UNC-WRRI-73-91

PROCEEDINGS
WORKSHOP
ON

LAND DISPOSAL OF WASTEWATERS

Edited by

Dr., James M, Stewart
Water Resources Research Institute

Sponsored by
Water Resources Research Institute
in cooperation with the

North Carolina Agricultural Experiment Station
N.C, Department of Natural and Economic Resources
Office of Water and Air Resources

The cost of publishing this report was supported in part by funds provided
by the United States Department of the Interior, Office of Water Resources
Research, as authorized under the Water Resources Research Act of 1964,

Agreement Number 14-31-0001-3833

FY 1973






WATER RESOURCES RESEARCH INSTITUTE

Board of Directors

Dr. Ralph E. Fadum, Dean of Engineering
North Carolina State University, Chairman

Professor Milton S, Heath, Jr., Associate Director, Institute of Government,
University of North Carolina at Chapel Hill

Dr. J. E. Legates, Dean of Agriculture and Life Sciences, North Carolina State
University at Raleigh

Dr. Daniel A. Okun, Head, Department of Environmental Sciences and Engineering,
" University of North Carolina at Chapel Hill '

Dr. Walter J. Peterson, Dean of the Graduate School, North Carolina State
University at Raleigh

‘ Professor David H. Howells, Director
Water Resources Research Institute, Secretary

iid



WATER RESOURCES RESEARCH INSTITUTE

Technical Committee

Professor David H. Howells, Director
Water Resources Research Tanstitute, Chairman

Professor William A, Campbell, Institute of Government, University of North
Carolina at Chapel Hill

Dr. B. J. Copeland, Director, North Carolina Sea Grant Program, University of
North Carolina System

Dr. Leon E, Danielson, Department of Economics, North Carolina State University
Dr. Adam Clarke Davis, Department of Sociology, North Carolina State University
Dr. John E. Hobbie, Department of Zoology, North Carolina State University

Dr. Frank J. Humenik, Department of Biological and Agricultural Engineering,
North Carolina State University

Dr. A. Ray Jennings, Department of Geology, East Carolina University

Dr. J. Donald Johnson, Department of Environmental Sciences and Engineering,
University of North Carolina at Chapel Hill

Dr. Lawrence L. Kupper, Department of Biostatistics, University of North
Carolina at Chapel Hill

Dr. Jay Langfelder, Department of Civil Engineering and Director of Center for
Marine and Coastal Studies, North Carolina State University

Dr. Dennis Lord, Department of Geography, University of North Carolina at
Charlotte

Professor F. Eugene McJunkin, Department of Environmental Sciences and
Engineering, and Associate Director, Water Resources Research Institute

Dr. William T. McKean, Department of Wood and Paper Science, North Carclina
State University

Dr. Walter J. Saucier, Department of Geosciences, North Carolina State University

Dr. Jabbar K. Sherwani, Department of Environmental Sciences and Engineering,
University of North Carolina at Chapel Hill

Dr. Alan Stiven, Ecology Curriculum, University of North Carolina at Chapel Hill

Dr. Sterling. B. Weed, Department of Soil Science, North Carolina State
University

iv




Mr.

Mr.

Mr.

Mr.,

WATER RESOURCES RESEARCH INSTITUTE

Advisory Committee

James E, Harrington
Secretary
N. C. Department of Natural and Economic Resources,. Chairman
Thomas A, Alspaugh, Cone Mills Corporation

Turner W, Battle, Executive Director, North Carolina Wildlife Federation

Edward B, Bradley, Field Supervisor, Division of River Basin Studies,
Bureau of Sports Fisheries and Wildlife, U. S. Department of the Interior

Thomas K. Bruce, Assistant Director, Department of Water Resources, City
of Durham

Colonel Albert C. Costanzo, District Engineer, Corps of Engineers, U. S,

Mr,

Mr.
Mr,

Mr,

Mr,
Mr,
Mr.
Dr.
Dr.

Mr.

Mrs.

Mr.

Department of the Army
Charles A, Dewey, Jr., Principal Environmental Engineer, Duke Power Company

Robert B, Hazel, Assistant Executive Director, Wildlife Resources Commission,
North Carolina Department of Natural and Economic Resources

Ralph C. Heath, District Chief, Geological Survey, U. S. Department of the
Interior

Jesse L. Hicks, State Conservationist, U. S. Soil Conservation Service

Earle C. Hubbard, Director, Office of Water and Air Resources, North Carolina
Department of Natural and Economic Resources

S. Grady Lane, Director, N, C. State Soil and Water Conservation Committee,
Office of Earth Resources, N. C. Department of Natural and Economic Resources

Edward H. Lesesne, Director, Division of Water Control Planning, Tennessee
Valley Authority

Thomas L. Linton, Director of Marine Affairs, North Carolina Department of
Administration and North Carolina Department of Natural and Economic Resources

Robert G. McAlpine, Assistant Director, SE Forest Experiment Station,
Forest Service, U, S. Department of Agriculture

John Morrisey, General Counsel, N. C. Asscciation of County Commissioners

Annie Laurie O0'Neal, Chairman, N. C. Environmental Study, League of Women
Voters

Jack Ravan, Regional Administrator, Regional Office IV, Environmental
Protection Agency



Mr,

Dr.

Mr,

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

John L. Reitzel, Deputy Commissioner, N. C. Department of Agriculture
Michael v.E. Rulison, Economist, Research Triangle Institute

K. D. Running, Vice-President and Assistant Division Manager, Horner-
Waldorf Corporation

Ronald F. Scott, State Planning Office, State Planning Division, N. C.
State Department of Administration

Marshall Staton, Director, Sanitary Engineering Section, Division of
Health Services, North Carolina Department of Human Resources

Raymond S. Talton, Vice-President, Engineering Department, Carolina Power
and Light Company

William C. Thacker, Procurement and Processing Manager, United Dairies
S. Leigh Wilson, Executive Director, N. C. League of Municipalities

Henry von Oesen, Henry von Oesen and Associates

vi




9:00-10:00 a.m.

10:00‘10:45 a.Mo

10:45-11:30 a.m.

12:30-2:00 p.m.

2:00-3:30 p.m,

3:30-4:30 p.m.

PROGRAM

Review of National and Inter-
national Experience with Land
Disposal Systems

Management of Lands Used for Waste
Disposal

Wastewater and Soil Interaction

Health and Hygiene Aspects

Economics of Alternative Wastewater
Treatment Systems

Research Review

NCSU - Ongoing Projects

Belford L. Seabrook
Environmental Protection
Agency, Washington, DC

Joseph A. Phillips
Dept., Soil Science
NCSU

Bobby L. Carlile
Dept. Soil Science
NCSU

John P, Glennon

U. S. Army Medical
Research & Development
Command, Washington, DC

Michael R. Overcash,
Frank Humenik, and
Ronald E. Sneed, Bio.
and Agricultural Engr.,
and Gerald A. Carlson,
Economics, NCSU

Gerald A. Carlson
Michael R. Overcash
Bobby L. Carlile







INTRODUCTION

Higher goals for water quality including the need for nutrlent removal has
made land disposal a significant alternative for many industries and municipali-
ties. The objective of this workshop was to present the latest information on
soils, economics, health effects, irrigation, and other important aspects of
land application of wastewater to staff members of the Office of Water and Air
Resources, Because of its broad coverage, the proceedings should be a useful
reference for representatives in State and Federal water agencies and consulting
firms.

Another useful document is the proceedings of the National Symposium on
"Ultimate Disposal of Wastewaters and Their Residuals" held on April 26 and
27, 1973, in Durham, N, C. That symposium was sponsored by the Research
Triangle Universities of North Carolina, the Environmental Protection Agency,
and several national societies concerned with water pollution control. Copies
of these symposium proceedings may be ordered from the Water Resources Research

Institute for $8.00 prepaid.
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LAND APPLICATION OF WASTEWATER

by

Belford L, Seabrook
Professional Engineex
Municipal Waste Water System Division
Office of Water Program Operations
U, S. Environmental Protection Agency
Washington, D, C. 20460

Summerz

The American Public Weorks Association Research Foundatien, in 1972, con-
ducted an on-site field survey of approximately 100 facilities in all climatic
zones where community or industrial wastewaters are being_applied to the land,
as contrasted to the conventional method of treating such wastes and discharg-
1ng them into receiving waters.

’ Addltional data were gathered from many existing land application fac1ll—
“ties across the country by means of a mall survey addressed to respensible
officials. Another survey was carried out to ascertain the nature and extent
of State health and water pollution control regulations governing the use and
control of land application systems. To augment lnformatlon on U, S. practices,
a survey was made of experiences gained in certain forelgn countries. In addi-
tion, an extensive bibliegraphy was compiled of llterature on all pertinent
>phases of land application practices,

The facilities surveyed were relatively large long-established operations.
These were selected to obtain as much information as possible on the operating
experience of those using this technlquea The surveyed facilities whose muni-
cipal wastes were epplied on land were predeminately located in western and
southwestern portions of the U. S., while industrial facilities were generally
sited in the northeastern section because this is where_the majority of such
installations are in service. This method of handling waste water has been
used to meet definable needs and is technically feasible in most areas.

Land application of effluent has been employed for a variety of reasons.,
Those most frequently mentioned were:

1. to provide supplemental irrigatien water,

2, to give economical alternative solutions for treating wastes

and discharging them into receivicg waters, without causing

degradation of rivers, lakes and coastal waters, and




3. to overcome the lack of suitable receiving waters and eliminate
excessive costs of long outfall lines to reach suitable points
of disposal inte large surface bodies of water.

Among the major means of accomplishing land application of wastewaters

are:

1. 4irrigation of land areas by spraying, with high-pressure or
low-pressure devices, using either stationary or moveable
types of distribution systems;

2. ridge and furrow irrigation systems;

3. use of overland flow or flooding methods; and

4, wuse of infiltration lagoon or evaporation ponds.

Although facilities of all types were surveyed, this report is primarily
concerned with irrigation-type facilities for supplying supplemental water to
crop areas, forest areas and unharvested seil cover acreages. The other types
are not as widely used because the climate or soil conditions in some locations
have an adverse impact on these alternative methods of applying wastewater to
land.

Irrigation~type facilities were found to be used in many instances under
a wide variety of climate and seil conditions with various degrees of prier
treatment of the applied wastewater and various types of ground cover utilized.

Each method of applicatien has inherent advantages and disadvantages which
must be evaluated for their feasibility and efficacy.

Land application of wastewaters has been practiced extensively in various
parts of the world for many years, long before the turn of the century. The
majority of earlier faciliﬁies applied untreated domestic wastewaters with
varying degrees of contrel and success,

As knowledge of wastewater treatment processes improved and techniques
were developed confining in a relatively small area the entire process needed
to produce a '"treated'" effluent for disposal into receiving waters, land appli-
cation was relegated in most states to being an undesirable and unacceptable
process.

New concerns about preserving the quality and reuse of the nation's water
resources have resulted in a reawakening of interest in land application as a
viable alternative to conventional wastewater treatment and disposal into
receiving waters. Increasing volumes of sewage and industrial wastes, growing

complexity of such raw wastes, and mounting needs for water to serve growing
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urban and industrial processing needs have created doubts about the ability of
receiving waters to assimilate effluents which do not meet high-quality
standards. In addition, increasing evidence of eutrophication of nen-flowing
receiving waters has focused attention on the need to eliminate the presence
ef nutrients in wastewater effluents., Further, the presence of toxic trace
elements in effluents is sometimes considered a threat to the safety of receiv-
ing waters., Thus, advanced treatment methods have been develeped and utilized
to aveid discharge of such objectionable components, Inasmuch as land appli-
cation sppears to offer comparable or superior degrees of treatment by aug-
menting waste treatment with the '"matural' purification effered by soil con-
tact, land application is again being considered as one of the acceptable
means of achieving full treatment of wastewaters,

However, a2 most impertant factor of the current land application concept
is that it be limited to the use of treated wastes. Generally, effluents are
being conventionally treated to meet secondary treatment quality criteria. 1In
at least three observed facilities, applied effluents have received tertiary
treatment to the point where the effluent would fully meet the generally pre-
scribed as well as proposed criteria for discharge to receiving waters.,  Thus,
land applicaticn is being used to give a degree of advanced waste treatment,
including high degrees of nutrient and bacterial removal. In this context,
land application can be viewed as an alternative to physical-chemical processes
and other methods of ultra-treatment which are designed to achieve a high-
quality effluent.

Econemics of construction cest, operating costs, energy requirements, and
efficiencies of performance of land application systems must be balanced with
the ability to acquire the right to apply wastewater upen the required land
areas. The cost of advanced waste treatment by cenventional means must be
weighed in the light of the cost and complexities of land application systems.

Two informative reports were published on the subject of land applicatiocn

in 1972, Green Lands - Clean Streams, a report by Temple University Center for

the Study of Federalism, is a frankly written advocacy of the land application

of wastewaters and sludges, Wastewater Management by Disposal on the Land by

the U. S. Army Corxps of Engineers is a thorough review of the physical, chemical,
and biclogical interactions involved in the technique of land application.
The Consulting Engineering firm of Metcalf and Eddy has also prepared a com-

panion report for the U. S. Environmental Protection Agency, concerned with




4

engineering censiderations of land application systems, entitled Wastewater

Treatment and Reuse by Land Application. The M&E report will be printed by the

U, S. Government Printing Office in 1973, These three reports, together with
this report en the study conducted by the AWPA Research Foundation, should be
considered in evaluating land application systems because they deal with some-
what different aspects of the common problem.

The report on the AWPA studies has made no special effort to examine the
specific aspects covered in detail in the other reports. Rather, it is con-
cerned with reporting upon the policies, practices and performances of a repre-
sentative group of the relatively larger land application systems within the
U. S.; policies, or lack of policies, of state regulatory agencies; and the
experience with land application in certain foreign installations.

Systems which were under comstruction, such as Muskegon County, Miéhigan,
and several major domestic and industrial systems which were intimately known
to Metcalf and Eddy project personnel were not investigated for this report.
However, the firm of Metcalf and Eddy has supplied copies eof its field inter-
views at such sites to APWA evaluators and data on many of these installations
have been incorporated in this report. Conversely, all field information
obtained during the APWA investigations was supplied directly to the firm of

Metcalf and Eddy for its use in analyzing its own study results.

Highlights
The following highlights from the field survey are presented to give a

composite picture of the observations made during the land application site
visits:
1. Communities generally use their land application system on
a continuous basis. Food processing plants, the predominant
industrial users of the system, genmerally use discharge-to-
land systems for three to eight months per year.
2., Ground cover utilized for municipal systems is divided between
grass and crops. Industries generally use grass cover.
3. Land application systems are generally used on a daily basis,
seven days per week.
4, Application rates for crop irrigation are very low in terms of
inches of water per week. Two inches or less was commonly used.

(Two inches per week equals 54,300 gallons per acre per week.)




10.

11.

12,

13.

Many types of soils were used, although sand, loam, and silt
were the most common classification given. Two systems using
applications over many feet of sand were applying up to eight
inches per day once a week, and one system on clay was apply-
ing a daily rate of 0.1 inch,

Most operating agencies, municipal-and industrial, are plan-
ning to either expand cr continue their land application installa-
tions. The few examples of systems which had been abandoned were
due to either the desire to make a higher use of the land or
because of reported overloading and incompetent operation of

the land application facilities,

Industries surveyed generally treat their total waste flow by
land application, Practices of municipalities varied from less
than 25 percent to all the wastewaters discharged.

Secondary treatment is generally, but net always, provided by
municipalities prior to land application often times accompanied
by lagooning. Industries, using this technique frequently
treated their process wastes by screening only,

Spray irrigation is the most frequently used (57 facilities)
method of application, although most municipalities use more
than one method. Ridge-~and-furrew irrigation is used at 23
facilities and flooding irrigation by 34 systems. Industry
generally used spray irrigation,

Land use zoning for land application sites is predominantly
classified as farming with some residential zoning in con-
tiguous areas.

Wastewater generally is transported to the application site by
pressure lines although a number of municipalities are able to
utilize ditches or gravity flow pipelines.

Many municipal land application facilities have been in use for
several years--more than half (of over 100 surveyed) for cver
15 years. Industrial systems generally have been in use for a
lesser period of time.

Renovated wastewater is seldom collected by underdrains; rather,
evaporation, plant transpiration, and groundwater recharge take

up the flow.




14. Land application facilities generally do not make appreciable
efforts to preclude public access, Residences are frequently
located adjacent to land application sites. No special effort
is made to seclude land application areas from recreational
facilities and from theose who use these leisure sites,

15. Monitoring of groundwater quality, soil uptake of contaminants,
crop uptake of wastewater components, and surface water impacts

is not carried out with any consistency.

Overview

In order to present all of the details and data relating to the conduct of
the studies, and to explore the influence of possible factors influencing the
handling of sewage from many sources, at many sites, and with many diverse
methods of application, the APWA report has resulted in a rather large document.

Among other things, the report has been compiled to answer the inquiries
of the U. S, Environmental Protection Agency from other U. S. Government agen-
cies, municipalities, industries and engineering consultants, The total report
is valuable, not because of its size but due to its contents., This is the
first time some of this data has ever been assembled, evaluated, and reported.
It will become available from the U. S. Government Printing Office in the late fall
of 1973 and from the National Technical Information Service (NTIS) of the U. S.
Department of Commerce.

This overview is for those who require a brief summary of the contents of

the American Public Works Association report entitled, Survey of Facilities

Using Land Application of Wastewaters, and an equally concise evaluation of the

principles, practices and performances of the land application systems now in
service in the United States and in certain foreign countries. Summaries of

the basic intent and information contained in each Section of the report are

presented as well as a demographic evaluation and a discussion of the fate of
materials applied to the land.

