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L RESEARCH REPORTING SERIES

N L ' T ‘
R . //,. {.‘ . . . ‘_ . !
s Research reports of the Offlce of Research and . T
Monitoring, “Env1ronmental Protection Agency, have .
been grouped into five series. These five broad )
_categories were established to facilitate furtker )
T ‘development- .and, appllcatloﬂ‘ of env1ronmenta1
’ technology. Elimination. ‘of traditional grouping
. was consciously planned to foster technology-
transfer and a ..maximum ‘interface in related
fields. The .five -series .are: \ - '
l. Environmental Health ‘Effects Research o -
2. Environmental Protection Technology
3. Ecological Research | .
4. Environmental Menitoring -
- 5. Soc1oeconom1c Environmental Studies

3 ThlS report has been assigned to ‘the .ENVIRONMENTAL -
PROTECTION TECHNOLOGY series. ThlS feries ’
describes  research performed to odevelop and
demonstrate 1nstrumentatlon, equipment and {
methodology - to repai or- prevent environmental -
degradation, from point land non-point sources .of
pollution. 'This work provides ‘the new or improved

% ’ technology required for the control and treatment

- ©f pollutlon sources to meet env1ronmental quallty ,
‘Etandards. Y St
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.. wastewater treatment. - ;

“ L - b . —\
ABSTRACT \ '

’

A nationwide study was anducted of the current knowledge
. and techniques of land application of municipal treatment
plant effluents and industrial wastewaters. Selected %ites .
were visited and extensive literature reviews were made
(annotated bibliography will be published sepirately).
Informaéion and .data were gathered on the many factors in-
volved in system desigh and operation for.the three major
land application approaches: irrigation, overland flow, and
infiltration-percolation. In addition, evaluations wete made
.v- 0f environmental effects, publi& health consideration, and
‘Costs--areas in which limited data are available,
Irrigation i ‘the most reliable land application tec%nfque -
with. respect to long term use and removal of polTatants
~ from the wastewater. It is sufficiently developed so
that general design and operational guidelines can ‘be
+ prepared from current technology. :
-Overland fldw was found to be an effective technique for inw
dustrial wastewater treatment. Further.development, is .
required to utilize ‘it's considerable potential for municipal

* Infiltration-percolation is also a feasible method of land
appldcation. Criteria for site selection, groundwater con- ..
Atrol, and management ‘téchniques for high rate systems need
further development.. .

, This report is submitted in- fulfillment of.Contract 68-01-0741

by Metcalf § Eddy, Inc., Western Regional Office, under the 4
sponsorship of the Enwironmental Protection Agency. - Work >
. Was completed as of April 1973. ~ .
' :
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" PERSPECTIVE

¢ @
> . s a '.
_ . Municipal and industrial wastewaters have been applied to . '
the land by many modes and for many purposes ‘throughout the {
country. Crop irrigation with municipal' effluent is prac- , .
.ticed nationwide but most frequently>in the western states. = - .
©  Land application of industrial wastewater was pigneered in :
’ states such as Iowa, Minnesota, Wisconsin, and Ohio. Many
' infiltration-percolation systems exist from gglrfornia to
New York and Massachusetts. Land applicatien has been and

continues’ to be a feasible alternative to surface water-
. “:’,'

discharge in many cases. o, . -

A
]

. Land application of wastewate€rs.was given' a substafitial role
in the Federal Water Pollution Control Améndments .of 1972 to .
implement the 'national goal that discharge of*pollytants .
into navigable waters be eliminated by 1985." At several .
.points in the law "the encouragement of land application is .
" ‘emphasized. Thus, }and‘applicatiou techniques must be con- '
sidered as alternatlves<§£ conventional 'and advanced. waste-
. water treatment in the pPevention of sUrface water pollution.

.« . Many times land application is,interpreted in a narrow sense’

w " to mean '"spray-irrigation" qé.”percolation‘ponds.”. Lahd
application actyally covers any technique®involving inter~
action between %oilrand wastewater in which use is made of . :
the assimilagive capitity of the soil system.. In-this re-

port, land application téchniques have been grouped into ‘.
the categories.of irrigatien, overland flow, and . <
inﬁi1tration-perc01ation.“ R
" IRRIGATION : . ' T . Q
' -— o ! . Lo .
L * Irrigation is the application-of water to” the land to meet ° -.
the growth needs of plantg either by surface or spray appli-
. cation, and is the predominant land appljcatign’ technique. .
The use of wastewater for irrigation is attractive for o !
séveral reasons, including the .following: (1) it is a posi- L

tive alternative to advanced-wastewater treatment and sur=
. face Wwatér discharge; ,(2) it can result in economic return o

5




.- * i preservation andlenlargement of greenbelts_ang open space.
e

- -

\

=

on the sale of creps; (3) it can be vpart of. a water conser-

" vation and reuse -program; (4) it .can provide fire protection

by forested hillside spraying; and ¢5) it can foster thé

This last .factoryis emphafized in thé 1972 Federal Amend-

ments by the statement that ''waste.treatment mamagement

which combine$ open space and recrfational considerations )
with such management' shall be encouraged. L T

N .. ST -

The pringipal limitations to the practice of irrigation are

the considerable land.area, required, its relatively high .
cost, and Jdts ‘'rélatively long distance away from large ° “
urban sources of wastéwater. In some cases certain waste-

water characteristics, such as high salt or boron. concen-’
trations, may preclude irrigation of many crops, especially

in the arid Southwest’. . RN T e
Limitations to irrigation’ for health reasons are less . .
seyere. Adequately disinfected wastewater should not pose -
a &znger to health when it is used for irrigatron. Adequate
disinfection requires compl€te and rapid mixing and a speci-
fied contact time of the disinfectant jin the effluent. Any -
aerosolizing of inadequately-disinfected municipal waste*
wat;;;-be it in’'an activated sludge plant, a river outfally -
or in a spray field--produces some risk to human health,

and all of these risks should be minimized. Spraying down-

. ward or horizontally (especiallfiwith Yow nozzle pressure), °

- adequate disinfection of the sprayed wastewater, and buffer

-

= ~climates. - ) oy

* OVERLAND FLOW ' .

zones zll function to increase the safeguards.

\

|

\

i

.‘ A 31
s

\

<

e
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Overland flow or spray-runoff is a treatmént method in which
‘wastewater is sprayed onto grassed slopes and allowed to .
run off through the vegetated "litter., Overlapd flow is sub- <
ject to the same types of limitations as irrigation, but it
can be done on,relatively impermeable soil and a gently ° / °
sloping terrain. The technique has considerable potential

for treatment of municipal wastewater. At Ada, Oklahoma,.
"comminuted municipal wastewater.has been sprayed at low . - '
pressures in ‘an experimental overland flow system. _ The .
‘effluent is of a.quality approaching that from tertiary '
treatment. 'In additibn to a reladively low cohstruction %
cost, the system produces no sludge, which ‘is an aspect with

gre€at appeal. ' . .

/ . . N . .
Operating costs are considerably lower than for conventional’ |
plus -advanced waste treatment because of the relative sim- - 1
plicity of operation. . Further resedrch and development of- - -, - :
this highly promising approach is required in the area of * .
phosphorus removal, loading rates, and applicability to cold

1, '

&
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_for high raté systems. \

ae N
‘

ove Iand'fiow has the advantages of avoiding groundwaiér
degradation, providing economic return through the growth
afid sale of hay, and.providing a high quality effluent suit-

: able for industrial or agricultural reuse applications. -

Although it cannot be used as a complete direct recycle of
wastewater. to the land, the runoff will be of high quality

_and can be directly recycled by any other 1and.application

approach. . .
. \

\ .

INFILTRATION-PERCOLATION . . .

Tnfiltration:percolation 1is an -approach to land application.
in which large volumes of wastewater are applied to the
land, infiltrate the soil surface, and percolate through the
soil pores. Benefits from infiltration-percolation of
municitpal wastewater inctude the following: «(1) it is an
economic alternative to surfdce water discharge; (2) it 1s

a treatment system with“ngarly complete recovery of reno-
vdted water; and (3) it is a method &f repelling salt water
intrusion into aquifers. The high rate systems pioneered

in the Southwest have the further benefit of requiring very

little-land area.

-

i . « ° " '
The major limitations of the process are in connection with .

groundwater effects. The primary concern is that influent
nitrogen is converted to the nitrate form, which is leagched:
to the groundwater. 'If the groundwater zone becomes anaero-
.bic of -anoxic, conversion of sulfates to hydrogen sulfide
may also be a problem., ’
Less crttical limitations are that:’ (%) phosphorus reten:
tion in,the "soil matrix may be neithey complete nor of long
duration; (2) suitable soils must: be highly permeable yet
mus t contain enough fine particles to ensure adequate reno-
-vation; and (3) to prevent’ groundwater degradation, the
aquifer receiving the water must be monitored and controlled

-

1

fNDUSTRIAL WASTEWATER

.

The potential use of land. application for industrial waste-

-waters js nearly as great as that for mynicipal wastewater.

In addition to the food processing, pulp and paper, and

dairy industries which have used land application exten™

-sively, such diverse industries as. tanneries and chemical

plants have alSo'used land application successfully. In-
general, for plants located in rural or-semirural areas -}
that produce wastewaters containing .mainly organig compo-
nents, land application offers great potential. for'indus-
tries producing toxic or high inorganic content wastewaters,
land application probably offers small promise. There are

2 o .
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so many modifications and combinations of land applicatioh
methods.-for any, given industrial wastewater that no sweeping
limitations can.be stated solely on the basis of. a. type of
industry. ~ i " »

3

. -
3 ~ \

In general; industries are more amenabl® than municipalities
to including new technology in their pians for was®water
management, which partidlly explains their use of the ovey-
+ land flow approach. Industries have allowed the soil matrix
+ to provide a greater amount of treatment than have munici- |
spalities and have tended to .search out the limits of loading
for sodil systems. ‘It is therefore likely that new improve-
ments or modifications to' the common methods will,continue

to come from irdustries as well as from soil scientists and

researchers. = & . . - : R
',‘Because land application of wastewaters has attracted con- .
., siderablé attention and controver:y Qi‘thin professional,
academic, and goyernmental circles, the purpose of this re-
.port is to focus on the principles :involved in its uienagd
to place both-the positivé aspects .or benefits and the. .
-*limitations in perspective. ) : ) ;}'

. . . R
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SECTION I .

* CONCLUSIONS

v — = '-. ‘ . A . > \’

Conclusions derived from this study of the present state- .

of~the-art of land application of wastewater ar 'présentgﬁ. S
(3) over-

in four categories: . (1) general, (2) irrigation,
land flow, and (4),infiltration-percolation.

.
+

GENERAL ,

Irrigation,.overland flow, and infiltration-percolation
’gre;the'tﬁree,general approaches used , for the land .
“application of municipal and industrial wastewateT,

— , Ca

\L§Qactua1 practice, numerous modifications and combina-
tions of land applicatiom techniques haye-proven
successful: . ' )

nsidered in site.selection for a land
applicatiomn .system include both those involving eco=
nomic and land use planning and such technical factors
as soil type and drainability, topography, groundwater
levels and quality, underlying geologic formations,
Wastewaterlcha%acteristics, and pretreatment.

N
[ , -
.

Factors ,to be co

ISR . bt

Primary, ‘secondary, “and intermediate-quality' municipal

_ effMfents have all ‘been applied successfully.to the ‘
.1and® Industrial. wastewaters from food processing,
pulp and paper, dairy, tannery, and chemical plants, -
often with only screening as pretreatment, also have’
begn applied successfully. : '

]

- —

Effective management and monitoring are fundamental
réquirements for the successful operation of land
application systems. "
Land application systems, .in many cases, have been
started as an expedient, and available ‘technology was
_ not incorporated in the planned operation and manage-
ment of the systems: T
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~ o - Thexe is a pauiity of quantitative-information in the
{ - .- ‘' ~literature on the removal efficiencies of soil systems,
) _with respect to'wastewater constitients. T
iy B . ' ' [} ) f s - °
{RRIGATION NN -
) 4 . . L e oo . .
- . ®+ _Irrigation of.croplands, forest, and landscaping with

* wastewater, eithér by spraying, ridge and furrow, or
‘ flodding techniques, is developed'suffiéﬁent}y so. that
.. T Tgeneral design- and; operational. guidelines can.be out- .

]

- - limed from-currently available technology. . ,
. ! ) - >t Voo ‘ , :

" e, Provided that municipal wastéwaters are,qdéﬁuately‘,
disinfected, there are no indications of serious _
healths hazards caused by, spray irrigations . R

o
oS

‘ LN ‘\/ . ) v
o . Irrigatiom is fhe'moﬁt‘;eiiable land application ap- .
v, .« proach evaluated on the basis of direct wastewater:' _
recycling,- renovation, long term use; and minimization
» ¢of .adverse environmental effects. - :

°
,

“ ~.OMERLAND -FLOW

° Overland flow, or treatment by spray-runoff (also
known as '"grass filtratiofi"), has.been. demonstrated to-
be an effective technique for industrial-wastewater .
““treatment. Fugther development-is required to. utilizé
.its considerable potential for treatment of .municipal
‘\*' wastewater. ° C oo
' . . N : " ; ) * .' . ” ‘\/
® . Overland flow has disginct ddvantages over irrigation
., for heavy, slightly permeable soils or relling terrain.
* - ) ¢ ) N M ‘\ ‘ - p.‘ . )
o Nitrogen, suspended solids,*and BOD removals are exfell -
lent, and adverse environmental effects appear to
minimal. Systems have hot been in operation long _
enough™to determine lofig term effécts or expectant
period 'of use. : T .
& INFILTRATION-PERCOLATION
-

o ) Infiltration-pexgcolation is another feagible'approach-

.. to land application 6f municipal’or industrial waste-
water, and several“high rate systems have ‘shown -
. success. c o
° Criteria for site selection, groundwater control; . and

'f' management techniques for high rate systems need fur--

ther .development.
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disposal approach, is less relizble thanirgyigation N
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. N . - SECTION II o -
S ) RECOMMENDATIONS

~

»

The following recommendations,‘whichfhave been developed as
a result of this study, are grouped into three categories:

(1) implementation of land application projects, (2) devel-
opment of standard practices, and (3) research needs. .

IMPLEMENTATION OF LAND APPLICATION pROJECTs,53f‘\gx
. B . . » .

‘e Land.application vapproaches, where fgasible, should be
, * considered as alternatives- in developing wastewater .
N management ptans. e - N
— [} .
-o% When evaluating land application approaches for treat-
. ment as compared té conventional or advanced waste
. ‘" treatment processes, factors such as economics, sim-

plicity of operatiodn, and degre® of renovation should
-be considered as well as th‘?apotential watersreuse and
the best use to be made of fhe land. p !

e - To.gain public acceptance and support for 1land appli-
/ ‘cation projects, realistic implementation programs, *
» including public relations,> should be developed to
- e accompany any planning activitiés for- wastewater
= ’ mahagement. . ' ' '

N

- DEVELQPMENT OF STANDARD *PRACTICES
N . ', // i o ’

//,, @ General evaluation procedures for design and manage.-

- menttef land application systems should .be developed
by the EPA to ensure Successful system operations.
The operation of many exi§ting'system§ can be enhanégd
through'analysis of successful practices at other.
locations, evaluation of the key factors important. to
management, and initiation of monitoring of water
quality-changes throughout the systen. -
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Design and operation practjces in land appiication are
50 -dependent.onylocal conditions that a detailed de-
.sign or operations manidal would likely stifle, rather
than advance,. the s§apesqf-the—arti . ) -
. ¢ N -

RESEARCH NEEDS ., - = = 7. .
Although a-great deal .is Known, many technical questions -
_must be answered before wastewater renovation by land appli-
cation can becéme a-scientific undertaking. Resedrch must
.be imitiated to define the .environmental interactions of
seil,”“groupdwater, air, and wastewater. The priorities for -
research by subject area, as.established in this study, are
présented on the following list, . o

fl

.
*

.
’

.General- Application - °
.ﬁ v ] "
Climatic investigations should be undertaken to define
simultaneously surface soil and ambient air tempera-
tures for the United States. Such information wodld
.be useful in determining the annual period in which

. vegetation and active bacterial metabolism might b

vmaintained by wastewater application: \

) s .

Virologiéélfinvestigatiéns should be undertaken where
municipal ‘Wastewater is applied by sprayirg. Aerosol
. drift-and infectivity and survival of-viruses -in aero-
‘sols, .on vegetation, and in soil need investigation.
L. TN 1 1Y _ T . :
Irrigation _ . .

L3

-
?

) buildups of

CTo of- (1) salt accumulation and
1d be :defined.

tpdce elemerits and heavy metals shg

. The long tewm effects on_soils, groggdwater, and

There are several.large’manicipal ua§ﬁewater irriga-,
tion systems that have been operating for 50 to 60 .
ears, and these ‘could be investigated for long term~ -
effects. - o o . : C

- R .
-

Studies on the effects of irrigation on the environ-
ment, such as those underway at Pennsylvania State
University and those planned for Muskegon, Michigan,
shouid. be continued. : '

,Additional studies should be cdénducted to determine 1if

- crops grown under ‘wastewater irrigation differ sub-
w-stan;ig}ly in quality from crops grown using fresh

‘Jwater‘irriéﬁtion and other sources of plant nu-t‘riénts.1
* 9 . ° A
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Overldnd Flow o . Co
Y ~Reséarqh on thewapplid%tion of*;he'oyérlénd-f;ow tech-.
. - nique to municipal wastewater.such as that at Ada, ",
« Oklahoma, should be continued. ' - :
° Figeld studies should be conducted to evaludfe cold Jr"
. weather effects -when using overland flow for indus- -
" trial and municipal wastewater. . L .- DY
. “ r- v '\._‘ .
® A correlation between BOD-loading and treatment’ effi~

ciency should be investigated for various.climates:, -
3 . lengths.of runoff travel, types of grasses? and field
= : stopes.’. _ . ' v ' ..
o The nechanisms of nitrogen remdval for overland flow -
sHoul%_be studied. Removals resulting,from Crop up- -
take, denitrification, and ammonia voldtilization . =
.should bé quantified, with the objectite of dptimizing
- nitrogen removal. - ‘ .
v e : !
‘e The applicability of using .grasses, such as Italian |, e
ryesand common bermuda grass, as cover .crops undér ‘
;o various climatic conditions should be investigated. - 4
C Such grasses have proven successful for.irrigation. -

<

- @  The effects of'harvpstipg and removing hay for Vé?iOQS‘ :-¢ i
~ gras¥es on ‘BOD removal efficienm®y should be .
M . limvestigated. i

s

L]
LI ¥

, Coy .

o The removal of phdsphorus-as affected by lgading’ )

. a cycles, ‘length of runoff travel, and type of grass ‘
. should be investigated. S e “

. ‘Infiltfa*ﬁion-Percolation 3@ Tt e

[

- . e Ly “ *
- % , VL | ” . EEs 1

e ° Operating procedures and conditigns that are necessary L
for thimum nitrogen removal should,be identified and. *\ﬁ
documented. - et : v : |

.’ N
v

ce " e - The effect of nitrjfication in.the soilﬁbn\BOD removal, ° |,
L A TDS leaching, afd ‘the degree of subsequent .denitrifi-
. cation should be documénted by field inyestigations. -
.® ° Studies on the effect. of vegetation op nitrification *
and denitrification in the soil .sheuld be'continue%.’ .y
. : 7 [ Y
e The removal efficiency for refractory organics should-
. : bg, determined for high rate loadings), and -the Health
: ) hdzard of any such material reaching the ‘groundwater
should be investigated.: X - \\ K
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_Environmental effects, sdch,_% incrédsed leaching of .
inorganiCjébmpoundsaﬁnd increaSed,grbupdmater(hardng§s,

. should be investigated for high .rate systems underlain

K by limestone *formations.
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restlt in considerable carbon .dioxide production which .

