the obJectlve of - e11m1nat1ng the’ d1s—-
e ‘ taht 'rnto naV1gab1e Waters by lgﬁ! ‘,The lawaalso ca11s for:publlc




L owned treatment p1ants to upgrade to-at least secondary ggeatment processes by m1d—

RS 1977. The U.S.. EnV1ronmenta1 Protectlon Agency is the federal agency cﬁarged w1th~

27 the. responsibility of execut1ng the.'law and allotatlng maﬁchlng grant'funds to the

“states enabled by the law and approprlated by the U S Cdngress:
Grants to state an ﬂoca1 agenc1es ‘now encourage .renovation of wastewater and

sludges on land a's provi ided under subsectlon 20(d). of the 1972 Amengments.§ Encourage-

© . ment of wastewater treatment’ management that results in the- construction: of revenue °*

i —.producing systems and recycling of wastewater and sludges through agrieultural prodic-

%{'. -:tlon processes which are not harmful "to the environment is now part of the grant pro- .

. .visions of the Act (15). The grant program is de51gned to assist municipalities w1th

75% federal grant funds, leaV1ng 25/ .as the. local share of 1nvestment.

. “‘

e

SR Acqu151t1on of land. 51tes hich are dn 1ntegra1 part of theﬁxreatment system.
Cia _(excludlng land used for safitation bu11d1ngs and . treatment plants) is authorlzed @
by other sectlons of the ‘Amgndments and is’ included in. cost sharing, Federd Ny’ .
- funded grants’.are avazlable for all secondary and tertiary treatment systems prov1d- S
ing such. systems are the most practigal from an operational v1ewp01nt and subJectigo
". . demonstrations that such systems are most cost effectlve as outlined by section
' '_{212(2)(c) of ‘the’ 1972 Amendments (12) . ; .
]
. Mun1c1pa1 off1c1als have to be aware of state agenc1es and regulatlons as well |
"~ -as federal prOV151ons.. Indeed it is the state agency with which municipal officials
w111 ‘work most directly to initiate and implement land treatment systems. Generally "
- - a specific water qua11ty, pollution control, or intergovernmental relation$-division
e -, Of these agencies is set up to work directly with communlty off1c1als on matters per-
~ taining to wastewater treatment. ‘ .
Trad1t10na11y state agencies ma1nta1n control of water resources wh1ch are not
" _under the navigable waters control powers belonging to. federal jurisdiction. How-
ever, very few states in the North Central Reglon have specific statutes and regula-'
tions perta1n1ng to the application of wastewater and sludge on land, although this
status is changing rapidly. Some states have 1nforma1 guidelines for wastewater °. - .«
treatment ih general, while others approve of various systems 1n:comp11ance ‘with
the federal regu1at10ns ‘as reviewed by the state ggencies. -Currently, it is the best
: practicable criterion (operational practicality and most cost-effective) interpreta-
. " tion of subsections 201(d) and 212(2)(c) of Public Law 92-500 which have moved
) mun1c1pa11t1es and state agencies to. consider the land treatment alternatlve
Other legal restraints w1th wh1ch mun1c1pa11t1es should be familiar are regula- i
tions restricting the use of condemnatloa powers,* acquiring easements, and contrac-
tual agreements. Municipalities must have the author1ty or work in cooperatlon with
the appropriate governmental agency to acquire interest in. land ogutside their juris- .
- dictions. - Such authority or interest is usually restricted by state law. Authority ...
may be changed if a mun1c1pa11ty is included:in a san1tary dxstr1ct, i.e., extra com-
munity powers are enjoyed. by such author1t1es. This is .the case 1n 1111n01s, M1ch1gan,
Ohlo, and W1scon51n._

3

Pub1 ic Acceptab111ty

-

Acceptance or reJectlon of the land treatment concept by a part1cu1ar commun1ty
ﬁand/or extra-community involved is based:primarily .on two elements of concern:
.~ economy and health, Economic concerns are based upon the perception by landholders W
- or their neighbors of outside factors which might result in positive or negative - .. T4 .
economic effects when wastewater and sludges are renovated within their communlty
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. ‘Such outside. factors may 1nc1ude loss of p#operty values, loss of commumty tax base,_"' ,
. : fear ‘of odors, and others. . oo B A A e ‘T{ W :
Y : % . . < e . A 4 o

Healtda COncerns are. basic to evbryone andl can ar9use even,those 1nd1 iduals who
ard’otherwise indifferent to normal community; affairs., It &s easysfor even small o

- groups of opponents:to cause public controversy by raising doub fouh&ed or un-

' founded_,,about the operat10n of a - land 3reatm&1t systém and its’ pact ‘on human -

health. Such doubts are often resolved in «£avof .of .existing or conveptional treat & ‘
: ..ment systems which are sometimes much‘more expepswe and Sometimes provide. even less‘ %
".’"  protection of heal®h. Negogiations within a;;kgﬁ;mumty‘, illy surely BReak®downgi ' ,
current agr1cu1tura1 produc&on systems are greatJ‘y tered- at a mghﬁr cost nd 1n-_ Y
.formatlon about potent1a1 health pr3blems remalns vdgue. ' '

ar
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Lo B - ‘I_portant Factors Inf]uencmg*Pubhc AcCeptab1ht_y L o e B
~ s ' A e - ) M g
A fumber of factors are of particular 1mportance in des’troylng the dpportum‘tyﬁg ‘
oo ‘for favorable public acceptanrce of a land treatment syStem. v i N
»” L ¥ . v T . o . ‘ ‘
.. Implementmg a land treatment project:without presentmg the;-known. fdtts to e

'J‘C\/eryone eonceﬁ‘ned about the operation Qf the ‘system (economiés, health, or ‘risk of
nuisances) is 1nv1t11ng. failure. ¥t should also be noged that prov1<fmg suck” informa-s
tlog will not insure accepta'B'l‘h.Ly. Howéver, previeus social research, ahd experlent‘es
in the water ‘resource development area suggest that perception of theigatlonale for
the px‘opoﬁed pI‘OJeCt“1$ an important factor in determinipg the reagtion of 1nd1V1-

+

duals to both the project and municipai off1C1als and agencleSc'ln\Yo}ved : .
~ [t . %
. ok .
w0 . ’I‘he magnltude of community reslstance var1e§ d1rect1y wn:'h t‘ﬁ’e magnltade ©of ]

economic disruption and population relocatlon. This suggests fhat land agquisition
by ”e}"utrlght rchase should seek very large tracts from a minimal number oi rural g
~ landholders. pﬁi—lowever, ~this works against" m1n1m121ng economic’ dlsrupt‘ion because” such

an action imposes: serlous income redistribution in rural areas bé‘tween iandholders rq; -

B and otHers rece1v1ng Income from rural enterpi‘ﬁ‘es. . . . »

5 A 'k“ .
Localu&d nelghborhood resistance at the- 51te other than from-the. landpwners >
- will gost generally exist either for ecopomic or health reasons. Such att1tuﬂes,v111?
- often generdte widespread public controversy ar@bmust be counteractedeby accurate ‘
1nf0rmat10n and communlty educatjon. , ) s . b (7] .’ﬂ; “
“ - ' ’ [ "%
Renovatlon of a munlclpallty s wastewater and/or sludge 1nv01v~1ng,g land in ‘_’
anothér political Juzllsdlctlon may present additional problemsy First, voter:@ndi’f- _
ference in these jurisdictions may delay the decision-making prqcess. Second, the - g, -
». .concerns with e€conomic- ‘health or nuisance problems may be magnified in’these. Jurl"%
dictions and reSult in outrlght reJectlon of the 1deaeof land treat;n:ntq_
. K9 = )
« If farmlng pract1ces are to” be .changed greatly and/or prof1ts reduced by i
~applying wastewatgr or sludges to land, there w111, oftén be no basis for mutual nego-.
tiations between farmers and municipal off1c1/als. In the Corn Belt, for example, a .
change from an intensive .corn-soybean enterprlse to a grassland beef enterpmSe would \
- mean reduced profits under currefft ecoromic conditions and®would not be ac¢eptable.
: However some»faymers may choose to -cease intensive product10n,act1V1t1es and find ‘
that engaging solely in the supply of use rights to, mun1c1pa11t1es is, ar proiﬁtable
and desirable a1ternat1ve. '

«

'

)

. Generally large land application projects are more 11ke1y to fail because
they are Jmore d1ff1cu1t to control phy51ca].1y or economically,

3
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, . ‘Excess water is 2 problem in all but the Western Nprth Oentral states and
p',11m1ts farmer acceptab111ty of “the quantities of wastewater deemed economical and
- necessary by“the mun1c1pa11ty These d1fferences 1n>op1n10n should be reconc11ed L
.before plans are made. - . . , _ﬂ oo o R

¥, ' In1t1a1 Approaches to 0bta1n Acceptab111t_y

. The concerns-and restra1nts ment10ned above‘make 1t 1mperat1ve that mun1c1pa11-j
“ties purposely plan steps to, gain publlc acceptability in’the initial stages of 'devel--
. opment of a land treatment sys@em. A number of 1mportant steps are- dlscussed below '
eIt is 1mportant to 1nform farmers, their r presentatlves, other governmental ,
agencies,  the bress, and-homeowners about the knoyn effects of 1and ‘treatment ; both %

bereficial and detr1menta1 1nc1udfpg legal info atlon about land acqulsltlon.-

. p, . . -
e Mun1c1pa11t1es must work out -the detalls of legal restra1nts w1th1n wh1ch

5

: 1and treatment can be operatlve B i -
. X! S
ﬂunlﬁlpalltlep should av01d the negat1ve react10nsnassoc1ated w1th premature
annOuncements that 1arge acreages are proposed to be used.for treatment prlor to
announcements about the sewage’ problem ‘and thesland greatment alternatlves.\ ‘Farmers

and other grOups should, be informed about the operation of the system and 1ts 1and