The conclusions drawn from the study serve to verify the relative success
of present land application systems for supplementing groundwater sources; pro-
viding economical means of effluent utilization where discharge to surface
waters would be excessively difficult and costly; affording augmented effluent
quality improvement by soil uptake of constituents which would adversely affect

receiving water quality; offering opportunities to enhance crop growths and




silviculture; and augmenting indigenous water supplies for recreational and
aesthetic purposes, '

Successful application of effluent wastewaters to land areas is not with-
out 1ts problems. This management technique is not a universal panacea. ,

The need for public acceptance cof land application methods is strongly
advocated, particularly for proposed installations covering large volumes of
flow to extensive acreage in relatively densely populated regions. Over and
above the problem of neutralizing the aesthetic and psychological objections to
any direct or indirect contacts with wastewaters or waste residues, unfcunded
fears of viroclogical or pathological infections must be overcome by carefully
planned and effectively executed public education programs.

This public relations problem emphasizes the recommendation that irrefut-
able findings on the presence or absence of health hazards in land application
practices must be defined and reported before guidelines for this method of
wastewater effluent management are promulgated, Guidelines are soon inter-

preted as 'the law' rather than suggested criteria. This gives credence to the

sound suggestion that formalization of "guidelines' be deferred until "interim
evaluation procedures' are published and given the opportunity to bridge the
gap between today's rather limited use of land application systems and any

greatly expanded utilization of this treatment-disposal procedure in the future,

The Study - Section II

The studies conducted by the American Public Works Research Foundation on
behalf of the U, S. Environmental Protection Agency were planned and consummated
to produce the fundamental information needed te give validity to the intent of
Section 201 of the 1972 Amendments to the Water Pollution Control Act such as:

o Affirmation of design and operational data for a large number of U. S.
installations in various climatic regions, handling wastewaters of various
types and volumes; by various methods of application; for different purposes;
on various types of soil, ground cover and cropping; and demonstrating differ-
ent local environmental conditions and monitoring practices.

¢ Collection and interpretation of similar data on foreign installations
where land application ‘has been in effect for longer periods and under varying
conditions.

¢ Collation of bibliographic records and references ‘on every conceivable facet
of land application, including design, operation, physical, chemical, pathologi-
cal, virological, parasitic, aesthetic, hydrologic, agricultural, herbicultural,

silvicultural benefite and detriments, and other related matters.




¢ Evaluation of all data in terms of practical interpretation of their
meaningful answers and guidelines to land application practices.

The studies, in great measure, achieved these goals.

Survey Investigations - Section III

On-site, in-depth investigations of more than 67 community and 20 indus-
trial land application systems were carried out by trained engineering special-
ists. The 87 installations designated provided data of significance. These
sites were chosen to be representative of national experiences with varying
types of wastewaters, applied to varying types of soils, ground cover and other
indigenous conditions under diverse climatic conditions.

To augment the findings of the on-site surveys, a mail investigation of
similar land application sites was carried out, covering the same study sub-
jects explored by the field study team, Significant data were obtained for
approximately the same number of municipal and industrial installations covered
by the field studies, Five climatic zones, each with their own temperature,
precipitation, humidity and seasonal characteristics were designated. Evalua-
tion of survey findings was interpreted on the basis of the impact of climatic
conditions on wastewater application to land areas and other factors influenced
by meteorological phenomenon.

The -demographic, geographic, geologic, hydrologic, and other factors and
impacts of land application practices, procedures, and performance are dis-
cussed in this section.

The findings of the survey offer evidence of acceptable operating experi-
ences, which should be useful in guiding future land application decisions. A&n
important finding, among all of the diverse conclusions that can be drawn from
field and mail survey data, is the fact that 90 percent of communities and 95
percent of industries making use of land application methods plan to continue
their use; nearly 50 percent of communities and one-fifth of the industries
contemplate increasing or expanding their systems. If the "proof of the pudding"
is in the performance, the approval of users is the final appraisal of the land
application technique.

The study indicated that existing land application systems are serving,
predominantly, in relatively small communities and industrial sites, in terms
of population and flow loadings. Future applications may involve larger load-
ings, greater irrigation areas and greater land values, but the expansion of
facilities may represent an orderly enlargement of scope and a manageable

increase in costs. It is significant that the costs involved in existing land




spplication systems apparently lie within the capabilities of smaller com-
munities and industry installations. Choice of this means of wastewater dis-
posal has been based on various factors: Need for supplemental irrigation
water; augmentation of ground water resources; simplicity and economy of pro-
viding required degrees of treatment; problems of excessive cost of providing
treatment and outfall lines to distant points of effluent discharge into suit-
able receiving waters; and merely ''to get rid of the sewage” in a convenient,
trouble-free manner that is acceptable to the community.

The findings of the survey are so manifold and technological that any
attempt to capsulate them would hinder their value and endanger their inter-
pretation. The following points are borne out by the report: Existing prac-
tice stresses land application of treated effluents, not raw wastewaters;
the percentage of land application acreage frequently represents only a portion
of the land reserved by the owners for their systems; application périods may
vary from one month to twelve months a year, and from one to seven days a week,
depending on climatic conditions, need for land application for surplusage
flows, seasonal industrial processing, such as in the food industry, and other
local factors; land values are relatively low, zoned for either agriculture or
residential uses, often in undeveloped areas, and subject to minimal degrada-
tion of value due to use for irrigation purposes; all types of soil are utilized,
with sand, clay, and silt most favored; groundwater interference problems
influence ‘choice of sites and, after choice of unaffected sites, cause minimal
difficulties with land application methods; predominant wastewater distribution
methods are spray irrigation, overland flooding irrigation and ridge-and-furrow
~irrigation.

Use of the irrigated land varies with the owner's needs and dictates, from
no ground cover to grass cover, cultivated crops and forested areas. Grass is
the most common ground cover in community systems. It is evident that the crop-
ping value of supplemental irrigation with wastewaters and their nutrient com-
ponenté is not universally utilized.

Rates of application of seWage effluents to the land, and duration of
uninterrupted application vary from 0.l inch per day to over 1 inch per day,
with varying periods of irrigation and resting. The most commonly used appli-
cation rate is two inches per week. Few systems are overstressed by such load-
ings; it is apparent that increased rates of application could be practiced

without jeopardy to the system or the environment and with more effective and
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economical utilization of assigned acreages. The follow-the-leader trend in
application rates is apparent; proposed guidelines--either tentative or final--
would do much to establish more rational application rates, based on facts
rather than blind adherence to the accidental or arbitrary rates used by other
researchers.,

Little concern and protective measures have been shown for the deteriora-
tion of the environment in application areas or to the impact on contiguous
lands and their occupants. Security provisions are not universally used to
protect against intrusion of trespassers or against the dispersal of on-site
conditions to surrounding land areas. Fencing and patrolling is not univer-
sally practiced; buffer zones to isolate land application areas and impede dis-
persal of aerosol sprays are used but no common practice is in effect; monitor-
ing of groundwater, surface water sources, soils, crops, animals and insects
is practiced in some locations and minimally used in others, often dependent
solely on the requirements of public health authorities.

It is hazardous to characterize the above thumbnail findings as truly
representative of the practices and experiences disclosed by the survey.
Similarly, these factors do not represent all of the disclosures of the study.
They do, however, give indication for those who will not study the full text
and details of the comprehensive investigations explored in the full report,
that land application methods have been found to be workable and relatively
amenable to the local environment even under ceontrol and regulatory procedures
which must be improved in all future land application practices. The future
will require more complete supervision of land application sites supported by
definitive proof of the capabilities of such systems to serve as wastes handling

facilities worthy of the term '"alternative'" techniques.

Opinions and Regulations of State Health and Water Pollution Control Agencies -
Section IV

The survey conducted by APWA with state health and water pollution control
agencies indicated that most state agencies have no set policies on this phase
of wastewater handling or attendant environmental impacts, do not impose
specific conditions on installations, seldom inspect existing systems, and
seldom require monitoring procedures and the filing of official reports on
operation.

Only four states reported rules governing the types of crops that can be

grown on sewage-irrigated lands. The few agencies which invoke restrictions of
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this nature specify the quality of effluents applied to land areas. 0f 27
state control agencies which participated in the data-gathering program, a
maximum of 25 percent involved themselves with any single item of the 1l
guideline criteria covered by the opinien survey. '

In defense of this record of irrelevance with the land application practiée,
it must be sald that some states have few such installations and even fewer have
installations of any major significance. In addition, states contend that
they have been deeply invelved with the control and regﬁlation of conventional
sewage treatment facilities and stream quality protection. Shortage of quali-
fied personnel has been offered as the reason for absence of attention to the
installation, operation, and monitoring of land application installations.

In the absence of formal state regulations, some agencies have used
unofficial staff opinions as the basis for land application decisions. Simi-
larly, each-case-for-itself decisions on health hazards have been invoked or
expressed by state health agencies but a minimum of translation of such poli-

cies into specific regulatory actions was disclesed by the survey.

Summary of Foreign Experience - Section V

Data from such widely located countries as Argentina, Australia, Belgium,
India, Israel, Hungary, and Mexico confirm the use and value of the land appli-
cation technique for various purposes, for a variety of growing crops, under
diversified conditions, and with different results., Enhancement of soil
productivity, through the mechanics of supplemental irrigatien with waste water
and the enrichment of soil with the organic constituents of sewage and industrial
processing waters are widely acknowledged.

Health hazards have been studied in various countries and protective
measures have been invcked. Some countries, such as water-short Israel,
utilize wastewaters for irrigation purposes--where over 100 systems are in
service, but they tend to avoid the use of raw, untreated sewage and contact
with crops that are eaten raw by humans or domesticated animals,

On the North American continent, the most dramatic.land application system
on record is in Tula Hidalge, Mexico, where lands operated by the Mexican
Federal Department of Agriculture are assigned to Ejidos, heads of families, in
units of limited hectares. On 47,000 hectares, equivalent te 115,000 acres,
some 1,476,000 metric tons of food products were grown in 1971, Approximately

the same tonnage was preduced in 1972. Additional arid land is available for
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cultivation when additional wastewater from Mexico City becomes available.
Currently, some 570 million gallons per day of raw untreated sewage flows by
canal to this area, 95 percent of which reach the cropland. During the rainy
season there is an additional storm water flow through the same canal, most
of which is impounded in a series of dams for use during the dry season for
cropland irrigation.

In England the Hertfordshire facility has had over 20 years' expefience
irrigating liquid digested sludge containing about three percent solids.
Technically, this land application system is more related to sludge than to
sewage effluents, but its long and successful experience confirms the fea-
sibility of that method of land application of wastewaters. There is a non-

technical 16 mm color film, entitled, Wealth from Waste, which shows the

Hertfordshire operations.

Guidelines for Implementation of Land Application Systems - Section VI

The survey provided many guidelines that could be translated into "do's"
and "don't's" in land application procedures. In addition, the literature
searches brought added criteria to light confirming the basic facts evolved
from the survey. From these information sources and others the report sug-
gests guidelines for the implementation of land applicatien systems.

For the guidance of the regulatory administrator staffs, decision-makers,
designers and owners of future land application installations, some tentative
procedures have been presented as they may be affected by climatic conditions
and applicability of the process to specific meteorological phenomenon;
availability and location of land areas suitable for wastewater application;
rates of application; types of soils, crops and ground cover; methods of appli-
cation and their relationship with geological, topographical and hydrological
conditions; types of wastewater pretreatment to assure proper and safe land
application; capital and operating costs; monitoring and health protective
measures; and other related aspects of system planning and execution.

References have been drawn from all possible sources to support the ten-
tative parametric procedures outlined in the guidelines. The listed criteria
are not presented as ''standards'; this would be improperly anticipatory of the
next official step which must be taken to distill from this study and the
other parallel investigations sponsored by the U. 5. Environmental Protection

Agency on land application techniques. Rather, the guidelines are offered as
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suggested criteria, a necessary input into the overall fund of information upon

which eventual cfficial guidelines must be based. As mentioned in the Overview,
this gives credence to the suggestion that formalization of guidelines be

deferred until "interim evaluation procedures' are published.

Placing Land Application of Effluents in Perspective:. An Interpretation -
Section VII

This section stresses the importance of placing land application techniques
in their proper perspective and interpreting the alternative 'pluses' and.
"minuses'" on the basis of local factors and local needs.,

1t is evident that an "alternative' must be compared with something for
which it is an alternative, Thus, the determination of the choice of wastewater
utilization process must bebbased on a full-dimensional decision; and that
decision must stem frem placing the land applicatiog process into the proper
perspective with itself and with other means of managing wastewaters,

When viewed in this light, land application technology is not a panacea
for all wastes, in all areas, under all circumstances. It is not a ''quick and

' means of getting rid of unwanted wastewaters, It invelves adequate

easy’
pretreatment, effective operational procedures, rigid monitoring controls and
rational cost evaluations. As a substitute for the return of waters into the
drainage basins from whence it originally came, it can affect the "cycle of
water' and create an imbalance in the water resources of a region. Land appli-
cation can no longér be compared with disposal of wastes by dilution; just as
conventional wastewater treatment now invelves high degrees of treatment, so
land application must assure that the soil will ieceive highly treated influent
water or that the soil will provide the equiﬁalent of tertiary treatment and
removal of deletericus components by biological-chemical—phyéical phenomenon.
The effectiveness of land application must be judged by what it accomplishes--
not merely as 2 means of elimipating the direct discharge of comparably well-
treated effluents inte receiving waters.

To fulfill its full possibilities and benefits, land application must be
examined from the standpoint of what has become known as the "4-R cycle''--
return of wastewater to the local land rather than being lost by stream flowage
te downstream areas; renovation of the wastewater by soil and vegetative actions;
recharge of the groundwater resources which then become the reserveir aquifer
which feeds surface water sources; and the reuse of wastewater either directly

off the land or via the tapping of the groundwater reservoir. Practical
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examples of these land application benefits are available; they must be placed
in proper perspective with the needs and potentialities of the area in which a
proposed land application project will be constructed as an alternative to

conventional wastewater treatment works.,

Demographic Evaluation of Land Application Techniques

Demography is the science of social statistics. Wastewaters are the
product of people and of industrial production in an urban industrial seciety.
The nature of wastes produced by community life and industrial processing and
the amounts of such wastewaters are affected by regional conditions and their
impact on life and living processes. Automaticaliy, then, the manner in which
wastewaters are handled and disposed of is influenced by demography, or regional,
environmental needs. TFor example, the degree of sewage and industrial treat-
ment in the past was influenced by the water resources needs of regional areas
and how regulatory bodies interpreted these needs to protect the natural environ-
ment and preserve public health and safety. Over and above the natural set-
ting for any region, policles were and will continue to be affected by popula-
tion densities, water needs, public desires and antipathies, and other factors.
This represents demography in action.

If it were possible to relate the applicability of wastewater management
on land areas to such factors as climatic conditions, population and popula-
tion densities, economic-social patterns, and similar demegraphic parameters,
these would serve as impoftant guides for the choice of this alternative
method of wastewater treatment and utilizationm vis-a-vis today's conventional
treatment standards and the advanced degrees of effluent quality that will be
required in the future. If such relationships could be established, based on
the findings of the APWA Report, or by parallel investigations now sponsored
by EPA, the viability of the land application technique could be verified or
clinically questioned.

The factors involved in a full demographic evaluation of land application
practices appear to be too numerous, too complex and too interwoven to be
capable of clarification by the current APWA study. Many of the factors are too
intangible to be explained by basic survey data; the type of study parameters
used in the current study could not include such incomprehensible implications,
But the study did involve the relationships between land application and

climatic conditions, and concurrent relationships involving urban populations
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and densities, industrial operations, local ecological conditioms and other
indigencus factors.

Climate is a majer factor in the applicability of land application pro-
cedures on the purpose and continuity of operation and on the performance of
this alternative technique. In recognition of the importance of climatic con-
ditions, the study was based on the choice of site investigations in five cli-
metic regions of the United States and evaluations were aimed at determining
the impact of the spécifie zonal meteorological characteristics on every phase
of the study.,

Broadly characterized, Zone A (mid and south Pacific coast) is an area
of dry summers and mild wet winters; Zone B (southeast-Gulf coast-Atlantic
coast and Pacific northwest) experiences het wet summers and mild winters;

Zone D (east-continent and northeast Atlantic ceast) is subject to humid
weather with short winters and hot summers; Zone E (mid-continent and far
nertheast) is a humid area with long winters and warm summers, (See map of
climatic zones.) ‘

While climatic conditions have the most significant impact on the land
application principle, other facters have potential bearing: size of the com-
‘munity and the industry; the volume of wastes flow; the pepulation contributing
sanitary wastes plus the pepulation equivalent of the industrial wastes con-
tributed te the municipal sewer system; the availability of open land for irri-
gation use; the land-use zoning of the region; the cost of land; the type of
crops to be grown with supplemental irrigation, and the market needs and demands
for such crops; the groundwater depth and quantities, and their use for water
supply purpecses, protection against salt water intrusion into aquifers and
other functions; the nature of the soil; the proximity of surface waters which
can become recipients of cenventioenally treated effluents; and other correlated
circumstances of local or indigenous nature.