. ‘may dissolve sigpificafit quantities of calé¢ium'and . -
g

e

e

.

’

“%*‘ K.‘ .
y .

-~ W .

& .
-
.
1 -
o
. e
.
L
- -
.
* ~
.
E
. -
v -
4 ©
'
0
- .
£ &
Sj 4
- ¢
5
. “ -
¢ LS
- » a
- 2 - .
E
; 4 A
, .
N A
- R g R
> °
" 3 . -
B
[} b *




i

.Standing and analysis of its

: To.gain ,a clearer and more coﬁpreﬁensive understanding of

'PURPOSE AND SCOPE OF REPORT.

_‘guidelines.

4

SECTION III
INTRODUCTIGN

P

3

A}

- .
[y o,

3 ) N
Land application of wastewater is an old.practiceée--it was
used by the Greeks in Athens and was bpegun in the United
Statessover 100 «4ears ago. Hundreds, of communities through-
out the fhation curréntly use one form or another of land
application with varying degrees of success. The applica-
tion of wastewater to the land brings into play elements
of climate, air, lapd, vegetation, and water so that .under-
many aspects,requires a

multidisciplinary -approach. 4

» 2

the phenomena and problems associated with land application
of wastewater, the United Stafes Environmental Protection
Agency in June 1972 awarded a contract to Metcalf § Eddy,
Inc., for an'evaluation of the state-of-the-art.” For..

this .purpose a rnationwide study was. conducted of systems in
actual operation together with an “extensive -literature
review. The information derived from thé study was used ‘to
categorize current types of systems and to provide data.
necessary for.system design and operati%g. '

L

-

~N

"

‘4

[
s

X

+ - .
Current krmowledge on lafd‘application of municipal and in-’
dustrial wastewater hassbeen gathered and i5 reported in
two volumes. ‘

14

- /

The purpose of this volume (Volume I) is to-summaxize the
state-of-the-art for engineers, planpefs,‘managers, and
decision makers. ‘Detailed engineering information and ?Upr
porting operational experiences are ,presented in an expanded
Project Report, printed separately as Volume II. The infgr-
mation presented. in thase two volumes is intended as a ..

report of current knowledge--not -as”a statement of desigh

/
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The scope of “this report ‘is limited to a presentation -ands , -
discussion ‘0f thoge methods of land application of waSte- .
water that use the soil system to provide renovation to the
wastewater.: Thus, deep well injection and -surface evapora-
tion ponds, are ndt. considered in.depth. Land application

of municipalaor- industrial waste sludge was specifically
omitted from the study. The report contdins sufficient in-
formation on*land application ‘to. provide a basis for '
effective management decisions. T .
Separate sections dare included in this volume on land appli-
cation approaches, wastewater and site characteristics, )
system design and‘cperation,-environmengal.effecfs, public
thealth considerations, -and cost evaluations. Y :

INFORMATION SOURCES AND DEFINITION OF TERMS
: \ S

-

Information Seurces

. Information was ééthered from (1) the literature, (2) site

visits and interviews, and (3) previous .experience. The
literature has been reviewed extensively, and abstracts of
articles reviewed will & published separately by the EPA...
Cited repotts, studiesj and .other .pertinent, literature have
been arranged alphabetically, numbered seguentially, and’
listed din-Section X. Where reference is made to this
matériai in the. text, the -appropriate, number is enclosed
ets. ’ ’

v

tctual on-site visits were made_ to nine installations in
he United States and one.in Canada. The information
obtained was given, to”the American Public Works Associatiom
(APWA) which, in-turn, cooperated in making available data
from their fact-finding survey. That survey was conducted
during the same.time period of this study and covered
several hundred United. States sites and several® foreign
ones with the object of establishing an inventory of prac-

- tices at selected existing facilities. .In addition, in¥or-

mation<on several sites was available prior to the conduct .

of this 'study. A listing of all sites visiped,gngguséd ,)
in this study plus those contacted.by APWA #&Te given in
Section XIII. N T < :

Definition of Key.Terms
' C ’ T o ) ' . ’ “e
Because %everal key terms will'be,uged'extensively in this
. report, they will be defined here. A complete glossary and
list of abbreviations is in Section XII., ¥ o »

~

£y

“Irrigation--Application of water to the land to“sustain -the -

growth of plants.

(
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~.Overland flow--Wastewater.treatment by spray-runoff (also -
known: as Tgrass fiItration")-invwhich.wastewaper is. sprayed
onto gently sloping, relatiyely impervious soil ‘planted to
veggtation. Biological treatment ‘occurs as the wasfewapen

flow contacts biota-in the ground cover vegetation.

Infiltration-percolation--An approach to dand application,
in which Iarge volumes of wastzwater dre applied to the-
land, ‘infiltrate the -surface, and percolate throught the
soil pores, . . . T ) . | )

i ‘ . - o !'3."\/' N .. ; . R
Loading rates--The average amount of liquid ‘or solids
.applied to the land over a fixed time peridod taking:-into

account periodic resting. . . ¢ :

I L . T e s X
Application rates--The:rates at which 'the liquid is dosed
to the, Iand, usually ip in./hr. N . .. :

-, ' . ‘ . ' ’ - . A. J
Conventional wastewater treatment--Reduction of-pollutant
concentrations in wastewater by physical, chemicail, or

‘biological means. o . *

¥

=7 ?

* —— . Y . L )
Sewage farming--Originally involved the* transportfng of
.sewagg 1nto rural areas for'land disposal. Later practice
included reusing -the water for irrfgation‘anr fertilization

of crops. _ :
| HISTORICAL BACKGROUND ~ = . .

Wastewater application 't’mthe‘ fand was practiced in Athens -
‘in the. B.C. period [34] and: the recorded history .of irriga-
* tion has been traced to Germany in- the sixteenth century,
‘ATD. [11]. The practice of sewage farming spread to
.. England in the 1700s and to the United States in -the -1870s
- [46]. Rafter .[45] and Mitchell [38] presefit data on e
European practice in England, at Paris, France, at Berlin,
Germany, and at Moscow, Russia, ih the 1890s to 1920s..
In surveys wonducted in the; United States :in 1895 [46] and
1935 [20], over 100 systems were- found across the country.
Higtorical data on a few of the.more notable operations in
the world are listed #f Table 1. Unless otherwise noted
the data are for the dates given in the first column of ‘the
-table. Many of these' facilities, including the ones at
Mexico.City and Melboutrne, Australia,.are still in
. operation. ' a L ' - o

- o~ [\
N - . [ * ¢
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Table -1.‘-Historical Data off Sewage Farming . . oo
' » - " . v * . "L‘°
* . . I - . . » H
.o, L 0 . X . . . . ~ « . .
’ ' Wetted "o Average “
) ’ .. area,, Flow, loidding, .
Date « Location Descripraen acres - , mgd in./wk Reference
~ s - - e »
’. Non-United States, / : . ’
e * o - L4 LN .
1859 Bunzlau, Germany *  Sewage fard -- .-, -- 11 ' L,
X - . . . B N . PN . >
1861 Croydoh-Beddington, England Sewage”farm 420 4.5 “2.8 35 . /
1 1864 ‘.Souﬁ\ Norwood, England Sewage farm 152 0.7 ° 1.2 35 )
“1869 - perlin, Germany’ Sewage farm, - 27,2502 150% 1.4 . 35 .
1875 -~ Leamington Springs,- England _Sewage farm - - 400 0.8 0.5 45, - .
<1880 Birmingham, England * Sewage farm 1,200, T2 ) 8 4.7 45 /’* , .
1893, Melbowrne, Australia =, ~ Irragation 10.,376b so? 1.2 30 R *
.. Melbburne, Australia . Overland flow  3,472° 70° .2 30 "
> ° . .
1902  Mexico City, Mexico . Irrigation 1(,/0004", s70® 4 1.3 ) :
. ~ : . N . ¢
1923 Paris, France Irrigation 1W/600 - 120 - |- 2.5 35’ ‘
1928 fFape Town, South Africa Irrigation -- . vo-- R 8 ’, .
T = - Al
* . . Unit.eé States . - N * ‘ . .
. 1872 ° Augusta, Maine® \ Irrigation - - 3 - 0,007 0.6 46 . '
1880- ° Pullman, I1inoa’s® Irrigation’ 40 1.85.  12.0 . 46 . * ’
= "188T  Cheyenne, Wyoming Irrigagion - | 1,3304 *7.09 1.3 " --. N
¥887.° Pasadena, California * ‘Irfigdtion 300, .- - 35" T
' 1895. San Antonia, Texas - /T Irrigation . 4,000 | 20° 1.3+ 3% . .
471896  Salt Lake City, Utah __ Jdrrigation 180 § <57 %46 . -
, 1912 . Bakersfield, California frrigation s 2,4008 1130 12 ¢ Tl ' _
_ - 1928 Vineland, New Jersey Irrigation 14 0.8 4.7 - 37 . e
. B et . _ , ‘ ) .
. . ° . ) . . . ~ < .
~a. Data for 1926. . \ K N .
, be. Data foral971. P . .
¢. .Abandoned araund 1900 . ' . -
d. Data for€1972. oo v -
. . - ~ ¢ . 3 '
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" the three basic approaches to land ,application. These

' ’ " SECTTON IV e e

. LAND APPLICATION APPROACHES .

. . . © .
. [y R t -
oy .

b

Irrigation, overland flow, and infiltration-percolation are

A

three approaches are shown schematically on Figure 1. The
wastéwater .may be applied to the land by spraying.or ‘sur-

. face teChniques in any of the three approaches. ‘Municipal

wastewater, usually. treated to secondary quality, hasﬂbeen
applied mainly by irrigation. Some municipalities have,

- _Jpracticed infiltration-percolation; however, the only munic-

o

’

ipal “installation identified in this study using overland
flow is at Melbourne, Australia [22]. Industrial waste-
water; generally screened or settled, has been applied

using all three approaches with the chgice usuatly depending

on the soil type of the nearby land.{.Food processihg, -_

u
pulp and paper, dairy, and tannery wastiéwaters have been
used for irrigation ahd. infiltration-percolation. The "
few ovérland flow systems in the United States are for.

food processing wgstewaters.’ . B

The major characteristics of irrigation, overland flow, and
infiltration-percolation axe listed inh Table 2. -A discus- - -
sién.of each characteristic'is included for each approach. °
Factors involved in selecting among these approaches are
presented following the discussion of each approach. - .

I

IRRIGATION

Irrigation is she most widely ﬁsed type of land application . -

with over 300 U.S. communities practicing this appraach;
according to the 1972 Municipal Wastewater~Hacilities Ifi-
ventory conducted by the EPA. Aspects »of irrigation covered
in the following discussipn°inclqge the controlling factors
in site selection and design, the-methods of irrigation,
loading rates, management and cropping practices, and

-

the expected wastewater renovation or removals of wastewater -

Constiituents. . '

v -
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Type of App'roac?‘r

e - : o : - ) Fry
o ) ¢ . ) ' . bl )
‘ \ ‘ N .o - s -
f ' .//”’F‘> . Table 2. Comparative Charatteristics of )
- : Irrigation,iderland Flow, and Infiltration-Percolation
‘ ’ . . * ' Systems@ Lo .
. y - - ) i ‘
T .- ;’ ‘
‘ ) , . \ E

. . N i . g JInfiltration-
. Factor , ' Irrigation . Overland flo# - percolation -
Liquid loading rated *0.5 to 4 in./wk _ 2°to 5.5 in./wk 4 to 120 in./wk
Annual agplication 2 to 8 ft/yr 8 to 24 ‘ft/yr 18 to 500 ft/yr '
By : .
j' JLand requiyed for 140 to 560 acres 46 to 140 acres 2 to 62 acres
l-mgd flow ’ \ plus buffer zones plus buffer zones plug buffer zones
Application | ﬂﬁray or surface Usually spray - Usually surface
' ' techniques. . .. ',
- . . g -
Soils Moderately per- Rapidly' permeable
. . meable soiks with soils, such as
. ~ N good ‘productivity sands, loéamy sands,
7 - when irrigated and sandy loams
. Probability of ) Moderate Certain
. influencing ground- i
$~  water quality ’ L :
Needed depth to - About § ft Undetermined About 15 ft
¥. - groundwater N . b
Wastewater lost to: Predominantly Surface discharge Percolation tos
. e evaporation or dominates over groundwater R
. ‘ deep percolation evaporation and

a. Xdapted from [62]. . . X

Ly

4 percolation ' .
. . = . ) ’
- - .
(4 r

4 b. Irrigation rates of.d in./wh are usually seasonal; yearly maximum loads of 8.ft/yr
would average about 2 1in./wk. ' . / Y
° N, . - ’ .
. ‘Factors in Site Selection . , _ -

~

The major factors involved in site selection are:."the type,
draipability, and depth .of soil; the. nature, variation of
depth, and quality of groundwater; the 1ocatiqn,\§epth, and’
. ~ type underground, formations; the topography; and con-
siderations &f public acc®ss to the land. (Climate is as
‘important as the 14nd 'in the design and operation of irri-
- gation systems. JIn site selection, however,*it is not a
variable since most ecoromically feasible sites will be
located within a limited transmission distance from. the
- source, ' -, :
The' major factors and generalized criteria for site selec-
. .tion ‘are listed in Table 3.- Soil drainability is perhaps
s the p?imary factor because, colupled with tHe type of crop
.0r vegetation ‘selected, it directly ‘affects the liquid
. loading’'rate.. A moderately pérmeable séil capable of

T T w29 L
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Table 3. ‘Site Selection Facters
*and Criteria for Effluent Irrigg;}};ion

¥

— 3

.

Factor

4
Criterion

?
Soil type

Soil drainability-

°

Soil depth

.Depth to groundwater

7
»

N
L]

-

.~"Groundwater control

v

Groundwater movement

" Slepes

Underground fo;m?tion§
- Ot

Isolation

. - -

Distance from source
+ of wastewater

4

Loamy soils preferable but most |
soils from sands; to clays are
acceptable. '

Well drained soil is® preferable;
censult experienced agricultural
advisors. - ‘ )

iUniEormly'S to 6 ft or more

throughout sites.is preferred.

t
Minimum of S ff is preferred.
Drainage to obtain this minimum
may be required,

May be necéssafy té ensure
renovation if water table is less
thangl0 ft from syrface.

Velocity and direction must be
determined. ,

Up to 15 percent ate accéptable
with or without terracing.

-

Should be mapped and analyzed

.with respect to_ interference

with groundwater or percolating
water movement. . :
Moderate, isolatidn from public
preferable, degree dependent on
wastewater characteristics,

" method of application, and crop.

\
>
P Sdiad

A matter, of economics.

3




_infiltrating approximately 2 in./day or more.on an inter-
=~ mittent basis.is preferable. In general, soils ranging
from clay loams to,sandy loams are suitable for irrigation.-
J0il depth should be at least 2 feet of homogenous material
and preferably 5 to 6 feet throughout the site. This.
depth is needed for extenisive root development of some
. plants and for wastewater renovation. For cropland, agri-
cultural extension service advisers or adjacent farmers
should be consulted. For forest dr landscape irrigation,
university specialists should be consulted .
[ S . . N
» The minimum depth to groundwater should be 5 feet to ensure
aerobic conditions [50]. If the native groundwate®is
within 10 to 20 feet of the surface and site drainage is -
poor, control procedures, such as underdrains or wells,
may be required. If the groundwater quality is signifi-
cantly different £rom the renovated water quality, control
procedures may again be necessary to prevegﬁféitermingling
“of the two waters. . . ' '

P

For crop irrigation,-slopes should be limited td about 10
percent or less depending upon the type of farm equipment-
to be used. Forested hillsides .up to 30, percent in slope
have been sppay irrigated successfully [53].

A suitable site for wastewater irrigation would preferably
be lécated in ah area where gontact between the public and
the irrigation water.and land is controlled. .Landscape
irrigation, however, often’makes this condition difficult.
~ P o : . k -
» Methods of Irrigation . ) . -
There are three basﬂ§ methods of effluent irrigation:.
spray, ridge’and furtow, and flood. Spray irrigation = -
may be accomplished using a.variety of systems from portable
to solid-set sprinklers [40}. Ridge "and furrow irrigation
cbnsists of applying water by gravity flew. into furrows.
The relatively flat land is groomed into alternating ridges
.and furrows with crops®grown on the ridges: Flood irriga-
" tion is accomplished by inundation of 'land with several
"inches of water. The type of irrigation system to use
depends upon the soil drainability, the crop, the topography,

and the relative economics. - .. . \

Lo&&ing Rates
\ " . .o
Important rates are liquid loading in terms of inches
- per week, and nitrogen loading in terms of pounds per, acre.
per year. Organic loading rates are less important pro= _ -
vided that an intermittggt application schedule is,followed.
. ) ‘ 3 5
\

\

PO
'




"8 in./wk,

. .
Lol . \ . . ‘ 7
. .

an . — N '

\ Y

kiquid loadings may range, from 0.5 in./wk to 4.0"in./wk de-
pending Qn‘the soil, crop, climate, and wastewater
characteristics.. Crop requirements generally range from
0.2 to 2.0 in./wf, although a specific crop's water needs

< will wvary thrgughout'the-grqwing‘seaspn.' Typical liquid
loadings are’ from 1.5 to 4.0 in./wk.- Although wastewater

/

irrigatioh rates .have ranged in" some cases-up to 7 or

§ﬁ§ upper limit for irrigation, gn the basis of
this study¥,/ should be 4 in./wk. Therefore, the 'division
between i¥rigation and jinfiltration-percolation systems as
defined in this study is & in./wk. ) . ‘ -

-

'NitfogénXloading'rates have been calculated because of

nitrate buildup ip soils, uynderdrain waters, and
groundwaters. To minimize such buildup, the pounds of
total nitrogen applied in a year should not greatly, exceed
the pounds of nitrogen removed by crop harvest. , For ex-
ample, an effluent containing 20 mg/L’ of nitrogen applied
at 5 ft/yr would equal a nitrogen loading rate 6f 270" -
1b/acre/yr. 1If the irrigated crop takes up only 150 1b/
acre/yr, most of the excess nitrogen will leach to the
subsoil and ultimately to the groundwater. In most cases,
with loamy’ soils, the permissible liquid lodding rate

will be the congrolling.factor; however, for more porous,

_sandy soils the nitrogen loading rate may be the controlling
. p ;

factor. -

IS

~ Management and Cropping Practices .