2 --“requ1rement g1ven the sewage ‘load of’the mun1c1pa11ty e e , .,
. ‘d’- y . . ' . . . o
. C oy -
. ., If the dec151on has been, made to purchase the necessary . land, do not sched-

ule to purchase or obtain Huse-right. ‘arrangements. immediately. Rather, ‘a schedule
of land acqulsltlon should be set up’ over 2 to 5 years. . A contract ‘arrangement w1th
. one or two farmers ‘in the initial year could-be made {or a farm unit purchased) and
the unit coudd be set up as a demonstration and monitoring-site for publi¢ view-and -
‘ tp work on m1n1m1z1ng the uncertainities before pushlngfahead with larger acreages.
3 . .
e M5n1c1pa11t1es should con51der operat10n of 1and treatment systems w1th a
wide var1ety of land acquisition arrangements;" rangrng from purchase of tracts
offered for sale over~t&me,.use-r1ght arrangements ‘W%ith a fee;, use of land other ~+ .
" than agriculturegt6. direct opposite negotiations; i.e.,. bid by,farmers to acquire
wastewater and sludge on*their farms. - The systems should be flexible with respect
s . to wastewater and sludge appllqatlon rates and gprms of contract, which might re- M
“quire p1ann1ng for. gncreased storage -at the" treatment plant or at some station point . -
near land-sites. Operatlon ‘ggreements should also-be flexible in order td‘sf&mulate
new teghnology w1th lower gosts of dperatlon., . ' e R -2
..’ [P & “ Y * . :
;‘f“f, :The mun1c1pa11ty should be certa1n that.net costs not. be transferred from
-« the sewage gefierating region to the ecipient region. If, this bgFuns, a form-of
LI eompensaflon w111 ‘have to be pa1d in add1t10n to. the use r1gh§ ﬁee.~,‘f’ R R
, & . * CA '”- ‘ v o
é D1fferent¢tommun1ty declslon-maklng un1tswmay*have to e1ther be. brought to-' '
. gethgr (county, munlcrpalltyr and farmers) or re-arranged so thdt reanSentatlves
’ of -ghe agricultural sgptor, homeowners, county- and municipgl lofficials all have '
L partlcﬁbatlon'}n the decisions involving lahd treatment. This is auform of 1nter-
©nalizing the public;,atcej fance problem. In suchucases each voter has some stake in
'Gku ‘the decision #nd ba;galnghg p051t101i'can be expressed and. made known to mun1c1pa1

h wfficials., ,. . d )

‘ . . S - o . i
oM & -
: roRy
N ﬂ' e Lan' pur; aselbr thg, ''city . farm" arrangement is often desrrable for a munici-
pality because jf allows -better contro&’of the system. However the arrangement is

often v1qyed negatlvpﬂy by the pub11c and*results in land be1ng taken from the tax ~ &

.’\ L t&d o . ‘ : '
. . Y . . ‘v . . 4‘ v' . ‘ .. o ) » @
S Y T A [ F: SR e o'
| o ‘, o L ' . . '. v -&» oo ‘ v . "
L] ' : ‘ L . ) . '. ' » b ' ' ‘
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' rolls. Use-right arfangements, oT, better st111 b1dd1ng by farmers to recelve the

. nutrients are better arrangemerits - for public . acceptab111ty, but result 1n weakened ;-
~mun1c1pa1 control and contract terms. A - B

Cont1nua1 conversion of, uncerta1nt1es of the system into known facts a1ds
dec1s1on making, lowers costs, ‘and increases acceptability. Acceptablllty is also’

.enhanced if knowledge of this conversion is widespread among various.groups who must

‘ested in the rural scene.

interact on public’ service de11very dec1s10ns, 1nc1ud1ng farmers and others 1nter- o

_Terry F. Glover is Assotlate Professor Department of Economlcs, Utah State

o .

'~Un1vers1ty, Logan, Utah.83422 S P . T
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©° SITE MONITORING CONSIDERATIONS' =~ = R
for Sludge and wastewater App11cat1on to Agr1cu1tura1 Land ‘

Paul A. Blakeslee B

o S e
Monitoring in the broad conteéxt 1ncludes observation of system performance,

checking the quality ‘of affected natural systems, ‘and observing and record1ng envi- .
.ronmental impacts as quality changes occur. . The role of monitoring in land applica- *-
' tion Systems should be. that of confirming- the predictions and Judgements made during

v the project development and design stage with respect to these systems. It should

' be employed as a tool in expanding understanding of system performance, ‘not as a
-*substltute for the-fullest reasonable understanding of the many interrelated physical

chemical and hydrologic factors w1th1n any prOJect prior to 1mplementation. N

_ The prOJect de51gner must consider the impact of three ba51c fac‘ors on the T
. natural system when- developing a wastewater or sludge application proposal in order
to predict prOJect success. The’ factors for prime consideration are:

s . . 0

L Public health 1mpact through disease transmission
‘ 4 !

L Tox1c materials and-the1r 1mpact L e ¥
l'ff'l . o ) .

Nitrogen compounds and their 1mpact on. ground and surface water sources.

The obJectives of system mon1tor1ng can be fulfilled by develgping a. monitoring
program which considers o : v

. - APP11ed wastewater and/or sludgevcharacteristics - B 'Vﬁl

o . Soil characteristics . S
. Groundwater and surface water: quality - ei . N
E Quality of vegetation produced A :,' ',¢".,, ".;“: L oy
The costs of an effective monitoring program should hp incorporated into the 'd-i;;:;

routine and ongoing costs of operation of the unit generating the wastewater or
'sludge to be treated or used in an on-land applicatiof program. It may be possible
"to develop a fill monitoring program including all sampling and testing capability
within the normal operations of the generating unit where a large scale operation
is- 1nvolved For smaller projects, the specialized testing methods to be employed.
may require the use of C00perat1ve Exten51on Serv1ce and/or commercial testing
serV1ces., - - : o o .

wastewater an_/or S]udge Character1st1cs . “”_" o h,”‘ 4'?;

.

; ;o s ) K . _
v -‘jhe wastewater or 'sludge to %e applied at a site is like the Taw, material in a |

' 'manufacturigg process. To be assured-of an. acceptable end product, i.e., crop, eg-' '
‘riched 5011, or other benefit to the system, the raw material must be of consistent, ::
known, and acceptable quality.s The recommen ed analyses havo)been covered in Sec-

.tions 3 and 6 I o R o . i : »g‘_:"

oo

©
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~ The frequency of.-such determinations may vary from project to. project, -with the “'--W. e
"appl1ed annuaI sampling may be suff1c1ent

~can- be determ1ned from the compos1t1on of the waste material. These may 1nclude

Qp»or sludge, the test1ng program. should be expanded to include them.

7‘ lation of a series,of simple observation.wells prior to ‘the actugjy ”electlon of é kﬁ”

from the site-increases, ‘the depth of sample withdrawal .from. w1tﬁ1n tﬂ% grﬁundwaﬁer
~ system may need to be increased or sampling at multiple depths: JB ﬁ&equr@ﬁ% %%?g 3
'assuré interception of affected groundWater - ‘Monitoring wells g”bd loc te so<M
©as. to detect any 1nfluence of wastewater appl1catlon on the groundwater re our;eé é%é

- Soil Character1st1cs *_rf-_n‘ 1,f*,}“ RV

T

: The character1st1cs of the s01l system employed fpr treatment should haveabeen

:.fully éstablished during project design and the monitoring program developed should:
- identify changes in.these characteristics to avoid permanent or irreversible soil
. system damage. Samples of the untreated $0il should be collected and retained for
- future testing. The:concentration of ‘applied trace elements-in ‘the soil amd where

possible the available chemical form of such materials should be routinely: determlned

monitoring frequency being adjusted to the rate of change observed -and project’ scbpe.,””
In cases where domestic wastewater or sludge with 11ttle 1ndustr1al waste present 1s'i;.§;

oA
\ R . f PR
H PR . -L. N N

Common group1ngs of elements wh1ch should be considered for soil mon1tor1ng

e Cadm1um, chrom1um, copper, lead n1ckel and zinc .
. 'Mercury, arsenic, chromium, and bdron.

If other potent1ally harmful metals or organ1cs are present in the wastewater -

Groundwater Mon1tor14g : .5 e

Mon1tor1ng wells must be des1gned and located to meet the spec1f1c geolog1c and

i”hydrologlc cond1t1ohs at each s1te. Cons1derat10n must be g1ven to the follow1ng

ve Geolog1cal so1l and rock format1ons ex1st1ng at the spec1f1c s1te
. Depth-to an 1mperv1ous layer
. D1rect1on of flow of groundwater and ant1c1pated rate of movement

"+ Depth of. seasonal h1gh water table. and an 1nd1catlon of seasonal var1a-~
* tions in groundwater depth and d1rect1on of movement ' ' :

ST

- .Nature, extent and consequences of mound1ng of groundwatgr wh1ch ¢an be : A
o ant1c1pated to occur above the naturally occurr1ng water table . S S, '

. Locatlon of nearby. streams and swamps

'-',yotable and non- potable water supply wells

3 Other data as’ appropr1ate L @,'ﬂg’}vf;HJa__ SIS AT

It. may - be necessary to: estab11sh site. groundwater cong1t1ons tL ough 1nstél-*

locations and depths for permanent monitoring, wells. . Groundwatef

monitored 1mmed1ately below the water table. surface near the: sites ‘hs d1stqhoe j

. o
.. L ) o -_"“ '; .. L N 'l R x'«" . :_'
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.