It is not difficult to rationalize the effects of these climatic-demographic
conditions on land application practices, and conversely, the impacts of land
applicaticn on these environmental conditions. It is difficult, however, to
translate the findings of the subject into these relaticnships. Efforts have
been made to draw every possible relationship between these various factors, but
the findings are often too indeterminate to warrant such translations,

The following highlights can provide valuable guidance for decision-makers
and designers of land application systems even though they are not always

affirmed and cenfirmed by study findings.
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Climatic Conditions. The 67 community systems and 20 industrial land appli-

cation sites covered by the on-site visits and the comparable numbers of such
installations covered by mail inquiry were representative of the actual total
projects in each of the five climatic zomes. The major number of community
systems surveyed was located in Zones A and B with California sites predominat-
ing. These two zones fepresent dry and arid conditions which make supplemental
water resources—-reused water in the form of effluents-—-a precious commodity.
No industrial sites in these zones were surveyed by on-site investigators
because minimal use of land application techniques is made by local industrial
installations. In lieu of such industrial irrigation projects, communities in
Zones A and B accept industrial wastes into public sewers and onto publicly
owned application sites in the ferm of population equivalent loadings;

In Zones C, D, and E, industrial sites were surveyed becausé the use of
land application is practiced more generally in these parts of the nation.
The industries involved are primarily food canning-processing factories, dalry
processing plants, pulp and paper mills, and organic chemical manufacturlng
firms,

The differentiation between the zonal incidences of community syStems and
industry sites is explained, at least in part, by the neédskfor‘sﬁpplemental ’
water and the uses for such water. Thus, climatic water-short and water—fich
areas dictate the retention of sanitary wastewaters in the aréas which produce
them or whether to permit them to flow away downstream intbiathefjretéiving
watersheds and water basins. | o

In Zones A and B water is in relatively short supply due to dry summers and
year-round aridity, and wastewaters are often times considered By communities
as a valuable commodity for land irrigatiomn, for groundwater augmentation, and
for use for such ancillary purposes as golf course and highway median‘watering
and the creation of recreational water facilities, Industfies in these areas,
however, as in other areas are less concerned with such beneficial uses of
wastewater and may not practice land application; they méy use this management
procedure primarily for the purpose of '"getting rid" of such effluehts in the
cheapest and simplest manner without adversely affecting the en&ifonment,

This brings the matter of wastewater or used water,keconbmic and ecologic
value and utilization into focus as the determining factors in the practice of
land application. In arid regions land application offers strdng incentives.

In wet, humid regions water-husbanding is not a vital motivating reason for
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land application installations; but such motivation can be found in the economies
of producing high-quality effluent by means of the "free' purification capabili-
ties of soil. Whether planned as a water resource conservation procedure or

not, the ultimate fate of wastewaters applied to land areas by spray irrigation
and surface application such as ridge-and-furrow methods is a means of enhance-
ment of the local groundwater reservoir. The fact that 85 percent of the water
stored in the United States is contained in subsurface aquifers adds signifi-
cance to this wastewater fate.

Climatic, geographic, and geologic conditions have other influences on
the choice of wastewater disposal systems., Inland areas that have no convenient
réceiving waters may find it cheaper to apply wastewaters to the land rather
than constructing long, expensive outfall lines from their treatment plants te
suitable discharge points. On the other hand, the water-cycle imbalance which
may occur in local waters by taking water supplies from them and not returning
wastewater back to the same rivers and lakes may place a negative aspect on
land application procedures, This type of water resource imbalance does not
apply to ceoastal waters.

The relationship between hard winters and land application systems is
obvious. In areas where full-year irrigation can be practiced, land applica-
tion would have greater applicability than where adverse winter conditions
would make irrigation inappropriate or inefficient, While land application is
practiced in some ice, snow, and sub~-freezing conditions, optimum conditions
are represented by year-round mild weather such as is experienced in Zones A,
parts of B, and in C.

Similarly, the relationship between climatic conditions and holding pond
capacities is equally understandable. Where seasonal cessation of land appli-
cation is necessary, the principle of '"not one drop of wastes into water
resources' impells the construction and use of adequate holding facilities.
"Adequacy" is a relative term; 31 percent of community and industrial systems
use ponds with capacities of five days or less. In Zones A, B, and C, 75
percent of the sites have holding capacities of less than 30 days, or less than
needed for a full winter season. One installation in a cold zone provides a
50 million gallon pond for a daily flow loading of 0.5 mgd.

Of some significance, if not as pertinent as other seasonal conditions,
is the amount of rainfall in humid areas which may impede soil absorption of

applied wastewaters and require the use of flow-equalization or flow-holding
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of excess waters until required rates of application can be reinstated. As
stated, where rainfall is generally adequate, if not always predictable, land
application for enhancement of crop growths, forest growths and groundwatér
augmentation is not the dominant reason for the choice of this wastewater
management technique.

While the survey studies brought these climatic relatiomships into focus,
they did not always provide positive proof of these effects and im.pécts° This
does not detract from the validity of the above observations. No attempt has
been made to draw all possible climatic-environmental relatlonshlps with land
appllcatlon pr1nc1ples and practlces' however, the rationale is adequate to
demonstrate that there is a direct correlation which must be considered before
choice of wastewater management is made for each individual project. No set
standards can be established; each case will require its own relationship

evaluation.

Size of Wastewater Facility: In the case of publicly owned systems, the

population served is translatable into volumetric and qualitative leadings.
For industries, the flow loading is a factor of volume and population equiﬁa—
lency of the organic‘constituents as measured by BOD, COD, suspended solids |
and other significant parameters.

Thé'survey indicated that some outstanding large community land application
installations have been in service in the United States and foreign countries.
However, the major percentage of éurreﬁt operating installations are in the
smaller-s1ze range.

The on-site survey disclosed that 73 percent of communities studied have
land application capacities of under 5 mgd; the mail survey covered no com-
munity éystems with over 10 mgd capacity, Industry installations covered by
the on-site survey were all under 5 mgd capacities;‘the mail-surveyed installa-
tions were allyunder 10 mgd size. It is conjectured that the small cities and
industries have found land application within their economic range and that
adeqﬁate conventional treatment would have been more costly.

Size factors ére numerous, but few showed definitive relationships with
other land application site acreage parameters, 'The area used for irrigation
application varied without basic reason from the total acreage owned by the
community er indﬁstry, In some cases the major extent of the area is used

for distribution; in other instances, only a portion is so used; the rest of
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the acreage being devoted to holding ponds, buffer zone, and general isolation
of sites.

The size of the area varies, naturally, with the volume of flow applied,
the nature of the soil and its absorptive character. The effect of climatic
conditions such as rainfall, humidity, and temperature on irrigation area
acquired by communities and industries is minimal despite any impreséion that
such a direct relationship should exist. No specific trend was found in buffer
zone regulations and usage. The open land available for such buffering or iso-
lation facilities is undoubtedly influenced by state regulatory agency require-
ments and the type of distribution’systems used (spray irrigation tends to be
associated with buffering acres and plantings to impede the off-site dissemi-

nation eof aerosol mists and particulates).

Continuity of Operation: The relationship between continuity of waste-

water application on days-per-week or a months-per-year basis and land acreages
used for land application was found to be indeterminate. Continuity of opera-
tion appeared to be dictated by other factors than availability of site

acreage. It is obvious that rates of application should have a bearing on the
land éreas required, particularly on sites that are limited in size and not
overgenerous in dimensions. While the analysis of study data does not dis-
close this relationship, it is undebatable since the failure of irrigated land
to handle distributed wastewaters for planned periods will necessitate the
resting of such areas and the immediate utilization of other equivalent acreages
to replace the overloaded or ponded soil plots.,

If wastewater production is in effect for longer weekly or mqnthly periods
and pond storage capacity is not available to retain excess flows, irrigation
areas may be affected by the requirement that direct application of produced
flows must be pfovided. Similarly, the land-need requirements for any site
will be influenced by Qhether the system will function on a twelve-month basis
or shorter yearly periods.,

Communities tend to maintain yearly continuity of land application more
completely than industries; broadly interpreted, communities operate full-year
at 60 percent of installations and industries at 40 percent of sites. The
relationship between climate and continuity of irrigation was partially clari-
fied by the study, despite the fact that positive patterns were not confirmed.
The on-site survey-interview procedures used in the study disclosed that twelve-

month continuity of community operation for Zones A, B, C, D, and E was
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practiced in 76, 63, 56, 71, and 67 percent of sites, respectively, while indus-
trial systems showed similar year-round irrigation service in Zones C, D, and
E of 50, 56, and 30 percent of sites, respectively.

. The mail survey showed that industries in Zones A and B (not surveyed in
the on-site program) operated on a 12-month basis at 100 percent of the sites
involved with 100 percent of the Zone C community installations functioning on
a full—year basis. Thus, the zonal factors showed little effect of widely
divergent climatic conditions on whether systems functioned without céssation.

Full-week service seemed to be dictated more by the actual purpose of land
application than by other factors. Full-week irrigation was found to be more
common than when crop irrigation was practiced than when wastewater disposal
onto grass-cover lands was utilized for groundwater augmentation or for the
simple purpose of effluent disposal. Application sites handling under 1 mgd
flows were most commonly grass-covered while larger areas of over 1 mgd
capacity generally stressed crop growth. Forest irrigation was practiced more
frequently in humid areas than arid regions, probably because tree growth is
more common in the humid climatic regions. Cropping on arid region lands is
relatively common indicating the value of wastewater for supplemental
irrigation. | ’

Groundwater depths are a dominant factor in choice of sites; but once
acquired, these application lands experience minimal impacts on choice of appli-
cation methods and on operation pefforménce. Obviously, groundWater depths
are greater in arid regions and are less of a factor in choice of land appli-
cation sites. Application rates, while not consistently influenced by climatic
conditions or soil character and while varying minimally from the almost tradi-
tional level of ome-half inch per day and two inéhes per week, are infiuenced'
by aridity and high humidity-precipitation conditions.

Land Availability, Land Use, and Land Value: A direct relationship between

demographic criteria and land availability, zoning use, and acreage price is
unavoidable. The first requirement of a land application system is land. It
must be available in reasonably close proximity to the source of community or
industrial wastes; the land must be usable for wastewater applicable by zoning
and other use regulations; the price must not be prohibitive.

These conditions are most commonly met in areas of low population density

where open lands are available and where undeveloped and properly zoned
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properties can be acquired at relatively low cost. This is why the survey
showed the predominance of land systems in use by small communities and rela-
tively small industries and land prices ranging basically in the under-$500

per acre price level., Areas of the nation will become progressively more
densely populated because over a million acres of rural lands are absorbed
annually in urbanization and related facets of community growth. The availa-
bility of nearby lands, zoned for agriculture or residential purposes, and priced
at low enough levels, will become a greater problem for users of land appli-
cation systems. The cost of long-distance wastewater transmission will become
an important factor in determining the economic feasibility of land application
for wastewaters. |

The impact of land application installations on neighboring areas and
their residents can be in direct ratio to population density. While existing
systems have demonstrated their ability to be "good neighbors'" to residents
living as close as 500 feet of application site, this close proximity may not
be good practice in all cases. Reported complaints have been minimal against
present installations despite the fact that, for example, 20 percent of community
systems in Zone A are located less than 500 feet from the nearest neighbors and
22 percent are similarly located in Zone B. Industrial sites are located in
Zones C, D, and E within 500 feet of residences in 10, 10, and 21 percent of
the cases investigated, respectively.

The relationship between local demographic conditions and land applica-
tion system monitoring is obvious. The degree of monitoring was found to be
less related to zone climatological conditions than to state health and water
pollution control regulations in the limited cases where such governmental
stipulations are imposed., It is understandable that increasing population
intrusions in an area and the density of the residential population will
dictate that closer attention should be given to the impacts of land application
on land and water resources and on persons exposed to actual wastewater, sludge
residues, spray mists and animals and insects which come in contact with irri-
gation liquids and vegetative growths. The frequency and location of monitoring
points, such as test wells and other sampling facilities, and the extent of
monitoring parameters will be intensified in the future to satisfy actual
hazards or the psychological impressions of local residents.

Site security measures such as fencing may be required and buffer zones

may be specified. Operation and maintenance costs will react to all such
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monitoring and security requirements, but the reasonable cost levels for pre-
sent systems could be increased without seriously affecting the feasibility and
economy of land application techniques.. Future wastewater treatment works,
particularly those requiring full secondary treatment and processing tc remove
such components as phosphorus, nitrogen, trace metals and organic pestigides,
will require similar augmentation of present specific laboratory control and

site safety and security measures.

Fate of Materials Applied to the Land

To complete this extended summary of the land application of wastewaters
a review of the fate of applied materials is presented to round out the infor-
mation which has been presented. Reference is made to two papers entitled,

‘Experiences with Land Spreading of Municipal Effluents and Fate of Materials

Applied, prepared by Richard E. Thomas, Soil Scientist, Robert S. Kerr Water
Research Center, Environmental Protection Agency, Ada, Oklahoma. For the future
applicability of land utilization of wastewaters, it is important to know with
some measure of certainty what the fate of wastewater compeonents will be.

The materials contained in wastewaters are reminiscent of the origin of
these flows--either sanitary, sanitary and combined storm water, industrial
process water, or combinations of sanitary and industrial wastes. Since the
application of raw wastewaters onto land areas is not contemplated under the
definition of this alternative waste management technique, all such wastes .
have been subject to some degree of pretreatment before they are applied to
land. The purpose of monitoring of influent flows onto land areas is to ascer-
tain the composition of the wastewater after the stages of pretreatment provided.

A classification of wastewater materials could be: Suspended materials;

major plant nutrients; and other constituents. - Another delineation of the
wastewater components, based on the actual physical nature of the substances,

is: Suspended solids; colloidal solids; dissolved organic materials; and

dissolved inorganic substances.

The fate of these. substances during the process of land application will
vary with the type of distribution system, the nature of the soil, the-rate of
application, the climate, the resting periods, and the location and proximity
of the groundwater aquifer and the surface water source which receives runoff
from the site. The phenomena involved include: The physical condition of

entrapment -or mechanical filtration; the biological, biochemical, electrochemical
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and other manifestations in and in contact with the soil; evaporative factors;
atmospheric oxidation; bacteriological, germicidal, and bacteriophage or anti-
contamination reactions, and others which are not totally understood even by

highly trained and experienced scientists.

S

Suspended solids entrapped in the interstices of the soil or adhering to
soil particles by electrochemical entrainment can experience biological oxida-
tion and decomposition into stabilized substan'ces. The fate of this suspended
material can vary; it can remain in the soil to form humus soil conditioning orx
nutritive material or, in coarse media, under unusual circumstances, it may be
sloughed off and percolated into lower soil depths or into the groundwater,

Colloidal materials~-=solids of minute size which may be able to filter
through soil media--can be coalesced or coagulated by eiectrochemical agglomera-
tion and then adsorbed onto soil particles. The fate of this material, normally
considered to possess electrical charge, may parallel that of true suspended
solids by oxidation-digestion phenomena. Accumulations in the so0il may affect
the rate of application of subsequent wastewater loadings.

Organic dissolved solids may be utilized by plant crops, retained in the
body of the soil by chemical fixation or other bonding phenomena or may be
oxidized by atmospheric reactions in the course of air contact with sprays
or sheets of wastewater flowing over the land,

A major concern is centered on the nitrogen, phosphorus, and sodium salts
in wastewaters. The presence of these dissolved constituents can influence the
use of land application systems in lieu of advanced treatment and discharge into
surface receiving water primarily because they can act as "triggers'" in the
eutrophication of surface waters., Similarly, if these materials can adversely
"fertilize" lakes, why cannot they be used to fertilize land?

The fate of nitrogen and phosphorus will be influenced by many factors,
including the type of wastewater distribution system utilized and the‘type of
ground cover and crops grown. The factors involved in the different land
application methods are covered in excellent details in the above-referenced
papers, and it is not the intent here to explore these manifestations beyond
brief reference to the fact that the fate of these two basic elements can be
regulated by proper practices to avoid serious effects on groundwater or surface
water sources. The ability of soil to retain and fix phosphorus is more impor-
tant than its capacity to handle nitrogen because phosphorus delivery to the

soil may be greater than the crop uptake ability to utilize it., Fortunately,
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soll retention is able to prevent phosphorus intrusion into groundwaters that
are adequately deep for any effective land application site.

Nitrogen could enter the groundwater in concentrations that might exceed
the safe levels of this material in water for human consumption. - The ability
of land application techniques to complete a nitrification-denitrification-
cycle, however, can be utilized to prevent this fate as in the spray-runoff
technique; otherwise, the overland flow technique, ' Spray-runoff flow is a
land application approach for dense (tight clay) soils which has been utilized
to achieve excellent removal of suspended solids, biochemical oxygen demand,
nitrogen, and other constituents from industrial wastewaters such as at Paris,
Texas, where the sewage from a food processing plant is much more concentrated
than raw domestic wastewater, The excellent treatment efficiency achieved at
some of -these industrial land treatment installations and experiences with raw
domestic wastewater, such as those at Melbourne, Australia, indicate that spray-
runoff may be a suitable approach for treatment of comminuted raw domestic
wastewater, A substantial proportion of the phosphorus contained in applied
wastewaters in the same spray-rumoff process could reach surface water sources
unless adequate steps are taken to improve phosphorus removal by land contact.

Other constituents of land-applied wastewaters have fates that may
influence the use of land methods either in favor of this alternative process
or opposed to its utilization, These include heavy metals even in trace amounts,
pgsticides, and other organb—compouﬁds, and various salts. Evaporation and
transpiration of liquids from soil, vegetative surfaces or water surfa&es will
not change the fate of these dissolved materials; the evaporative process
parallels the distillation phenomenon, in that the water is converted to
vapor or gasecus form and the solids are thus concentrated in the soil or
vegetation. Salts may, thus, reach the groundwater by percolation and leach-
ing action., Heavy metals and pesticides can undergo physical, chemical, and
biochemical interactions with the soil making land application an auxiliary
means of providing so-called "tertiary" treatment‘fpr wastewaters; in lieu of
more complex and most costly artificial Wastes treatment processes.

To repeat the statement made abbve, the intent of this dissertation on
the fate of materials applied to land areas is to point out that the soil and
vegetative forms do offer a '"bonus' factor that must be given consideration in
determining the future of land appliéation process. Current concern about the

impacts of nitrates, phosphorous, trace metals, pesticides and other organic
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compounds on receiving waters is sufficient reason for knowing more about the
fate of these objectionable materials in the land application process. More
remains to be known about them and about the way various methods of waste-
water distribution, various types of soil and topographic and climatic condi-
tions, and other factors and combinations of factors, influence their fate.