T .( 0

T ¥

. Crop‘selection can be based on séveral'factors: high @ater

and nutrient uptak@, salt or boron tolerance, market value,

.. or management requirements. Grasses with high year-round

uptakes of water.and nitrogen and lew maintenance require-
ments are popular choiceg. To 'ensure the die-off of anaero-
bic bacteria, an aerobic zone in the soil is necessary. A
drying periodfranging from several hours each day to several
weeks.is reyuired ‘to: maintain aerobic soil conditions.

The length of time depends upon the Crop, the.wastewater ,
characteristics, and the length of the vapplication period. -

A ratio of drying to wetting of about 3 o 4 "to 1 should

be considered a minimum.

N 4
.
.
’

« /N S

. .
Wastewater Renovation

sRenovaiign . the wastewater occurs generally after passage~

through' the first 2 to 4 feet.'of soil. Monitoring to deter-
mine the  extent of. renovation is generally not' practiced;
when it is practiced, however, removals are found to be on
the ordér of 99 percept for BOD, suspended solids, and fecal
coliforms. As irrigation soils arej§oamy with considerable

organic matter, the heavy metals, phgsphorus, anrd viruses

—
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are retained in thﬁ/;oil'by adsorption’ and other mechanisms. *

Nitrogen is taken up by plant growth, and-if the crop is
harvested, the removals can-be on the arder of -90 percent:

OVERLAND FLOW

. v J : ’ . )
Overland flow or ‘'spray-runoff (see Figure 1) has been used
for some time at Melbourne, Australia, where it is-known - -
as grass filtration. Although it is b ing tripd experi-
mentally on municipal wastewater at Ada, Oklaloma, it- °
has been more tompletely developed for use ixn the United
States on food processing wastewater. Site g gction fac-

~tors, design’'loadings, management practices, and renovation,

to -be expected will be discussed here.

3 &

Factors in Site Selection . : -

o T
w A
o o

Soils with limited drain;bility, such as clays and clay

loams, are suited to overland flow. The land showld have a

slope between 2 and 6 percent [10] and a very smooth _sur-
face so that the wastewater will flow in a ghe ver
the ground surface. Slopes greater than § pgsffent can be
used successfully but may introduce problem€, such &%
erosion, and difficulties in using farm chinery.§§brass
is planted to provide a habitat for the bacteria which
provide the renovation. As runoff ‘s expected, a suitable
means of finalydisposal should be provided. )

Because groundwater will mot likely be affected by overland:
flow, it is Of minor concern in site selection. The ground-
water table should be deep®r than about 2 feet, however, so
that the root zone is not waterlogged. 3 ’

¥

ﬂClimayic constraints have not been thoroughly teste&: but

industrial systems are_being ,operated in California, Texas,

"Ohio, Pennsylvania,,Ind#ana, and Maryland. 1In an industrial

system designed in 1972 at Glenn, Michigan, an attempt will
be made te .use overland flow whén the ground fs frozen. At

. Melbdurne, .Australia, overland flow is used during the

mild winters when evapofation and rainfall are low [30].

Design Loadings ' . B

Systems are generally designed on the basis of .1iquid load-
ing rates, although ,an organic loading or detention time °
Criterion might be developed in, the future. The process is
essentially biological with a minimum contact time between-:
bacteria and wastewater required for adequate treatment.
Liquid loading rates used in design .have rdnged from 2.5 to
5.5 in./wk, with a typical loadihg being 4 in./wk for food

\

_ processihg wastewater. At Ada, Oklahoma,»Esc optimum aan N

g
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loading for comminglked municipal wastewater has been around
4 in./wk, whilt afillelbourne, Australia, the Loading rate

is 5.2 ins/wk for \@ltreated municipal’ wastewater.

Management Practices - Important. management -practices are:
maintainjng the proper hydraulic 1oading'cycﬁe, maintaining
an active .biota and a growing grass, and monitoring the per-
formance of the system. Hydraulic loading cycles, or
periods'of application followed by resting, have been found
to range.from 6 to 8 hours of spraying followed by 6  to

18 heyrs of drying for:successful operatiops. Periodic
.cuttinyg of the grass with or without removal is impdrtant,
~but the effects on organic oxidation have not been fully -
" demonstrated. Monitoring is needed to maintain loading

cycles at optimum valuess for maximum.removal efficiengies.
4 N -

Wastewater Renovation “®Overland flow systems at Melbaurne,
Australia, and Ada, Oklaloma, using municipal wastewater,
and at Paris, Texas, usinZ indtistrial wastewater, ‘have been
monitored to determine removal efficiencies. The expected
ranges based on.results at these sites are BOD and suspendéd
solids removals of 95 to 99 percent; nitrogen removals of .70

. to 90 percent, and phosphorus removals of 50 to 60 percent.

Removal oig;olids and org;p&&gbis by biological oxidation.

of the solids as they pass through the vegetative litter,
Nutrient pemoval mechanisms include crop wetake, biological
uptake, dgnitriﬁication,‘and fixation in soil. °

- %

INFILTRATION-PERCOLATTON
The infiltration-percolation approagh, jllustrated in
Figure 1, has peen Used with moderate loading rates (4 to
60 in./wk) a¥ an altérnative method to effluent -di§charge
into surface.waters. ~High rate systems (5 to 10 f£t/wk)

have been designed, for groundwater recharge. These latter .
- 3ystems have been carefully designed and 4monitored, and
most -of this.discussion, doncerning site selection, design

loadings, management practices,-and wastewater renovation,
will deg} with them. .. - 3 R Gy .

R

.Factors in Site Selection

Soils with infiltration rates of 4 in./day to 2 ft/day, or
more, are necessary for successful:use of the infiltration-

_percolation approach. ‘Acceptable soil types include sand,

sandy loams, loamy sands, and gravels. Very coarse sand’
and gravel is not ideajbecause it allows wastewaters to
pass toQ rapidly throdgh the first few feet where the
major biokogical ard chemical action takes ‘place.

TS . \
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Other factors ef)\importance include percolation ratés,
depth, movement and quality of groundwater, topography, and
underlying geologic formations. To control the wastewater,
after it infiltrates the surface and percalates through the
soil matrix, the subsoil and aquifer characteristics must
be known. Recharge should not be attempted without 'spes '
~cific knowledge of the movement ,0f the water in the sefl:
_ system and the groundwater aquifer. o€
- -~ Design Loadings'

~

P g ‘.
'As indicated, ‘there are two ranges of liquid loading ratés, °

f - moderate and high, depending upon the loading objective. .

For 'direct recycling of wastewater -to the land by
infiltration-percolation, liquid loading. rates range from
14 to 60 in./wk [26]. Organic loading rates are “generally .
of secondary, importance for moderate rate systems. :
. R . .
"For high rate systems, liquid loadings range from Sr%o
.10 ft/wk. Organic loading rates range fiom 3 to 13 tofs N
of BOD/acre/yr. Municipal high rate Jdmfiltration- - ,
percolation systems generally pretreat the wastewat
to secondary quality to maintain high liquid 1oade§?fate
Industries hdve tended to rely fiore on the assimilative
‘capacity of.the soil, and thus have -generally used pre-
streatment only to avoid operatiqnbl probleTs.
- ) *

.
-~ A
»

. .
s.”

.
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Management Practices . - |

. e >
Important management prdctices i élu@e maintenance of r
hydraulic Ioading cycles, basin Sjurface management, and ‘

y  System monitoring. Intermittent application of wastewater -
is required to magntain -high inf?itration‘rates, and the
optimum cycle between’ inundation periods and resting peri-
ods must be determined for each individual case.. Basin

gurfaces may be bare, covered with gravel, or vegetated.

hiach‘type'requires'some.maintenancé and inspection for‘a

%xsat%sjactory operation. Monitoring, especially of ground-
water

Wastewater Renovation o ~

Removals of constituents by the ‘filtering and st?zining‘ ",
action of #he soil are excellent. Suspended solids, fecal
coliforms, and BOD are almost gompletely removed in most .
.cdses. Nitrogen removals are generally poor unless specif-" »
ic operating procedures are established.to maximize
.denitrification. Phosphorus removals range from 70 to

90 percent depending on fhe-physical and chemical ichfrac- -
teristics of the soil that.influence retention of . '
phosphorus.” o _—

- ° R A -}
. . G )
-« . . % 2039
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levels and quality, is essential to\system‘managemeni. ,




* |OTHER LAND APPLICATION APPROACHES . N S

There are several other'approéﬁhes to land .applicationy~in-/ .
t - sluding subsurface leach fields, deep well injection,,and
evaporation ponds. Such techniques are generally limited, «
in. their applicability. Leach fields are prevalent-in.rural
reas for small .systems and are 1ike¥y to remain so. Deep |
well injection provides no substantial renovation'to the -~
wadtewater. Pretreatment must be to a high quality, and
geologic conditions must be such that the water will pot
spread to -other ‘aquifers. Evaporation ponds alsd-hav
limited applicability because of the large ;land require- | }\
‘ments and climatic constraints. . = . N !

. . . % ' ’ .
RELIABILITY OF APPLICATION APPROACHES -7
\ ’ N .

Reliability of land application involves considerations, of y
-Jong. term use, wastewater renovation, and minimization Ce
* adverse environmental impacts: Unlike mechanical treatment .
facilities, land application facilities do not have a .fixed
expected useful, life. The useful life -depends upon factors
such as the management, the.soil,®the climate, "and the T
wastewater characteristics. Also, changing land use needs
‘and wastewater managemeht objectives affect the expecteéd®
life of a system. These factors,.as they affect the relia-
. bility of drrigation, overland flow, #nd infiltration-
‘ P

v

percolation, will be discussed-here, . \

- e . ’ . . : oot
: X . P

‘w Irrigation x - oY
: - . T N L,

|~ Wastewater irrigation has proven to be 'rellable in terms of .

lopg useful life.. Examples are the systems at Cheyenne, _ -

Wyoming, operating since -1'881; at Fresno, California, opey-- o

ating since 1891; and at Bakersfield, California, operating

since 1912, . L : e ) R

LY
“ .o ¥
* E)

' As indicated previously, wastewater fenovation as a result
. of irrigation is quite high. With proper management, degra-

"dation of groundwater and health risks can be avoided. - ‘
Irrigation has had many positivé effects on the” environment, . .
such”as improving soil conditions and providing wildlife: ’

habitats. It can therefore be concluded that irrigation
> is‘ the most reliable approach to land appdication of '
wastewater of_the mgthods investigated. - a o
: ‘ ° [} -~

Overland Flow : *’\ © " : Coe

-
- . = !
-

Less is known abeut the useful life of an.overland flow
» system. th of an irrigation system, The system at - B
Melbourne] Australia,shas been operating sugcessfully for

. . ' . -
. ) , - ‘ : -
= , . ¢ »




-being a rather low removal

" should be minimal.

. The system had been -operating-about 35 years at moderate

Arizona (2 to 3 weeks' wetting, 2 weeks' drying).

Infiltration-Percolation

-
. M s M

many years as a -wintertime ‘alternative to irrigation. The
oldest éperating.system in this country, however, has been -
treating industrial wastewater for less than 20_years. ™
From the evidence in the literature, an indefinite useful
1lif€ may -be pgssible if effective managemént is provided.

[y

N

Removal efficiencies are/also quite good for overland flow.

As it is a bioYogical process, a period of intermediate

treatmént will occur ‘before the biota are fully established.

Renovation of waltewdter by overland flow is only slightly - *

less complete than that for'i rigation, the mdjor exception
jfrphosphorus.

; ind flow systems -
As a runoff flow is created, it must
be either stored and reused or discharged to a surface’
watercourse. Because-infiltration into the ‘soil is slight,
the chances of affecting g%oundwateroquality~are minimal.
Buildups of salts may eccur over time, depending on the -
operationy but-these would have little effe¢t on other
aspects of the  environment,- '

Adverse enViionmentalréffects from overland

-
-

‘e /9 ’ . N ,

e

. ° ‘, M - - - . , A . 3 - -
The usefyl-1'ife of an 1nf11trat10h—percolatlon system will
be shorter, in most cases, than that for irrigation or over-

land flow. This is caused by higher loadings ' of inorganic
constituents, such as phosphorus and heayvy metals, and the -
fact that these constituents are fixed in the soil matrix

and not positively removed. Therefore, exhaustion of the .

|
|
fixation capacity- for phosphorus and heavy metals will be '
a function of the. loading rate and the fixation sites ‘
availdble.. At-:Lake George, -New York, phosphorus retenti®n C
on the basis of retent monitoring in ‘some percolation beds
appears to have been exhausted thtrough 10 feet of soil,

rates of 7 to 15 in./wk [3]. ‘

* : ~
The degree of wasteWwater removation achieved by
infiltration-percolatior varies considerably with the soil
characteristics’ and management practices. Nitrogeh Te-,
movals. up to 80 percent have been obtained by careful man-
agement of the-hydraulic-loading cycle at Flushing Meadows,
Overall )
nitrogen removal, taking into account the high nitrate '
concentration flushed-to the groundwater at the beginning

phorus and heavy metals are élsg generally less than for
irrigation. .o : I r .

‘of inundation, averagé% 3B percent—[6]._ Removals of phos- o

-
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" Techmical Factors

- . . . ~ .
From the ggﬁndpoint of environmental effects, infiltration-
percolation hasMemonstrated the least amount of reliability
of the three approaches. Most systems that have been.moni-
tored and managed properly, howewver, are quite reliable inm
this regard. Infiltration-percolation also has the advan-

..tage of prov;d$ngfa tertiary level of treatment at a rela- .
tively low cost. . ’

)

APPROACH SELECTION .,

o~

Irriggtion; overland flow, and infiltrdtion-bercolation have

many common aspects,.but wany different factors must be con-
sidered in selecting among them. Approach selection will

be discussed from the standpoint of (1) the 1972 Federal
Amendments -to the Water Pdllution Control Act of 1979,

s(2) wastewater management objectives, and (3) technical
factors. -, . . T -

1972 Federal Amendments s .
'Land application was given® a substantial role in the Federal
Water ‘Pollution Control ‘Amendments of 1972. Elimination
of the discharge of pollutants to navigable waters by 1985
is -the stated goal 'of those gmendments. Land treatment
and the recycling of potential wastewater -pollutants through

» iTtigation must be given due consideration in-wastewater

"management plans. ! - B ' '

'
I3 A,

Wastewater Management Objectives
X

Objectives for wastewater management have been listed in
Table 4 along with the capabilities of each “approach in
meeting them. -There are other possible objectives and -
thesé that ‘might be specific to industri@l wastewaters. have
not been included. As indicated, ifrigation provides con-
siderable renovation; however, the major portion of the

- wastewater applied is lost to evapotranspi ation. UYnless
excess irrigation water is applied and underdrains or re-
covery wells are used, the approach is impractical as a
means of reclaiming wastewater.-

~
/
v _ .

> Physioal é%pects of.the available land, such a7.50i1 type,,
i

v

underground formations, and ground. slope, will’influence

the approach selections Other technigal factors include.

wastewater characteristics and flow rates, climate, and

whether the flow remains constant throughout the year. For

seasonal flows, such as those«from %anqeries, the selecgtion
- of the overland flow System, like any biological 'system,

~

.
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- = Table 4. Comparison of Irrigatign;*@verland~/ . ’
. v b Flow, and Infiltratjon-Percolation for v - g
Municipal Wastewater .
9 o [ rd
» 2 ~ ~
é&u«h- ’ . ~ i \ ’ B B '
v "Type of approach
. B lifiltration-* P
Objective : Irrigation “Overland flow percolation _
M ‘ Usey as a_t?eatrpent procé.ss with ) N . iy -
* — a recovery of renovated water Impractical 50 to 60% Up to'90% y
) , recovery recovery ~
Use for treatment beyond ~° ) R
. secondary: PR yoeo \\
1. For BOD and suspended . N N o
solids removal ', 90-99% 90:99% 90-99%
" 2. For nitrogen removal - ' Up to 9qs” 70-90% © 0-80% - .
. 3. For phosphorus ‘removal " 80-99% 50-60% 70-95% o
. AN - 2 -
v Gse to gpow crops for sale . Excdllent , Fair Poor __\' -
*— Use as direct recycle to * *° ) . .
the land, / ' Complete Partial _ Complete . )
. Usg to rechargmgroundwéterﬁ 0-30% : 0-10% - Up to 90% S
Use in cold clipates . - Fair® ¢, _ Excellent
& ) ’ !
. - ) . " o @
) a. Depandent upon crop uptake. . . .
b. Conflicting data*-woods irrigation acceptable, cropland irrigation marginal.
c¢. Insufficient data. ’ b
- ) : | he T, ' >
— ! t . * o ! - ! . e D
- . . - - . 4
must .take "into account an annual startup period.. Soil w
) classification, an important independent variable, has been
graphed against liquid loading rates as the dependent .
—variable. The .resultaht combinations have -béen blocked out, .
L. as shown on Figure 2, for the typical ranges‘ for each land
. application approach. The'se are not intended to.be a de-
sign guideline but rather a genetral aid in the process of
approach selection, ’ , o
. ; - °
B H . v
- v 1 - - ¢
4. ® LI . N
- . N < 0
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SECTION V g
NASTEWATER AND' SITE CHARACTERISTICS

>

-

, - . 4
Knowledge of the characteristics of both the wastewater to
be applied “and the site where the application will take
place is.critical to successful design and operation of
land-application systems. In this section, municipal and’
industrial wastewater characteristics that affect land ap-
pljcation methad$ will be discussed. The facters involved -
in site selection for. individual land application approaches
 have been discussed ifi Section IV. The discussion here
will present overall characteristigs of'sites sticgessfully

. used, for land application.’ R
° . ) " ‘\ » s . :
WASTEWATER CHARACTERISTICSNs ~ | I :

. The characteristics of munfcipal and industrial wastewater
.may be classified as physical, chemical, and biological.
Municipal wastewater charactpristits are listed in Table: 5
-for (1) untreated wastewater, (2) a typical secondary efflu-

© ent, and (3) effluents that have been applied to the land.
The d&gree of pretreatment normally given by secqndary
treatment processes- can be seep by comparing columns 1 and
2. A discussion of the effects of conventional wastewater
treatment on characteristics is presented at the end of * .
this subsection. Ty ' .

-
.~

Jndustrial wastewaters contain many of the constituents
found in municipal wastewaters, but their characteristics
vary widely by industry, by product, and even by processing
technique. A typical industrial wastewater does not. exist;

+ however, ranges or makimum values of characteristics of

industrial wastewaters” that have been successfully applied
to the land are listed in Table 6: Important characteris-
tics will be discussed here by classification. - o

« - . a P § /

Physical Characteristics

0

The moest important physical charatterist " of wastewater is
its total solids content. The solids include flvating,.-
suspended, colloidal, and-dissolved matter. 2 P U

*
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Table 5.. Municipal WaStewater

’

Characteristics

mg/L (except as noted)

5

o~ sorondary 7 ’
- Untreated treatment Actual quality
4 Constituent sewage effluent applied to land
(1) (). TG y
Physical . ’ ' . ]
Total solids 700 425 760-1,200
Total suspéndqd ’
solids ’ 200 25 10-100
Chemical
Total pissolved i
solids - 500 -~ 400 750-1,100 ,
pH, units 7.0:0.5 7.0%0.5 6.8-8.1
BOD ‘ 200 25 10-42
cop * 500 70 30-80
. Total nitrogen 40 . 20 ., 1060
- Nitrate-nitrogen 0 o - |8 0-10
Ammonia-nitrogen 25 -- 1-40
Total phosphorus 10n 10 7.9-25
“Chlgrides 50 45 40-200
Sulfate -- -- 107-383
\Alkalinity (CaCOg) 100 1 . -t 200-700
Boron -- + 1.0 0-1.0
Sodium ’ -- 50 ‘ 190-250
Potassium -- 14 10-40 ‘
‘Calcium - 24 20-120
Magnesium : -~ 17 10-50r.
. < s
- gm0
" Biological . ’
Coliform organigms, 6 C L e
MPN/100 ml 10° oo oo } s 2.2-10
Sourcés: f

£

Colusrn 1.~ Medium strength [34],

Column 2 - [2].