. . Water level measurements should be accurate to.O 01 feet (1/8 1nch) and refer-.-
':LenCed to a permanent’. réference point, preferably U.S. Geological Survey datum. -
. Measurements should be made under. stat1c water ‘level conditions prior. to: ‘any pumplng
- for sample coIlectlon. A1l monitoring Wells should.be securely capped and locked

O .

v.when not in. use to av01d contamlnatlon. R : i

e To es abllsh a sultable.data base for- reference to background cond1t10ns, a,"
SAOE mxnlmum "of: three monthly~ samplesvshould be collected from each ~monitoring well priox:
o "f.to placlng the on-land applicatlon system in operatlon.. In: cases where ‘background "
S ""'wwater qualzty adJacpnt ‘to the site may be influenced: by prlor waste app11cat10ns,';”
' "ﬁprOV1§10n of'monltorlng wells or: @nalysis of water. qua11ty from exlstlng.wells 1n v

gthe same aqulfer bexsnd the area pf 1nf1uence W111 be-necessary S e

K s SamplesﬁquuFd Bq'te}leoted)monthly durlng the flrst 2. yearé of‘operatlon. ,
W “After the accumuhdtmonJof a: minimum of .2 years of groundyater monltorlngxlnformatlon,‘

*modlfacatlon .of the’ freqiency’ offsampllng may ‘be con51d red. |
;ﬁprocedures should pglémplQYed -

1th»measnnediamount of water“equai'to or; greétef'thanfthree'tlmes the,amount
~Of’ water rn the well nd/br gravel pack 'houid- e}exhausted from ‘the well

s

;Water‘pumped frqm each mon1tor1ng well shouid be dlscharged to the groundy
shrface awa& from the wells o“av01d'recyc11nglof flow 1n'g%ghﬁpe$&e blingy

.-,‘1 Y

40 av01d contamlnat}on Nt aphy St
t10n 6 ) o -d B AREIE (R D P TRS p

“"tiwastewater,app11Cat10n "

J i ParaqFtersffor groundwater
q‘;;ndustrla} waste‘appli tion ‘sites - are s;mllar ¢
ary.and shouldibe determlll’ﬁ “n_:nglmmdual»ba51éﬁ o

PAruntext provided oy enc [
oy .
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.Probable’Ava1]ab1e Form, the Average Compos1t1on Range for
,;e'QmTC Crops,’.and Suggested Tolerance Levels of Heavy Meta]s 1n TR
BiS “When Used for Monitoring Purposes.

Suggested |

Common Average s
Compos1t1on ~..: Tolerance.
©  Range*. - Level -
oo ppmo - ppm
' - Cations .. -
o Bad+ . 10-100 200
2 CdH+ - " 0.05-0.20 3.
S Cotto- - -0.01-0.30 5
T Cut+ .3-40 150
Fet+ .. = '20-300 750-
‘Mnt+ bt 16150 300
~ Hg++ . ~0.001-0.01 0.04
Li+ -~ 0.2-1.0: 5
Ni++ - 0.1-1.0 3
... Pb++ ~.0.1-5.0 10"
P St -10-30 .50 -
L Ikt 15-150" :300.
Anions IR S
AsOy - - 0.01-1.0 - 2
- HBO3 . - 7=75 -7 150 -
- Crog- 0.1-0.5 2
T R 1S 10
I- - 0.1 ; S
Se0; - -0.05- 5 3
. 0.1 " 2.

........

& bar]ey, and 'grasses’grown under normal s0iT cond1t1ons.
-f“‘:;;fand so]ut1on, va]ues are om1tted ‘ cL : '

Average’va]ues for corn, soybeans, a]fa]fa, red c]over,'wheat, oats,

K

Va]ues are for corn

'”"stage

Greenhousé,

both so11

S at or oppos1te -and be]ow ear’ ]eaf at tasse]

T'istage, szbEans, the ‘youngest mature leaves and pet1o]es on the plant after.
first pod: formation; legumes, upper.stem cutt1ngs in early flower stage; cereals,

‘the whole,p]ants at.boot stage, and grasses, who]e p]ants at ear]y hay cutt1ng .__g



e hN1tr1te n1tr0gen SRS _3:.'f177,ffﬁf:\t.u I T
Fo Total \phosphorus SRR B A
3@""f3 e Methylene blue act1ve substances‘* e . vhﬂ';' o
iﬁni'_Chem1cal?oxygen demand N *f.l'l~‘n}f’;"~vf o ”7.#;.y e
Yo e Any eavy metals or tox1c substances found in the éppl1ed wastes.- f;f e

E f“[A%@er adequate background water qual1ty 1nformat1on has been obta1ngd a.mini-
- .mum’of one.sample per year, obtained at the end ‘of the irrigation season in the ‘case -
..-of. seasonal aperations, should be collected from each well and analyzed for the-
‘,,'above const1tuents., T ._ Lo . Vo : .

. Ab; other water samples ‘should be analyzed for chlor1des and spec1f1c conduc- .
7. tance’ ‘as 1nd1cators of changes in. groundwater quality tesulting from the waste . .
":appl1ed "If significant changes are noted in chloride -and/or 'specific conductance
. . levels, samples should 1mmed1ately be analyzed for the.other parameters listed
o above to determ1ne the extent of water qual1ty dev1at1on from background levels

;'_':?";":f, iﬁ: Veggtation Mon1tor1ng

. The vegetat1on produced on a wastewater or: sludge appl1cat1on s1te may ‘be the
© 'most sensitive and meaningful monitor. of the impact' of. materials applied to the site.
','Un1form analyt1cal procedures should ‘be’ used Slmllarly, un1form 'selection of the .
portion of the plant to be analyzed should be, used so that the information’ obtained
“from a given. s1te is -readily comparable with other systems.. (See- footnote to Table
o - 11.1.),:.The values- in- Table ll 1 have been’ Suggested (18) as common average compos1--
‘7, tion and suggested tolerance levels for mOnltor1ng purposes.- .}__; :
NS . ° T L
S, The tolerance 1evels suggested in Table ll l for agronom1c crops are. general1zed
concentrat1ons averaged - ovér:many crops. - They are one-half 1ess than' the values . 'ﬁy.=7
“ which are:" toxic ‘to an1mals, plant’ levels- at which apprec1able transfer of the
© element from the | Vegetative: portion of the plant to the grain occurs, and/or the
" . level known to be toxic to.the plant itself. - Therefore, the tolerance levels allow.
N - :for some elemental “increases in the’ vegetat1ve poxtion  of plants ‘without significant .
- increases in. seed grain or 1mmed1ate ‘food.-chain_ hazards.. Levels are intended only
'7ifor grain crops-or hay for animals.' Vegetable crops are excludea: The tolerance
- levels do not apply . to. crops where the vegetat1ve port1on of the plant may be con-
sumed by humans.. RS, . .

Samp11ng and Ana]ys1s Methods

‘ To perm1t effect1ve compar1son of mon1tor1ng data obta1ned over a per1od of e
. time:at> a ‘wastéwater or sludge appl1cat1on site, ‘or to permit the- comparison’ of data E
- from one'site. with another, it is ‘essential to use uniform sampling and analysis SRR
L y[techn1ques wherever possible. A bulletin efititled Sampling and Analysis of Soils, & .
- - Plants, Wastewater and Sludges: Suggested Standard1zat1on and Methodology, NC-118,
o h'?fNorth Central Reg;onal Publ1cat1on No. 230 (20) has been developed for th1s purpose.

- \, RN 1[’ o
: " “Paul A. Blakeslee is Reg1onal San1tary Eng1neer, ‘Municipal Wastewater D1v1s1on,.'—¥'.
- M1ch1gan Department of Natural Resources Mason Bu1L&§ng, Lans1ng, M1ch 3@926 '
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"’on'‘Land. .1973. Sponsored by U.S.EiP;A., U.S7D.A., and the. Nat. Assoc. of. .
State Un1ver51t1es and Land Grant Colleges L1brary of Congress Cat No

TEBESI0. o D A e T‘“f%f
S01l Survey Staff f l951 S01l Survey Manual U S Dept, of Agrlculture Hand-' .
' book Now I8~ -+ = il : . —
A o . R RS
Sopper W E 11973' Crop Selectlon and Management AlternatlveS--- Perenn1als T

- :In Proceedlngs of Joint Conf. on Recyc11ng Mun1c1pal Sludges and Effluents;-ﬁr‘“
' on Land July 1973 Champa1gn, Ill T 3 A

Sulllvan, R H M Cohn, and S. S Baxter 1993 Survey of Fac111t1es Us-d";h
: ,1ng Land Appllcatlon of Wastewater,t Report’ of the Amerlcan Publlc Works
Assoc1at10n to U S.E.P.A. EPA 430/9 73~ 006

Thomas, R. E and C Ci Haffen Jr 1972 Experlences w1th ‘Land’ Spreadlng of

Munlclpal Effluents. ‘First Annual IFAS Workshop on Land Renovatlon of
Wastewater, Tampa Fla (June 1972) : :

-8

U S Env1ronmental Protectlon Agency 1975 Water Quallty Strategy Paper
o Thlrd ed. - Plann1ng A551stance and Pollcy Branch ‘East- Room 815 401 M St
S W Washlngton D C. 20460 Mall code WH 554 '

Wh1te, R. K Hamdy, and T, :H. Short 1974 Syskems and Equlpment for

Dlsposal of Organlc Wastes on Sopl Ohlo Ag;l Res and Dev -Center, Woo4 /
L ter Res Clrc 197 TR o oL S e Q
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GL'O"SSA_R_Y:‘ OF -TERMS_'] e _
;f S ) N | | - S ’.. R l',_ .
;'Acre 1nches/year -- The amount (1nches) of water or effluent spread on 1 acre of
land in .l year rp-._ R .J__, - 7--'~-bib' S 1

i‘-Actlvated sludges s Sludge floc produced in: raw or settled ,astewater byv he growth
: “of.'zoogleal bacteria and other organisms. in ‘the presence of. dlssolved oxygen-

- %0 and. accumulated in suff1c1ent concentratlon by returning floc prev1ously formeq
'v' Product is, waste act1vated sludge,fﬁ' b : :

’

“'rlAdsorbed - adsorptlon -- The attractlon ef 1ons or” compounds to the surface of a
: SOlld .Soil c01101ds adsorb large amounts of 1ons and water R
. ' 4

,”Aeratlon - The process by wh1ch air-in the 5011 1s replaced by a1r from the atmos-i’“'%5'
‘ phere : C e o IR

fAeroblc - (1) Hav1ng molecular oxygen as a part of the env1ronment (ii)_Growlng 'jffﬂ;f
' on1y in the presence of molecular oxygen : ;*»f ':.‘n¥~\ EER j :'f R
7]?Aerobac sludge dlgestlon o Dlgestlon of organ1c waste sollds by means of aeratlon

s g e R S
'LAerosols ok Mlcroscoplc drdplets dlspersed in- the atmbsPhere ER ,,;;._?;_ 7':'5’:" B

,-_Agronomlc - Crops hav1ng econom1c 1mportance 1n agr1culture ; ;j:,.g,f ="ﬂ?9.'ﬂ f{1f'5f

,.:.