The fate of wastewater contaminants during the land application process,
in short, offers opportunities for beneficial use for soil and crop enhancement
which must be considered as a 'plus" for this alternative techmnique. In addi-
tion, the capability of land application system to remove, modify and stabilize
pollutants which would require augmented processing in conventional sewage
treatment systems offers another advantage for this alternative management
procedure. But these benefits must be evaluated in the light of whether the
applied materials will in any way adversely affect the water and soil environ-
ment of the region where land application systems will be utilized. Only through
a weighing of the benefits and hazards can the feasibility and applicability of
land application processes be properly judged for each specific installation

and each specific wastes problem.

Conclusions

The following conclusions are based upon the field investigations of
67 municipal and 20 industrial facilities which yieldéd usable data as well as
information from more than 300 questionnaires, a bibliographic review, and
numerous foreign contacts.

Note: At the time the report was prepared EPA had not adopted a
definition of secondary treatment. Thus, the term ‘'secondary
treatment" is used throughout the A.P.W.A. report to connote
treatment beyond that normally given by primary treatment
and not that defined by present regulations.

l. Land application of wastewaters from community and industrial process-

ing sources is practiced successfully and extemsively in the United

States and in many countries throughout the world, Facilities investi-

gated handled from less than 0.5 mgd, providing service for sixty

days per year, to more than 570 mgd applied on a year-round basis.
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Various degrees of municipal sewage pretreatment are practiced

prior to land application. The degree of pretreatment is dependent

upen the types of vegetation to be irrigated, method and rate of
application, the probability of odors or ponding at the application
site, and other ecological impacts and public health concerns.

Under proper conditions, land application of wastewater is a

workable alternative to advanced or tertiary treatment of muni-

cipal wastes. Successful operations now in use generally rely

upon conventional treatment processes to pretreat sanitary wastes
equivalent to ''secondary treatment.' Prior to application to land
areas, industrial wastewaters, on the other hand, often receive no
conventional treatment, other than screening. '

Land application of wastewaters is practiced for several specific

reasons. Among the major reasons are: To provide for supplemental
irrigation water; the desirability of augmenting groundwater
sources; excessive distances to suitable bodies of receiving waters
or extraordinary cost to comstruct facilities to reach suitable dis-
posal sites; economic feasibility, as contrasted with the cost of
construction and operation of advanced or tertiary treatment facili-
ties; and inability of conventional treatment facilities to handle
difficult-to-treat wastes.

Land application of wastewaters can be considered as a part of a

water reuse cycle, Emphasis should be placed on wastewater utiliza-

tion, reuse and renovation--the so-called "4-R cycle." ©Land appli-
cation is mnot land disposal inasmuch as wastes are not placed
inertly and left on land areas; rather, they become a part of a
dynamic system of utilization and conversion of the liquid and the
nutrient components contained therein. (This requires cautien in
application of non-amenable wastewaters which cannot become a part
of this recycle-reuse process.)

Present land application facilities generally are not ''stressing"

the system. Many facilities are found to be using effluent én a
crop-need basis. Even where efforts were being made to use land as
the only point of disposal, application rates were generally conser-
vative and the soil-plant components of the system were not stressed
to limits of assimilation or used to their optimum capacities, thus

providing a large factor of safety.
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Small communities and food processing industries will probably con-

tinue to be the principal users of land treatment of effluents for

- near future. The ability to assemble the necessary land at proper

prices and without adverse effect on local land-use practices, tend

to favor the use of land application systems for such smaller installa-
tions. However, stringent requirements on discharge of effluents to
receiving waters, energy shortages, or a number of other conceivable
economic-environmental factors could make land application feasible

and workable for larger communities or other wastewater sources,

A variety of beneficial uses are being made of wastewater effluents.

Uses include irrigation of parks, golf courses, cemeteries, college
grounds, street trees, highway median strips, sports grounds, orna-
mental fountains and artificial lakes. Wastewater effluents are also
used to irrigate many types of crops, including grasses, alfalfa,
corn, sorghum, citrus trees, grapes, and cotton. Forest lands also
are being ilrrigated in many areas. Groundwater augmentation to pre-
vent salt water intrusion is being practiced. In Mexico, a wide
variety of truck garden crops has long been irrigated with effluents.
Crops appeared to benefit from both the nutrients and the increased
amount of water which is applied.

A large variety of potential opportunities for land application of

wastewater exist in many communities. Wastewaters that are given a

high degree of treatment could well be considered for irrigating

large public and private facilities to relieve the demand for irrigation
with potable water supplies. Golf courses, cemeteries, parkways,

school grounds, parks, airports, planned unit developments, green

belts, forest preserves, and marginal land and land within flood

plains all offer opportunities for the useful applications of

effluent to the land.

Sale of effluent for beneficial use has been gemerally unsuccessful.

Few examples were found where a public agency had been able to obtain
more than a token paymént for supplying treated effluent. In several
cases it was reported that land for the treatment plant had been .
given in consideration of a right to all or a portion of the effluent,
Where an agency received a tangible dollar return, it was generally

based upon use of both land and the effluent.
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Successful cperatlon cof a land application system requires the input

from a variety of disciplines. For many systems the services of a

geologist and environmental engineer are required. For: systems
designed te augment the indigenous crop water requirements by supple-
mental irrigation, the advice and guidance of an agronomist and soils
specialist will be needed. For larger systems sccial and behavioral
scientists, as well as medical-health personnel, may be required to
assist in evaluating and securing acceptance of this alternative means
of treatment.

Operation of land application facilities can be accomplished without

creating a nuisance or downgrading the adjacent enviromment.  The

survey indicated that a majority of the facilities were conducted by
well-trained personnel, aware of the need for careful operation of

the systems. Training, supervision and adequate monitoring of perti-
ment factors are necessary to ensure that systems will not be over-
stressed, If ponding on the land is not allowed, odors will not be a
problem. The hazard of creating other adverse effects on the environ-
ment discharging treated effluent on land is minimal.

Environmental analysis of the effects of land application reflects a

general improvement of the environment rather than impairment of the

indigenous ecology. Many facilities were observed where the effluent

provided the only irrigation water available. Land values for sites
with a right to such wastewaters were greater than that of édjacent
land because crop and forest growth was enhanced, and use of potable
water supplies reduced. Farming and recreation potentlals exist as

well as improved habitat for wildlife.

Treatment of wastewater prior to land application has generally been
dictated by the desire to use the best practical means consistent

with available technology and to minimize any adverse effects upon

the eﬁvironmentu Land application of wastewater by eliminating direct
discharges of effluent into receiving waters could be regarded as
satisfying the ultimate national policy goal of 'zero discharge" of

pollutants.

No instances of health hazards were reported from any existing
facilities, although the State of Delaware indicated concern over

possible virus transmission.
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Local public opinion--objection to becoming the recipients of

"somebody else's waste''--could be a major limiting factor inm the

development of large land application systems at distances from

wastewater sources., Psychological concern over distasteful

characteristics of effluents can result in distrust of the ability

of public agencies to operate, control, and manage such systems.
However, several successful examples of effective operations, such as
West Hertfordshire, England, and many of the facilities surveyed and
described in detail in this (APWA) report, demonstrate that public
acceptance can be achieved,

Monitoring of land application facilities and effects has been

minimal and mostly inadequate. Few states have taken an active

role in requiring use of monitoring facilities, apparently because
there was no direct discharge of effluents to receiving waters,

Many of the municipal systems surveyed provided little or no moni-
toring, inasmuch as the effluent was being used only for supplemental
irrigation., Industrial systems were generally better monitored,

but control in most cases cannot be characterized as being adequate.

Energy requirements for land application systems may be an important

consideration. Reported energy requirements for most advanced and

tertiary treatment proposals are very high as compared to conventional
treatment. Depending upon the location and availability of land,
energy requirements associated with land application techniques may

be substantially less than other means of treatment and effluent
management. This factor deserves further evaluation.

The nature and quantity of receiving waters must be carefully

evaluated prior to diverting effluent to land application. Few

existing systems were found that used underdrains to collect the
renovated effluent. Rather, the groundwater aquifers received the
flow., If a land application area is adjacent to the receiving
water, much of the groundwater may serve to augment the flow into
the receiving waters by a gradual seepage into the drainage basin,
Elimination of direct wastewater discharges to a stream could
unbalance the flow regimen associated with downstream beneficial
uses, inhibit desirable dilution of waste discharges, interfere with

the tempering of thermal water discharges, and permit the intrusion




18!

19,

20,

31

of saline waters into normally fresh water zones. The impact of
effluent diversion into land areas with respect to the basic
principle of riparian water rights must be comsidered where irriga-
tion is planned as an alternate to discharge into surface waters in
some areas.

When wastewater is discharged to land and this method is used as a

means of advanced treatment by natural means, the land must receive

pricrity for their use over other optional land uses. The needs of

crop producticn, recreation, and other benefits can be in conflict
with the utilization of a land application system for the treatment
of wastewater. For instance, the planting, cultivation‘and harvest-
ing of crops and the use of recreation facilities may interfere

with continuous application of wastewater onto land areas. The need
for the system to either utilize all of the flow or provide sufficient

retention storage for needed periods of non-operation must be con-

sidered. The cbjective of providing adequate treatment of the effluent

cannot be sacrificed for other needs and uses of the land; proper
handling of the wastewater must be the first priority.

Choice of ground cover can play an important role in the success of

a land application system. On other than sandy soils, it appears

that forested or minimally wooded areas will accept greater rates of

appiication of effluent without ponding than will cultivated
agricultural areas. Many existing facilities utilize feorest areas
and grassed areas for application. Forested areas appear particularly
useful for winter applications when fixed spray systems are used.
Possibly except in the South, Reed Canary grass generally appears to
be particularly well suited for producing mulched ground cover which
can enhance soil assimilation and absorption characteristics.

Land application facilities that have been wused for many years are

available for the study of long-term effects of such use. They

offer the opportunity to study effects on soils and groundwaters.
Demonstration projects should be undertaken to evaluate the effects
and characteristics of climate and soil conditions on the practice

of discharging effluent on land. A project should also be initiated

on the methods of application of wastewater to land. However, it

appears unnecessary to support separate demonstration facilities in
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each of several states and regions. During the course of the study
several small-scale research and demonstration projects involving land
application were reviewed. Some of these projects appeared to have
been instituted simply for the purpose of convincing local and state
officials of the séfety.of this alternative method of treatment and

dispesal.,

Specific evaluation of established systems in the various climatic
zones would appear to be more fruitful than new research installations
for determining long-~term effects upon soil, vegetation, groundwater,
and the indigenous ecology or on the health of site workers and
adjacent residents.

Observations in the field and surveys of land application systems

did not reveal the existence of specific health hazards and dis-

closed very little concern over threats to the health of on-site

workers, residents of neighboring areas, domestic ‘animals or wild-

life, or of those who consume or come in contact with land-applied

wastewaters. Mail surveys of other representative municipal and

industrial land application systems similarly provided no evidence

of any health problems associated with this method of disposal.

Some concern over potential health hazards was, however, expressed

or inferred by officials of some state agencies who supplied informa-
tion about their policies on land application of effluents as an
alternative means of wastewater management. Whether this concern

was based on specific information or mere suspicions, founded or

unfounded, could not be determined from the responses.

Inquiries have been made with inconclusive results about the health
implications of land application systems by several federal, state,
and local agencies and by other quasi-governmental and public service
organizations. Concern over "the unknown' was expressed for such
factors as potential viral and pathogenic hazards resulting from
dissemination of aerosol sprays or mists and contacts with sanitary

industrial sludge residues.

While the current studies did not disclose cause for such concermns,

the bibliographic abstracts prepared as an integral part of this
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investigative project do include references describing possible
health hazards which warrant further study, and these potential
prcblem areas should certainly not be ignored. A balanced con-
sideration of the concerns, and of the absence of any study evi-
dence to support those questions, would be of great value and

would help to end needless speculation about health hazards.

Additional Comments
The biblicgraphy from the American Public Works Association (AaPaW,Ao)

report entitled, Survey of Facilities Using Land Application of Wastewater,

No. EPA-430/9-73-006, is being combined with the bibliocgraphy frem the .

report by Metcalf & Eddy, Inc., entitled, Wastewater Treatment and Reuse by
Land Application, Both the A.P.W.A. and M & E reports are currently being

printed by the U, S. Government Printing Office (GPO). The combined annoctated
bibliography will be published separately by GPO under the title, Land Appli-
cation of Sewage Effluents and Sludges: Selected Abstracts.

Although perhaps repetitious, these concluding comments emphasize certain
pertinent aspects of the land application technique. ’
--Public acceptability is the primary factor limiting land treatment of
effluents and land utilization of sludges in the United States;
—-~Land application of wastewater is not an alternative to secondary

treatment (as defined in Paragraph 133.102 of the Federal Register)

if secondary treatment is. required as a pretreatment.

--Land application of sewage effluents is an altermative to tertiary
treatment for the removal of nutrients, suspended solids and certain
other pollutants. It is not effective for the removal of soluble salts.

--Small communities will probably continue to be the principal users of
land treatment of effluents for the near future, but future stringent
discharge restrictions will meke land treatment more attractive to
large communities.

--The EPA proposed effluent limitations for conventional secondary treat-
ment works, as published in Paragraph 133.102 of the Federal Register
of April 30, 1973, specifies the level of effluent reduction which will
be acceptable. In the case of land treatment systems, as long as
Paragraph 133.102 is in effect, it is unrealistic and unreasonable to

expect the effluent to meet the U. S, Public Health Service standards
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for drinking water as has been suggested. In order for the Agency to
be consiétent, either the effluent limitations from conventional

secondary treatment plants will have to be tightened or the suggested
drinking water standards for land treatment effluent will have to be

abandoned.

Question: What has been the most probable means of obtaining public acceptance?
Answer: Taking the public into your confidence, explaining what you're doing

in great detail. The film, The Wealth from Waste, made at Hertfordshire, which

I acquired in England, is a film that was designed primarily to educate the
English public where the liquid digested sludge is being irrigated., I

emphasize liquid digested sludge because in England one of the problems was

odors. They thoroughly digested the sludge and eliminated the methane gas

and the other gases that caused the traditional sewage odors that people iden-
tified with sewage. After the odors were eliminated, the sewage was about
three percent solids content and the rest was effluent. There were golf
courses near the land where it was being applied. There were also some houses
and dwellings. People were driving up through this section and by using the
film, it convinced the contributing people living in the community--about
550,000 people--that this was a safe, conventional method, was working satis-
factorily, and wasn't creating any hardship. The Public Health people came

in and cooperated with the Hertfordshire Authority and the general public in
that area simply aren't excited about it. They don't think anything about it.
The dnly complaints that they usually have are the big trucks. They have some
tank trucks that move the liquid digested sludge to remote areas and some people
complain about the big tank trucks on the marrow British highways; but other

than that, there doesn't seem to be any complaint about the project.

Question: What health effects are they talking about and what emphasis has
been placed upon chlorination or things like this to reduce health effects?

How does all of that fit together?

Answer: The Mexico City system and the Melbourne system apply raw sewage.
Also, Berlin applies raw sewage as well as Brunschweig. The odors that you

get from raw sewage are the principal objection. In Melbourne since 1896 there
have been no ill health or health effects that they have been able to identify
caused by the sewage; the same in Berlin and the same in Mexico City. If any
of those places have a health effect problem, they are not aware of it., At

Hertfordshire chlorination is used.
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Question: How do they apply to the land? What are the means of application?
Answer: Well, in all three places, it's land spreading. In Brunschweig,
Germany, they are mostly using spray irrigation; but in Berlin itself, they're
still using the same system they started in 1895, spreading on the land. They
have not been able to identify any health effects, and in these systems in the
western part of the United States none of the municipalities that are operating
these systems have ever been able to identify any health effects. However,

it seems prudent that you be careful about it. There are certain pathogens
that are in sanitary sewage, and it is prudent to be careful about the use

of it, What I'm saying is that in all of the studies that have been made,
nobody has been able to identify any ill health from land application of
wastewater, with the single exception of a 1911 report where an illness was

alleged.

Question: Is this reaction really any different from New York's wanting to
move its solid wastes to Connecticut? Is this the same thing?

Answer: Public acceptance is the major limiting factor in the land applica-
tion of wastewater and being the recipient of wastes from another community is

a real problem. This is one of the APWA conclusions,

Question: How important is the Climatic Zone Map and is it suitable for this
area? What effect does climate have on us here?

Answer: Not as much effect as in the water-short zones in the Southwestern
United States. In more humid sections (as in North Carolina) greater rainfall
tends to reduce water resource conservation as a public concern. Severe
winters tend to complicate land application systems and reduce the more obvious

advantages of applying wastes on land.

Question: Would the humidity we have in North Carolina indicate that it
might be successful here?

Answer: Without any specific direct knowledge about North Carolina climatic
conditions, my general impression is that the mild winters and moderate rain-
fall in the Southeastern part of the United States make North Carolina an
ideal region for successful land application systems. Remember, however, that
design and maintenance are the two most important factors for a successful
project. Incompetent management can result in failure, even under ideal cli-

matic conditions,
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MANAGEMENT OF LANDS USED FOR WASTE DISPOSAL

by

Joseph A. Phillips
Department of Soil Science
North Caroclina State University

There are several concepts of waste disposal on the land, but before we
speak to this point let's define waste. Waste may be defined as a material
discarded that is worthless, defective, or of no other use; in other words,
refuse. Waste on the other hand can be defined as allowing material to be
used inefficiently or become dissipated and squandered. Therefore, when con-
templating using soils as a receiver of waste material, one must define waste
as true disposal of material or waste having value being used as an amendment
to the 'soil.

In order to manage land for waste disposal, a knowledge of the soil and
its physical and chemical charactefistics that occur in the waste field must
be obtained. Soil physical propertieé that are of particular importance are’
soil depth or thickness. Also, soll infiltration rates, soil texture, soil
structure, typeé of clay, soil permeability, soil porosity and soil color of
each soil horizon (layer) are very important. Chemical purpeses would
include the cation eXchangé capacity, salt content as well as nutrient status
are important factors that need to be considered. The internal drainage of
the soil as well as depth to water table are two other important considerations.