Column 3 — Range of values-o

ined from site visits.

s

’
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Table 6.

. #s

: Characterist}ts of Various: .
Industrial Wastewaters Applied to the Land

- .

\ ) \ Cons'tituent y progce):(sling Pulp and paper | Dairy ¢
'BOD, g/L : =, 200-4,000 60-30,000 - " 4,000
, CoD, mg/L . . 300-10,000 - S
h Suspe;xded solids, mg/L Z,OO-S,OOOU ~ 200-100,000 -
Total fixed . v _—
? dissolvedosoliC?s, mg/LJ 1,800 2,000 ‘ 1,500
Total nit;rogen, mg/L 10-50 i ce - 90-400
. - pH o 4.0-12 6-11 5-7
. " Temperature, deg F | 145 " lgs :

’ ’

The suspended solids are very importdnt because they have
a tendency to clog the soil pores and’ coat the land surface.

Other physical characteristics are tefperature, coXoT,
. md odor. -Temperature is not a great preblem for municipa
astewater effluents-because they have a fairly even tem-
erature, 50 deg F to 70 deg F, 'which is mot harmful to

sWil or vegetation.

High temperature (above 150 deg F)

industrial wastewaters, such as spent cooking liquors
from pulping operations, can sterilize the soil, thus
precluding the growth of vegetdtion. and reducing the reno-

-

vative capacity -of the soil mantle.

.. Color 1s of minor .importance'in municipal wastewater; how-

--_ ever, some industrial wastewaters

b B

(spent sulfite liquor)

. have significant color, which can be transmitted through

the soil [5]. '

M *

Odors in wgsfeWa%er are calsed by the anferobic decomposi-

tion of organic matter.

Althoug

h hydrogen sulfide is the

most important gas formed-from the standpoint of odors™ >

. Other volatile compounds such as indol, skatol, and mercap-

- -~ tons also cause noxious odors.

" L2 -

‘released to the atmosphere by spraying or aerating.

These odors are often

P




Chemical Cha?aéteristics .

V P

'Important chemical characterlstlcs have been listed in
~ Table 5. TDS (total dissolved sollds) are important be-
.« cause, at least for the fixed or mineral TDS, the soil does
not prov1de a positive long term remgval mechanlsmm With '
irrigation, evaporatlon will concentrate the salts in .the X et
soil, and' the” subsequent high corcentrations may -be 1n3ur1- - _
ous to plants, or mdy be leached to the groundwater. : ' :

4 The pH and alkallnlty are. generally of comrcern only for in- .
. dustrial wastewater., K For example, cannery wastewater

often exhibits wide. f1uctuat10ns in pH, ‘and neutrallzatlon

may be required. . . 2

. Organic matter as measured by the COD and. degradable organ-
ics as measured by the BOD will be effectively removed by

. land application. If the’ COD is much greater than the BOD,

+ - or if the wastewater contains organ1c matter that is starchy
% or flbrgus, the organics may bu11d up and cause clogglng of

the soil pores. " , . . R
. N . Y . N w .

Nitrogen is important ‘because, converted to the nltfate . A

form, it can pass easily through the _.soil matrix. - Total

- nitrogen is the sum of the organic, ammonium, nitrite’, and

. nitrate form concentrations. Nitrogen can be removed by

land application through plant uptakeﬂ*lth harvest and by

denitrification.’ : B . ,

-
e

Phosphorus and he'avy metals are easily fixed in most soils
by precipitation and adsorption. Sandy soils provide fewer

sites in the soil matrix for adsorptiony hence phosphorus
retention cgpacities are relatively short Cong¢entrations’ Y
of heavy metals, such as copper and zinc, can build up to v :
.phytotoxic levels in time, dependlng on the 5011 type ahd
method of operation.

High sodium concentratlons relative to calcium apd magnesium
concentrations can causé deflocculation of clay soils.and
reduce the permeability. For, such soils '"hard water makes.

. soft land apd soft water makes hard landN [63]. - ®
‘Blologffafjiharacter1st1cs(’ \' : . .

L)

-

Municipal wastewater contains many -bacteria ahd viruses.

Industrial wastewaters. are not free of mickodrganisms, but
usually do not have enteric bacteria.. Thespresence of

enteric pathoggens- is often ascerta1ned by testing for the
coliform-grou E..Coli (Escherichia coli) are used as

-+ indicator organlsms because they are present in the diges-

. tive t¥act of man and are more numerous and more easlly

+2944




[44
i

| iip e
~
. .
“ - N
) ! . \

ady <7
. i
. 5
. .
K -

tested for than pathogenic organisms. Aerobacter, a common

soil ‘bacteria, exhibits many of the same responses as .

E.. Coli, "and the differences must be tested for using the
s © ConFirmed test for coliforms. If fecal coliforms are not
dlstlngulshed from soil coliforms, the efficiency of the
soil- system in removing fecal collforms will be
1ndeterm1nate. : ) _

Effects of Pretreatment on Wastewater Characteristics

-

Conventional wastewater treatment begins Wwith preliminary
. operations, such as screening and sedlmentatlon. Effluent
v from these operations, referred to as prlmary, has had the
’ ‘ bulk of large objects, -grit, and floatable and seftleable
material removed. Sedlmentatlon typically remoyes 50 to
65 percent of the suspended selids, 25 to 40 pggcent of the
) BOD, and many pollutants such as Ascaris eggs.

Secondary treatment con51sts of biological ox1datlon by
activated sludge or trickling filters, or physical- -chemical
. treatment by precipitation, flltratlon, and carbon
... adsorption. Effluent is low in suspendéd and organlc mat-
ter and readily disinfected. Most dissolved inorganics .are
not affected by secondary treatment. Secondary tréatment
does provide an additional removal of bacteria and viruses
by flocculatlon and secondary. sedlmeo;atlon. . .
I d
Disinfection; the selective destruction of disease-causigg
organisms, may' be accomplished using -heat, ozone, bromine,"
iodine, or, most commonly, chlorine. Adequate disinfection
. Tequires comilete and rapid mixing and a minimum contact
time. ' The pMEsence. of suspended solids hinders the 'process
of disinfection;:" therefore, secondary effluent is more
_ readily disinfected than primary effluent. The nudber
w _ of colaform organlsms can be reduced by disinfection tech-
i niques from 10% organisms per 100 ml to less, than 2.2 orga-
nisms per 100 ml.

”

. . SITE CHARACTERISTICS

.

it 3 al \‘
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_Important 51te characterlstlcs for 1and application systems .
are climate, -soil, topography, geologlc formatlons, and
groundwater. . ‘ o '
Climate ° . g
In most 1and appllcatlon systems, fhe vegetation cover is a’

major factor in the success of the lsystem. Both the rate'ﬂh&
of growth of vegetation and thé rat® of decomp051tlon of
organic$ in the.effluent are.régulated, in large part, by '

- the energy available. Most places.’in the Unlted States have

. ~ “
- . R * ~
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_winters. Twelve-month dperation of land

-~

sufficient enérgy for the development of a good ground -
cover, of vegetation, although low levels of €nergy. receipts

-in "the winter _in northern areas, with -resulting cCold tem-

peratures, willslimit the rate of decomposition of any
solids removed from the effluent.

« -~ - . K
It has been possible to subdivide the United States into - -
5 zones or areas in which climatic conditions pose quite

. similar constraints to the operation of land application

systems (Figure 3). In preparing-the map, an effort was
made to.sigplify, distribution patterns; where possible,
state bounfaries were used,for ease in setting zone bound-
aries even though clim2tes seldom change at such political

subdivisions. , . ‘
i .
, \

;%ne A, which covers California-except for the extreme
southeasterr part, delineates the unique Mediterranean cli-
matic. region with its marked seasonal pattern in S
precipitation. Ave}age annual précipitation is about 15 to
25 inches confined generally to the 6 months from Ndvember
to April; practically no precipitation falls' in the other

6 months of the year. Temperatures are.mild in winter

and 'hot in summer so that there is adequate energy in almost
all .seasons for plant growth. Storage of effluent due to
freezing will not be necessary but may be desirable to-maxi-
mize summer dpplicdtion rates or-to make the addition of )
nutrients contained in wastewater correspond to Crop

.

requirements. . S .
' ) . [ ., ° <y AN ‘ .
‘Zone B covers southwestern United States’, dn area of very

hot, arid climates. Wipter stérage of effluent should™not

“be a concern although. there will be a real problém due to )

'the lack of sufficjent moigtwre for vggetation gfowth in
“all seasons unlessr

irrigation is available. There may also .
be problems of salt \in the scil if brackish water is’ used '
in irriga'dion or constitutes a significant porgionlof the

effluent.

» “

Zone C covers p{imarily‘fhe states identified as, the Mid- -
and Deep South as-well as.the western portions of Washington,
and Oregon. In general; precipitation.varies from 40 to

60 inches during the year, .and temperatures. range from the -

- low 40s in\winter to the low 80s in summer, except for the:

Washington-Otegon aré€a which experiences,/mild summers and
q/application systems

is possible'from the standpoint of temperature. However,

the well distributed and relatively high precipitation

eliminates the -need for extended periods of irgigation

which are desirable from the standpoint of wastewater . -

application. e . e el
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TTCLIMATIC TONES 7 ~_ | :

A MEDITERRANEAN CLIMATE - T S N e

DRY SUMMER - MILD, WET WINTER . -
B ARID CLIMATE - HOT. DRY ' § :
¢ HUMID SUBTROP'IGAL - MILD WINTER - HOT, WET SUMMER ‘o : - NN

(WASHINGTON, .OREGON AREA MILD, MOIST SUMMER). : , : .
D HUMID CONTINENTAL © SHORT WINTER, HOT SUMMER . v . "
E WUNID CONTINENTAL - LONG WINTER, WARM SUNMER - o .

. . 3 - = v
S &+ FIGURE 3 . :
~ GENERALIZED CLIMATIT "ZONES- FOR LAND- APPLlCATIUN - L -
« . ) . . - 47 | " - \//
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Zone D covers the middle. tier bﬁ,sfates running eastward
from Colorado to southern New England and the eastern por-
ticns of Washington and Oregon. The climates are marked

by moderately cold wint®ers (average temperatures in the

. 20s), hot summers (average temperatures in the-mid-705),ml

‘and, precipitation well:distributed through the year. So

‘.

irrigation might be needed in the western portion for vege-

; tation development but little would be needed in the east.
Winter temperatures. are cold enough so that effluent stor-

age for several months or so may beg necessary.
. l -

Zone E covers the northernmost tier of states. Very cold
winters with warm summers and adequate moistiire for vegéta-
tion exist. Winter operations are quite limited because
the cold winter -temperatures, with ice and snow, require

- the storage of-effluent  for anywhere from 3 te 6 months. ’

4

Because the water needs of plants aré affected by the
air’temperature, humidity,,inclination of the sun, and
ind velocity, climate will affect irrigation and overland

»

¥low more than infiltration-pegcolation. The, United States
Weather Bureau collects and publishes a great deal of ‘
important climatic data(and should be consulted for local
records. ‘ - ‘

‘g0 .
Soil- . o,

" .~ . . - - - '— - - A
The important soil characteristics are—-its drainability, X

which is related to soil 'structure and texture as well «as

. geological donstraants, and soil rehovative capacity, which

L

is related.to texture and chemical characteristics. S i

< . - - '\ .. . . -
Drainabiligz»i Drainability is the ability of a.soil to  #*
alloy water to infiltrate the surface and percolate through
the soil pores. - Light, coarse textured, granular sdils are
usually well -drained and are most suitable for infiltration-~
percolation. On the other hand, heavy, fire textured soils,
such as clays, are usually poorly. draiped and(are'most suit-

able for overland flow. - . ®
Soils may be considered well drained if an application of

2 in./day will infiltrate into the ground within 24 hours.-,
In determining drainability local farmers, ‘agronémists, or:
agricultural extension service experts should be consulted..
The standard percolation test results -should.nat be reliad, -~.
upon for design purposes because they represent conditions
of.constant inundation, in a localized’pit, without taking
-into account lateral flow within the .soil. 2 —

% AR € ¢ ", —J .

. ' — . . . R .
-Renovation Capacity — Nearly all soil systems are efficient
in removing organic matten%//This removal is a"result of
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§$ <the filtering action of the soil followed by biological
oxidation of the organics. Fine textured soils, such as °
‘clays, and soils with' considerable organic matter, 'such as '
loams, will also retain wastewater constituents through #
. mechanisms such as adsorption, precipitation, and ion \i" s
. exchange.” The fixatjon (includes all three mechanisms an,
#. ‘tioned) capacity of a soil can be determined in laboratory . ‘
L - . or pilot investigations. Excelleat sources for detailed
FE N . ‘'descriptions--of the renovation capacity of soil are Bailey .
T [48] and McGauhey and Krone [28]. The Soil.fonservation X
. Service of the U.S. Department of Agriculture has extensive '’
.¢ soil maps that include data’ on physical characteristics *
such as soil-type and texture to a depth of '5 feet.

T

. Topographx and Geologic Formations (Y -

Topography will influence the land application approachand
‘¢he method of wastewater ‘application.. Rollihg hills can %
be used for overland flow or spray irrigatibn depending
i bn the soil. Infiltration-percolation generally requiyes .
g flat land, although in Wiscon$in a ridge and furrow sfitem'

L ~was carved into a 5 percent slope using a series of
" “terraces [4]. . ' . - ‘

N

. Cropl%nd irrigation requires relatively flat -land in order
to use farm machinery, but ‘forested hillsides up, to 30 .- '
) percént in,.slope have been used for land application by .
sprayihg [53]. ) ., 2 .
praving [53] | , .
- The drainability of a soil can be, restricted ‘or*emhAhced by
-underground formations. . Underlyiﬁg rock or impermelable N
- layers may serve as a barrier to percolating water. On.the
’ othet hand, a fine textured soil can_.be underlain by sand.
.and‘gravel layers or fracture® limestone layers which ~
~~"7 are more jfermeable than the top soil. As indicated in
Section IV, infiltration-percolation site selection requires
™ -~ . the thorough,mapping -of .underlying formations. The U.S. C
" Geological Survey is the major source for thesé data.

ta

. 7. Groundwater
the depth, 'movement, and quality of groundwater are impor-
e tant considerations in determining site' characteristics.
For infiltration-percolation the location and péssibile con-
trol by pumping of aquiférs are major factors in.site” o
, * selection. As indicated in Section IV, the chances of irri-
\ ..+ gation and overland flow affecting groundwater quality are
moderate/ and slight, respectively. The major congern with |
—iyrigatjon-is that the groundwater lewvel he maintgined below
the rogt zone to protect, the vegetation. A minipfum depth -
‘to grofindwater has not. beensdetermined for -over¥and fldw.

Lo d

+
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Land application systems, in‘many cases, have /been started
as an expedient. and available technology’ ¢id fiot contribute
to the planned operation of the system. ~This is especially
true . for moderate sized and small systems. Those features®
that hdve proved successful at different locations and are
worthal?f note' are discussed in this section. T
K- A ~
L

IRRIGATION . ¢ :
Irrigation sys%ems in operation im 1972<wrange from new spray
systemsyat St. Petersburg, Flerida, and Ephrata, Washington,,
to a 90-year old flood system at Cheyenne, Wyoming._.Ihé
design and operation of municipal and industrial irrigation
systems will be d&scribed here. . St .
System-Desiép R - j}

. . -
‘ £

-

-

. - S 20 )

Impo¢tanf criteria in dgigign are wastewater quality and ,
pretreatment, ‘loading ratgs, drying period, crop selegtion,
distribﬁgién,‘and provisions f8r 'seasonal change-

» F

) AR Y P . : A
Egstewater QuaT Bl and’ PLétreatment: — For municipal waste-
W er‘irrigatﬁong';?gy eatjent 1s generally required by

E;

state regulation . gdtfbncwith;untréﬁted wastewdter
is forbidden in ma®y7Si: tgs , -and “the quality Of wastewater,
is often dictated fo¥f f?f:ggtion of edible ‘tropg.. In most
.of the cities surveyed, eq%pgary treatmeény is provided .-
prior to irrigation. Mi@imlm pretratment,io indistrial
wastewaters has generally consisted .of scr eﬁgn .t0 temove ' -
large solids:~ This was found to bﬁg&eq&i' d for/ efficient
operation of sprinkler systems. ¥ ‘. .- ; ’
Loading Rates — As fndicated in.Sectibn'iV, t
+ Toading rates are 1.5 to 4.0 in./wk. ~Liguid loadings ‘should
Jbe* ased on the consumptive use of the crop irfigated. .,
Irr)gation practiced®with wastewater having'TDS concentra-,
tionls above 750 mg/L‘(egpeciayly/in the soyghwest®” should

P
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- include applying wastewater in excéss of crop requirements

, to leach the salts out of the root zone.. The determination

~ of 1liquid loadings should bg made from previeus eperational
experience, experience with closely similar conditions,
consultation with agricultural experts, or from pirot work.

-7 3w

.Nitfdgen loading rates sheuld not gréaﬁly ex red the'nitTro-- -

geh taken up annually-by the crop. For exa ple, Reed canary
grass can take up,22€;1b/acre of nitrogen per 'year based'en
3.65 toms/dcre/yr (additional Gptake data in Volume I1).

' Organic loading rates for industrial wastewaters of 150 to

. 200-1b BOD/acre/day .without adverse- effects have been

Yeported—{43].
. ’ * -
Resting Period — As a result of ‘a 10-year study at .
Pennsylvania State University, a loading cycle of spraying
for 12 houfs followed by resting for 6 days has been
established [41]. Hill [19] reported resting periods forw//
¢ ° s«spray systems rangiqg'from 1 to 14 days. Ridge and furro
and flooding systems generally result in applications of
3 to 4 inches in a matter of hours. Resting periods for
these systems have.been as long as 6 weeks but are typi-
cally 7 to 14 days. - E

"

N . .

' Crop Selection. — As indicated in- Section IV, crop selection
can be based on several factqrs.  Pasture grasses and
alfalfa have been popular choices for municipal effluents.
Industries have generally chosen hydrophytic grasses that
take up large -quantities of water. The Natifhal Engineering
Handbook of 'the Soil- Conservation Service contains lists
of boron and s5alt tolerances of various crops [56].

‘-- - .