'3;;:? able sod1um content (15o or more of the exchange capac1ty)

:Anaeroblc -- The absence of molecular oxygen L1V1ng or. functlonlng in the absence

of air or free oxygen o ‘-,*,;.‘_ o R e _ T :}_.;*'

"ﬂfAnaerqblc dlgested sludge -- The stablllzatlon of organ1c waste sollds brought about _
) / through the.actlon of m1croorgan1sms 1n the absence of elemental oxygen ’”Jﬁmgn' -

.‘.

.u_-‘Annual é?pp -- A grop wh1ch completes 1ts ent1re l1fe cycle and d1es w1th1n l year
! =,;;: eSS} ‘; corm, beans ' BRI .

"?ffbAqu1fer SN Stratumlbelow the surface capab

'3; Arld -= Dry, 11m1ted m01sture

‘bAvallable mozsture._- The port1on of the er readlly ava1lable for plant use 'f}F

”‘.7Ba51n lrrlgatlon - An eff1c1ent system of rigatlng in- wh1ch a. f1eld or orchard .%-;:\%;

- o e is: d1v1ded into b351ns wh1ch are f111ed w1th watey. P : ;f_:.. e
3 . . NIRRT ..... .-I - . " . . d ‘ i . .o . 7.. r. .
“'Best practhcable treatment -< Referr1ng to sewage treatment as the most operatlonal
treacmentvqystem glven local COndltlohs and. wast water content "-!a:_“
- : - ¥ N S
: .‘B.wlog.zcal tre*&tment i Forms of wastewater treatmené n thch bacter1al or blochem,- oo
b .1cal aetlon is. 1ntens1f1ed to stab111ze, oxidize, -and n1tr1fy the unstable .or

ganic- matter present Interm1ttent sand f11ter§ 'contact beds, tr1ckl1ng f114f~
ters, and act1vated sludge processes\are examples i B

PREE

\)4 ] ‘l E . o B o ' ’ ~A ..__; ‘.‘. . v . ":"" ‘ “‘.. , 8L a . L ; ;’ e :_ .I . . ‘ ) . ( w '...: : l"‘ .




.~/B1ochem1cal Oxygen Demand.» A standard test used in: assesslng wastewater
_strength ~The. .quantity of oxygen used ‘in the blochemlcal oxidation of ofganic .

“.matter .in.a spec1f1ed t1me, at a spec1f1ed temperature, and under spec1f1ed
‘cond1t1ons.:F ; Lo a X

~s : R4 R : f

"fhlﬁbb

, P . N

. f;1cal ox1dat10n of organ1c ‘matter after; 5 days, at ‘a. spec1f1ed temperature, and X
'*‘n'under spec1f1ed cond1t1ons.._;:;u,._”; S :A‘ Uh*ﬁp: L Fee f:

.fBulk denslty == Th ,mass of dry 5011 per unlt bulk volume 1nclud1ng the air space
. 1 xs determlned before dryrbg ;o co stant we1ght at 105°

_ when treated w1th cold 0 l N hydrochlor1c acld'

Carbonate -- A compound conta1n1ng “the rad1cal COS =2 ;.d;fhi; b’fi:];g”f:éli_;f”
; . ,.v_ - ..g\, . R _' ,' . .‘.. .
( Catzon exchange capacrty -- The sum total of exchangeable cat1ons a'soil can adsorb
e _Expressed in’ m1111equ1valent§ per 100 grams of 5011 or other adsorblng materlal

P Y

“ such-as c1ayl_

, ’ v

ZCentral prOt sgstem -f An 1rr1gat10n system 1n wh1ch ‘a lateral l1ne supported by
: iltowers rotates a\out ‘a p1vot p01nt LR

.

l1d.1on 1s flrmly comb1ned w1th the compound by means of mult1ple chem1ca1 bohds

Y
«

v,

";zfciay == Soxl part1cles less than Q 002 mm - 1n d1ameter.A "_;"~;ﬁ; ?yﬁhai'h?ﬁi% frf; Qe
'3',‘lsclosed dralnage ystem - A landscape where essent1alhy all the products der1ved
EISAYAE w1th1n tbe perlmeter are trapped w1th1n‘the system and ‘are not transm1tted to
_ug~~ﬁic';g streams or .water. suppl1es ‘.A Ly . . ;.
- ',-', “"b_ ’_.'_ ‘,;f ‘le‘v . e : . . . . 1o - Co
N COD -—’ChemlcaL;Oxygen Uemand nThe oxygen consumed‘by the chem1ca1 ox1dat10n of
et et materlal 1n water oy RS PR N ;

;" s -7-=="""'
i N IS L R : : : R
g R ‘& . !
SR omp051te -= To make up a sample of-. dlst1nct portlons 50 the sample is: representa--;';j..
b, t1ve qﬁ tﬁf totai g@terlal be1ng sampled rather than any slngle port10n. et
ERAE Conductlng layers --“%HYGTSJGf 5011 whlch contaln the property of enabllng water
o g.*ffﬁf and f1u1ds 10 pass through w1th lattle ré’istance gg~+., L e
Cost effec&iVeness QL The least NQSt project or means to ach1ev1ng a spec1f1c goal'
" - . '._‘ .
Cover crop --"A: crop grown bgtueen perfbds of regular crpps for add1ng drgan1c mat-ff
: ter;to so1l andégr protectlon“agalns% er051on.%-ﬁg;ll S R _-'?

Denltrrflcawlon‘ :
'71.5 ‘- gen e1ther as molecular nntrqgéh or as an ox1de of n'trogen.

3 oﬂ B TR 4 ‘*i:“"

Detrltus —— Any dls1ntegr2ted~mater1al resuIt1ng from a larger materlal be1ng rubbed
or. worn awa% \debrls.‘-'. S ke _

o 5 day BIOChemlcal 0xygen Demand The quantlfy of oxygen used in the blochem- f.r

AC‘Chelatlng propertles ;- The property of cextaln chem1cal compounds An wh1ch a metal-?




Zif}Vpar%y.to ﬂake l1m1ted use of another par-“' ffﬁ

- T : conta1n1ng 1norganic and-é L
forgan1c molecules of those substance lwh1ch do nft pre‘1p1fate by graﬁlty' &
: R ; .prg“, :

. 'LQ“En5111ng -- The proceSs of plac1ng green plant materlaL 1n'afslf"
e staok for fermentatlon and storage.. S L
. A - '.‘ i;"".';

,The comblne ‘loss of water‘from a‘g1ven area, and dur1ng a
spec1fLed perl d of 1me1 b 3

wIn thefeconomlc“sense, ‘a force externally 1mposed byﬁggececoﬂom1c L
agent on other econom1c agents Such"forcesﬁ1nvolve costs’ and/ot’ benef1ts agd
' or'splllover effects

”Gram.neﬂat1ve,

5

_of nonspore forming bacter1a or1 ;nat1ng from gecal”mater1a1"

. .,4

,“ land hav1ng unqualailed ownershlp and power of dxspos tiodn_,%

f”Fespue pastures -= Pastures or tracts of land *used’ for graz1ng
: spec1es of grass of @he genus Festuca fam11y Gramlneae
, L

“Forage crop;-- A crop°such as’ hay vpasture grass‘ ”egumes,;etc{h
o mar11y as‘forage or~feed for R 2

T LR WP SRR
which-is ‘grown pri-

w1th appllcatlon of - moderate
granular structure..‘

tfurrows, or’ corrugat1ons, usually s'aced close enough together to. g
eral penetratlon betWeew them '

“Geo@oglcl,] Related°to or based on: geology or the propert1es of the earth}surfacq "
”"', and subsurface so1l and rock formutaons.n e - RO e

ERI
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o »
°

-
.

GlaC1a1 till -- The unconsol1dated heterogpneous mass of. clay, sand, pebbles, and
boulders deposltcd by receding ice sheets, . . :

~ve

Grab sample ~- A sample obtained randomly at one time. This may or. may not be ‘rap-
resentative of an entire composite of-samples. ' : -

- . g
. . -

‘
.,

Groundwater quality -- The degree of pur1ty of the water obtained -from the.zone of.
saturat1on (well water, subsurface or underground wnter)
" “y \
‘m‘oundwater recharge 4&—'- Return of surface water toeugroundwater aqu1fers s
ls . ' e
Heavy metals -- Generally, those elements in the periodic table of elements wh1ch _
belong to the transition elements: They_may include essential micronutrients
‘i;and other nonessential elements ’ - '
- v
. Holdlng ba51n (storage 1agoon) -=* A hatural of.
the shape and character of conf1n1n' S
" may conta1nggaw_or partially treatg
stabilizatidn ogcurs. -

art1f1c1ally created space which has
gial enabling it to hold water. It-
Rwases-in which aerobic or anaerobic

Host-$pecific pest -- A parasito‘or pest wh_fh'can 1iye in only one host, to which
it is therefore said te be specific. - e v 'I‘
q, :,,l t ) L4 'l -

Humldgareas --- Geographic areas where theacl1mAfe has suff1c1ent precipitation to

suppbrt a forest vegetation. Prcc1p1tatlon may _range from 20 60 inches annually.'