The physicalvprOperties are indicators of the hydraulic loading capacity
of the soiis as well as indicators of air-water relationships that are criti-
cal in biological degradation of waste material applied to the soils, Physi-
cal properties such as texture, structure, and permeability are indicators as
how fast liquid material will move intoas well as through soil material, If
the liqﬁid does not move through the soil, then there is a potential of pollu-
tion from surface runoff; if it moves through the soil too fast, there is a
potential for subsurface pollution.

Therefore, in order to manage land for waste disposal, a total knowledge
of the soil resource is importént; and it is just as important.to characterize
and know the waste material that is to be disposed of. TFrom a broad perspec-
tive when evaluating soils as a sink for waste, four broad areas are to be

considered:
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1. When soils are used as a receiver for solid waste, considera-
tion will be in terms of sanitary landfills and areas where
waste can be successfully buried so that they would not have
harmful environmental effects in the near future, In addi-
tion to the environmental consideration, the concentration of
waste material in a landfill will facilitate the future sal-
vage if the need arises.

2. We may look upon the soil as a receiver of municipal waste.

In this case, the soil would be required to receive different
materials generated from waste disposal plants, activated
sludge of a rather concentrated nature, as well as primary
treated effluent from the sewage plant.

3. Another consideration would be the soil as a sink for indus-
trial waste, In this case, the soil would be a receiver of
by-products of manufacturing; for example, food processing
plants, etc.

4. Another broad alternative is the consideration of soil as a
receiver of animal waste. In this case the manure by-products
generated from animal production may be 'wasted on the land"
or used as a valuable source of nutrients for crop production.

In each case the nature of the waste must be well characterized in order
that it might be properly applied to the soil system.

In the case of solid waste, some of the main management criteria that
needs to be considered, of course, is to develop a situation where the waste
may be buried and still not contaminate surface waters or subsurface water.
This requires soils that have physical properties that are deep and well
drained and of such texture that an impervious layer may be compacted prior
to the deposition of the material and then as each layer of material is placed
on the soil surface, another layer of soil is sandwiched in between each layer
of waste and packed to eliminate air and water from the waste area itself.
Eventually, the landfill is capped off with soil materials that are suitable
to support a vegetative cover. Care must be taken in managing these areas to
insure total water management. For example, control the surface runoff so that
there is no surface erosion taking place nor is there a great amount of infil-

tration or leaching through the waste material itself. Second, to eliminate
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areas where the water table wbuld~come into contact with the waste area., The
sanitary landfill method may be used for solid waste as well as some of the
more concentrated waste materials from the other three broad areas discussed
earlier, _

When considering using the waste material on land without essentially
disturbing the soil and to continue to produce a vegetative cover, there are
several factors affecting the rates of application of the waste products to
the soil, These are:

1. The use that is to be made of the land, whether it is to be

' used for crop production on one extreme or for waste disposal
only on the other extreme,

2. 1If it is to be used for crop production, the type of crop that
is to be grown must be determined,

3, The characteristics of the soil which include both the physical
and chemical properties must be considered. .

" 4, The topography as it affects runoff and erosion must be -
evaluated,

5. The season of the year in which the waste is applied.

6. The possibility of environmental pollution, particularly the
contamination of surface ground water by excessive leachirg or
runoff, ‘

Regardless of the use that is made of the land, care must be taken to pre-
vent any waste or waste water from reaching the surface water or ground water
in order not to violate water quality standards.

If the land is to be used for waste disposal solely or is dedicated for the
disposal of waste only, the main criterla would be the protection of the
environmental quality. However, if crop production is to be coupled with the
waste disposal, the amount that is to be applied to any particular crop would
be determined by the current fertility levels of the soil and the fertility
needs of the crop itself, Generally, the mitrogen content of the waste material
- will be the most limiting factor as to how much might be applied to a speci-
fied crop. Excessive amounts of any nutrient, including the micronutrients
and heavy metals, beyond the crop need would have to be weighed against the
possible detrimental effect of the waste material on environmental quality, .

particularly the contamination of surface water.. Thefefore, it is -imperative
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that a good assay of the waste material must be performed in order to properly
merge it with the soil in an effective waste management scheme. The physical
and chemical properties of the soil will determine the loading rates because
these properties determine the leaching rate, the storage potential of nutri-
ents, and the biological activity. The biological activity affects the rate
of decomposition of the waste; and hence, the rate of utilization and uptake
of nutrient materials by the vegetative cover growing on the soil surface.
North Carolina climatic conditions are such that the soils are generally wet
during the winter months and relatively dry during the summer. Conseqﬁently,
normal rainfall during the summer months does not generally penetrate below
the rooting depth due to the high demands of the vegetative cover for moisture
and the potential for evaporation from the soil surface, On the other hand,
during the winter months when evapotranspiration rates are at their lowest

and rainfall continues, rather wet conditions prevail, and there are situations
where leaching of materials through the soil is highly probable. Therefore,
adjustments must be made in regard to the season of the year as it relates to
waste management. Topography and slope of the land is an important factor to
be considered in determining the potential of soil for waste disposal. The
surface application of waste material on soils with steep slopes are more
subject to runoff and erosion; therefore, on moderately steep to steep slopes
effective erosion control measures must be utilized to prevent pollution.

To summarize the factors affecting rate of application of waste material
on land that is to be used for crop production, it is important to recognize
that the nutrient composition of the waste as well as the nutrient needs of
the vegetative cover must be taken into account. The amount of nutrients
that the crop can effectively use can be determined through chemical analysis:
of the soil and the needs of the vegetative cover. For example, a soil test
with appropriate recommendations for the crop. When contemplating the utili-
zation of ‘waste as a source of plant nutrients, cropping systéms”become impor-
tant in recognizing that what benefits some crops may be liabilities to other
crops due to the growth habit of the crop itself. Where waste is discharged on soil
that is not used for crop production, the limitations will be dictated by the
potential for pollution,

Municipal waste and industrial waste will generally impose problems other

than are normally encountered with animal waste. In addition to evaluating the
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nutrient aspects of the effluent of the waste materials from these plants, con-
slderation must be ‘given to the possibility of chemicals and materials in the
waste that can be detrimental to the soil itself., However, in most cases
these types of waste can be carefully characterized by analytical procedures
and the detrimental products be recognized in time and can be coped with by
proper treatment. A prime example of this phenomenon has been the food
industry and its use of sodium hydroxide (lye) as a peeling agent, creating
special problems with sodium in the soil, Excessive amount of the sodium
flocculates the soil and creatés an impermeable strata which in turn plugs
the field creating surface runoff problems and the like, However, recogniz-
ing the fact that sodium was in the waste water, steps can be taken through
the application of gypsum or landplaster to offset the detrimental effect;
therefore, maintaining the soil's environment in an operational state.

In summary, as one evaluates the mnational picture in terms of the
immediate fertilizer shortage, our demands for food and fiber, many waste
products may be elevated to by-products that can be used to substitute for
commercial fertilizer in the production of crops. With the advent of more
stringent air and water regulations, requiring total nutrient removal from
waste discharge in the streams, soils may be the resource needed to meet this

demand and offer a viable solution.







43

WASTEWATER AND SOIL INTERACTION

by

B, L, Carlile
Department of Soil Science
North Carolina State University

" The soil is a suitable medium for the ultimate disposal of a wvariety
of wastes including those which will be transformed to harmless forms by soil
processes or utilized and removed by agricultural or forest crops. Using the
soil and its associated biosystems as an extensive recycling system enables
one to utilize the important physical, chemical, and biological buffering
capacity of the soil in relieving various kinds of water pollution crises
resulting from waste discharges to surface streams:

On the basis of a continuing long-term recycling program, the application
of wastes on land is effectively limited to essential plant nutrients, biode-
gradable organic materials, and radionuclides with reasonable half-lives. The
essential elements. that plants obtain from the soil are N, P, K, Ca, Mg, S, Fe,
Mn, Cu, Zn, B, and Mo with Se, V, Cl, Na, and Si possibly required for some
crops. These are chemical elements required by plants to complete their life
cycle. Municipal wastes contain all of these elements but may also contain
other elements such as Ni, Cd, Hg, Cr, Se, As, and others which may be con-
sidered as contaminants to the soil-plant~animal food chain and, once disposed,
depreciate the soil as a medium for‘égricultural production. Therefore, the -
application of any wastes on land may be considered a recyeling process for
the essential nutrients and biodegradable organics but only a disposal reposi-
tory for all other non-essential and non-degradable components., The key to a
successful soil-waste treatment system then becomes a management program such

that ‘beneficial aspects are maximized and adverse effects minimized.

Soil Loading Factors

There ‘are several constraints which relate to the capacity of soils for
waste assimilation. One may designate at least five loading factors to be
considered in the design and successful operation of a lahd treatmént systemf.
(1) hydraulic loading, (2) nutrient loading, (3) organic loading, (4) salt
loading, and (5) toxic elements., For any particuiar soil-waste treatment
system, any one of the five listed criteria may be the limiting design com-

ponent depending upon the waste characteristics, soil assimilation capacity
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and land management programs followed. Overloading some segment of the assimi-
lation process 1s the cause for failure in aﬁy malfunctioning land disposal
system,

Hydraulic loading is of concern since the 'soil must remain unsaturated
for sufficient periods of time to allow exchange of gases with the aerial
atmosphiere through open pathways or pores in the 'soil matrix to the depth of
plant roots and microbial activity. When the soil pores remain filled with
water for extended periods, the rate of diffusion of oxygen to and carbon
dioxide away from roots and microbial sites may be reduced to levels inhibit-
ing normal plant growth and microbial activity. When this occurs, plant roots
cannot absorb the water, and nutrients required to support normal growth of
above-ground portions of plants and microorganisms cannot sustain maximum
activity to fully utilize organic contaminants in the applied wastewater.
Water movement .in unsaturated soils insures more complete filtering and
adsorbing of wastewater pollutants since the water moves under tension,
insuring more intimate contact between wastewater contaminants and reactive
gites on soil organic and mineral particles. Four or five feet of umsaturated
soil appears to be as effective in filtering chemical pellutants and patho-
genic organisms as several hundred feet of water saturated soil material.

If the soil system.is to be successfully used for renovating wastewater,
plans must include management practices optimizing conditions for maintaining
aerobic cultures of microorganisms and combinations of higher plants which
consume waste by their multiplicity of metabolic processes, In this respect,
the necessity of limiting water. application during periods of heavy rainfall
and the need of establishing a soil drainage system in some soils of North
Carolina must not be overloocked.

Although organic matter or organic loading is not likely to be the con-
straining parameter in applying secondary treated municipal wastewaters to
soil, it may be the constraining parameter for wastewaters from such sources
as food processing plants, organic-chemical plants and any source of organic
sludge. ‘Permissible organic loading to soils must be based on an understand-
ing of the-prbcesses governing the fate of carbon in soils., To maintain maxi-
mum rates of organic degradation in soils, gerobic conditions must be main-
tained through upper portions of the soil profile. Therefore, organic load-

ings which may be acceptable at hydraulic loads which permit the soil to
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remain aerobic, may become unacceptable at hydraulic loads which make the
soil anaerobie. Two of the more evident problems associated with organic‘
overloads are hydraulic clogging of the soil matrix and nuisance odors from
anaercobic fermentation. The relation of the organic loading and hydraulic
loading of a soil disposal system can be described somewhat by the measure-
ment of oxygen diffusion in soil pores at varied levels of water saturation.
In a typical surface soil having about 40 percent pore space, a condition
where about 50 percent of these pores are filled with water (50 percent
saturation) would permit an oxygen diffusion rate of approximately 900 pounds
of O2 per acre per day into the soil surface. However, if the saturation
percent is increased to near 80 percent, the rate of oxygen diffusion is
reduced to below 50 pounds O2 per day.

The relation of the total oxygen demand (TOD) parameter of a waste and
the acceptable load on.a field site is not simple. The empirical BOD5
parameter may underestimate or it may overestimate the biodegradability of
the waste depending on environmental conditions at the site., Under optimum
conditions, the 5-day BOD value of wastewater may be satisfied within a
much‘shorter time in the soil while on the other hand if the hydraulic load
is such to suppress the aerobic respiration capacity of the soil because of
excessive wetness, the BOD loading may not be oxidized for extended periods
of time. BOD5 loadings of from 900 pounds per acre per day to as low as 150
pounds per acre per day have been reported in the literature as being success-
fully handled in spray irrigation systems. These reports indicate that a
balance between organic loads and hydraulic loads must be observed to secure
maximum dissipation of the organic load within the limits of hydraulic
acceptance. ‘ A

Nutrient loading in waste applications to soils are of some concern
because of possible transformations of the nitrogen in the waste to the
nitrate form in the soil. The nitrate formed may be subject to leaching and
accumulation in water supplies with subsequent hazards for drinking water or
find its way into surfacé‘waters with accompanying problems of eutrophication.
Basically, the job of removing nitrogen from the wastewater applied to a
well-drained soil falls on the harvested crop. During peak growing periods,
a crop like corn may require 4 to 5 pounds of nitrogen per acre per day while

many winter cover crops will absorb as much as 2 pounds of nitrogen per acre
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per day during peak growing periods of spring. A well-managed crop of coastal
bermudagrass over seeded with winter rye may utilize as much as 600-700 pounds
of nitrogen per acre per year.

To prevent excessive nitrate pollution where nitrogen is applied at rates
exceeding crop utilization, the soil would have to act as a denitrifying
system. This would require selection of soil, site, and hydraulic load to
obtain alternating aerobic and‘anaerobic-cycles'or to produce aerobic condi-
tions in the upper root zone and anaerobic conditions in the lower root zone
by controlling drainage through subsurface drains or field ditches. Studies
along these lines are now being carried out in both field and laboratory
projects at North Carolina State University.

Salt loadings in land application systems may.be a problem at a few
specific sites where industrial wastes with high salt or sodium concentra-
tions are being applied to the soil, The soil organic.and inorganic compon-
ents have a defined capacity for the sorbtion of cations in wastewater, nomi-
nally defined as the cation exchange capacity (CEC) but only very limited
capacity to absorb anions. When a soil with significant amounts of clay in
the profile is treated with a wastewater of sufficient sodium concentration
such that the percent sodium satisfying the CEC of the soll reaches 12 to 15
percent, some dispersion of the soil structure may occur, reducing the ability
of the soil to conduct water. Some of these adverse effects may be overcome
by”application of soil amendments such as gypsum if the sodium levels-are not
excessive, Information on the concentrations of various salts in the waste-
water, soil mineralogical components, and soil chemical characteristics are
all necessary to predict the interactions of salts in land disposal systems.

There is much concern about the fate of heavy metals when municipal sludge
is ‘applied to soils, Generally, the potential biotoxic heavy metals are found
in relatively small amounts in the effluent because they tend to concentrate
in ‘sewage sludge. When applied to the soil, the metals vary as widely in their
chemical reactivity with the soil as they vary within the periodic table. With
its cation exchange, anion exchange, and amphoteric properties varying from
horizon to horizon in a single soil and from soil to soil on the landscape, it
is not easy to predict what the ultimate effects of adding a potentially bio-
toxic element may be. While there is a dearth of information concerning the

fate of heavy metals applied to soils, some available information allows one
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to manage such systems to minimize possible hazards. Since only soluble
trace elements are available to the plants and can cause toxicity, several
soil characteristics can be manipulated to reduce the -availability of trace
elements to plants. Many of these metals such as copper, nickel, and zinc
can be chelated by organic matter, adsorbed on silicate clays or precipitated
by the oxides of iron and manganese.  Therefore, maintaining oxidizing condi-
tions as well as significant organic concentrations in the soil tends to keep
metals unavailable to plants. Neutral or slightly alkaline pH conditions help
to keep metals immobilized. Pending the establishment of guidelines for per-
missible additions of trace elements to soils, some precautions should be
observed with high rates of sludge application or with prolonged applications
at lower rates. Regular testing of crops and soils should forewarn of toxic
accumulations.

Although no records exist of diseases having been caused by using muni-
cipal wastewater and sludges on soil, many people are concerned about spread-
ing pathogenic microorganisms during the spray applications of wastewater on
land, Their fears are largely stimulated by the fact that chemical disin-
fection seldom destroys all pathogens, especially more resistant viruses,
Since uncertainty persists about possible dangers of applying municipal
wastes, precautions should be taken. Good soil and water conservation prac-
tices are needed to prevent direct runoff of wastewater from the land to
insure the percolation of the water through 4 or 5 feet of unsaturated soil
which would remové pathogenic organisms,

While long-term storage of sewage sludge has been used as the simplest
method of reducing pathogenic organisms, other methods may come into play in
association with land disposal systems., Some work by the EPA in Ohioc has
shown that adding lime to sludge to raise the pH to 11.5 or higher and main-
taining the pH for only 2 hours was quite effective in killing pathogens.
Costs were estimated at $10 per ton of solids but would be offset somewhat,
especially in North Carolina and the Southeast, since the soils require a
periodic addition of lime to keep soil pH at optimum levels, Sludge may
also be pasteurized prior to land application by maintaining a temperature
of 70°C for 30 minutes, normally by direct steam injection in tanks. Costs

for such pasteurization was reported at $12.50 per ton of solids.
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HEALTH ASPECTS COF LAND APPLICATION OF WASTEWATER AT MILITARY INSTALLATIONS#*

by
John P, Glennon, CPT, MSC
Sanitary Engineering Research Branch.
U, S, Army Medical Research and Development Command
Washington, D. C, 20314

The U. S. Army is active in several efforts to determine the feasibility
and problems‘associated with wastewater reuse., Some of these projects plan for
the direct reuse of wastewater for non-consumptive purposes and, in special
cases, the production of potable water from wastewater. Direct reuse efforts
started with field Army units, such as hospitals and laundries, to afford them
tactical mobility and to eliminate water-~bauling requirements.