Distribuition’ System — Spripkler irrigation systems-géner-
ally ‘have the most “complicated:distribution:m&twark. ,Two
handbooks on sprinkler irrigation’are available [40, 58]. -
Surface irrigation systems consist of open ditches or
buried mains for ‘'distribdting water to the furrows or
strips’. Such systems have to. diStribute the water across
only one dimension of the field. )

¢ ”

w . . .
Provisions for Seasonal Change — &fter thp SUmMmer. ¢rop is
harvested, a winter cover crop should be planted i$& .
possible. In climatic Zones A and B it ma§y be possible to
double- or triple-crop a- piece of ground. - '

~

, Storjage. is nequired where freezing temperatures do not per-
mit Winter operation. When irrigation begins‘agaim-in the
spring;~the stored volume as well as the daily occurring
flow must be “usgd. .

] .

\
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- freezing weather without

. Mopitoring “of changes ih the weather, soil characteristics, ,
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.Some industrial systems E;ovide continuous spraying through
hdverse effects on the vegetation
[15]. At other systems ‘damages to vegetation from winter

spraying are claimed {42]. \ ¢ :

” .

- Operatien and Management ) S .

It is vital that management pezsonnel have a working knowl-
edge of farming practices. Crops have changing needs for
water and nutrients throughout their growth period, and
application frequency, must reflect these changes.

soil water, groundwater,’and crops. is important to success-
ful long teym operation. Analysis 0¥ the results of such
monitoring will¥“indicate any adverse -changes: Management
changes can 'then be initiated to correct for the anviron-
mental, impacts. . . ’ R

If the crop is to«be harvested, wastewater applications
must be halted to-allow drying of the soil, harvesting of
the crop, and, if necessary, planting of another crop.
Industries have tend¥d to shy away from grazing irrigated
lands. They>often mow the grass but do not hayrvest it. At
Beardmore; in Canada; the grass is~kept between 2 and

5 inches high for optimum dperation. .

OVERLAND FLOW ' DU

The design and operatiqﬁ of overland. flow systems have been
developed for indugtrial wastewaters; therefore .these sys-
te@s will serve as .a basis for most of this discussion.

-

System Design - 7 . . . .

N

Tﬁe‘désign‘ﬁf an overland flow system entails sélection\gg
a suitable site and Iand preparation, considerations of .
wastewater quality and pretreatment, determination of load-
ing rates, selection of cover crop, and layout of thé dis-
“ tribution and collectien system. -Site selection factors -
have been discussed in Section IV.. | . -
Land Preparation — Uniform slopes between 2 and 6 percent
are/preferred with no depressions or gullies. The surface
must be quite smooth to promote a thin sheegt flow. A slope
length of 175 feet has- beenwsfound: to provide sufficient de-
temtion time to *achieve effectiwe treatment for the degrad-
able food processing wastewater-at Paris, Texas [10]. .
’ . ~ ' T -
Wastewater Quality and Pretreatment - Pretreatment require-
ments for overland fiow aTe sgreenling for 1a£ge solids =~

-~ 4
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#-removal and probably grease removal. At Paris, Texas, the ~
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‘ grease concentration in the untreated wastewater is quite
‘high and must be reduced to minimize buildups in the distri-
bution lines. - At Ada, Oklahoma, municipal wastewater with
.comminution as pretreatment has been sprayed successfully
'in a pilot operation. : ' .

.’

-‘Loading Rates — Liquid loading rates that have been. used
successfully in thé'desigg of overland flow systems have o
ranged from 0.25 to 0.7 ifi%/day. 'Nutrient-and organic
loadings have not been correlated with treatment efficiency, -
detention time on the field, or crop type as yet. . :

Crop Selection — The cover crop is essential to the design
because “it serves as. a media or habitat for the biota that
are responsible for the oxidation of organic matter. The
.Crop also serves to prevent erosion and to take up signifi
cant quantities of nutrlents from the wastewater. ° b S
Effective ,cover crops include Reed canary, tall fescue, P
trefoil, and .Italian'rye grasses. Italian rye grass 1is the
dominant species in the "grass filtration" system at .
Melbourne, Australia [22}. Lo

'
v
Y -
N

-

- Distribution and Cbllection'System — Distribution systems '
include the "same basic components gs spray irrigation

systems. Buried, permanently set system$§ hate been found -
to. be preferable to portable or aboyve.ground aluminum
systems. : ¥ .

V.4

A’ network of ditches must be constructed to.intertept the
- runoff anﬂfto,channel it to the point of discharge or

. = storagg: The collection system should be designed to ac--

-9

4

[}

' . .

cept §he added flow from rainfall runoff. .

¥

.Qpepgtioh and Managément
The, pajor tasks involved, in operating an overland flow ;ys-
tem, include (1) ‘maintaining the proper.application frequency

» or hydraulic "loading cycles,, (2) managing the cover. crop, and
(3) monitoring.the system performance. - i

8§ . -

Hydraulic Loading Cycle — Cycling ‘of the wastewater appli-
Cation must be programmed to. keep the microorganisms on ®he
soil surface active.. The application period should ,be. con-
trolled so as not to overstress the system and bring about
anaerobic conditions. The resting ‘period should be long .

. enough to allow the soil surface layer'to reaerate, yet ,
'short enough ,to keep the microorganisms in an active state. o
Experience with existing systems indicates that practical
cycles range from 6 to 8 hours en 'and 63to .18 hours off,
depending on the time of ‘the year. g)_ -
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‘.- Cover Crop Management — Removal of the cwep is necessary
. {I) to realize the removal of the nutrients and minerdls
" that havg been taken up by the plants and (2) to realize
any’ cash value.of the Grop as hay. Cutting of the crop.is
_beneficial from an opérating standpoint, because it elimi-
jates the possibility of tall grass interfering with waste- .~3
water. distribution. "On the basis of experiméntal work .coh-
,dicted at Paris, Texas, it.is possible to predict the
. time .of year and stage of growth when hay-of the highest’
value can 'be harvested [10, 16]. - .

<4

Monitoring'— Monitbring is. necessary to maintain loading$ @
on the system within design limits. A routine .monitoring
program should be established to determine both the—applied

. and runoff flow rates as well as selected influent  and
effluent- quality parameters.

4

INFILTRAT ION-PERCOLATION E S I

This approach encompasses groundwater recharge projects, .~
municipal effluent recycle to the land, and industrial
‘wastewater recycle to the land. All three types have been’
demonstrated to be succéssful; howeyer, high rate’ recharge -
'systems.involving municipal wastewater will be the focus )
of most of thideiscugsion.

. . A

o

. Systén® Desigh

v

The important elements of .design afe siite selection, waste-
water quality and pretreatment, loading rates, types of
basin surface, and rgcovery. Site selection factors have ,
been discussed in Se tion IV. ¢ ° - . .

Wastewater Qualigy and Pretreatment; — The majoer quality
Tactors affecfing the.infiltration capacity of a system are

the concentrations of suspended ,solids™amnd ‘organic material, -~
Pretreatment to secondary quality #s suggested for municipal
wastewaters to be applied at high rates. Agdin, industrial
wastewater$. have been scréened o;ﬁsettlpd.to prevent sprink-

" -ler nozzles from.clogging. P IR

’ ~
L

Loading Rates — Liquid loading rates generally range from

T to 60 in./wk for moderate rate systems and 5 to 10 ft/wk -,
for high rate systems. The design rate must be determined

on the basis of pilot.work‘where infiltration and per¢ola- .
tion rates are studied for the particular 'soil over a con-
siderable period of time. It should be established for the
poorest climatic conditions that can be reasonably expected. .
Because the liquid loading rate will undoubtedly change
during the gourse of operation in response to variations

in climate, wastewater characteristicsy” or grdundwater

v e
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N : " levels, an Excess\iépac{ty should be included in the design.’ &
— A reasonable range for excess emergency capacity would he <

v ' 10 ;8‘25 percent with 20 .percent as typical. " -

. R
* Organic loading rates of 150 to 200 1b/acre/day B{ 27 to %6
.tons BOD/acre/yr have been used successfully for industri
applications. "For municipal wastewater a loading rate of .

- " 30 tons ob BOD/acre/yr has been reported [61]. These load-
N ..~ * 1ings should be considergawﬁgggr limits for design unless .
\»1, . . pilot studies show otherwid&s: . ) \

_ percetation basin shou esigned to disperse the / .
clogging solids [28]. This has beem, accomplished by’ grow-
ing vegetation or by adding a “layer of graded sand ¢or
grayel to the surface. At Flushing Meadows, Arizona, the
vegetated basins were’ successful [47]. At Whittier
Narrows,, California, adding layer of pea gravel is re-
ported’ to have increased th& infiltration capacity [29]. o
Selegtion of the type: of basin surface should be based on Foe o
.comparative pilot studies at the infiltration site.

|

\

1

L

Type of Basin Surfacei%higgééprface of an infiltration- * |
|

|

|

|

|

l

. X |

-+ -Recovery — Réq@yery'of}renovatéd'water cgﬁ be an integral B
* - _part of the system design, as at Flushing Meadows, Arizona,

. and Santee, California '[31, 47], or it can be incidental - )
With the normal withdrawal from the groundwater,basinas at
Whittier Narrows and Hemet, California {29, 59]. - T

Designed recovery systems can prevent the spread of reno-
vated wastewater to aquifers outside the system of recharge
basins and recovery wells. By keeping the renovated waste-
water separated from the natural groundwaters, contamina-
~ tion can be prevented, especially with regard to nitrates.
In addition, renovated water recovered in this manner could
: receive additional treatment, such as for nitrogen removal, —.
‘ or could be used exclusively for purposes best suited to its
quality, such as irrigation or recreational lakes. = ° Lo

4

»

<

.Operation and Management ) /

A

.Important aspects of infiltration-percolation system manage-- 5
ment include (1) hydrauli¢ loading cyeles, (2) basin surface. ¢
management, and (3) monitoring. . C -
. ‘ . . @ »

-,

’

~Hydraulic Loadingvgzple — Intermittent operatien is re- ..
quired to maintain design loading rates and the renovative - “
. capacity of the soil. Experimentation is required to deter-
mine the best loading cycles consistent with the .objectives

of the system. .

S~
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Jhe resting period, ‘which may vary from 1 to 20 days, 1is
essential to allow atmospheric oxygen to peénetrate the soil
and reestablish aerobic conditions. As the surface dries,
aerobics bacteria become active in organie mattér decomposi-
tion and nitrification. Otrganic matter decomposition helps
break up the clogging layer, and the micrbbial nitrifica-
tion will free ammonium adsotrption sites on clay and humus
materials. -When inundation begins again the converted
nitrate will be leached with 'the applied water until an-
aérobic conditions occur and denitrification begins.’

>

Bdsin Surface Management '— Where bare soil or gravel sur-
Taces are_used, they should ‘be scarified or raked when
soils accumulate. For.vegetated surfaces, careful opera-
tion of the loading cycle is necessary in the spring until
the vegetagion is well established. The surface may be
harrowed ,on an annual basis to break up any solids buildup.

. . Lu 3y . ) ~
Monitoring — Monitoring is needed .to maintain successful
. operation and to avoid conditions, such as nitrate or phos-’
phate buildups, leading to significant environmental )
‘degradation. Flow meters orameasuring ' flumes are necessary.
to measure the wastewater application rate. . -

4 ° : “ ! ’
Sampling of -the wastewatey applied should be done on a
‘regular basis~Tor characteristics®such as BOD, suspended
solids, nitrogen,, phosphorus, TDS, and coliforms. A com-
plete analysis of minerals; including heavy metals, should
be performed 4t less frequent intervals. Groundwater Or
percolate water quality should be sampled for the same
types of-characteristics. . L g :
~ - .. . ) TN
Monitoring data should be analyzed to define-the ope'ra-
tional eéfficiency of the system. *The results should be re-
corded to maintain-an historical record of the conditions.
under which the-system has operated and to serve as a basis
for system, expansion. S ’

~ N




© _turbulent mixing will, within just a Tew miles, reducée its R

SECTION VII
ENVIRONMENTAL EFFECTS

.

.

The performance of a land applicatﬂ@n'syspem'ﬁan be meas
ured in terms of its effects on the terrain ecosystemn.

-

- -

The -

effects of land application of wasfewater on®th

¢ climate,

soil, vegetation, groundwater,
be describéd in this section.
are discussed in Section VIII.

GLIMATE *

3 1

surface water, and air will -

Public health considerations —

- - > Ty

-
= + -

- : €.

U_‘ v
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for industry, and on the basis of various' theore

on local ¢limatic conditions  is difficult be

ause of- ﬁhe
lack of observations. . How‘ever, it4is possib

e to draw c

Eua}uatioﬁ'of the effect"of_igfgé land aﬁpliggtion sy§teméj_
i

»

er-

tain conclusions on the basis of observations taken around

reservoirs both before and after their establishment, fr

"Studies in the vicinity of large irrigation enterprisés,

om

‘e

from investigations around large "evaporative cooling towers

' tical’.
considerations. ° \ . . .

A

-

P

‘The,éitie§ man has built,

the swamps he drains, and the - j‘ "

reservoirs ‘he create

have  resulted in modification of the

climatic conditions ‘over rather limited

air pollution effects).. The re

the relatively small maghitudes
puts involved in man's activitie
in nature.-

The climatic changes that accom

‘are relatively local in extent.

gated tract will rapidly pick-up

areas, K (neglecting -

ason for this lies mainly in.

of the heat and moisture in-
s as compared with those

2

.

pany irrigation enterprises.

Air moving over an irri-
moistur€e and the air tem--

perature will cool.

all but the most arid region,

reached e§Quilibrium.

Within the first few hundred feet in .
the air will have esséntially
Once the air has 1eft the moist area,

moisture centent to its original low.value and return.the
temperature to its value upwind of the irrigated tract. .
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_practically impermeable

SOIL

< N

Soil .is affected greatly by -the a;blication~of wastewater,
and in many cases the reffects.are beneficial. Soil fertil-
ity- is increased by the addition_of nutrients. Soil tilth
is increased by the addition of organics, and in some

cases, excess sodium conditions have, been corrected. For
example, at Woodland, Caé§§ rnia, alkali soil .that was ,
mercial irrigation purposes, has been partially renovated
by wastewater application. ‘Although ‘'the soil is still. alka-
line, wastewater will infiltrate into it at moderate rates.

-

The effects of sodium on clay .soil permeability is dramati-’
cally illustrated by the pulping mill wastewater system in
Terre Haute, Indiana, which handles wastewater containing
sodium concentrations in the range of 16 percent of the' dry
solids. The sealing effect of thé sodium is so severe that
the fields must be rested several years'-and treated exten- , .

sively with gypsum before they can be used again. .

. s T .
Irrigation with wastewater can lead to salt and heavy metal
buildups depending on the soil, constituent concentrations,
and system operation. Toxic concentfations of copper-and °
zinc have apparently accumulated 'in the scil-at two sewage -
farms in France, but /it has-taken—over a century for them:
to develop [63%3 Toxic lewels of TDS in the soil can
3g:remedied by leaching, ‘resulting in increased TDS levels
M the groundwater, o ..

. . . . : Vi
VEGETATION . : _ . .

4

The applicatioﬁ of wastewater to crops is -very beneficial
because of the natural fertiilizers-and nutrients: in the
liquid. ¢ Vintually all,esseptial- plant nutrients are found
in wastewater.. On the basis of measurements made at .
Pennsylvania State University [21,-41], it .was found.that
the crop yield increases when wastewater rather than ordi-
nary water is used for irrigation. Yields for: hay increased
as much.as 300.percent;-and for corn, 50-percent.. - .
Heavy appli%atiqns of wastewater can damage and ‘kill vege-
tation, especially trees [26, 42, 53]: High temperature
industrial wastewaters [18] and high organic loadings

. {2,000 1b/a'§re/déy) ‘have also resulted in killing -

51}, .. .. - .
! e x T ”

vegetation

§
- a -
'

rain and unacceptable for com- .
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" organic and ammonium n

.

~ wells had concentrations of

-percolation will definitely affect groundwater quality, Lo

&

L3

GROUNDWATER

) o
groundwater by wasteya
-environmental wffect

Pollution of the
land is a serious

against.

As indicated in Table 2 (Sect

’

ter applied to the .°
that must be guarded
ion IV), infiltration-

g

and irrigation may affect it. The wastewater constituents
of major concern here are nitrogen, TDS, toxic elements,
and pathogens.. oot

. \ .
—_— N b +

Nitrogen Effects

Nitrogen contained in wastewater applied to the 1land ‘may be ¢

ammonium, nitrate, and v

Nitrite nitrogen is easily bxidized to nitrate in -

in any of four forms: “organic,
nitrite.

the presen

ce of oxygen so that

-«concentrations above 1.0.mg/L ..

for nitrite are rare.

Nitrate nitrogen may be applied to

the land when effluents are nitrified.
itrogen are the:

applied to-'land. . Lo

.Organic nitrogen, being suspended’ ipst
filtered out in the soil matrix and mi
into ammonium nitrogen. = The ammonium
bic conditions, is pxidize? by bacteri
(nitrification) to ni?rageinitrogenf

tained in sd6il and will léach read

Generally, however,
principal forms

L

ead of dissolved, is
neralized (decomposed)
nitrogen, under aero-
a'in two steps
Nitraté' i$ not re-

[52].

TDS Effects

t

i

Nitrate may be removed by p 1
_terial reduction to nitrog%n gas (denitrificat

ily with applied water
lant uptakefor by bac .
ion). A

. : -

The TDS concentration in the groundw
leaching of minerals from the soil.

ater is affected by the
The U.S. Public Health

Service: has recommended maximum 1
in public water supplies. {An ext
Crease of TDS in groundwatér due
Ventura in southern Califofnia.

water had a TDS concentration .of

evel for TDS of 500 mg/L
réme example of the in-
to irrigation-occurred at

The applied irrigation o

up to 8,128 mg/L [60).

TDS'buildups as a result cf iﬁfiltratf%n-percolatfon a

1,702 mg/L and-tihe test

re

less severe because only atout 10 percent or less of the .
applied wastewater evaporates. Because of the high liquid .
loading rates, the concentration in the applied wastewater
and that in the percdlate ?ill soon come to equilibrium.

- . ’ . ’
Industrial dischargers with high TDS wastewaters may be- |,

constrained against using land application.” At Beardmore,
Canada, application of tanmery wastewater with a salt con-

-

centration reaching J,OGO‘Tg/L has resulted in a chloride
g A . ‘

1
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. incregse ih'adjécent potableé waterﬁsﬁbpl} wells which .

-

X . . riTd . . _)
— E o, . . * -

. -~ . . -

is’ threatening the existence of the plant [42].

» - L

Tracé Elements ) ‘ .

Trace elements include heavy metals, such as chromium, lead, -
ot copper; and refractory organics. ‘Heavy metals' may-be «
fixed -in the s¢il and rendered nontoxic by bacteria under
cometabolism [36]..- Chemical precipitates. that -are formed
can .be leached out of the soil if a heayy loading occurs
or if a §igqi§icant decfease in_ pH occurs. :
Orgamics that are degradable are easily oxidized in the
soil ‘matrix and, refractory. organics are usually fixed'in
the soil by adsorption. Some organics such as humic acids
are mobile in the soil. . e

L4

o

‘Bacteria and Viruses Foo .