. ® .
".\‘é."‘ . .

"Humus.. (tgsldual humus) -- Organ1c matter*1n the sbii- wh1ch has reached an advanced
stage of decompos1t1on and has become colloidal .in nature. It is usually char- o
acterized by a dark.color, a considerable nitrogen content, and chemical prop-
erties such as a high base-exchange capacity. \ p- : ‘

. ¢ - '

Hgdraullc capabllltles -- Fluids, usually water, wh1ch are moving or at rest under

‘forces of gravity or pressure - :

- . ik °

Hydrologlc -- Relat1ng to the propert1cs and movement of water ‘within a soil system
e and the underly1ng rock formations. , :
N * . ’ 3 ’ ) '
Immoblllzed -- The action or reaction by wh1ch a substance (element) is rendered

" immovable; f1\ed as by organic matter or clay.

Impermeable pans -- Zones within the_soil wh1ch restr1ct the movement of gases, l.—T
qu1ds, and roots.

‘“.' ImperV1ous -- Res;stant to penetrat1on by flu1ds or by roots ™

retardants, etec. -7 . . _ o

v ' oo

' D34 3
Industr1a1 orgénlcs -- Mater1als such as pest1c1des, chlor1nated plast1c1zers, fire 1{(

. . - , < i
Inflltratlon capac1tg --+ The maximum rate at wh1ch a soil,. in a given condition at -
a g1ven t1me, can absorb water, commonly eXpy ssed in inches ‘of depth per hour
. ‘ !.f
Interlac1ng rhlzomes -- The cross1ng and 1nterwoveg,stems which grow partly or en-
t1rely beneath the surface of the ground, often hav1ng scaIe like leaves.
. an
Interstratrfled bedrock -- Alternat1ng layers ofrd;fferent bedrock layers occurr1n%‘
between beds of d1fferent materlal oo 1
: e . .
. ) H . i ’ B . ’ . ,
» ," ' . . . S ]3‘4' 84% : . %5
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-

,?‘ Xhif&ng -- The inJoctlon of a substancc below the so11 surface..
RS "vu. P C . —

‘;' Leaching --. Tge removal of solublc const1tuents fromwSOllS or other mater1als by
ey pqrcolatlﬁg water. : :

* ~
qoadlng parameter 15zVar1ab1es such as water, metals, soluble salts, suspended

S sol1ds, n1trogen, or phosphorus which' may limit wastewater or sludge appllcatlon.

..l .
.} . Lodglng -- Pertaining to‘fleld crops”-- td'Break bend over, or l1e flat ‘on the

£l

LA ground* sometimes form1ng a tangle. Lodging may be.caused by high nitrogen

. ST ﬁbyels 1n the soil, ;ush\growth wind and. heavy rain, and plant diseases.

"t e .

Logss -+« A mass1ve depos1t of s11%§(tan or buff colored), with part1c1es typ1ca11y
angular and“ Tniform in size. ¥ Tt is "usually calcareous, often contains concre-
«tions- of. calciyy carbonate ang shows lanrhatlon or beddlng ' ‘ . '

A , v .

Major nutrient (macronutrient) -5 A-chemical element necessary in large amounts
(usually > 1. ppm in the plant) for the growth of plants *i.e., nitrogen,
phosphorqs, potass1um o 9 ) o ‘

- .s,.w‘ < - . . & y

Matrices -- That vm{ h 'giﬁes;-onﬁézin or form "to**thing, or serves to enclose it.

«

'Metéi taxicities -- Toiicities at¥ising from too hi 1evels of metals in the soil. .
These could be due to™sadmjum, nickel, zinc, per etc. at such levels that >
‘ they cause stunted or reduced growth and m1cronutr1ent Ambalanceés w1th1n the
G plan! o o A e S .
C e, e ! ' ' S .
Methylene blue active substances -- A measurg. of the amount of anionic surfactants
(detergents) presént in water,.

\

.55

. : o ¥
MGD -- M111ions'of galions per dayc - o -
Mﬁ*ronutrlent -- A chemical element necessary in only extremely sma11 amounts ,

(< 1 ppm in tRe plant) for growth of plants; i.e., B, Cl, Fe, Mn, Mo, Zn, CUr_.

Mlcroorganlsm -~ An organlsm SO sma11 it cannot be seen clearly without the use of K
. a mgsroscope & : o ‘ .
Mlnerallzea -- The:conversion of an element in organik.. comb1nat1on to its inorganic ‘..
form A5 a resu1t of m1crob1a1 deoompos1t1on . L
S X ’ ’ -
Dl ~ ‘ B . B fh
Monoqulture -- Cultlvatlon of a s1ng1e crop such as wheat or cotton, to the exclu-
Ve R slon of other posslble uses of the land. S ' '

Mulch -- Soil, étfaw peat, -or any other loose mater1a1 placed on tge ground to~
canserve s011 moisture, or prevent undesirable plant growth or so11 erosion.

‘\c' . .

v
-t

N NC—98.=’ North Central Reg1ona1 Commlttee of the State Agr1cu1tura1 Experlment Sta-. @
! tiofis and Cooperative State Research Service titled "Environmental Accumulation
¥ of .Nutridnts as Affected by Soil and Crop Management." ' '

At | - |
) - 'NC-118 --3North Central Reg1onal Committee of the: State Agr1cu1tura1 Exper1ment Sta-.f
4 - tions and Cooperative State Research Service titled "Utilization- and Dlsposal '
of Mun1c1pa1 Industrial and Agr1cu1tura1 Process1ng Wastes on Land."

. 7
. Pondlng -- The accumulatlon of free water on the soil surface. ‘

Pt v R - 2 : ' ' - ' ' - '
N !'s : ) . - . . [
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. » . , . B . " ‘. . » -
Potable =- Watcy suitable for drinking. : v S K/
3 . : . . L : : . : :
' -4 : oot . :
~..Precipitated -~,To.separate out_in solid form from a solution. .
> Preczpitation surpluses -- Exce551ve ra1nfa11 .
' Primary sludge (raw sludge) -- Sludge obtained from a pr1mary settling tank, which-

is the f1rst sett11ng tank for removal of settleable 50113 through which waste- o

water is passed in a treatment work.

Putresczble wastewater constituents -- M1crob1a11y decomposed 1n th ~absefice of -y
i oxygen . ‘ S : Ef
» . v_ - 'l‘l&"; :
Renovation - renovated water -- Water which has undergone treatment.through -chemy
.

- ical or biological means whereby, impurities.have, been removed,‘thus makingqlthﬁ
_more de51rab1e for a particular use. ' ’

_‘n A T . v i

occurr‘ﬁce, 1mpact and duration of an event . A
\ : . : ARG e

Row crop* -- A crOp such as corn, beans, sugar beets, cotton, etc., usually grQ@n
or cu1t1vated in rows. . . '

- Runoff -- That portion of -total precipitation finding its way into drainage chan-
nelsp ‘It qon51sts of ever varying. proportions of both surface runoff and
groundwater’ runoff. e O LIS I I AT TN SRR B SR GRS

Sand -- 8011 particles between 2. and 0. 005 mm 1n d1ameter
‘- R . .
Secondarg treatment -- ‘The treatment of wastewater by biological metheds after pr1-

S mary streatment by sedimentation : :

I-4
Sedimentation -- Dep051t of sediment by natural or- mechan1ca1 means.
Seeps ~- A spot where water oozes out slowly from the soil and gathers ‘in a pool -

3

or prodyces merely a wet place, usually on a hillside as a hill base.

Selective breeding -- The breeding of selective p1ants or animals chosen because of
, certain desirable. qualities of f1tness, as c0ntrasted to random or chance e
- * _ breeding. L »
. o -f’
. Semi-arid’-- The climate, characteristic of the . regions lntermedrate between the,
true deserts and’ subhumid areas, under- which precipitation\efdetiveness is.

such that a vegetation of scattered short grasses, bunchggasses; or -shrubs
prevails oL , S . .

L -"’

v >

~Shallow disc1ng -- The process by which debris fs chopped int
' the 5011 by use of a disk normally 1ess than 5 1nches., 4]

E Sbrink-swell potential -- The potent1a1 of a 5011 mater1a1 to
’ result of wetting or drying. _ _jj

4 ca

Side.roll laterals - Laterals used in irrigating 1ow grow1ng ‘Tow crops “and forages.
They ‘are ‘mounted on wheels wjsh the pipeline as the afle.” A 1ength of flexible

hosF is used‘\to make the connection to the ma1n 11ne ' @

Q. S ‘iﬂﬁ} ’—" »]3{6'. &sz :“. i ._$ _ tl
o T e

. )
. tou®

[ 4

ieces and put under

hange volume as a -
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Silt -- 8011 purtlcles between 0.05 and 0 002 mm in d1ameter o IR ' -th

R -Soil compactlon ~- The process by which s01l grains are rearranged to decrease 301d
_ -Space and br1ng them ‘into closer contact with each. other thereby 1ncrea51ng
the. we1ght or “bulk mater1al per cubic foot.~”' .
(/ill hprizon -~ A layer of s01l approx1mately parallel to the land surface and dif—
fering from adJacent genet1cally related layers. : C

$
\

- Soil proflle - A vert1cal section of the 5011 from the surface through all 1ts
horlzons, 1nclﬁ§§ng C horizons.
" Soil structure -~ The comb1nat10n or arrangemént of pr1mary s01l part1cles 1nto

© sec0ndary part1cles, unlts, or peds ,

4
3

Sod former -- Any crop or vegetat1ve cover wh1ch qu1ckly forms a heavy, close kn1t _
top growth over the surface of the soil and a root system which binds the so1l .
part1cles together, thus forming a sod, such as’ wh1te clover or bluegrass. ‘ e

Spec;flc conductanCe -- A measure of the capacity of water to coiivey an electr1cal e
L current. * This property is related tp the total concentration of ionized sub- . '
. stances in.a water and changes in the.specific conductance at a given monitor-

ing well locatlon g1ve an 1nd1cat10n of a change in groundwater quality.