At military installations, land application of wastewater is contemplated
as an alternative to advanced wastewater treatment, The principal driving force
for using land wastewater application methods is the increasingly more stringent
water pollution standards. Also, military installations offer a more favorable
situation for wastewater reuse than do most civilian communities because there
is a clustering of similar activities which allows greater control over raw
materials and wastewater producing processes, and there is a greater availability
of land required for land disposal sites than in our urban centers. The ultimate
goal of present Army efforts is to insure the adverse environmental impact of
wastewater disposal and reuse techniques are understood and controlled.

.. The Army is expanding its use of various medes of applying wastewater to
land for disposal of wastewater at installations within the United States, The
most cemmon reuse of treated wastewater is for irrigation of golf courses and
parade grounds. Spray irrigation is especially favorable in semi-arid regions
because it reduces the overall costs of maintaining golf courses and lawns, as
well as reducing the amount or eliminating wastewater discharged to receiving
waters.

The Army Corps of Engineers is responsible for developing the criteria under
which wastewater land disposal sites will operate., (1) Prior to developing

additional disposal sites, the Army Surgeon General, at the request of the Corps

* The opinions or assertions contained herein are the private views of the author
and are not to be construed as official or as reflecting the views of the
Department of the Army or the Department of Defense.
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of Engineers, is conducting research on the health and hygiene aspects of land
wastewatex application,

The U. S. Army Medical Research and Development Command (USAMRDC), the
research arm of the Army Surgeon General, prepared a report defining the pos-~
sible health and hygiene effects of land disposal at military installations
(2) as the first step in 1972. Recognized as problem areas of immediate inter-
est were the fate of heavy metals and pesticides in the soil and ground waters
after wastewater application and the fate of pathogenic microorganisms in
aerosols generated by the spray irrigation equipment and their movement through
soil at rapid infiltration disposal sites, Research efforts have been initiated
on these problems. The effects of chemical and biological constituents of
wastewater on the growth of cover crops and the usability of these crops for
human or animal consumption are important considerations if wastewaters are
applied to farm or pastureland. Since the Army does nct contemplate these uses,

these concerns are not under investigation.

Preliminary Criteria

In response to the immediate needs for operating existing land disposal
systems, the Army Medical Department prepared a set of preliminary criteria for
land disposal of domestic effluents., These criteria were prepared for four
techniques of land disposal: spray irrigation, rapid infiltration, overland
runoff, and evaporationkponds, It should be emphasized that these criteria are
. preliminary and subject to change based upon the results of on-going research
by the USAMRDC (to be discussed later in this paper) and others working in this
field. It should also be noted that the criteria were prepared as a guide for
site selection and system operation, recognizing that very few, if any, systems
will be capable of meeting these criteria 100 percent., Because the problems
associated with land wastewater disposal are extremely site specific, each
available disposal site must be individually evaluated and site selection based
on the best balance between the health and environmental protection criteria
(listed below) and the operational criteria (soil percolation rates, cover crops,
economics, etec.)

1. Criteria common to all systems (spray irrigation, rapid infiltration,
overland runoff, and evaporation ponds).

a, Pretreatment

(1) Criteria: Provide secondary (biological) treatment to

all wastes prior to application or ponding.,
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Rationale: The literature indicates that hydraulic
loading rate is the principal limiting factor in deter-
mining the assimilative capacity of a soil; the litera-
ture consistently indicates that neither BOD nor sus-
pended solids concentrations in the applied waste have
a limiting effect--provided that application is inter-
mittent allowing for the reaeration of the upper layers
of the soil mass., However, the provision of secondary
treatment is important not for BOD or suspended solids
reduction, but for the following: first, bioclogical
degradation of putrescible materials, with a consequent
reduction in the potential for the development of
nuisance conditions; and second, removal of a high per-
- centage of pathogens from the waste stream with a con~-

commitant reduction in the medical risk to operating
personnel.

(2) Criteria: Provide post-chlorination with rapid mixing
such that 0.5 mg/l residual chlorine (total) remains

after a l5-minute. contact period.

Rationale: The maximum destruction of pathogenic organisms
prior to application or ponding is warranted; post-
chlorination further reduces the potential for ground

water contamination; post-chlorination adds a further
element of protection for on-site operation and main-
tenance personnel.

b. Access Limitation

Criteria: Assure limited access to holding facilities, applica-

tion sites, and ponds.,

Rationale: The risk of contact contamination should be minimized
by providing fencing or other suitable barriers to prevent general
access by c¢ivilian and military personnel. The use of wastewaters
for irrigation of recreation areas, however, is an exception but
is subject to the constraints outlined in 2a(2) below.

c. Non-potable Identification

Criteria: Provide readily identifiable non-potable notices, mark-

ings or codings for all comveyance facilities and appurtenances.
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Rationale: The risk of accidental ingestion by the general pub-
lic of wastewater from disposal appurtenances in recreation
areas must be recognized. In addition, the inadvertent cross-
connection of pressurized waste conveyance facilities to the
potable water system by facilities personnel must be anticipated
and prevented by coding or marking schemes,

Vector Control

Criteria: Control vector populations incident to spraying and

ponding operations.

Rationale: Increased vector breeding can be anticipated as a
result of land disposal operations, In the cases of spray irri-
gation and overland runoff operations, incidental ponding should
be minimized at the disposal site. 1In all holding and ponding

operations, seasonal fluctuations in vector populations should

" be controlled through the judicious application of organo-

phosphate pesticides as required,

Surveillance

(1) Criteria: Provide surveillance sufficient to protect
all local water sources, As a minimum, this should
include quarterly analyses for fecal coliform, and
annual analyses for the indi;;tor constituents: total
dissolved solids, surfactants (MBAS), nitrates, and
sodium. Sample stations should encompass existing wells
.used for potable water sources, including as appropriate,

private wells of local residents.,

Rationale: The principal risk associated with land dis-
posal operations is the biological and chemical contami-
nation of local water supplies, The surveillance program
should be structured to provide prompt warning in the
event of such contamination.

(2) Criteria: Provide surveillance sufficient to prevent
chemical contamination of the receiving aquifer. As a
minimum, this should include quarterly analyses for total
dissolved solids, sodium, nitrate, and surfactants (MBAS),
Sample stations in the form of small observations wells
should be positioned both on-site and down-gradient on the

aquifer.
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Rationale: One major problem assoeiated with land dis-
posal operations is the elevation of total dissolved
solids, nitrate and sodium concentrations in the

receiving aquifer, If such constituents rise to unaccept-
able concentrations undetected, no cqrrective action is
possible; the water supplies down-gradient could, conse-
quently, be compromised for years, even if further waste
applications were halted. The objective, therefore, is

to detect increases in concentration with sufficient fre-
quenicy to allow reevaluation of project feasibility in

time to guarantee the continuous availability of the

aquifer as a water resource. Another potential problem

with land disposal is the short-circuiting of water flow
within the reactive soil mass; analyses for surfactants

has been.recommended to provide early detection,

Criteria applicable to spray irrigation:

Control of Aerosols

General application. Criteria provided in this paragraph
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pertain to traéts of land used‘éolely for disposal purposes.

(a) Criteria: Design spray equipment to minimize aersol

formation at the disposal site,

- Raticnale: A number of factors affect the potential
for pathogen transport through increased aerosol
formation at the appurtenances themselves. Higher

discharge pressures yield a reduction in droplet size

and a consequent increase in the potential for aerosol

formation; discharge pressures in the range 5-50 psi

are consequently recommended. The height of the spray

appurtenances has a bearing on aerosol formation; the
minimum helght, compatible with local vegetatlon,
should be employed. Similarly, consideration should
| be given to the shape of the spray cone itself in the
selection of equipment,
(b} Criteria: Provide a downwind buffer zone between the
dispoeal site and high density populations such as

residential areas and schools,



Rationale: The indeterminate nature of travel
distances assoclated with wind-borne aerosols
warrants care in site selection, Minimum trans-
port distances are associated with spray opera-
tions in forest land where downwind buffer zones
on the order of 200 feet are considered adequate;
greater transport distances are associated with
open sites. The buffer zone could take one of
several forms; space could be maintained between
the disposal site and the population of concern;
windbreaks could be positioned between the site
and the population; or the spray disposal site
itself could be positioned within natural terrain
features that minimize wind effects,

(¢) Criteria: Restrict spraying as much as possible to
periods of daylight at sites where the use of a
buffer zone to protect high-density populations is

impractical,

Rationale: During daylight hours, the lower humidity
and the higher incidence of ultra-violet radiation
combine to minimize the potential for long~distance
conveyance of viable air—bornevpathogens.

(d) Criteria: Cease spraying operations during periods
of high wind velocity at sites where the use of a
buffer zone to protect high-density populations is

impractical.

Rationale: Small increases in wind velocity signifi-
cantly increase the tramsport distances of aerosols,
For each 3 mph increase in wind velocity, transport
distances increase on the order of 100 feet,

(2) Recreation Land Application. Criteria provided in this para-
graph pertain to tracts of land used both for disposal purposes
and for recreational'use; e.g., golf course, parade fields,
athletic fields.

(a) Criteria: Provide post-chlorination with rapid mixing
such that 2.0 mg/l residual chlorine (total) remains at

point of spray applicationm,
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Rationale: The application of sewage effluent to
recreation lands requires greater protection for the
general public; the increase in protection is mani-
fested in the maintenance of a chlorine residual,
The presence of such a residual further reduces the
potential for the contact contamination of the using
public and the potential for the contamination of
residential areas normally located in close proximity
to such areas.

(b) Criteria: Restrict spraying as much as possible to

the hours of darkness.

Rationale: The high use of recreation facilities
during the daytime hours precludes the spraying of
sewage at that time. The maintenance of the elevated
chlorine residual discussed above should offset higher
humidity and lower ultra-violet radiation, typical of
the night, factors which encourage the viability of

pathogens,

b. Protection of Water Resources

(1) Criteria: Locate the sites on relatively flat (<15°) upland

(2)

terrain, the optimum slope being 2-6 degrees.

Rationale: Relatively flat terrain minimizes the potential
for erosion, surface runoff contamination to streams, and

excessive pumping heads. Upland area is stipulated to avoid

‘Valley bottoms subject to flooding and removal of dormant

pathogenic organisms in the topsoil., A gentle slope will
permit efficlent removal of water from lateral piping
immediately upon cessation of spray irrigation activity in a
specific area,

Criteria: Assure the presence of a soil having a large
reactive surface area plus an adequate sustained percolation
rate of at least 0.25 inches/hour and sufficient aeration
capacity. Such conditions can generally be achieved in silt-
textured soils with a small percentage (3-6%) of clay but suf-
ficiently high in organic matter to have a well—aggregated

structure,
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(3)

(4)

5

Rationale: The recommended percolation rate reflects suf~
ficient soil porosity to accommodate the optimum spray appli-
cation rate and aveid surface ponding; a greater percolation
capacity would allow the comcurrent. accommodation of preci~-
pitation with spray irrigation. Aggregated soil structure is
necessary to preclude development of an anaerobic environment
within the soil horizon. With the above two considerations
in mind, a maximum amount of soil reactive surface should be
provided to effect efficient renovation of the effluent.
Criteria: Provide a soil depth of at least seven feet
together with an additional minimum depth of eight feet to

the water table through soil, parent material, and/or bedrock.

Rationale: The stated minimum soil column will allow complete,
or almost complete, biological and chemical renovation of the

sewage effluent, The additional required depth to the ground

water table should accommodate seasonal fluctuations in water

table elevation and permit further assimilation of the more
mobile effluent constituents, thus preventing ground-water

contamination.

Criteria: Assure that bedrock (or unconsolidated sediments,

as the case may be) is sufficiently porous or permeable to

convey the increased volume of applied water to the water

table, and thence, away from the site, Avoid, however, sit-

ing over zones of excessive permeability (transport >100 ft/day);
e.g., fault zomes, fracture trace intersections, open bedding

planes, sink holes and other solution openings.

Rationale: The bedrock must have sufficient vertical and
lateral water transport capacities to avoid continual . eleva-
tion of the water table and possible eventual soil saturation
conditions, as could develop over perched water tables or
thick single units. On the other hand, retention time must
be adequate to preclude the possibility for short-circuiting
by the principal contaminants, so common especially in areas
of limestone bedrock.

Criteria: Provide a vegetative mat of forest, crops, or

grasses.,
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(6)
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Rationale: Vegetation and ground littex prevent soil clog-
ging, ponding, runoff, and erosion, and provide some
insulation for soil and piping from icing conditions. The
maintenance of a vegetative mat may be impractical in semi-
arid regions of the southwestern United States, in that rapid
evaporation can cause ''up-leached" toxic salt concentrations
near the surface which could kill the plant life,

Criteria: Utilize, at each individual site, a spray
application rate of 0.25 inch/hour for eight continuous
hours, Allow one week between applications. at each site.
Choose the number of sites used and the area of each site
based on the operational time schedule and the design

quantity of effluent.

Rationale: For spray irrigation of secondary effluent,

'hydraulic load, not effluent composition, is critical; the

stated application rate is optimum. This rate is in con-
sonance with the soil percolation capacity and allows for
a one-week period of drying for maintenance of an aerobic
environment within the soil. The number of sites required
is determined by multiplying the number of eight-hour
periods of daily operation by the number of days of opera-
tion per week. Continuous (24-hour) operation requires 21
plots and is desirable because it accommodates continuous
effluent production and distribution and also keeps water
flowing in the main pipes continuously which tends to pre-
vent  freezing. ‘

Criteria: Assure that no streams or municipal/industrial

wells are located within the sites selected.

Rationale: Drawdown from an immediate well would tend to
minimize retention time and increase the potential for

well contamination, Direct spraying onto a stream or runoff
erosion during intense rainstorms would cause immediate

contamination of surface water.

Criteria applicable to rapid infiltration ponds:
Criteria: Provide dike or mound structure protection along site

perimeter; avoid siting on valley flood plain.
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Rationale: The site must be protected from flushing by extrane-
ous overland flow or flood waters to prevent overflow and result-

ing surface water contamination,

Criteria: Provide a thick pond bed composed of a coarse~grained
soil capable of sustaining a percolation rate of 1-1/2 to 2
inches/hour.,

Rationale: The optimum efficient application rate dictates a
percolation rate as stated to prevent surface overflow which in
turn, necessitates a coarse-grained soil of limited reactive
surface, Accordingly, several hundred feet of vertical or

lateral intergranular flow are required to effect chemical and

" biological renovation of the effluent.

Criteria: Assure that the criteria stated in paragraph 2b(4)
above is met.

Criteria: Utilize an effluent application rate of approximately
one foot/day for ten to fourteen days with an intervening drying

period on the order of two weeks between applications.

Rationale: This rate is in consonance with the soil percolation
capacity and permits a period of drying in order to effect oxi-
dation of organic matter and maintenance of rapid infiltration.
Criteria: Insure that no active wells are located in the proxi-

mity of the site.

Rationale: Drawdown from an immediate well would tend to acceler—
ate percolétion of effluent into the ground water causing a

greater potential for well contamination.

Criteria applicable to overland runoff:

a.

b.

Criteria: Assure that the criteria stated in paragraph 2b(1)
and 2b(4) are met.
Criteria: Utilize a fine-grained soil (high clay content) which

has a sustained percolation capacity of less than 0.2 inches/day.

Ratibnale: Since the objective is effluent renovation at the
soil surface, infiltration, leading to potential ground-water
contamination, must be minimized.

Criteria: Provide a site consisting of trenches spaced approxi-
mately 100 feet apart per percent of slope (from 2-6%Z) and having

a continuous vegetative mat.
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Rationale: The stated design, gradient, and vegetation require-
ments will allow adequate effluent-soil contact time and végeta—
tive filtration of BOD and suspended solids to achieve chemical
and biological renovation prior to discharge into a surface
water channel.
5.  Criteria applicable to evaporation ponds:

.a, Criteria: Assure that the criteria stated in paragraph 2b(1)
are met. |

b. Criteria: Provide the evaporation ponds with impervious beds and

banks.

Rationale: Leakage must be non-existent or minimal to prevent
ground-water contamination, If significant leakage cannot be
prevented, all criteria listed in paragraphs 2b(3) and 2b(4)
must be met,

c, Criteria: Assure that the evaporation-precipitation ratio is

sufficiently high to permit efficient operation.

Rationale: Evaporation must exceed both precipitation and effluent
application to preclude overfl&w and resulting surface water
contamination,
As mentioned earlier, these criteria are only preliminary and subject to
change as the results of on-going research projects become available. U. S. Army
Medical Research and Development Command research efforts include studies on

heavy metals, pesticides, and pathogens.

Heavy Metals

Heavy metals have been shown to concentrate in soils when wastewater (3) and
sludges (2) are applied to land. The concentration of some metals in the
leachate from disposal sites has been shown to increase above the levels in the
applied wastewater (2). The mechanism for heavy metal ion removal in the soil
system is not well defined, but it is suspected to be a function of the ion
exchange and adsorption properties of the soil (2). The accumulation of heavy
metals in the soil may alter these soil properties as well as altering the
growth of microorganisms, vegetation, and fauna in the ecosystem. Heavy metals
may also find their way into the ground water and into surface waters, via over-

land runoff.



60

The Texas A&M Research Foundation, under contract to the USAMRDC, began
a study (4) in May 1973 on the fate of coppef, zinc, cadmium, nickel, and lead in
wastewater appliéd to land disposal sites. The épecific objectiveé of this study
are to détermine (a) the degree and lccation (soil horizon) of heavy metal accumu- -
lation in the soils, (b) the percent of metals retained in the soil that are
associated with organic material, (c) the percent of the metals that are water
soluble or available for plant and microbial uptake, énd the effects of dif-
ferent wastewater strengths and heavy precipitation on the concentration and
translocation of metals in the soils,

This investigation has parallel studies using lysimeters and field plots.
The lysimeter studies use four soil types, classified by the Corps of Engineers
Unified 8oil Classification System (1l). These include a clay gravel, a silty
Sand, a clayey sand, and an inorganic clay. The silty sand inorganic clay are
also being used in the field plots. The ion exchange capacity, clay content,
organic carbon content, sodium adsorption ratio, glycerol retention capacity,
infiltration and percolation rates, hydraulic conductivity, and standard sieve
analysis are being determined on each soil.