. The movement of bacteria and viruses with the pe;colating ~
water is not likely to “caude a threat to health./ On the

basis of results from numerous studies at existipng sites /

and in laboratory experiments, it can be concluded that

most bacteria .and viruses are removed after passage through ) 6 :
a few feet of soil [6, 14, 17,-23, 24, 25, 29; 64]. At

Santee, Califormia, viruses injected into the percolating

water wereg complepe&y‘remdved in 200 feet of travel [31]. o,

SURFACE WATER~ ‘ A SR

.
- -

- c - . - -
The effect op surface waterS of land appliCat&on;Qf waste- .
, water can b¥ in_two areas. First; the discontimnance of
discharge of treated effluent into surface water§ could,
affect navigation and the flow rates associated yith down- -
 stream uses of the water; in tidal areas, it could also
permit the intrusion of saline waters further upstream
than usual. ' e co }
. . . . - 4
Second, irrigation with underdrains and the overland flow
techniques will"produce an effluent that could 3; disy |
charged to surface wdterS. In these cases stredm discharge®
standards apply and the effects of effluent congtituents -’ ,
must be evaluated. Genérally, with ovérland flaw runoff,
the only constituents that may be of conagern woyld-be the
phosphorus concentration. The bacteria and,virqses should
not pose a problem. Overland flow at Melbournef Australia,
resulted in a 99.5 percent reduction. in E. Coli}[22]. oo
- i
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AIR ¢ .

-

Concern for effects on the air, from land application centers

around the use of sprinklers.

: or anaeroblc.
- difficult to spray, aerate,
+ some odors.

wde

ERIC . . .

PO .1 7ex Provided by ERiC

46

The effects of laffd applica-

‘ tion on air include generation of aerosols and odor. .
Aerosols will be discussed in Section VIII.
produced by spraying but can be_spread that way.

} generally a sign of system overloadlng, poor management,

- both, provided the wastewater applied has not become septlc

, Once a wastewater becomes anaerobic it.is

or spread it-“without producing

Odors are not
Odors$ are
or .

]
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SECTION VIII ' .
PUBLIC HEA;;E cqﬁSIDERATIQNs ' -

oy i

The passing of the Federal Water Pollution Control Act
Amendments of 1971 and 1972 has drawn attemtion to the use
of land application of wastewater. Stricter laws and regu-
lationg by. both state and federal agencies on health as-’
pects of land application will uindoubtédly ‘be passed in the
future. . ' ' - :
Public heglthﬁaspects are related to-gf)_the pathdgenic

' bacteria and viruses present in municipal ®astewater and
their possible'transmission to higher,biologicalfforms in-

. .&luding man, {2) chemicals that can.pose dangers:to health,

3 -

“and (3) the propagation of insects that cobld beivectors
in disease transmission. e . } ’

{

\ ) :
_REGULATIONS BY STATE AGENCIES"
& " . : L e -
There is no‘upiform pattern to the rgqgulations in the United
- States. In 1968, Coerver [9] indicated that 11 states
had a specifit poliey toward sewage-ifrigation, while in
1972 at least; 17 states had specific regulations [8]. ' The
. use of untredted sewage or, primaxy effluent qn vegetables
grown for human consumption is generally prohibited. Some
states allow the use of completely treated, oxidized, and
disinfected sewage on fruits and vegetables which are eaten
raw. Other states ban the use ‘of afiyj sewage effluent for
irrigation of truck crops and vegerab €s., Milk_cows may
not pasture on sewage irrigat ands' in..some states, for
fear of typhoid infection transmitted by udder
contamination [54]. - Many states are.currently.revising or
producing new regulations concerning gand application of
wastewater. - o . S we't

e LI

n . : _ ) : |
SURVIVAL OF PATHOGENS . ! ’

~The survival of pathogenic bacteria and viruses in sprayed
aerosol droplets, on and in the soil, and on vegetation has

"3
%

;) ' \ —




ported by Merz [33] concludes that /the bacterial tralel is”

operation [57] . o i

Ly

3
e

. &

SRR X A

received considerable attention. It is important to real- :
ize that any connectign between pathogens applled .to land
with-wastewater and the contraction ‘of disease .in animals,,

or man would require a long and complex path of epidemiglog-

ical-events. Nevertheless, _questions have been raised, -
concern exists, and precautions should be taken 1n‘deallng
with the possible disease transm1551on .

® - . . -
Aerosols’ N ‘ o

Aerosols generated in connection- with 1nadequate1y disin-
fected ‘'wastewater may contain'bacteria and viruses.

™ )
Aerosols are droplets of 11qu1d that have become airborne. 4 1
Spraying such wastewater will produce aerosols as will

deration tanks, trickling filters, and nonsubmerged

outfalls [44].
The travel time and distance of bacteria Ln air has been —
studled in the United States and in Europe. The Stuﬁy ré-

limited to the distance of “travel of the mist from ‘
'spriklers. Sepp [54] reported that, in a German study,
the hacteria traveled from 460 feet to 530 feet w1th(a P
6.7-mph wind velocity. -It was’ estimated that the max1mum§
travegl would’ range from 1,000 feet ‘to 1 zﬁb feet with an | .
11-mph wind. ~ Most of the mist and bacterla landed w1th1n1‘ -
half ithe maximum measured distance., r : . ~
5 » - . }
Studées have been made on the favonable .conditions for bac-¢
teria to live in ‘agrosol particles. It-was found that, as
the gelative humidity decreased and air temperature. in- ;!
creaged the death rate of the bacterla increased [44].
Sorber" [37] Indicates that a 50-microh water.droplet will .
evapgrate in 0.31 seconds in' air, w1th 30 percent,relatlve~ .

" humi 1ty and a temperature of 22 deg C. Thus, de551cat10n

is-a: maJor factor in bacterial die-off.

~ 4 v

Flnally, aLthough much remains” to be determlned in 1nvest1-'
gatlﬁg aerosols and-their potentlai infectivity, many } O
safeéuards can,be‘establlshed Améng thes¢ are- adequatee '
disinfection, sprinklers that spray horlzontally or down- .
ward/with low nozzle pressure, and:adequate buffer zones:

Buff?r zones may range from 50- feet to.1/4 mile around a’ .
site'[54] . 'Low-trajectory nozzles and scréens of trees-2nd -,
shrubs can be used to limit aerosoi travel. The travel- ,

ing rig Sprinklers designed for Muskegon, Michigan have .
beenimodified to direct the spray’ trajectdry downward.

Studies of aerosol drift are belng planned for the Muskegon

’. -

J P

x : . ' -

{ ‘1‘ * 4 t . .

;o %3 .3 ‘ ;
¥ b '




. - ‘e, N
Survival in Soil and on Vegetation U

The surv1val of pathogenlc Qrganlsms in the: soil can Vary
from days to months depending on the 501Y'm01§ture, soix
temperature, and type of organism. Sepp [54] and Dunlop
[13] have prepared extensive tabulations- of survival~ times’

of various organisms in soil,

in water, and on vegétation.

In relation to survival of collform organisms’, some bacteria
The survival of L

do survive for a longer time in soil.

.. viruses in soil is essentially unexploréd [57].
eral,

In ‘gen-

bacterja die more rapldly on vegetatlon thaw in-soil.

GROUNDWQEBR POLLUTION

~Chemicads such as nitrates-and TDS can p eSent health ‘has-

ards if they are present in high concentIatlons in ground- .

water that is used as a water supply. Because hitrate has d
~ been demonstrated' to be the causative agent of’ methemoglo—
binemia in children, *its concentration”in drinking water Ais
limited by the U.S. Public 'Health Service Drinking Wat®
Standards to 10 mg/L as'nitrate nitrogen. TDS: 11m1ts in
drinking water are recommended to be 150 mg/L. because high
values of TDS'cdn be harmful to people with cardlac, v1ra1
or C1rcu1atory diseases [571. . }i

.

.

I%SECT PROPAGATION o : -

— 'i...\qam

Propagatlon of mosquitoes and flies poses a health hazard.
as well as a nuisance condition. Mosquitoes are! known
vectors of several diseases [57]. In the Pennsy}vanla
State study, mosquitoes increased in population mainly be-
cause of the wetter environment and the avallablllty of

standing: puddles for breeding [41}. °

* ¢
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major adverse environmental effect has
of mosquitoces.
lem -was anticipated, and mosquito fish
planted in the ,runoff collection sump.

grown ample drying should be scheduled

At Hunt-Wesson, Davis,

‘.At several Callfornla industrial ‘land appllcatlon sites ‘the

béen the propagation

Californin, the prob-

or gambu51a were
Where vqgetatlon is
in the\operatlon to

JTVRVN

prevent massive moesquito propagatlon. 1 R
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SECTION IX, S

COST EVALUATION

~ .Cost evaluatlons for irrigation, -overland flow, and
infiltration-percolatidn will be discussed in th1s

* section. Cos%i of existing systems will be. reported, and
typical costs will be presented for a hypothetlcal 1-mgd
system operatﬁng under each of the three approadches. |

- » z

REPORT?D COSTSA - )

&bsts reporte¢;1n the 11terature are scarce and are given,
'in various un § . Capltiiéiosts will be presented,
1

3
{
; -
often as p0551 le, in dol s per mgd or dollars peg acrg
Where amortlzatlon of capitalicosts: is possible, the re- '
sults will be’ g1¥en in cents per thousand gallons of treated
wastewater. efating and maintenance costs will be give
in cents per thousand gallons of treated wastewater when-
ever possiblel, = . =/ .

% : v
e a ¥ :
Irrigation { - S L '

.

@
 Capital costs’for irrtgation include those for 1an&*'pre
treatment, trqnsmlsslon, and distribution. - Operating an%
ma1ntenance costs are for labor, maintenance, and power.

. There are direct economic benefits from irrigation that dan
offset some of the operating costs. |

Land costs Vary tremendously but APWA found that a tyggc 1
‘price in 197Ziwas $500 per acre. Pretreatment costs forja
l-mgd system fange from 2.7¢/1,000 gal. for screening to
34.6¢/1,000 gal. for activated sludge: These costs are
totals determlned by adding amortized capital cgsts (25
years at' 7 percent) from Smlth [S5] to operating and malﬁ
tenance costsi' .The costs were updated to a Sewage Treatment
Plant Construction Cost Index of 192.8 for January 1973 {
(Index was 100 in 1957-1959). . .

§praxﬁIrr1gation - Costs for spray irrigation are highly
.+variable, as $hown in Table 7. Reported capital costs ' :

N . R
i -
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~ . Table. 7. Reported Capital and o °
e . Operating Costs for Spray Irrigation .
. ' . )
> - . . a , . '
) .Capital cost, Operating
) Year » Flow', Area, . cost, )
Location ., started mgd acres $/acte ¢/gpd ¢/1,000 gal. Reference
——Belding, 1973 0.80 15.6 5,100 11.5 -- 64
“-f” Michigan . : . \/ ) .
. Ephrata, 1972 0.44 55 3,700 47.0 6.8 ~-
Washington - ' e - .
. o e - ~ -
Pnnsylvamia 1967 1.0, 129 2,700 - .- 1, 39
’ State » 0 . v . o
University - . >
.'Middleville, 1970 0.15 30.6 2,090 41.8 -- ot 64
Michigan M :
St. Charles, 1966  0.50 50 ‘1,900 19.0 8.7 , -0
Maryland * : ) .
Wayland, 1970 0.5 53, 1,490  20.0 -- 64 '
Mithigan . . .
Moulton- .> . *1966 1.0 .- 1,500 - -- -
Niguel Water / . . &
District, . . . 3
California i
Idaho Supremej 1968 ~ 0.63. 80 - 860 - -- --
< Potato Co., : ’ "
. Firth\ Idaho - . » .,
v "3
Portales, 1968 1.0 120 140 -y -- .- ,
~ New Mexico . . . ,
Jiabasas | 1965 3.0 420 -- 23 37 R
California ] o ’ .l 4\
- i _ b.‘ "' . i v. 4 1
.?" i . N o ] . ’1_—0
a: Capitpl imgprovements made from initial year to 1972. .
' b. Based on 1972 budget.. < ) ;.\) j #
. y .: } 1 . f
i ! .
- . > ; ' ' H
*
Y te > ! p
i \ ‘ oo . *
. ,»,l . . . . ;
‘- \ ? - *
N — v .
— ~ { .
H o >
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, .-.and this is reflected in the lower operating costs in{ .
> Table 9. o - - » 7, T

’

“

- -
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range from $5,100 per acre for a solid set gystem to $140 _
per acre for a center piyot rig. Solid set systems are_
most common for munitipalities, and the remaining systems
‘that are listed in Table 7 are predominantly solid set.
Capital cost components for spray irrigation include pump-
_ing, transmission lines, and distribution network. In some
" cases earthyork,,.such as levelingsand cultivation, or
drainage systems are required. . v .. :

Operating and maintenance costs range from{a low df
2.7¢/1,000 gal. as,shown in Table 7 ‘to 23.9¢/1,000 gal. for
a cdnnery operating on a seasonal basis. Cost compbnents -
are power, mdintenahce, apd labor, - T

— l

Ridge and Furrow Ir?Tgétion — Ridge and furrow systems re-
quire a uniform slope of 0.2 to 0.3 percent, and thus earth-
work.-may be a major cost item. In rolling terraim, such as. .
in western Wisconsin, the cost is high because of earthwork,
as shown in Table 8. On. the other hand, in the relatively
flat land near Bakersfield, California; the costsxﬁré’ﬁﬁch
less. At the Mount Vernon Sanitary District,.the cost was
$75-per acre which'included leveling, furrow preparations,

and fertilizing [32]. . Fecre - o "

-

Operating and maintenance costs aré dependent upon the
amount of maintenance required. ,Ifﬂfreguent cultivation

and maintenance of furrows 1is regpired, the costs will be
higher thawm:for spray'ﬁystems: :° ) ’ ' .

Flood Irrigation — Capital costs for flgod irrigation, prd{‘
vided the land is relatively level,.are léss than for spray -«
or'ridge and furrow-systems;- as shown_in Table 9. As with
ridge and_furrow irrigation, the entire transmission ahd
distribution system can be by gravity. Maintenance for
~—flood systems is generally less than for ridge and furrow;

e

3 g ¢ h,/" ’ y o o2
Economic Benefits ;— Cities such as’ Woodland, California,
Abilene, Texag., Pdmona, California, and: San Angelo, Texas, °

g :_&erive dirécf benéfits in different ways. At Woodland, the

city's land is leased for $23 per acre for; summer irriga-
tion, and in addition, a ducklé)ub)pays‘about $6 per_acre
fox *he same land 'for late fa¥l duck-hunting privileges. - ’
A ilene, city land. is léased for $12 per acre, and addi-
tional effluent is provided to adjacentsfatms in place, of
ecash payments as a result of a lawsuit settlem€nt. Pomona
purchases treated 'wastewater from the Los Angeles County .
Sanitation Districts at_§7 per acre-foot-and sells it

to various users at.§5 to $22 per acre-foot. At San Angélo,’

four city employees operate the 750-acre city farm.at a -
o ] N \O'n Q« ..
.‘ . . ". - -
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‘ Table 8. Reported ngital and Operating
R " Costs for Ridge and Furrow Irrigation
’ .. Capital cost,® Operating - ° - .
Year Flow, Area‘ M cost, -
Lecation started "mgd  acre $/acre ¢/gpd  ¢/1,000 gal. Reference [
Wisconsin 1954 -- 3 2,000 - - . T 49
. creamery ' W .
“ " Minnesota 1950 .- . 2.8 300 .- - 49 ;
‘' creamery . ‘ 3
r ’ . - -7
s . Bakerf 1e1d .. 1812 12.3- 2,400 -2 21 4.8 “ -z .
™" California y -
v N . . N v - ,. . ’

:  Mount Vernon 1948 ®. 1,000 75 - .- 32 )
Sanitary ’ M
District, . .

» California ‘ 4/
] . . & %
f Minnesota ™953 R -~ -- 22.2¢ > . R
+ cannery , ’ - .. ) . L . ¥
. ontdrio 1958 0 t- - .- 12.7 43 "
-, ¢ tannery - j). p A, L RN Ll . E%,
. l 1 g b P 4: v - o - ¢ {(":
° s 1 1 . v "
a. Capital improvements made ftom initial year <o 1972. @ '
e b. Based®on'1972 budget. L T
— . c. Costs. for the year dta ) N o .
. . ‘Y '
U ' Table 9. Reported Capital-and - .
e o . Operatlng Costs far . Flood ITrlgatlon . RN
S N v, o et . L.t - i s
o a : 2 N, : .Y/
S B I . a S
e, ! R ‘ ’ [ - -Capital cost’ Operatin’g . - , . O
v, e o Year. JFlow, “Wrea, - _ cost,
“Location ‘starfed " ‘mgd Cres $/acre ¢/gphd ¢/1,000 gal. " { ¥
A - ; N tog
v , L. // ] . ’ ]‘ L\ . " .- . .é .
E .. Abilene, © 21920 4.5 1,550 .  -: 7.0 ) .
» " Texas ’ P o o1
° it . ? ¢ , !
/‘ & ) Woodland, ° 1889 8.7, , 280 _ ==, . -- _ :4.2 '
: - '’ Califdrnia, - o
T ' T ’ ’ ) ° 7 o
L. ) Ely, Nevada 1908 1.5 1,400  '-- 11 4..0 :
e A@elo, 1933 5.0~ ., 640 - 4 3.0 !
N Texagy ' . i : ' 3 .
N . 7 Lt o ) ¥ A Y T t‘ s"\ Vo
AN .? \ . _l\ ! - — P
< " 1 , O

*‘“\-t\b Based on 1972. bud‘ét

I ;o i
‘,1’P ‘o, . 7o Loy
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“grofit—ef 430 per acre. The operating costs for 1972 of
54,000 were offset by an annual retdrn of $76,700. '

Overland Flow ‘ )
) . Ld . ( ¢

An overland flow system is similar to a spray irrigation
_ . system in that sprinklers are used to distribute the water.
The main differences are that the land is sloping, the ’
water runs ofi, and the crop is noet dlways harvested. _The
-capital and operating costs aré‘evaluated in the fOlthlng
dlSCUS%lOD. ' . o

v

Capital Costs — Capital cost .items include land, .pretreat-
ment, transmissiom; earthwork, distribution, and collection.
Land ceosts are quite varlable, even at the Paris, Texas,
’ 51te they varied from $50 to $600 per acre fer the 500 acres
purchased [8]. Pretreatment generally consists of
screening. Transmission generally is by pumping.
Earthwork will vagy with the original topography of the -
site. At Parls, Texas,‘rolling land was regraded at a cost
of $306 per acre for clearlng, $108 per acre’ for grass
cover, and $188 per acte for miscellafl®ous work. On the
other hand, complete regradlng of flat land to 2.5 pergent’
“=“slopes at Dav1s, California, cost $§1,500 per acre. - --
. r .
The original dln{rlbutlon system for Paris, Texas, cost
$348 per acre to install [8]. The: cost in 1971 for the
piping at the Hunt- Wesson site at Davis, California, was,
about $1,250 per acre. , ‘ .

——

Collectlon systems for the runoff are normally 1nc1uded
under earthwork. At Davis, California, the cbdllection
ditches amounted to 10 percent of the earthhork cost- or
about- SlSO per acre. . ‘.