. prlnkler 1rr1gatlon (spray 1rr1gatlon) -- Irr1gat10n by means. of above ~-ground’ ap-- o
S HEE TR “pllcators~wh1ch proJect“wateT outward through the»alr makingflt réach the" 4f'4f 2y
: ' soil in droplet -form. N : , , _ oo _ R
Statlc water 1eve1 -- Equ111br1um water level reached in an observatlon or m0n1torr 1u,f
(ing well after an extended period. : i
7 Strata -- Layers or Yeds of rock S — - ¢ e 8
N . .
Structural carbon‘-- Structural forms of most organic molecules are made up of a L
" carbon skeleton w1th other elements bonded to’ 1t o » [ .‘. s
. N . I : S
Submarglnal 1and -- Land 1ncapable of susta1n1ng a certa1n use or ownersh1g statas '.'
R econom1cally - Y ] ‘ A
.Substratum -~ The C horizom of a soil. S e e
& ' 6 .
-Surface 1rrlgatlon -~ Irr1gat10n distribution of water over the soil surface by vf s

flood1ng or in furrows for storage in the s01l for plant use. s

. ]
Suspended SOlldS - SOlld part1cles wh1ch do not prec1p1tate out of solutlon or.do
not eas1ly flifbr out . They may be c01101dal 1n nature

P

Texture (5011 texture) -- The relative proportlon in a so1l of the various s1ze
groups of 1nd1v1dual s01l gra1ns (sand, silt, and clay)

Qf'_ Tight subsoil -- K Subs01l ‘which 1s very compact and perm1ts only very slow move-
ment of water o :

Tlllage operatlons - Work1ng the s01l to br1ng ab0ut more favorable cond1t10ns for .
plant growth.

v

‘ ’ . . ..e‘?'.. . 86




Tolerance 1eve1 -- The highest level an organlsm can resmst or endure before becom-"
. 1ng affected « : :
3 ' o . .
Toxic trace organlcs -- See 1ndustr1al organlcs._ T S
Trickling filter -- A bed of crushed stonl gravel or. c1nders “of relat1velyvlarge T
Y size and usually about 5 feet or more thick. Sewage.is applied at the surface -

" and the solids" prec1p1tate ‘out during their descent through the bed. “Aerobic®’

-.'. . .
4 »

"\ .

& bacter1a decompose t%e{ solld% R : . - . '»'\'
s I ‘ ainty --~Usually refers to an eventrabout wh1ch noth1ng is known W1th respect . L
0t to 1mpact duratlon, and probab111ty of occurrence. . . . S
: » o - N ’ ) " 'b‘. .
Underdraznag '=-- That, dra1nage con51st1ng of dra1n tiles. placed in trench s deep
enough ato alloh the coverlng 5011 ‘to be cult1vated and the\prpflle adequately
drained ' . . . R . R :

o "I o ' g T TR
? - Uptake -- The process py which plants take elements from. the sbll The uptake of R
R . certéln element: by a plant.is calculated by mult1ply1ng the dry‘welght by ~u ‘J_"
wih-» “the concentratldn of the element. . ) o S

@ >

8 G. s datum -- Elevgtion relatlve to mean sea level establlshed by the Un1ted

i s States Geologlcal Survey. Unlted States Geodet1c Survey. R
> @ - - '
- _-Sﬂhcuum £ilt on -- Separatlon of,substances by use of a- fllterlng system W1th
@i theﬁald of a Vacuum S I ;«jl,f ¥ i’ﬂh ;_l-q 5 ,mrpr,i

. > Vol ﬁ.watlon - vaponzatzon - The conversion of a llquld or solid 1nto vapors.g‘ .
o o v
Wn124 -- Western Reglonal Commlttee of the State Agrlcultural Experlment Statlons‘ e

," J - and Cooperative State Research ServLce t1tled ""Soil as a Waste'Treatment Co
I System." . S

. . . - -

»Water table --- The upper surface of groundwater or that level below which the soil . -
. is saturated.with water; locus of points.in soil water at wh1ch the" hydraullc '
& pressure is- equal to the atmospher1c pressure." : g

e

Wastewater 1oad1ngs--- The amount of wastewater applled per. acre per un1t of" t1me... ,
: . . . T

2 Watershed»-- The totallrunoff from a reglon wh1ch supplles the wateriffa r1Ver or
lake,~a catchment area or dra1nage ba51n._~ : S

N Y1e1d goals -- The h1ghest ant1c1pated or expected y1eld a f1eld should produce.. _

o~ i
AL N




Sect1on 14

APPENDICES

Rate of Water Inta. e: in the Fleld Ip Methods of

Ro ;

1965.‘

-'auge) uhl,es{s‘a shafpenéd cutt;ng edge is pro-..
inches gnd, prefez;ahly 12 *to 14 inchesw: -, Make .
and prefera.bly nore, ﬁmakm the. d1ameters
eaeh‘*other“:l,f_ desired. ,gutt -weld: the
otﬁ‘ﬁms}x‘ If a.sgt’ of
am to browde a buf fer” com~

,'d; abové ljut us~e IO’gauge ‘," W

i gf»_a ree}sonaply 's
_e d! f -earthe

' sledge hammer usedv
s ad%quate :for” many ‘soils. -
'c}ge. of a steel
' hloék, fhavﬁlgr dime,

: né orfmore i_
?Egploy‘water s_"

- .

. Pudd.l.mg protecﬁonzde;i
#or "loosely ifitting 1»/4%%_
"'-__surfaée b pud li g

8 . ‘,l’-"

o 7 H'Qbk" gadge;- : Gr,ih at16 %e h%f weldlng rod to a fine p01nt at one end,-, ,
*..r:i7 7 _ and bend this end? roygkf "form .a hook.in Which the pointed end-is paral-’
‘ 1e1 w;th the long ax1s Of t e rod Solder a flatvaplece of brass about 3/4 by

/ 141 8 o




clie‘s.i fr?sﬁ'l- th“e Pnd‘oppo-—’-". e
pigce pérpen@}:ular to
i ; .

.'Ailar enyine r's scale to: measure the dlSﬁimce‘ of,,h' ”hber"s\xrfat:e /Anithe’ eyl- .
_1nde‘rgelow .a re_ference ~point.” Alternatlvel ! 'manemete(r gdesérlbed -

: T <. belog ‘8 Qr the constant head dev1ce in 9.

8 ..Mano eter-"' As an allternative to the hook gauge
}water 1n51de the: central cyllnder prepare a manomdte :
Secu’re a graduated p1pette of- per}raps 30 cm

b p1ece ‘of 12 by
gle o 4 out 300 ‘and: .
'-_A at gbf.. he . graduated

agd thh the hypotenuse of a, length shghtly greater tha :
Vighjfofms the hypot -

U p1pette.. Fasten. the pipette to thejedge of the tiz;"angle

;"‘ ” @ " eriuse’, andgfasten ‘the side which fd}ms ithe other. 1‘ “of! t,he' “30¥. angle - to a’ tri--
EEEE angular pidge of 17/4-inch. steek platex.whlch is set. on hre‘e leVellng pins.and = - -
Crie T g placed -outside the 1nf11trom_ er. };efore each:us r‘, ully Ilevel the. p1at- RN

SR !!n form Beforef addlng water.to start the’ nfll\trat

iT , z"ttzich one end of a- .',-;. .
.‘;!blece of flextile tubing to: thﬁb ’tom -0} the pi’"p‘e'-

oy

g, and; ead the other end

?,"f"i-.,”‘.ﬂ"‘_-ﬁ B ‘the “top: of"the two}\cyllnders tQ the b’ot‘.tom Qﬁtﬁe .mne “'cylinder. Immedi:. -
Do e atély follow1ng %nddltlo of ‘water toithe _ln'ner,,cyllmle;,\saqk on' the top of the
: '.;."_ “ ;plpékte ta caus'e Water to flll the f,le.;uble ’l‘_.utb 4I‘h ,wead the position of

he menigcus on. t}hﬁ,pl ette sdale, and:m ) g the vaﬁieswby the appropr1ate .
actor t5 obtafn: read gsof vertrcal mdyement of- the | water surface 'in inches =
\ ‘\&or. _centﬂ'net*é 's dsy des%red. “#The conversmﬁ,. fnctox‘hw@rema{m the same as., long
' ‘%as '@’lat o JL*S accul:a'tely le-veledh' .

P

K ﬁ 0.9.- C sﬁ:ant-he d dev.lce;f\ qu"‘\a ton‘stantﬁhead 15,&3:@
’; . nebt the main:water, spp‘ply tank to 4 floa
. ..mea,su ng W}llnder (or Ky é‘s}ake if the* furrow r h $in method is used). -Use \
’ '  SLP} )zube gﬁ‘ suff1c1ent 51ze (usuaw.,,lj i nd’h ;ameter) to ‘make. the connec-A

! b’gg . | &y
. Pdo ‘edulﬁe &' B _ g@

e YT JRRTER . R }
_ Selé“% &gner:ﬂ area that is I“e- resentatlve for, *he purpose of the measurement.
Exam anQdesgrlbe the sggl profllg cOanltJ,ons Gfefexture, structure water ‘con-
tent Fand adsorbed sodlum, with- partl‘culafr refere’nc to the first foot. ‘Secute sam-
ples r‘ measy 1ng th “adsorbed soditm . qgnten‘t (‘{,(here sodium may be 'a problem) and
NETS the wat Record the kind ofq‘op and the stage of growth ‘and describe .

anyf# ter: R, ‘myl’ch: and the condition .of. the soil surface =~ freshly cult1-'

] vate "ﬁclo dy, ,cru&ted,,cracked ‘6tc. . Makégnote of any other cond1t10n observed ’
~wh1ch mlght “have an 1nf1uence on rate of we?ei' 1ntake. L : : :
" c ks ; ot L . ‘ .
Ta~ ov1de foréjﬁcurrent meas ements on three or ‘more sités, select the exact
51tes ﬁor t,he asurements w1th1q,,a m1te§ area' normally 1/2-acreé.’or less. Unless-*
the obJeot@.ve ‘to make ‘m ements of-special. cond1t10ns,av01d areas- wh1ch may -
be affected b¥ unusualr sur ce disturbgnce, animal burrows, stones wh1ch m1ght dam- :
age the cyllnder anlmﬁgafflc, or: pachlne trafflc :

«

3 _ Set a- cyllnder.;l lace an% press it firmly into the 501l “For . cyllnders less )

_ than 24 inches in d1ameter ace the: d?vmg plate on the cylmde? stand on the '~ -

~ plate, and. dr1ve the éylmd 1nto the 0il by .tamping the plate W1th the driving -~ 4
hammer Drive: the’ C)"llnde‘{, 1n vert1cally, using a-carpenter's leyel ‘as needed. Do. .