Metal analyses, by atomic adsorption spectrophotometry, will be made on
soil and water samples taken from the soil surface, root zone, and ground water
depth (above five feet) and on samples of water runecff that may occur. The
soil will be monitored for any changes in the cation exchange capacity and.
oxygen level., N

The wastewater used for this study is from the campus of Texas A&M Univer-
sity, It undergoes secondary biological treatment and chlorination in a bio-
sorption plant prior to application on the soils. Wastewater variables to be
measured includes: biological oxygen demand, total organic carbon, pH
alkalinity, and hardness, ‘

Sixteen lysimeters (four for each soil) measuring 60" wide, 80" long, and
60" deep will receive the treated wastewater which has been brought up to a
final concentration of 1 mg/l of each metal., Wastewater will be applied at a
rate of two inches/week. The concentration and rate of delivery were selected
to approximate typical conditions encountered at installation disposal sites,

‘ Following a six-month stabilization period, three of the four lysimeters
in each soil group will be subjected to the following alterations: (a) appli-
cation of raw rather than secondarily treated wastewater, (b) application of

treated wastewater adjusted to pH 4, and (c) application of one-half inches/week
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of distilled water, in addition to the wastewater, to simulate heavy precipita-
tion. The fourth lysimeter will remain as a control to which changes in heavy
metal solubility and associated with the soil can be compared.  The two land
plots will also receive these treatments. Data generated from the lysimeters
and field plots will be compared to validate the use of lysimeters to predict

heavy metal movement in natural soil systems.

Pesticides

The persistence of pesticides in soils for extended periods of time is a
function of the chemical nature of the pesticide and the chemical, physical,
and biological soil factors that enhance degradatiom, translocation, and soil
microorganism metabolism (2), The observation of certaiﬁ pesticides persisting
many years in soils has led to the speculation that these materials could
accumulate at land disposal sites if present in the applied wastewaters(2).

In general, residués'of organochlorine pesticides are persistent in soils and
are translocated while organophosphorus and carbamate pesticide‘residues are
rapidly degraded and not translocated in their original form by water systems.
At the present time, no data are available concerning pesticide concentrations
in wastewatefs generated by Army installations. Also, no data are available
concerning pesticide residues in the soil at land sites utilized for continuous
wastewater disposal.

A University of California—Berkeley study (5), supported by USARMDC, is
evaluating the accumulation, translocation, and degradation of malathionm,
diazinon, catbaiyl, and 2,4~D butoxymethyl esters in soils subjected to waste-
water application. ’

Five soils will be used, again in parallel lysimeter and field plot -
studies., Twénty‘cylihdrical lysimeters three feet in diameter énd five feet
deep (four for each soil) have been prepared, Soil types include a delta
peat, an Oakly sand, a Yolo silty'claykloam, a gfavely*river soil, and a
Reiff sandy lbam. Field plots will be conducted on the Yolo silty clay loam
and the Reiff sandy loam, The soil will be completely characterized as in the
Texas ASM study. Pesticides in soil and water samples will be measured by gas
chromotographic techniques.

Domestic wastewater for the lysimeter studies will be drawn from a sewage
pumping station located on a Richmond, California, municipal trunk sewer,

Secondarily treated effluent will be provided by passing the wastewater through
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the university's activated sludge pilot treatment facility. Wastewater from
the field plots, located at the University of California campus at Davis, will
be obtained from a domestic wastewater treatment plant at that campus.

These wastewaters containing 0.1 mg/l of each pesticide, will be applied
to the lysimeters and field plots at a rate of two inches/week., This treatment
will be continued for a three to four-month stabilization period. Lysimeters
from each soil group will then be subjected to alterations in treatments
similar to those in the heavy metal study. These include: (a) increasing the
biological oxygen demand of the applied wastewater to 60 mg/l and then to.

150 mg/l--the duration of each of these treatments will be three months, (b)
subject the soils to a shock loading of a divalent cation (MgCl2 solution)

and a monovalent cation (NaCl solution) to assess the pesticide movement in
the soil when its ion exchange capacity has been depleted, and (¢) apply one-
half inches/week of distilled water to the soils in addition to the wastewater
to simulate heavy precipitation. Again, the fourth lysimeter will be used as
a comparative control, The two field pleots will receive similar treatment.
Again, a comparison of lysimeter and field plet data will be used to validate

the use of lysimeters to approximate natural soil systems.

Aerosols

Several studies have demonstrated that relatively high concentrations of
viable bacteria, including pathogenic species, can be present in the atmosphere
surrounding wastewater treatment plants (2). Spray irrigation equipment would
seem to produce more droplet aerosols than activated sludge or trickling filter
units., One preliminary study at a wastewater irrigation site, spraying chlori-
nated effluent, found the air-borne bacterial concentration to be 1,5 times
the concentration near a trickling filter (2). Since wastewater chlorination,
as currently practiced, does not destroy all pathogens, research efforts have
been initiated to address the following: (a) determine the residency time and
atmospheric dispersion characteristics of viable bacteria and viruses in
aerosols generated at spray disposal sites, (b) determine the effect the waste-
water (dissolved and suspended solids) has on the viability and behavior of
these biological aerosols, and (c) determine the most reliable indicator
organisms of aerosolized pathogenic bacteria and viruses, )

USARMDC has two projects underway on aerosols., Brookhaven National

Laboratory is conducting an assessment of the physical characteristics of
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aerosols generated by various commercially available irrigation machinery spray-
ing treated wastewater. An in-house project at the U, S. Army Medical Bio-
engineering Research and Development Laboratory (USAMBRDL), Edgewood, Maryland,
is conducting studies on the actual bacterial and viral aerosols produced at
spray sites.

The Brookhaven National Laboratory study (6) is an evaluation of four types
of commercially available spray irrigation equipment likely teo be used at
wastewater sites. These include high and low-riser impact sprinklers in a solid
set configuration, a center pivot rig, a rotating spray (rain gun) rig, and a
rocker arm irrigation assembly. Under various sprinkler-nozzle-pressure com-
binations, all systems are being evaluated to determine the uniformity of dis-.
tribution of the wastewater to 100-foot-by-100-foot land plots, to quantitate
and size the aercsols generated by the irrigation machinery, and to characterize
the travel distance and atmospheric dispersion of these aerosols.

Preliminary characterization of the sprinklers for relative aerosol produc-
ticn will be conducted using a two percent uranine dye solution rather than
wastewater. Use of this fluorescent dye will greatly simplify the aerosol
quantitation and sizing analyses. With the relative aerosol generation character-
istics established, the investigators will then determine the production of
aerosols while spraying wastewater,

The in-house project will follow Brookhaven's study because physical .
characterization of aerosols is prerequisite to the biological aerosol work.

It is anticipated these studies will include sampling for bacterial and viral
aerosols at actual spray irrigation wastewater disposal sites, evaluation of
indicator organisms to predict the presence of air-borne pathogenic bacteria
and viruses, and environmental chamber studies evaluating the survival of
bacteria and viruses when aerosolized in the presence of wastewater.

4

Pathogen Transport Through Soils

Concurrent with these studies, the in-house research unit at Edgewood,
Maryland, is conducting a microbiological evaluation of land disposal of waste-
water by rapid infiltratiom., Soils are generally considered to be an excellent
filter of bacteria and viruses (2). Exceptions include extremely coarse soils
and soils with fissures. The highly permeable soils required for rapid infil-
tration could be such an exception to this good filtering ability of soils.

Therefore, studies were initiated at the Ft. Devins, Massachusetts, rapid

infiltration wastewater disposal site to monitor the movement of bacteria and
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viruses through the soil profile and local ground water, Preliminary bacterial

examinations for total coliforms; fecal coliforms, and fecal Streptococcus

indicator organisms from the wastewater effluent, soil surface layers, and
thirty~foct observation wells, have shown significant increases in concentration
of bacteria in the upper soil layers, but about equal concentrations of the
bacteria in the wastewater effluent and the groundwater directly under the
infiltration site. The lack of significant bacterial concentrations in waters
from observation wells surrounding the infiltration site may indicate the
bacteria do not travel horizontally once they reach the groundwater aquifer.

The actual flow of groundwater. away from the infiltration site and the possi-
bility of a short circuit to the on-site cbservation well are being investigated

by tracer studies,

Conclusion

In summary, the Army's present program in the health effects of land dis-
posal of wastewater includes studies on heavy metals, pesticides, biological
aerosols,ﬁand microbial soil and groundwater contamination. The three con-
tracted efforts, scheduled for completion by June 1974, will develop standard
techniques for monitoring heavy metals and pesticide residues at land disposal
sites and provide criteria for spray irrigation equipment selection, The con-
tinuing in-house efforts will further define the requirements for wastewater
disinfection and buffer zones bordering spray sites to insure that land disposal
of wastewater has no adverse impact on the environment.

Other areas of research are needed if crops sprayed with wastewater are
harvested for human use, the spray fields used as pasturelands, or the water
recovered for reuse. Because initial Army goals ‘are to use spray irrigation
only on greenbelt areas and as means of reducing environmental pollution, these

additional research efforts are not being addressed by the Army Surgeon General,
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Discussion

Question: Do you have any sufficient basis for distinguishing the hazards of
aerosol transport of pathogens between land disposal systems and activated sludge
or trickling filters?  If you answer no, then is there any reason in the present
state of knowledge why the same buffering requirements should be applied to these
types of secondary treatment?

Mnswer: Unfortunately, to my knowledge, there has been no study actually compar-
ing the two. The only feel I have for a comparison is through my studies looking
at the air-borne bacteria at a small (250,000 gallons/day) activated sludge
wastewatef treatment plant, I detected air-borne microorganism concentrations
that were comparable to published data for a thirty-million gallon/day acti-
vated sludge piant, I was very surprised with these results and went back and
looked at the treatment plant. I realized that the anti-foam sprayers, which

had been installed over the aeration tanks in the late 40's or early 50's when
the plant experienced serious foaming problems, could be a significant source

of biological aerosols. Samples of air-borne bacteria takem when the sprayers

were not operating were 95 percent lower than the previous measurements with
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the sprayers operating. This tells me that the sprayers are a more efficient
aerosol generator than the bubbling of air through the aeration tanks. This
comparison is not really applicable to spray disposal site because water was
being sprayed onto surface of the water rather than throwing the water up into
the air. If there is a significant health hazard due to aerosolized bacteria,

I believe it would be more‘éignificant in a spray disposal site as opposed to
an activated sludge treatment plant. Surely, if you have complete disinfection,
there is nc problem, However, with present practices, I don't think we can be

sure we are killing all of the bacteria and viruses.

Question: In your studies with the activated sludge plant, do you have a feel
for distance from the plant?

Answer: No. I was looking at the physical parameters of air-borne bacteria
such as particle size and surface charge., The plant I studied had a very uneven
topography and no downwind measurements were attempted. There is a good thesis
done by Kenline from the University of Cincinnati, Who‘incorporated atmospheric
dispersion and biological dieoff into a mathematical model that will predict
concentrations of air-borne bacteria downwind. However, this model will only
give you a prediction of the number of viable bacteria downwind. The concen-
tration of pathogenic microorganisms (including virus) and the probability of
infection to a person, at a certain distance downwind, cannot be predicted from

this study.

Question: Is there any more significance to the concept of a health threat to
the presence of pathogenic aerosols than there is to the presence of pathogens
in a body of water in which people have come in contact? We all know that we
have very little epidemiological evidence associating that.

Answer: I would be very hesitant to make a judgment as to which situation
poses the greatest health hazard. For water-borne pathogens we are usually
concerned with their ingestion,‘ In recreational waters this is probably a
voluntary act, With air-borne pathogens we must realize that there is no
choice; we must breathe the air that is available. With aerosols from spray
irrigation systems, we are definitely producing respirable particles (those

of 5 microns or less in diameter) which have a good probability of being
retained in the human respiratory tract. The question remains, as to the
number of pathogenic organisms in the atmosphere that will cause a significant

health effect. I might add that we are not only concerned with respiratory
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pathogens being present in the wastewater. Almost any human pathogen can
initiate the disease by initial deposition in the respiratory tract and trans-

ferred to the site of infection by the lungs clearance mechanisms,

Question: In eastern Carolina it would be impossible to locate a site meeting
the requirements for a seven-foot soil depth to the water table. Where does
the seven-foot requirement come from?

Answer: As I mentioned earlier, the criteria are under ideal conditions. Each
site is specific and you must balance the alternatives and select a site that
best meets the criteria as well as other requirements you have. The require-
ment for seven feet of soil above the water table is based on studies from the
literature which indicate that three to five feet of a good textured soil will
prevent the passage of bacteria, The additional two feet has been recommended
as insurance against microorganism penetration--especially for wviruses on which

there is little information in the literature,

Question: What are the factors that cause destruction or die-off of pathogenic
bacteria and viruses?

Answer: The primary factor controlling the death rate of bacteria is desicca-
tion; i.e., the loose moisture from the cell, I do not know if this is also
true of viruses. In bacteria, however, the death rate has been directly
correlated to the rate of evaporation of water from water droplets. The exact
mechanism isn't well defined. It is thought that the loss of water from the
cell forms free radicals in the bacterium's cytoplasm which then chemically
react to inactivate the organism. There may also be positive or negative
effects caused by the presence of wastewater. Do the solids in the wastewater
significantly protect bacteria and virus from desiccation or do the sclids pre-
sent in the wastewater, which will concentrate upon drying, have a toxic effect

on the microorganisms? We are initiating research to answer this question.
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ECONOMICS OF ALTERNATIVE WASTEWATER TREATMENT SYSTEMS
by

Michael R, Overcash
Department of Biological and Agricultural Engineering
North Carolina State University

We have talked about water reuse and how this might fit in--whether it
is a gimmick or whether it is very necessary in a particular region. If
effluent requirements become more and more rigid, then we can expect more
interest to develop for land disposal systems as opposed to more complex
tertiary treatment. Economic differences between land disposal and secondary
treatment become more important especially as we go beyond secondary treatment
in our federal requirements. In our presentations this afternoon there are a
lot of assumptions involved. We are trying to present details on land dis-
posal and to get some idea of how much it costs, recognizing that there are
assumptions., In another section, Jerry Carlson will present the factors which
could change these costs. Then finally, Frank Humenik will talk about the
types of systems one would design or one would theorize if one were looking at
the land as the receiver as opposed to the stream. How can we change our waste
treatment processes, look at various components, and change views 8o that we
maximize or take greater advantage of land disposal? Because there are a lot
of assumptions, please feel free to ask any of us questions, and we will be
glad to attempt to clarify points.

The part I want to discuss briefly has as an assumption that we will con-
sider land disposal versus tertiary treatment or treatment beyond secondary
treatment; that is, nutrient removal, We will also assume that both of these
processes have secondary treatment prior to their use, Therefore, secondary
treatment cost doesn't enter the analyses. We are concerned with land dis-
posal as an add-on beyond secondary treatment and nutrient removal as an add-on.

So let that be a basic assumption,

Question: What are you taking as your secondary treatment?

Answer: An activated sludge process. This was a process that we could obtain
cost figures on with reasonable validity. Another thing that I would like to
point out in these costs is that the costs change quite a bit as you increase
the removal standards. Costs increase for the last 10 percent of removal, the

last five percent, and so on down the line. What we are taking here are numbers
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that we have tried to obtain through literature which may represent actual
removals rather than expected fulfillment of guidelines. We are using the same
costs for the activated sludge or secondary treatment plants with land dis-

posal and tertiary treatment or nutrient removal,

Other assumptions--we tried to adjust construction costs to 1973. We
have used amortization of six percent, 25 years; and where possible, we tried
to use the flow rates of 50,000 gallons a day, 100,000, 500,000, 1,000,000, and
10,000,000 gallons a day trying to give a spread according to what data we
found were available.

In Figure 1, we show the construction costs for secondary treatment with
the solid line. Phosphorus and nitrogen removal are indicated by the dotted
line. The dotted lines represent a lower level and upper level of technology
or ability to remove phosphorus. When you decrease the effluent levels of
phosphorus, your treatment costs are going to go up. If you use these types
of unit processes, the cost is somewhere in the area of 75 to over 100 percent
of the cost of getting the waste treated by activated sludge process. So it
is not cheap. It is not a minor add-on but is quite an expensive affair. For
the costs on an annual basis--these are in dollars-~for 1000 gallons, again,
the solid line is secondary treatment, activated sludge costs, the dash lines
are the costs for phosphorus and nitrogen removal, Figure 2, So for 1,000,000
gallons a day, we are looking at about 30 to 32 cents for the secondary treat-
ment cost per thousand gallons and phosphorus and nitrogen cost runs anywhere
from 25 to 27 cents up to almost 60 cents per thousand gallons. Again, the
increase in cost comes when you increase the efficiency of these unit processes

and remove greater amounts of phosphorus and nitrogen.

Question:  Are those lines the total system costs or the supplementary costs?
Answer: This is in addition to activated sludge costs here. This is the cost

of the phosphorus and nitrogen removal.,

Question: What is the total system cost?

Answer: The total phosphorus removal is the sum of this solid line plus the
dotted line depending upon the level of phosphorus and nitrogen we would like
to remove, What I am saying is that the cost of the phosphorus removal is
over 100 percent of the cost of secondary treatment and in some cases it could

be triple the cost to meet more and more stringent effluent criteria.
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The nitrogen removal process is not well understood now so the costs are

not as readily available as the costs of the phosphorus removal, If you look

at ammonia stripping and both forms of phosphorus removal, the phosphorus

removal 1s about twice as expensive as ammonia stripping.