Qperatlon “and Maintenance — Data on overland flow facilities
are scarce because of the  limited number of .0verland flow
sites 'in operdtion.. At Parls, Texas, the annual operational
cost is 5¢/1,000 gal. The operational cost is reduced
sllghtly by the 1ncome of 0.4¢/1,000 gal. from crops pro-
duced on the site. At Davis, Ca11forn1a, the annual cost

. is approximately 5 to 10¢/1 000 gal. !

s

. ﬁrlnflltratlon Perqolatlon -

»

”"Capitaf/;nd opetating costss for infiltration-percolation _.~
" systems will geﬁ€?ali?—be less-than those for irrigation or
overland flow because smaller land areas are used and dis-

v tribution is 3% grdvity flow: For high rate systems, how-
.ever, préetreatment needs are substantially greater for =

4

.
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, At Westby, ' Wisconsin, basins were constructed in a 5 per-

-2 acres are expected to be high. . =

_their capital and operating costs could be compared. These

Pretreatment ' .

- 1 . -

a Tuo | S ss70 o
ERIC ’

infiltration-percolation than for irrigation or overland
flow. - . -

Capital Costs — These are costs for land, prétreatment,
earthwork, tfansmission and distribution, and recovery.

cent hillside. Land cost was $750 per acre and earthwork
was $2,500 per acre. The earthwork cost at Flushing

Meadows, ‘Arizona, was $1,500 per basin orf$4,500 per acre.
This was an eéxperimental ‘research effort and costs for the ,

Y

5

Buxton {7] has calculated -the cos £ transmission and dis-
T

to
tribution at Flushing Meadows at 398,000. The recovery
wells there (600 gpm) are estimzted to cost $35 per foot, )
or $17,500 for each well. . .
Operation anpd Maintenance.— Cperation and mnaintenance COsSts
for infiltration-percolation systems consist of costs for
labor, maintenance, a¥d power. At Flushing Meadows,
Arizona, the€ operating cost is 2.4¢/1,C0980 gél. while at
Whittier Narrows, Californi&; it is 2.7¢/1,000 gal. M

. ot .
Simpson Lee Papér Companv operates two pulp and paper waste
disposal systems -by imfiltration-percolation. At Kalama:eo,
Michigan, ~ in./day is applied by spraying and at Vicksburg,.e
Michigan, ®n./day is applied by spraying.. At Kalamazoo
the operating cost is 2.6¢/1,000 gal., and at Vicksburg the :
cost is 2.9¢/1,000 gal. Pretreatment costs for primary
settling are included in”"both costs.

- L I
COST COMPARISON FOR HYPOTHETICAL 1-MGD™SYSTEMS
Hypothetical 1-mgd systems for spray irrigation, overland
flow, and infiltration-percolatjon were assembled so that

-

h ¢

systems were-assumed to operate continuously without

storagé. Typical costs were assigned for each component

of the system, and the totals are .shown in Table 10. - .
Capital costs in cents per 1,000 gellons are 10.1 *for
spray irrigation, 9.5 for overland flow, and 5.3 for

infiltratijon-percolation. .Operating costs in cents per -
1,000 gallons are estimated to be 9.6 for spray irrigation,,
7.6 for overland flow, and 3.5 for infgltrationppercolation.

- . -~ -
R f

~

Costs for pretreatmen} have net been included in the cost
buildup. 'The extent of the meed for pretreatment for.rri-
gatiop and overlend flow has not been firmly established.

. 3 .
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Tabie 10.

a

Comparison of Capital:and ‘Operating

Costs for 1-mgd Spray Irrigation, Overland Flow,
and Infiltration-Percolation Systems?2

.

”

-
-

/
a

o

. -~

y
,l
C—&! x:env 5

Spray :rrigatioca Overland £1ow™ Infiltration-percolation

u-‘ -
Liquid loading Tate, ia./vk 2,8 t.0 60.0
Land used, scres 183 ’ s¢ -- e )
Land required, uresb . 124 "17 ' 5
Capizal cos\tzs ! . - '
Lend ¢ $500/acre § 62,008 $ 38,500 00 )
Earthwork 10,330 64,060 . 19,000
3 . R
Puzping statiex $3.23%80 £2,200 , -
}sraasmissiea 132,400 137,000 . 132,600
Dastributien 184,20 64,000¥ $,000
Colleitron &, 000 30,000 °
. i — —— — .
Tetal capital costs ° $398,300 §33¢4,509 $179,3500
) - [
Capital kest per \ . - -
purchased cre €3,200 $4,600 $35,800
Azorirced cost© §3°.200 534.:00 N $15,300 — °
Capital cost, ¢/1,000 za.l. 10.1 ‘s 9.5 ° 5.3
. . o
Y ¢ R
CLpera:xng costs ‘ .
Lador . $10,000 $10,000 * g 2.500"
Hainteaaace . 19,400 12.000 , S.Souo-
‘ .
Pover ’ ) 5,380 . 5,800 . 1,860
Total opefating costs . . §35,200 $2°,800 ’ $12,800 . a\
Operating cost,-¢/1,000 gal’ s s Y 7.6 3.5 o
Total cost, ¢/1,030 gal. 19.° 171 P 3.8
. r - P
a. Estinated for 1973 dollars, ENMRCC :ndex 13%0.and STPOC *ipdex 192, -
b. 20 percént additionai land pyrcalsed for buffcr zomes and additional capacity.
c. 15-year life for capital 1teas, excluding land, interest rate 7 .pepcent. )
. T ~ ’ A
S ' . - . ®
® °
\ * . »
- A . *
i . R ; 0
o ' [ . 9
‘ N < A .
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Itrigation.with primary ‘effluent has been successful; how-
- ever, recent’ regulations mdy require secondary quality for
irrigation. Screéning and comminuting may be the minimum
pretreatment required for overland flow, but’ this Tequires
fuil-scale substantiaas#h. High rate infiltration:
percotation requires secondary quality, 2lthough moderate .
rates can be maintained successfully with primary effluent.
Land , . ; ) v
The land needed for each system was calculated from-the
1-mgd flow rate ahd the liquid loading raté. Typical load-
ing rates were chosen, and the resultant land area was
increased by 20,percent for buffer zones for spray irriga-
» : tion and overland flow, or excess capacity for infiltration-
‘percolazion. A land price of £500 ﬁer:acre was chosen as
typlsal. . -

Earthwork- .

For Jarthwork tosts* it was assymed that some land prepara- ¢
tion wasirequired for spray irrigation azi $I00 per acre.

For overla®c¢ flow, werracing required major earthwork
(assuminig previously level 1and) at $1,000 per acre. Also
included were costs for pteparation,, planting, and
fertilizing. _For infiltration-percolation basins, ten
1/2-acre basins were required at $1,000 per’ basin. . ,

S
.

Pumping Stations , ‘.

A 1-mgd package pumping station w%yld_cost.§so,000 for both
the spray irrigation and overland Flow cases. It was as-
sumed thaf the wastewater could be transmitted to the site
by gravity HRlow; therefore, no pumping sfations for distri-

bution were fincluded:for infiltration-percolation.
Transmissiof ' / =
. . . L}
The hypqthétical site was_located 'l mile.from the treatment
plant or wastewater source. Transmission was by gravity
flow through as24-inch pipe, jinstalled at a cost of §25 per
foot. It should be noted th&t the same plot of land was
not being considered for each approach.
- ‘ lb

.

Distribution— - - -

v

For spray irrigation the cost ,per acre in 1973 dollars is
$1,400.. In determining this cost, use was made of a set of
curves developed-by Allender [1l] presented in Volume II.

» *

/ . N

.
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For overland flow, the diStribution pattern was not square
so a typical cost. of §1,000 per acre was chosen. Similarly,
a ‘cost of $1,000 per acre was assigned for distribution
among the 10 basins for infiltrAtion-percolation.

Collection +
For overland flow, a series of cgllection ditches were
required at a cost of approximately 10 percent of the .dis-
tribution costs, or $6,000. For infiltration-percolation,
3 wells for recovery were required:. The wells had a capac-
ity of 600 gpm each and, at 100-foot depths, cost $30,000,
including $15,000 for recovery pumps. .

Operation and Maintenance .

- — : ‘. .
Labor requirements were based on one man, full-time, for
sprgy irrigation and oyerland flow. A single mdn three-
fourths of the time was Hecessary for infiltration-.
percolation.

Maintenance costs were calculated as 10 percent of thé

€apita® costs of pumping stations, distribution, and .

colléction. Power.costs were variabde, but were expected
to be Z2¢/hp-hr. - . _

N
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SECTION XIT - .t

GLOSSARY OF, TERMS ABBREVIATIONS AND
CONVERSION FACTORS /

~  TERMS I : J

.. Adsorption--A process in Which soluble substances are
attractea to and held at the surface of Soil partlcles.
‘Advanced waste treatment--AddItlonal treatment de gned to
redyce concentrations. of selected constltuents sent in
wastewater after secondary treatment.

-
b

» AMdkali soil--A soil with a high degree of alkKalinity (pH.of: ~
8.5 or higher) or with a high exg;angeable sodium content
. (15 percent or more of the exchange capacity), or both.

;ppllcatlon rates--The rates at whlch the liquid is dosed

|
to the land, usually in 1n /hr. : A .
A u1fer--h geologic farmatlon ‘or strata?that contains water
transmits it from one point to anothér in quant1t1es _ o
.suff1c1e t to permrt economlc development. . S el

Border strip metho*--Appllcatlon of water over the surface

of the soil.. Watar is applled at the upper end of the long,
v relatlvely narrow str1p '
2 ,:’, Co T
s

|
|
Consumptlve use--Synonymous with evapotranspiration’ . }
|

Contéur ch%ck method--Surface application by floodlng

Dikes cons cted at contour 1ntervals to hold the water..

[
-

k=
Conventional wastewater treatment--Reduction of pollutant \\\_
concentrations in wastewater B"ghyslcal chemical, or
biological means. . i
Dra1nab111ty--Ab1$1ty of the soil system to accept and .
transmit water. by 1nf11trat10n and percolatlon .

- s & i N —]
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[ 2 . ”
‘_Qave prec1patat1on--Prec1p1tat1on that enten§ the soil
usefuwl for plant growth _ !

[y

ransp1rat1on--The unit amount,of water used: on .a.
area in*transpiration, bu1ld1ng of plant tissue, and
‘“.orated from adjacent 5011 SnOW, OT intercepted prec1p1y
’tat1on 1n any ,specified time.

v .
LS -

F1eld area--Total area of treatment for an overland flow
system Including " tggawetted area and runoff area.

F1xat1on--A combination of physrcal and chemical mechanisms"
in the soil thatlact to refain wastewater constituents
within the. soil, including adsorptiona, chem1cal precipita-*

tion\\\nd ion exchange. .

Flood1ng--A method of surface appl1cat1on of water which

'“ includes border str1p, conﬂour check, and spread1ng methods .

Grass f1ltrat1on--See overland flow. . we )
Broundwater--The body of water that is retained 1n ehe‘sat-
urated zone.which tends to move by hydraulic gnad1ent to
lower levels. : .
Groundwater table--The free surface elevat1on of *the ground?F
water; this level will r1se and fall w1th additions or - @
. w1thdrawa}s . . .
Infiltration--The entrance of appl1ed water 1nto the soil
throu‘h’the seil-water 1nterfafe. : X
. \4
anr1ltrat10n percolat1on--An approagh to land appl1cat1on r
in which large volumes of wastewater arerapplied to the ‘&
land, infiltrate the surface, and percolate through the
‘soil pores. . . : ,
‘Irri at1on--Appl1cat1on of‘Water }o the lan® to meet the
growth needs of plants. . v
tand appl1cation--{he d1scharge of” wastewate} onto the soil”
tor .treatment or reuse. . e, Lt
4 N " -
“‘\
qudlng rates--The average amount of iiquid or solids
. appiled to, the land over a fixed time perlod taking 1nto
-+ account periodic resting.
L s1meter£5A device for measurbng percolat1on°and leaching
Iosses from a‘'Column of soil. -Also a device for collecting"
soil wdter in the field. = . \ . . g
: ) ‘ e o
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oq

M1cronutr1en --A chemical element necessary in only small
_amounts (less than'l mg/L) for m1croorganlsm -and plant
growth. : 5 -~

-
°
.

a

Mineralization--The conversion of an elefent from an or-
ganic form te an inorganic form as a resﬁlt of microbial
decomposrtlon./ ' : N ) -

‘Overland flom--Wastewater treatment by spray-runoff (also
known as ''grass flltratlon”) in which wastewater is sprayed
onto gently sloping, -wglatively impermeable soil which has
-been planted to vegeta Qn., Biological oxidation occurs™
as the wastewater flOWS oyeT the ground and contacts the _

°

- TDiota -irm'the vegetative, 11tter. : .

- .- v ‘.

Pathogen1c organlser—Mlcroorganlsms that can transmit o

diseases. .. . 7. : -5

Percolatlon--The movement of .water through the soil pores
.- ‘once_it has passed the 5011-water 1nterface.

P "

“Ph¥totoxic--Tox1c to plants. ° .
.Primary effluent--Wastewater that has been treated' by
screenlng and sedimentatiom. 0
N B . .
Refractory orgdnics--Organie materials not removed in sec-
,.ondary treatment. : -m"?

- i -

£

L Rldge and furrow method--The surface application of water
to the land through*formed furrows; wastewatdi flows down
the furrows and plants 4 be grown on theapidgés. ‘

o~

‘Saline 5011--A nonalkall soii containing sufficient soluble -

salts to 1mpa1r its product1v1ty

Secondary treatment--Treatment of wastewater by phy51ca1 ¢
chemrcal, or biological means such.as ‘trgckling filters,
act1vated sludge, or chemical prec1p1tat10n and f11trat10n.

Sewage farmrgg--Orlglnally involved the transportlng of
sewage to rural areas for land disposal. Later practice
included reusing the water for 1rr1gat10n and fertlllzatlon
of crops. - . . :

*

&

'Soil texture--The relative proportions of the various soil

separates--sand, silt, apd clay. oy T .o

'

Soil water--That water present in the 5011 pores in an un-~
saturated zone above the groundwater table. ‘

. . ’ ’
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~ ¥
Sprayin --Applicalioh of water to the land by means of
‘ @tatlonary or moving sprinklers. s ‘
.Spray- runoff--See overland flow. ' R » _
Tllth--The physical condition of a scil asorelated to 1ts ¥
‘ease,of cu1t1vat10n o
Traq;plratlon--Thg net ‘quantity of water absorbed through —°
plant roots and transplred plus]that used directly-in
bu11d1ng plant’ t1ssue ‘ , L
VlrUSeS--SmeICTOSCOPIC biologigal structures contajining : .
IT tEe information necessary for their -own reproductloﬁ T
. "1 3 % . v .
Wetted area--Area within the spray diameter of the . : .
sprinkliers. o ) . %
" ABBREVIATIONS - : '
acre-ft--acre-foot ‘ . . Lt
BOD --biocKeémical oxygen demand’ ” .
,‘BOD : --5-day BOD’ .
7 . . * . .
- --bushel . )
bu | ushelgy - e
cm. --centimeter .
COD --chemical oxygen demand
*deg C -sdegree Centigride ‘ .
. deg F --degree Fahrenheit 'r Cw :
Qdialin .--digmeter .
. E%RCC --Engineering News-Record ‘cofistruction cost. (index)
~fp; ) - -feet per second , ) ' \V
. ft --foot o = e N -
- - . . v ! . v -
' gad --gallons per acre per day ) ‘
.;al.‘ ‘--gallon ‘ 4 '
Igpd --gallons per day . R R
3 . ¢ ) A \I . DT
gpm --gallons per minute d "
‘ . v
- ""&‘ -

.
l‘ '




. , . A
hr --hour & - -

.
P . ) -~

* + hpsHr --horsepowet-hour " - -
. .in. ° --inch ' ‘ - IR L
. L . ; . :' X N
- kv, --kilowatt L e - 5 . .
‘ - I3 ’ N v ’ ’ i . L]
~1b .- --pound - - -, Y
.m - - -me@:&r- S . i
P A ) . - . .‘ * ' s
magy --maXJ.mums : S v /.
~ < N - .,’ y ! ,L:’ - h
ST TR 1 B3
. mgd --m11110n gallons per.diy - - ¢ § =S Ly
K ' S

%
-
cox” “"-“n\“ﬂ‘gﬁ'}\w‘lﬂ?r N

s o . . .
. mgfﬂ. -,rmll-llgrams per liter . . o - *,
\ ) . =, , . ) _;{f' . R :t;.
- mi - --mile . s L, o
T > L& \ . '
min --minute .’ . “y . .
s . ' . .
T - 3 L . .. Y . » , -
‘“ "y ml --milliliter _ =~ . ¢ , ' :
) ! X ¢ ) - - ' o I ! 8 ) .
: g © --millimeter P A ‘
T . T " . \ . . .
- mo --month : . N ) . . -
< v - . | . . - - 4
’ mph --m11es per -hour Lo o /
//‘Q FO : < -
! MEN --most probable number
3
y ! ppm --pa?ts per million Y

psi . *-pounds p_e:r. square inch -
SAR --sodium adsorption ratio

- ‘e . - ¢
. .
. . - . [ .

seg --“second - ) : .ot : ..

sq ft: --équare. foot - o e R
ca ‘ R SR - E
) SS --suspended $011d$ . .. : ; .
' STPCC. --sewage treatment plant construptlén cost (1ndex)

-« TDS _-_-tota& dissolved SOlldS , _ . -

' .
. . wk . -~week- . .. .

v o .. ..
YT _T-year ¢ C ' oy -
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T e L Tab}é 11. Land Appllcatlo,p Sltes Vlslted 1
. : .~ ¢ for ThlS Study A s
' . J - s - . —_‘ @A 7. . -, ;
)’ . A ,: - - ) \: - 1
b } __ i - - _ o ; i
. LN w e T - !
1. Abilene, Texas I N .
2. Moulton- N1gue1 WD, Callfbrnla . - .
’ . 3. Portales, New Mexico . o Lo
. 4. San Erancisco, California - . e
4 S Woodland\kgfihfornla .- . o ’ B
6. Jlake George, New.York . . " T, R ]
- , 7. Phoenix, Arizana ... ’ t= .o . ,_,*/'-' AN .
. 8.— Westby, Wisconsin - e N .- .
o= ‘ ‘8, yIdaho .Supréme Potato Co. Farth Idaho - . N
/- " 10. Eeardmore § Co., Ltij , Acton O,ntario ~Canada
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;o 2. Mount Y¥erpon Sanitary.District, falifermizp” . __ . .
% 3 Campb l‘Soup Company, Chestertown MaryIand “ e e .
. 4. Campbell Soup Cogpany, Napoleon,.bhlo T8 eq
5. Campbell Soup Company, Parts, Texas: : 7 et
o ©. Hunt-Wessgn Foods, Inc,,”Bavis, California * ., e
7. fLalifornia Canners § Growers, Thorntom, Californ¥a LV a-
. 8. ‘Campbell Soup Cempany, Sumter, South Carolipa > Y. -
: "*9. Seabrook Farms Company, Sez‘ibrook New Jersey IR )
- < 10. Sebastopol, Catifornia- - Lo o -
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_ Table 13. Land Application Fac111t1es, '
AN . On Slte Visits by, APWA . N -
- % -{ g
— ‘ K . - ‘ 3 \
= No. Agency and State, . No. Agency‘ahd State ¥
i 5 S K ]
o . A. MONPCIPAL = ! L
\ L. 5 .
© ARIZONA » _ . , . ,o T ;
o " N > ) PSS . . . ’ »
. 1. City of Casa Grande 17 ° Irvine Ranch Water- * 3 ¥
: Dist., Irvine , . -
—, 2 Lake Havasu San. _ Z - e
. 1hstr1ct Lake Havasu . 18 City of Oceans1d% .. .
-5 City of Mega, ‘é‘ 19 oy City of Ontario . :
T 4 City of Prescott 20 C1ty of Pleasantbn T .
el . . e
. 5§ ,City of Tucson 21 ° City.of Santd Ma§1a N
CALIFORNIA ) 22 / City of Sdn Bernardino
- /
6 Llas Virgenes ' 23 - Sante¢ County Water ' . ’
Municipal Water .o® Dist., San Diego . L
_ District, Los o ’ .
[ Angeles 24, " City of San Clemente. '
7  Camarillo San. 25 City of San Luis Obispo '
District, Camarillo - - y
e . ! 267 City of -Ventura. - ° 3
. Y 8. City of Colton : . .
= > 9 City of Dinuba . d = R ’ .
. . . . 27  City. of Colorado Springs . »
g 10 ¢ City of Fontama . T e :
- : ' : FLORIDA W, ‘. e
11 City of Fresnd N ’ , .
_ . . , ’ 28  Walt Disney World—
12 City,of Hanford . " ;
- 29 Oskaloosa County Watcr
.13 Vvalley Sanitation - _and Sewer District -
D1str1ct Eglan A1r Force Base.. - ¢
14 Roasmoor-Sanitation; *+30 C1ty of St Petersburg ., ’
. ) Inc.,Laguna Hills . X
< : . 31 City.of Tallahassee
15 City of bi’prmoro “ _ -
, : S _ .MARYLAND ., =
"+ 16 , City of hkodi : & oo .
. S " %2  St. Charles Utilities, ) ©
o . inc., St , Chatles - N - ‘
' 00 . 1‘7&? < * . > i N
'1 i . 1 .‘z ‘ -

- 4
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A

39

-

. NEW MEXICO. -~

3% .C%ty’of Alambgordd
36 . City of Clovis «"
37 - Cit9~of Raton
38 E'City of Roswell

o

City~of Santa Fe
Stlver Reoad Plant

" 40 City of Santa{F;%
Alrport Road Plant

* _ NEVADA -,
"41 Clark County

42° City of Ely

43 ' Incline ygll‘agz

44 City of Las Vegas

.