" not ‘drive. the. cyllnder into. the soil irregularly P that~f1rst ‘one -side-and then the

other goes down This: procedure roduces a poor. bo d between the cylinder wall and
| P poor pond betueen the cylinder

A

© e

]
i,



the soil, and 1t dlsturbs the 5011 core w1th1n the cy11nder If the cy11nder shouId
enter the soil at an angle, remove it and reset it™ *in another 1ocat10n Dr1ve the
cyllnder into the. 5011 to a depth of approx1mate1y 4 1nches. : L
o ArOund ‘the measur1ng cyllnder pIace ‘a buffer cylrnder hav1ng a d1ameter at
.pleast 8 1nches greater.. Drive this cylinder‘inta the soil to a depth of 2 to 4~
““inches by tamplng it around the c1rcumfé9ence with-the dr1v1ng ‘hammer. Str1ct1y
vert1ca1 movement of this cy11nder into the soil is not part1cu1ar1y important, As’ .
‘an’. alternatlve to the buffer cylinder, construct a buffer pond by thrOW1ng¥up a low -
SRR .IS 10 6 1nches) dike around the cylinder, avoiding disturbance of the soil inside '
”"'*?;pthe dlke, and keeplng the ‘inside " toe- of the’ d1ke at’ least 6 1nches from the cylrnder.. N

R Place»burlap or other pudd11ng protectlon device on the 'soil w1th1n the central'

"]'cyllnder Then 'fill the -buffer pond on the outside with. water to-a depth of" about;

L2 1nches, and maintain approx1mate1y the same depth throughout the period of obser--»"
“vation. ' (The depth of water in the buffer pond is not critical ‘as long as a- supply
‘of water is always available for 1nf11trat10n into the soil.) 'Immediately after
. ‘adding water to the buffer porid, fill the cent;afhcyllnder W1th watger to the de51red

¢  depth (usually 1. to‘3 1nches), remove the puddling. protection devlce, and make a o

' ‘measurement of the water surface elevation by a hook gauge (or manometer if desired).
Use the cylinder edge for the reference level, and mark the cylinder so that all sub-.
sequent megsurements can’ be made at_the ;;?eigolnt on the cylinder, ‘Alternatively, -

+ " if the ‘basin or furrow method is used empiof a stake to provide a réference level.”’
Record the hook ‘gauge reading and the time at which the observation was made. Carry
out thesé operatlons qulckly, so that errors from. 1ntake dur1ng the operatlons W111
be small . : . v ' o

,

'

Make add1t10na1 “hook gauge measurements at 1ntervals, andirecord the water 1eve1_
and the time. For most soils, observations atﬂthe end of 1, 3, 5, 10, 20, 30, :45,
.60, 90, and 120 manutes, and-hourly thereafter,’ will prov1de adequate * 1nformat10n
Vﬁ Make obsenvations. more frequently as needed on.soils having a high rate of intake.

' As a general rule,: the intake between measurements should not exceed 1 inch.’ .Con-~
o t1nue measurements unt11 the rate of - 1ntake is- a1most coﬁstant aﬁ; ‘ 3
_ When the water level has dropped 1 or 2 1nches in- the cy11nder add sufflclent
’nwater to return the water surface approx1mate1y to its initial elevation. -Record
- the level and time just before filling and.the level’ after f1111ng Keep the in- -
" terval between these two readings as short as possible to avoid errors ‘caused by
intake during the refilling period. (In’ ana1y21ng the results the assumptlon is
~ made that the ref1111ng is 1nstantaneous ) :

If a constant water level in the cylinder or basin is maintained by: a float
valve, medsure the rate of depletion of-watér in the sUpply tank by a hook gauge,
manometer, or automat1c water stage recorder o . s L

, : ' : 7
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Robert Taft Sanit'ary Eng1neer1ng Center Perco]at1on Test

v

ﬂ; S Dept. of Health Educatlon and Welfare.' '1967. Manual of Sept1c Tank .
?raﬁmlce._ Publlc Health Service . Publlcatlon No. 526 pp 4 -8.. -

. ]
o o

‘Pr dure":' 3“7 \ -'”. o o .' . L

;-ligiuumber andqﬁocatlon of tests Slx or more tests shall be made in separate test
holeiﬁ?paced un1formly overgthe proposed absorptlon f1eld site. «f..V-

"12;" Type of test hole: Dig or bore 4 hole, w1th horlzontal d1men51ons of 4 “to 12
.~ 7 inches and vertical ‘sides to the de51reghﬁepth To save time, labor, -and vol-
© o ume of water requ1red per test the hom¢§ ‘€an: be bored w1th a 4 inch auger

3. Preparatlon of test hole- Carefully scratch the bottom and 51de$ of the hole 4

. with -a knife blade or sharp pointed instrument, to remove ‘any smeared soil sur-
faces and’ to provide .a natural soil:inteérface. into: whlch watexr may. percolate.~ .
Remove ail ‘loose material: from the hole. “Add 2 inches of: coarse sand or. f1ne :

gravel to protect the bottom from scourlng and sed1ment. @

* —

4, Saturatlon and swelling of the soil: It is’ 1mportant to dlS fngulsh between
- ‘'saturation and swelling.’ Saturation means that. the void spacgs bétween soil
part1cles are full of water. This can be accompllshed in a ¢hort 'period of
o time. Swelllng is- caused by intrusion of watér into the in 1dua1 soil .par-
.« . - : ticles. This is a slow process,: -especially .in clay type 5011 and 'is the rea-
.. son for requlrlng a prolonged soaklng per10d R D

In the conduct of the: test, carefully flll the hole w1th clear water. t_ mini- -
mum depth of 12 inches over the .gravel. In most soils, it is necessary'fo re-
_ £ill the hole by supply1ng a surplus ‘reservoir of water, p0551bly by means of:
-, . an automatic syphon, to keep water in the hole for at least 4 hours and’ pref-
.o 'erably overnight.. Determine the percolation rate 24 hours after water is first
~~ added to the hole. This procedure is to insure. that the. soil is given ample
oppqrtunlty to swell and to approach the condltlon it will be in during the
. wettest - season. of the year.. Thus, the test will. give comparable #M¥sults in-
. . . the same soil, whether made in a dry or 'a wet season. ~In sandy soils contaln-
. ing little or no clay, the swelling ‘procedure is not ‘essential,yard the test

» ayabe made as desctibed under 5C, after the water from one’ f1111ng of. the,hole'

e o “completely seeped away. . : - - :

v oo N ) S . , - . E
s _Percoliipon rate measurement- W1th the exceptlon of sandy 501ls, percolat1on 'j 4
- Tighe: me surements should be made on, the day folIOW1ng the procedure descrlbed' ”

”r 4 above ' -

s

AﬁLf water r&nalns in . the t"st hole after the overnlght swelllng perlbd adJust P
 the depth to approx1mately 6 1nches over the gravel ~-From a- ﬁxged_reference
R p01nt measure the drop in water level over a 30-m1nute perlod; fThis drop is | -

- used to calculate the percolat1on rate. . . N o ’
S If no water remains in the hole after the overnight- swelllng perlod add
¢ ;-clear water to br1ng the depth of water in the ‘hole to. approx1matbly 6 inches
. over the gravel From a fixed;reference point, measure the drop in water level
o at approx1mately 30-minute ‘intervals for 4 hours, refilling 6 inches. over the-
‘_gravel as neceéssary., The drop which occurs during the final 30 minute perjiod
-'1s used to. calculate the percolatlon rate The drops dur1ng prlor perlods{pisK

-

«w

R




~,7cumstances.

G In sandy soils (or other s011s in. whlch thewflrst '6 inches of water” seeps
‘away .in’'less. than :30. minutes, after the: overnlghn,swelllng period),. the time:
interval between measurements should be taken as '10'minutes-and the test rTun

"for 1 hour. 'The drop which occurs during thé f1na1 10 m1nutes is used to cal-
'culateﬂlx percolatlon rate. L 7 . . R
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‘jijPrev1ous app11catzons 10 tons/acre for 2 prev1ous years _'

| 'From Tab1e]3 4z 180 bu. _corn - 240 1b Ns 4’A\b\\P 199 1b. K S

"i];"Ava11ab1e N 1n s]udge

é"fﬁf?.».§;’dge app11cat1on Rate

Append1x B jf‘_~

~ e

Samp]e Ca1cu1at1ons to Determ1ne -Sludge” App11cat1on Rates 'A;L,Tiv-fr*”"'“

on Agr1cu1tural Land (Sect1on 3)

[;srudge;‘wzx NH4 n, o% NO, -N ‘5% ‘total N, 23 gﬂ 0. 2% K

are 25°1b. of P per acre and: 100 1b of K per acre. b

Ca]cu]ate annua1 rate based on N and Cd f?.'.‘. , ,;J‘

",52% NH4‘N + o% NO- 2% N ﬁ;v~,7 : ,5"‘~-‘,“*f5

' Incorporated s]udge app11cat1on

“,?],Lb. available N/ton sludge = 20 x 2% + 4 x3%
o g2
' 52 1b ava11ab1e N/ton s]udge o 7;."7 S N
2. dRes1dua1 N kﬂ.fVQi" * -:

dQFrom Table 3 5 for 3% organ1c N ,_'f? v: :'.f»' R
?a) STadge added 1 year earlier - G

10 tons/acre X 1 4 1b N/ton

| 14 Tb: N v
" b) Sludge added 2 years ear11er - |

. 10 tons/acre % L.4 1b N/ton , T4‘1b§ N {l.;' .,~,d'f§'

c) Res1dua1 N'= 28 1b.

| Ta) 240 1b needed - 28 1b res1dua1 212 1b. from s]udge

"-T.Q4Z-B5" ez b N 8 7 tons/acre . '. '-_-'-

52 1b. N/ton s]udge
’c) Ca]cu]ate app11cat1on rate for 2 1b Cd/ cre.

2. 1b. Cd/acre - _
| TD—BﬁaftafL—fﬁﬁz tons/acre _ 100‘

ns/acre ”_

0, 10,000 ppm. Cu,_1 ,000 ppm; Ni, 50 ppm; Pb, 5, ooo ppm, Cd 10 P

Silt. 1oam, CEC 20 meq/100 g; fertilizer recommendat1ons from so11 tests . j"'



'ﬂiyﬁpu7

CoaN

The 1ower amount 1s app11ed
¢

4,

8 7. tons s1udge/acre

“, Ca1cu1ate tota1 s1udge amount wh1ch may be app11ed

L)

i Based on Tab1e 3. 3, max1mum amounts are ca]cu1ated as. fo]]ows“‘“ D

. ™5 )
- : Conc
Max1mum '

Amounta

o

Metal‘ .

fxsludge_,'*

Tons of

S]udge/Acre B

oy .

6aion1ationf3;-*

_ | _J-]bﬁ/acne"
1) b 2000
2). In 1000

500 -

T UB000 o
10 000

. “',/@f”l | N
1od0f1rf-?"':
n’,) e

s

o

B PO

" 2000 1b. Pbjacre . - .

.:‘T..—5000. ppm_ Pb'x..' 002' o .
- 1000 1b. 'Zn/acre e L
; 500 1b. Cu/acre

1ooo ppm Cu X ooz='*’

500 1b N1/acre
50 ppm N1 X

‘ﬂ‘ﬁé_h 1 "

. .". T T TS BT P

- -'5)TiCd .

SRR in‘i’fA: :'-w{ - d, 20 1b Cd/acre
10 : !' . 1._(.)00‘ . ]oap‘pm Cdx 002

- The. 1owest amount is, from equat1on 2.
J1m1ted by In at 50 tons/acre e

oo W
Ve o s .

ThUS,'siqgge'apblication ish
S A T

Ca]cu]ate fert111zer needed

"':1'-'P fert111zer .J':* f}j"'(': _. '.’" jn,i:'7tff' S o

:-" P.'

'78 7 tons/acre X 2% P X 20 —-558 1b. P/acre
. w R N AT L P
5Fert111zer recommendat1on is: 25 fb P/acre S R " e T
'.No fert111zer P needed =;]Zé§- | :.];(ﬁ".Vogg--_;,w::::ﬁ~ﬂ,j;{;;;{?.:é?';;}:j
. K fert11ﬁ2er% _ L ”‘g;
8. 7 tons/acre X 0 2% K X. 2& 5 34.8.1b. K/acre

' :Fert111zer recommenda%1on 1s 100 1b K/acre
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Append1x C

L » . 1,

o L}., Some Usefu] Factors and Convers1ons

- 11 acre 1nch of 11q111d 2:1,,154 gallons ‘*‘3,‘,630 ft.,; N 102 787 11ters L

2.1 cmvhectare of nqmd*- 100,000 14 ters = 100‘“3 R
3-i 1 metrlc ton —.1 000 kg = 2 205 lb :~ :;“ ‘rﬂx |
?i'deffCub1c feet per %econd\x 5. 39 x mg /h’ter lb /day LL;&T‘ g

31'5}olM1111on gallons per’ day X 8 34 x mg /11ter-= lb./day ff:-'.
6.1 acre = 4 840G yards 43 560 feet ;4,047 meters? = 0,4047 HNectare ©.":: 7
IR iAcre 1nches X 0 226 x mg /11terv=41b /acre' v

r. . . . .
A - - Lo .

-8;: ha -cm X 0 1 x mg /11ter ; kg /hectare

9. Engllsh-metrlc conver51ons o j_ R PR
a. acre 11’1Ch X: 102 8 = meters. : '; - o ‘, N ., ‘

'; il '11‘ Y ]-\ .‘-"

'“7b quart x 0. 946 er}, S S }'@d”l LA 1o

C. Engllsh tOn x 0 907 metr1c toﬁ 'ff?fiw” a_; fg:€‘ ii.?.:f;;”'”
,-ﬂ.d Engllsh ton§/acre x 2. 242 metrlc tons/hectére': .lf”ﬂfi:{“'1;;;Q: : ¥ E
» g; 1b. /acre x 1 121 kg /heCtare (' o | “ C -
T £.5 = 7. 48 galloons,;g 28, 3 liters ="-62.'4._ 1b. water L
/ ) ‘ -"i",.g-«l 1b 7 o 454 kg. o R

S
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Append1x D

e s TOATIONS, PERTINENT T0 .0
o ”*ilfTi=fg. App11cat1on Of Sewage Sludge and Wastewater to Agr1cu]turaTh

Yo A)'* Proceedlngs of Conferences and Sg#pos a

. -ﬁ‘ Coe v

BRI Recycllng Treated Mun1c1pal Wastewater and Sludgegihrough Forest and“Crop Land
Pae "Edited by W. E: :Sopper dnd L. T. Kardos: " Symp051um held . August 21- 24, 1972 2
' The Pennsylvanra State UnlverSLty Press, Un;Ver51ty Park Pa T
e =2. Recycllng Mun1c1pal‘Sludges and ﬁffluents ongland :fJ01nt conference held July
S 9-13, 1973, Champaign, :I11, " Natlonal Assoclatlon,of State nluer51t1es qnd .
Land Grant Collegea% Washlngton D C . N o ,;u ERR

"_‘r ’ 7

,f,.ljr_S Ulf1mate D1$posal of Wastewaters and The1r Resrduaﬂs. ;Sympo$iumiheld Aprll ;
R 26-27, 1973 Durham, N. C Norﬁh_Carollna'Water Rasources Resé '

Ralelgh N C.

and Dlsposal of Mun1c1pal Effluents and Sludges‘ L C held
31973 ‘at Rutgers Un1v ,‘New Brunsw1ck N.J. EPA 902/9.;:‘001,19, ;

'6 Wastewater Use 1n the Product1on of Food and Flber--Prd@bedings; Conference helq
March 5 7 1974 at Oklahoma Clty, Okla EPA 660/2 744§§kh_June 1974 ?n__ sl

-~

Mun1c1pal Sludge Management Conference held June lli
: Pa Informatlon Transfer, Inc ” Wash1ngtoﬁ D’E

T . ’\' - ' . . .
'f‘Munlclpal Sludge Management and-Dlybosa
- 1n Anahelm Ca11f lnformathn*Transfe

V1rus Surv1va1.1nYWater and Wastewater Systems.f Ed1ted by ea Ff Mallpa Jr

..and B.. P, Sagik.: Symp051um held An April ‘1974 at’ the Un1vez§1ty of; Texas-'~'H?"
o _" Austln Center fqr Research 1n Water Resources, Un1ver51ty of TeXhﬁ, Austlﬂr
'fiﬂ‘“ e&as \_ SCRCE AN IR e , R

ERA Reports - Sewage Wasteuaters and Sludg¥ '{Tf.lu f{fiﬁ

”?fdﬁ l,‘ Survey of Fac111t1es U51ng Land APPllcatlon of Wastewater, byﬁRTFH S@gglvan,'f-¢35‘;
L T M M Cohn, S S.. Baxter EPA~450£9-73 0oe, July 1973 .’" ," ';.“,"y
R 24 Wasfewat Treatment ‘and Reu'se__"bﬁ% nd Appllcatloné Volum’e I - Summary, by L
i C E. Poﬁhd and R HW..Crltes 'EP 60/2 73 006a, Augﬁst r973 fjm ‘ _ .a_,; ng‘

- . : .}’;_, - ‘_ ) ‘.' el a - '

" 3:‘ WaStewater Treatment and Reuse by Land Appllcat1on - Volume II by C E Pound __f;“

- and R W. Cr1tes EPA/660 ::$h006b August 1973 ,uﬁv,-.- PR _:, , ,ﬂ"f_“;

'1;;' Renovatlon ‘of . Seéondary Effluent for Reuse as'a Water Resource, by L L KardOS,. -
= W. E: Sopper, . E A Myers, R R Parizek and J’ B Nesbltu EPA&660/2 74 016 S

' Feb 1974 g R
. = . . R
e R i
- e T N . B K X :
et B IR AR
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'« . .

‘F8351b111ty,0f Overland-Flow*fbr Treatment Qf Raw Domest1c Wastewater byLB,r E.
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4, 'Waste Control and Abatement in the Proce551ng of Sweet ‘Potgtoes, by C Small- :
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A : (LW . S .

L, 11.: Effluent Var1ab111ty in. the Meat Packlng and Pouitry Proce551ng Industxles R ¢
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E, .'Mlscellaneous Publ;patlons s Lo
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.2', Treatment and Dlsposal of: Wastewater Sludges, by‘P A. Veslllnd Ann-Arbor “
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