46 Unified Sewerage

Agency, Fores ove
47  City of Hillsbofo

a

. 83,

..@: .'.
(=3 . ®
b . 9~
‘T;a'ble 13.- (Continued) i
No. Agency and State No. Agency, and State
' Ay 7
" . i . 13 .
NEW JERSEY - 48 City of Milton-Freewater
——— . 3
33 Forsgate Sanitati®n, ~ . PENNSYLVANIA
Inc., Cranbury . , ¥
‘ ) s . , 5 49, Pennsylvania State U,
» “ 434 " +City’of Vineland ~. . % Stagi College-University

Par ¥ )
. 3

e

50. Citpof Dumjs *

51  City ofIKinigsville

52 City of L;Mésa o
Cityi; of Midiand >
54 'City'of Monahans
55- City of Saﬁ;Angelo
56 Ci;;.pf Uvalde
 WASHINGTON ‘
57. Qity'gf Eph{gtaf
SQ Town “of Quincy

-

@59 ity 'of Walla Walia

. JWYOMING ‘ /
OKLAHOMA ‘ — . e
- s - . i 60 City of Cheyenne
45 & City pf Duncan - o )
‘ [ . 61 City -of Rawlins,
OREGON =

MEXICO

(62 Mexico City, dry
) weather flow, treated

. >
63 Mexico City, dry -
. weather flow, raw

.
.
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o . (\ . . -

(Concluded) - © .

e ’
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* Table 13.
L

¢

N6y Name, City, and State No. Namengityg and State -
] _ ‘Y; g
B. INDUSTRIAL , | ‘
1i Green Giant Company 131 Hunt-Wesson Foods: Inc.
Buhl, Idaho -, ‘ Bridgeton, ‘New Jersey v
1S N - N .
2i W%%tern Firmers Assoc. 14i U. S:.Gypsum Company
_Aberdeen, Idaho Pilo® Rock, Oregon
3i . Celotex Corporation - 15i Weyerhauser Cempany -
Largo, Indiana ) -  Springfield, Oregon
b - - . 2 . - - .; , ‘ ‘o . -
4i Commercial Solvents N 161 Pet Midk Company
Terre Haute, Indiana \ Biglg@yij&é, Pennsylvania
5i . Chesapeake Foods | . 171 Hgwes Leather Company
¥, Cordova,~ Maryland Frank, West Virginia
‘ . . .
61 Celotex Corporation 481 ,American Stores, Dairy
. L'Anse, Michigan « Comprany , Fairwater,
- Wisconsin R
71 Gerber Products’Co. . . .
. Fremont, Michigan - +19i Libby, *McNeill-§ Libby
_ . Janesville, Wisconsin
8i* Michigan Milk Producers : ‘ “ e
’ Assoc,, Ovid, Michigan g . N
©9i Simpson Lee Paper Co. T -
Vicksburg, Michigan .
10i Green Giant Company .
Montgomery, Minnesota t N
11i  Stokely Van/Camp = ) ,
v (Fairmont, Minnesota®~ 3. - e
12i HtJ.Heinz Company *

Salem, New Jersey " i )
- . ’5 )

~ o . . T . // '
‘Y ¢ ’.
. 2 750 W e ,

»
P
- @ 5 - .
. o o
.
+ .
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PAFuiToxt Provided by ERIC

o n
: - - Table 14, Fac111t1és Visited
- . . by APWA, Data Not Tabulated a AL
. v N ~ “’ . .
3+ - y \\(
. - B D A
. \ - 4 3
) ggf - Name ' Reason ’
(m_‘ h ° .
i —* N o
1 - Barstow, California * Irrlgate only sewage ‘treatment .

Madera, Callfornla —:

Porterville,’ Ca11forni -

.3
2 .
i 4 Visalia, California
. R = A 1
<7 S, Whittier Narrows, v
’ California -
7 6 Yuba Qity, California

L4

[ 4 v
7 Nantucket, MassacHusetts

plant grounds

Lnflrvratxon pércolapﬁon

Inflltration -pe colation.

< e

~Flow*dlscﬁa¢g d to ditch’ -
All flow used|by abutting property
owner

r
R Y
Infilgratién-percolation
Ihfiltration-percolétion

Inflltrat%on p¢Téolat10n

‘ 8 Scituate, Massachusetts _/pflltratlon pé%eoiataon -
) 9 Cﬁﬁlup, New Mexico Facility abandoned
e 16— Hobbs, New Mexico Facility abandoned {\;7 .
L * —
. .
. . 4 . '. ., -
° , ﬂ‘ i
v ' _jﬁ 4 ' - ) R &
'A,‘ Vs "

ERIC  * > o

4 .

. s /
» \ ,,‘
g ¢ e
B .. ) .
¢

N 4 )
4 -
S ) .
< .
Y76 gY" Ve e
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Table 15. Responses to Mail Survey by APWA’ ™ e
.. ; . 3 :
’ i
L — ——— — R —
P " "No Agencyl 'tind-'Stia"ge > No. Agency and State .
v . . , ; . 3 _ '
- 2 A. MUNICIPAL .. IR a X !
. ' 5 .
AN . ARIZONA * ' -17 City ,of ‘Hanford’
. ] Te : . . * ] o o/
. _ 1 City of Winslow, '/ 18 ‘/C'v{of Hc{aldsburg -
. < ¢ WW Plang . 3 b
- o e 19 City of Kérman T
GALIFORNIA |
> . L , 20 City- of Kxngsburg ¢ .
AN 2 City of Banning ) .
: Y : 21.  City of Leucadia .
* 3 City of Brentwood,® s
. © oy 22 City of Ldyaltpn P
) 4 Bucllton Comm. JDist. ;
‘ - N .23 City 'of Patterson . \
P 5 City of Lorning, ; : - v- . R
- . : . - 24 City of P).;nedale . =
* 6 City of Corcoran’ ‘ o ;e
- LS 25 City of Pixley.
’ ‘7  Co. Dept.. of , "~ ‘ Y .
) Honor Camps . 26 Pomerado (o, _Water - e
. -_ District.{
.8 Cutler Public. R L
) % © Utilities Dist. 27, City of Péso Robles . -
9. City df bpixon, = : 28 "*’C{ﬁ(y of Réedley .
10 City of vF.l:ffinére\ 29 City Qf Riipon .
- <11 ‘Dept of Parks, a Rec: *.30 ~ City of Rﬁ/erbank e
) + - San Diego ' el
. .. 31 City of R1vcrs1de ’
<12 Eastern Mun’. Water .
) : Dist., San Jacinto- 32 San Bernarihno County
< ' -8 . . Special Dl tricts Div.
° 13 City\f Escalon i .
- ' \ C e 33 San Juan B utz-i:sf”x s
* 14  Fallbro)pk Sanitary j < e o
I Distr ct . o34 C1ty of Sa.}ta Paul-a', ;&f !
&5 . T2 C1~ty of Crcenfleld 35 C1ty of Santa Rosa :
“%,sﬁ 16 Clty of Gradley 36 . Clty Yof Soledad “'
I :
.. o ! o &
o ' Yo T
AY t A - s
. 4 . .t ’, .
- [ “?Q’ ' ; )
r- . ; \l
9 (4 ’v . P > '0" . K] ,
- . \ g ,.,; Wity . 5, e

~
~3
~3
D
»
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b . . N .
Table 15. (Cont;};nued) — R
. %Q;,‘
Agency and State " No.  Ageficy and State. .
CALTFORNIA 53 Village of Middleville
N . K \J »
37 S:I?thgi’;ﬁ Pub. s 54 - Ottawa® County, Co. il
' - \ Road Commission
38 Terra Bella Sewdr - ~
Mdln- DlSt- ’ 4 » Mo ANA -~
R . . 4 - . .
139 City of Tiptop -\ . 55 . Cl‘y of Helena
40 Cfiy ‘of Tulare 56 City of West ,,Yeilowstohe
41 Cfi:ty of Tuolumne - ( w S N
42  Valley Center Munic. 57, C1ty of -Grant -
: QWater District . s NEVADA ) o
43 gzlz:o.te:fg:dpomm :Serv. $8 Clt)’ of Winngrridcca'" '
Westwood Comm Serv. . - e NEWME—XICO . ]
R pls”““. ¢ . '; . 59 C1ty of Dovmgton LT
45  Wheatland Dept. of - ' ' g

52

Public Works -
[« 60 °

) N -
City of Woodland oy

.. KANSAS® - i o
' City ofiScott City ' Ql
City aof Suhlet;:e: )
mbfirean . 52

3

.. P <
Villageé of Cass%b olis "+ |’

NORTH "DAKOTA ..
City of Dickinson
OKLAHOMA, .
B01se {21 ty

OREGON ]
,Gity of Bend

TEXAY .

- . . . e
b ! < ' Yoae - ' Vry
City of East, dordan":.; s 63 3 City of Cotulla
Harbor Sprmgs Area,"f ', ] ‘ C1ty °f Colemhn
Sewage disposal Auth. 5 Clty of. COmanche
Clty',of Harr1§op %, 66 )City of Dalhart
g \, ,
\ » ‘r ’ ’ . , . )
: ‘ s T
« - ) . R L-" L
; . .a-"_ * i TN e -f' S e ,
’ ; :_ . I'4 . . ; 5\ \ .
' e e ‘.

P RO

Y
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Table 15, (Continued): ~  ° g
- ’ ~ ® -
No.. Agency and State No. Agency and State
- X >
TEXAS .73 City of Ralls :
67 , City of Denver City‘ > 74- City-o%VSan'Saba ot
68 City of Elsa . 75" Citty of S®agraves
69 City of Goldthwaite . 76 City-of Van Horn
70 _ City of Idalou 77 Gty of}mters
. -
71 City of Morton WASHINCTOV
; -~ - ) 5_., “a
72’ ' City of Munday ~ 78 City of Soap Lake .
T . + . N .
No. Ndme, City, and State No. Name, City and State
N 1 ‘
. B. INDUSTRY . :

1 * Beardmore, Div. of + +11 Simpson Lee Paper ,Co.
Can Packers, Acton, --. ~—Kalamazoo, Michigan
Ontario, Canada 1 .

. 12 Gréen Giant Company

2 Slmpson Lee Paper Co. ) Blue Earth Minnesota
Reddlng, California

13 Green Giant Company

3 Joan of ArL Company quato, Minnesota
(Pr1ncev1]1e Peoria) -

Il11lingts - 14  Green Giant Company
=" Winsted- Minnesota

4 Joan of Arc Company . . ,

”(Hoopesfon Vermlllon) 15 * Borden Co., Comstock
’IIlinois Foods, Waterloo,
‘ Lt _ New York~
5 ' Green Gjant Company * . T
Belvidere, Ill1n01s\ - 16 H‘P.Cannon § Sons,Inc.
. ﬂj‘ : Dunn, North Carolina
6 Campbell Soup o pany ° d )\ 3
. ‘Saratoga, Indiana 17 The Beckman § Gast Co.
' Mercer, Ohio
7 Pope joy Poultry . N L =
) Logansport, India 18" 'Crown Zellerbach -——-

. : . Baltimore, Ohio

8 Weston Paper & Mfg.Co
Terre Haute, Indiana )¢ 19 Deeds-Bros.Dairy, Inc.

~ . _Lancasten, Ohlo" :

9 Albany Cheese, Inc. P

. .Graysqn, Kentucgky 20 Libby, McNeill & 1;Bby

. ' T L1ep51c Ohio ~ 7

10 Duffy-Mott Co., Inc
Hartford Michigan .
| ] - / 1 -
‘ N M ! ¢ o

™)

f

g
pFA
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ERIC .

Aruitoxt provided by Eic:

-~ co - .
Table 15. (Concluded) )
. . . .
- l. . B
No. Name,_City,»and State No. Napme, City,kawd State
. 3 - . . }
21 _ Sharp.Caﬁﬁing, Inél e 29  Green Giant Go. m N
* . Rockford, Ohio : > Ripon, Wiscopsin -
. . . “ ) w0 I. Do
22+ Campbell Soup Co:. = 30  Green Gjiant :Co. . -
Paris, Texas '3 - Rasendale, Wisconsin
- - a . ~ b "~ . ', EAN . - : - ”
23 Tooele City Corp. 31 Hoffman Corners
“ + Coop Creamery-

*Tooele,. Utah-

~

24 "“L‘é.tnb-Wes.tdrf>

Div. 6f Amfac

Connell, -Washington

o

Kendall, Wisconsin

Kansas City Star Co.

-~

Park Falls; Wisconsin: -

N .
. , .
25  Alto Coop, Creamery . .. 33  Kimberley ‘Clark . -
Astico,- Wisconsin Niagara, Wisconsin
T e ) i )
26, _Cobb Canning Co. 34  Loyal Canning Co.:
Cobb, ‘Wisconsin' . Loyal, Wisconsin .
27 Frigo Cheese Corp. .35  Mammoth Spring Canning
Wyocena, Wisconsin " Oakfield, Wisconsin .
. . ] " % R )
28 Green Giant Co. . 36 Oconomowoc Canning Co.
. Fox Lake, Wisconsin . Sun Prairie, Wjsconsin
s ) ‘
K -
v 4 /7 N ! .
J - . ! . : - ‘
‘ -
L /1 . /' .a - ' -
)y
« 0 ¢
. ] ) J .
- ¥ 9 -
- # N ~ N
3 , Y
. % U $_GOVERNMENT PRINTING P ;07319"6-3);/83
\ ' -
. ' ..
, , } ‘z_ . N
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) ‘ -
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>§\_- - - .
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Aruitoxt provided by Eic:

| R ASTEWATER TREATMENT AND REUSE"

- SELECTED WATER .
. RESOURCES ABSTRACTS - '
INPUT TRANSACTION FORM’

< —

i Tule, | )

~

o  ¥BY LAND APPLICATION - Vol. T - SUMMARY
k ‘hvhor(a)( ; ) A ..; >
Pound, C. E., and Crites, R. W, '

o . o

‘"9 Qrgianszation Lo .. e

Project No

. . . . "'\ T . .’.';L;L,m’r.icz/(;‘mmNo N
2 Met€alf g ‘Eddy, Inc. . }
_.Palo Alto, Callfornla ) e

%
N

- -3 ‘ v -
. Environmental Protection Ageﬁcx report number., . ., . = 5
2 EPA-660/2-»13-006a. August 1973, -, . . i
15, Abstrale 7 ’ 4

A 'nitionwide sthdy was conducted of the current knowledge and technlques
of land applitation of municipal tréatmemt plant effluents “and 1ndugtr1a1
wastewaters. Selected sites weregvisited and extensive literature geviews

tion and data were gathered on the many factors invqlved.in system design
and operation for the three mdjor land application’ approaches: irrigation
overland flow, and infiltration-percolation. In additien, evaiuations
,were made of environhental- effects, public health gonsiderations, ang
costs--areas in which limited data are available. “Irrigation is the 'most
reliable land application technique with respect to long term use. and re-
moval of pollutants from the wastewater. It is sufficiently developed’'sq
that general design “and operational guideli¥nes can be prepared from
current technology. Overland flow was found Wo be an effective techpique
for industrial wastewater treatment. Further development is required to
utilize ifs considerable potential for municipal wastewater, treatment. Im-
filtrxation-percolation is also a feasible metjidd of "land pp11cat10ﬁ. :
Criteria for site selection, groundwatér- cont 01, and man gement
technlques for high rate systems need further deve&opment. ) '

.
‘¢ _ ' » 2

w

were, maded(annotated bibliography will be pUb11shed separately) Informa-|

17a. Descriptors—- 0 . l X ke . R
*Irrigation systems, *Desxgn cri
*Groundwater recharge, *Public he
treatment, *Industrial wastes, Cl

disposal, Soil treatment, HlstOry,

h, *Environmental efﬁects, *Sewage
atic.zones, Reclaimed water Wastewater
Crops, Percqlatlon* , .8

17b. Identifiers - <. . . B t I .

I -
Al

.
. P ;e “ * . .
N . a Y i '

I7e. COWRR Field & Grouz 05D, 04B, Q2A, . . * \ '
- Y
, ; T .
18 & arlability Send To: > N
WATER RESOURCES SCIENTlflh INF’ORM_ATION C&NT(R
US OEPARTMENT OF THE INTERIOR
, . WASHINGTON D, C 20240
A - i .
Q tracror . ‘ Inctitution . - b z
| ’ ’
PN F

ica , *Wastewater treatment, *Costs, “F ‘.
¢

-, - *
. . e .
s £ ¢ . .l . A
- >
. .

L -9 - Y=

»