With biological

nitrification-denitrification, it turns around, and the nitrogem removal is

more expensive than the phosphorus removal,

What are listed hére dre the costs

at lower plant sizes which, as was brought out this morning, is probably the

size which would be most feasible for land disposal.

Table 1 shows phosphorus removal processes that require a greater cost

increase as one goes to more and more efficient systems or in this case more

and more stringent regulations,

plant with numbers in dollars per 1000 gallons.

The costs are for a 1,000,000 gallon~a-day

The first is the lime addition

to primary settles which would be a rather low-cost process using the existing

plants and existing facilities within a plant.

Table 1. Phosphorus Removal Processes

Effluent Total Cost
Quality 1 MGD (1973)
mg/1l POA—P $/1000 gal
Mineral Addition to
Primary Settler 1 -2
Mineral Addition to
Trickling Filters 1-5
Activated Sludge Process
with mineral addition
within system S -1 .12
Two stage lime
clarifier (Sludge to
landfill) D = 1 .16
Two stage lime
clarifier (Sludge
recalcination D -1 .26
Two stage lime
clarifier with ‘
tertiary filter <.l .21

We don't have the costs avail-

able on the lime addition to trickling filters, but both of the first two pro-

cesses have an effluent quality of 1 to 2 mg/l phosphorus.

The effluent quality
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when lime is added in the activated sludge process, whether it is the aerator
or in the initial clarifier, is about .5 to 1 mg/l at a cost of about 12¢ per
thousand gallons for a 1,000,000 gallon-a-day plant. Now we look at another
type of waste treatment system which would be simply to take the effluent from
an activated sludge plant, set up another unit process which would deal with
that effluent and reduce the phosphorus level. That is called a two-phase
lime clarifier here with the sludge going to the landfill. The removal
level is about .5 to 1 mg/l and the cost for this system is 16¢. If one also
goes to a different two-phase lime clarifier where the sludge goes through a
recalcination process, then the quality is also .5 to 1 mg/l. In other words,
we are able to recover some of the lime.

Finally, to reach even better quality in terms of phosphorus removal, we
look at a two-phase lime clafifier with a tertiary filter. We look at a quality
lower than ,1 mg/l phosphorﬁs, and we get a cost of over 20¢ per lOCO gallons.

For nitrogen removal, Table 2, there is a little bit less known about the
ability for these processes to do the job to remove nitrogen at high levels.

The available processes that I found were the nitrification-denitrification
process which has basically not been used a whole lot and ammonia stripping.
They all seem to produce about the same quality--around 2 mg/l total nitrogen--
out of the system. The cost of ammonia stripping is about 8 or 9¢ per 1000
gallons whereas nitrification-denitrification is 25 to 30¢ per thousand gallons,
Also, little is known about where you locate these unit processes in a con-
ventional treatment plant flow diagram to get these optimum removals of nitrogen
and phosphorus., Little is known about the cost of operations and maintenance

of these processes which is an additional cost. This sets the stage for Ron
Sneed who is going to talk about a land disposal system for phosphorus and

nitrogen removal and see what the cost figures show for this situation.

Table 2, Nitrogen Removal Processes

Effluent | Total Costs
Quality | 1 MGD (1973)
mg/L N $/1000 gal

Ammonia stripping ~2 .085

Dispersed floc nitrification-
denitrification ~2 2284

Columinar nitrification- . 3
denitrification ~2 .28
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IRRIGATION COST FOR LAND DISPOSAL

by

Ronald E. Sneed
Department of Biological and Agricultural Engineering
North Caroclina State University

In the outline which has been handed out, there are a couple of assumptions
which have been made; and these have been referred to several times already.
The basic assumption is that water applicatien or hydraulic loading is the cri-
teria that limits land disposal of municipal or industrial wastes, whereas for
animal wastes, nutrient concentration is the criteria that affects the amount
of effluent that can be applied.

In my presentation, I will discuss primarily irrigation system costs.
However, there is one point that should be made very clear. When one con-
siders any type of irrigation system for land disposal of waste, it should be
a complete system, The designer must know the soil characteristics, the com-
position, and strength of the wastes and the amount of wastes to be applied.:

- The irrigation system should be designed to meet all of these criteria; it
should be a complete system capable of handling the wastes in a safe and -econ-
omical manner: There are many ways to apply water to the soil, but I will pri-
marily be discussing sprinkler or spray irrigation. In some instances flood or
surface irrigation can be used,

First, let us look at some of the different types of sprinkler irrigation
systems. For land disposal systems, an automated system will .be most satis-
factory and the easiest system to automate will probably be some type of
permanent system.:  This is a system where all the piping is below ground level
with only the risers and sprinklers above ground. This system will also be the
most expensive from an initial cost standpoint.

For this presentation, several different capacities of systems were
investigated. For each a land application of one and one-half inches of
effluent per acre per week was assumed. This compares to the two inches per
acre per week applied in the Penn State @aste disposal project. To determine
the distance from the waste treatment plant to the soil disposal site, it was
decided to use the square root of the system capacity per day. For example, for
a-50,000 gallon-per-day system the distance would be 0.224 miles; and for the
10,000,000 gallon-per-day system the pumping distance would be 3.16 miles.

Neither of these distances may be realistic. If the distance is too large, the
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-system fixed and operating cests will be reduced; if the distance is too small,
- the system fixed and operating costs will be increased.

System costs are given in Table 1 and system characteristics in Table 2.

- In each of these systems; the large cost is cost of operation which varies
between 70-81 percent of the yearly cost. Each of these systems is assumed to
- have a 25-year life; repairs are figured at 10 percent of initial system cost
per year; electricity is assumed to cost $0.04 per kilowatt-hour. Labor cost
is not a major item; however, for a million-gallon-per-day plant, the labor

- costs will be approximately $7,000 per year, almost one man-year per year.

- Interest on the investment is computed at a six percent.compound interest rate
and taxes at 0,6 percent per annum,

The single largest cost item is electricity. If this cost changes by
$0.01 per kilowatt-hour, it can drastically affect the system costs per 1000
gallons.

The permanent system which I am discussing is a completely automated
.8ystem using an automatic controller and electfic valves -using a time clock to
start-and stop the system. Each system 1s .designed with a dual pump and .power
unit, Each system is designed to be operated from 16 to 24 hours.per day using
a medium pressure sprinkler with a capacity between 6 and 13 gallons per
minute on a 60-foot by 60-foot or 80-foot.by 80-foot. spacing.. These sprinklers
are designed with a trajectory some six to eight feet above the nozzle of the
.spfinkler. 'This is contrasted to the big,gun-type sprinkler which is being
used on the City of Tallahassee land disposal system. These sprinklers have a
trajectory between - 25 and 40 feet above the sprinkler nozzle. From this
sprinkler one would expect more downwind drift than from a smaller sprinkler.

Another type of irrigation system which can be used is. the solid-set
.systemy which is simply an aluminum pipe system placed on the ground surface,
It is alse essentially labor free, It can be automated, and the cost will.be
-approximately the same as for a permanent. system except for installation cost.

There are a number of other types of systems that can be used for land
disposal of waste, The side-roll wheel-move system is simply a lateral line
which has been placed on wheels. It uses a medium pressure, medium gallonage
sprinkler, = The system has a fairly low labor requirement; and it should be used
on flat, rectangular fields with application on fields up to 6-7 percent slope.
Where the field shape-and size is adaptable, this system will be less expensive

‘than the solid-set -or permanent:system. Another adaptation of the side-roll
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Table 1, System Costs for Land Disposal
. Operating
, Total Fixed | Total Fixed Tota} Fixed Cost Cost Total Cost
Capacity Operating 1000 1000
Cost Cost/Year Cost/Year al/year 1000 al/year
gal/y gal/year gal/y
0.05 MGD | $ 9,710 $ 800 $ 3,140 $0,045 $0.175 $0.22
0.10 MGD 17,170 1,410 5,140 0.039 0.141 0.18
0.50 MGD 68,120 5,560 23,060 0,030 0.127 0,157
1.00 MGD 149,000 12,200 34,600 0.034 0.096 0.13
10.00 MGD 411,000 173,000 584,000 0.047 0.113 0.16
Table 2. System Characteristics
Distance from ; Total .
Daily Hours Pump Acres Irrigated
Capacity |[Plant to Edge Acreage ; >
of Field of Pumping Required Capacity at One Time

0,05 MGD 0.224 mi, 20 8.7 42 0.66

0.10 MGD 0,318 mi. | 20 17.2 78 1.24

0.50 MGD 0.706 mi. - 16 87 542 6.22

1.00 MGD 1.00 mi, 24 172 722 12.30

10,00 MGD 3.16 mi, 24 1720 7224 122.9

wheel-move is the side-rell wheel-move with tow lines. Extending eout behind the
lateral line are small aluminum lines on which one, two, or three sprinklers are
located.. The advantage of this system is that the area covered by one.seﬁting
is increased over the conventional side-roll wheel-move system.

In the Muskegon waste land - disposal project, center-pivet irrigation
systems are being used. However, in these systems the sprinkler is located
underneath the lateral line pipe and is spraying downward rather than being
located above the pipe and spraying upward as shown in the slide. The main
The

center-pivot systems have several disadvantages, primarily the requirement for

advantage of the sprinklers being directed downward is to reduce.drift.

- large, square fields and the heavy.application rate.

Aﬁother.system that can be used for land disposal is the self-propelled
-traveler. This system is simply a single large sprinkler mounted on a four-
wheel trailer with a flexible rubber hose supplying water to the sprinkler.
The laber requirement is fairly low. There are two potential problems with
. these systems. They have a fairly high application rate which limits their use

. to lighter soils; they have a high-pressure requirement; and because théy are
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prepelled by a water motor or a water turbine, they are subject to plugging
with solids. Drift can also be a problem because the trajectery can reach a
maximum height of 40 feet or more.

The mechanical-move systems that have been discussed can be used for land
waste dispesal, but they should be automated as much as possible. Some people
are concerned about initial system cost, and it is accepted that the automated
system will be more expensive, but the added initial cost may quickly be balanced
off with labor cost for operating the system. My thinking is that the most
economical system is still the automated system.

In the report that Mr. Seabrook referred to in his presentation, initial
cost was some $1,400 per acre with an operational cost of $0.10 per 1000 gal-
lons based on a 1,000,000 gallon-per-day plant.

De you have any questions abeut irrigatiomn?

Questien: Did you figure land cost in this figure?
Answer: Land cost is not included. This is styictly for irrigation.
Dr. Carlson is going to discuss land cost, border areas required, the distances

one can afford to pump and things like this,

Question: How much water is applied per day and how much is applied during the
hours of darkness?

Answer: This is strictly irrigation cost, based on pumping 16 to 24 hours per
day. If pumping were restricted to the hours of daylight, the system cost
would be increased on the order of $0.02 per thousand gallons primarily due to

the additional cost of larger main line, pump, and pewer unit.

Question: Will the center-pivot system bog down or destroy the grass cover?
Answer: There will possibly be some ruts, but the system should be installed
on a grass crop. Of course, rubber tires will be better than narrow steel
wheels, but the systéms have a fairly good capacity to pull themselves through
the mud. Also, I am not sure that this will be a particular problem. An
applicatien will be made once per week, and the wetted area will have a rest

period of five to six days bé?are the next irrigation,

Question: How did you arrive at an inch and one-half?
Answer: A committee of four--Dr. Overcash, Dr., Humenik, and Dr. Carlson and I
decided to use an inch and one-half. If the application is increased to two

inches per week, land requirement and system cost will be reduced.
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Question: Are there any crops that use more than one and one~half inches per
week?

Answer: We do not grow any crops in Nerth Carolina that use more than an inch
and a half per week. Of course, during the winter months, the system will
strictly be used for water disposal. By going to two inches per week, about the

only item that will be changed significantly will be to reduce land requirements.

Question: Two inches per week might be too much for some soils and too little
for other soils and is only an average application in the Penn State disposal
project. How can one be sure that the correct amount is applied to each acre?
Answer: This is the beauty of an automated system in that it is programmed to

apply a certain amount and each acre will receive that amount.
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COST AND RETURNS OF LAND SPREADING WASTEWATER

by
Gerald A, Carlson

Department of Economics
North Carolina State University

Substitution of land spreading for other forms of advanced waste treatment
is a viable alternative that many cities and towns are now considering.
Although land treatment of municipal sewerage effluent is most prevalent in the
arid Southwest, it will be adopted more and more in other parts of the United
States as discharge standards in waterways rise, as the land techmology becomes
better known, and as relative water, land, and capital costs shift.

My purpose today will be to review some of the factors affecting net land
spreading costs, In particular, let us examine (1) the effect of minimum
barrier distance requirements on land costs, (2) the expected increased return
to receiving sites when irrigated, and (3) storage costs, To make the examples
concrete, we have assumed that application rates for North Carolina conditions

will be one and a half acre inches per week,

Land Costs

We have calculated, first of all, the effects of minimum barrier distance
on the 1aﬁd requirements. Table 1 gives estiﬁates of these acreages for various
barrier distances and treatment plant sizes. The first point that I want to
make is that land treatment site sizes don't change much for a big system when
you éut a little perimeter around, but they change a lot for a little system,
For example, for a 100,000 gallon-per-day treatment plant, it will take eighteen
acres if you have a zero barrier distance. This rises to 26 acres when é 100~
foot barrier is required, 50 acres for a 300-foot barrier, and almost 81 acres
as you go up to 500-foot perimeters. This is approximately a 450 percenf
increase as you go up to 300 feet from zero. If you have a million gallons a
day, the acreage of the sites plus barriers would be 175; 201, 260, and 325,
In other words, as you extend barrier distance from zero to 500 feet, you only
increase land use by 86 percent. So we are talking about barrier distance
requirements affecting the little guys--the subdevelopments--much more than a
medium-sized municipality.

0f course, the barrier distances are more important as your land prices go

up. The lower part of Table 1 shows the costs of the land if purchased for
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Table 1. Acreage Requirements and Land Costs
' for Various Barrier Distances

Trgatment Barrier distance in feet
cale
(OOO_gal/day) Q 100 300 500
(land requirement - acres)?
50 9 16 34 60
100 18 26 50 81
500 89 108 152 ' 203
1,000 175 201 260 325
10,000 1750 1831 1999 2174
(cents per thousand gallons
per $1,000/acre for land)b
50 3.86 6,89 15.19 26.71
100 3.86 5.83 11.04 .17.86
500 3.86 ‘ 4,78 6.71 8.96
1,000 3.86 4,44 5.73 7.18
10,000 3.86 4,04 4,41 4,80

a .
Based on 1,5 acre inches per week

bBased on 30-year life of land facility, no salvage value,
7 percent discount rate.

$1,000 per acre in cents per thousand gallons. For example, the cost of land
for a one million gallon a day treatment plant would be about 4.4 cents per
1000 gallons if a lOO—footkbarrier distance is required.k These costs are
annualized land costs for a thirty-year loan at seven percent interest. This
cost would double if land prices were $2,000 per acre., The same plant would
have coéts of 7.18 cents per thousand gallons treated if a 500-foot barrier
distance was required. So you can see that the barrier distance is a more
important consideration as land prices go up.

What is a reasonable land price that we are going to have to talk about
for a municipality who is considering land spreading? I looked at the recent
census figures on land costs by county in North Carolina., For urban counties
such as Mecklenburg the average prices of agricultural land in 1971 were $800
an acre; Forsyth was only about $600; and Wake about $500. This is an average
for the‘whole county for agricultural use, Certainly, prices are much higher
near cities. Subdivision prices of $6-$15,000 per acre are not uncommon. The
question confronting those who wish to purchase land for land treatment is

where and when to purchase.
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If you have the choice between selecting a site near the city at $3-$4,000
an acre versus going out ten miles to purchase at lower costs, what do the
costs look like? Figure 1 shows break-even effluent transmission distances,
Across the bottom of the diagram are various plant sizes. On the vertical
axis are distances in miles. The dashed lines show how far you can transport
the effluent at various land prices. The costs of transport were given by
Ron Sneed as typical pumping plus piping costs amortized over a tWenty-five

~year life at six percent interest, These costs will vary with terrain. Let's
look at land prices of $1,000 an acre. For a half-million-gallon-per-day

plant, if you can save $1,000 an acre on land purchase, how far could you

afford to transport? The $1,000 per acre dashed line shows that you could
afford to go up to three miles. If the plant were one million gallons per day,
you could afford to go four miles to save $1,000. You could afford to search
land sites up to six miles away if you could save $2,000 or more on land prices.

Is it clear what we are trying to show here?

Question: Don't you mean incremental land costs?

Answer: The costs involved are differences in land costs. For example, they
might be $2,000 compared with $4,000 for the line labeled $2,000 per acre or
they might be zere compared to $2,OOO° One of the alternatives is, of course,
if you can find land at zero cost, how far can you afford to transport the
efflvent, If you have a university nearby who wants to use the water or if
you have a park or golf course which will accept the water provided the
sprinkling system is provided and operated at no cost to them, how far can
you afford to go to secure this land spreading site with no land purchase
price? If the best alternative is $2,000 land six miles from the site, then
a one-million-gallon-per-day transmission of twelve miles and zero land prices

would be equally acceptable.

I believe there are many exchanges of wastewater by contract between the
city sewerage department and private firms or land holding public agencies which
have a potential for saving land purchase costs., Mr, Seabrook mentioned this
morning that in their survey of plants in the SQuthwest, they found no geod
examples where cities were able to sell their wastes very effectively, but this
may be a result of not having a proper contract or not having people to manage
a receiving site. People who physically operate wastewater treatment plants

‘aren't farmers., They don't know how to set up their own land systems gemerally.
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Thus, until different training is available to treatment plant operators,
municipalities should be examining possibilities of finding someone who will
accept wastewater on a continuous basis under comtract at no costs. It might
be necessary to deliver the wastes to him, install and operate an irrigation
system. It might even be necessary to provide some insurance that there will
be no heavy metal contamination to the land. As you see from Figure 1, this

will have to be close to the treatment plant, especially for small plants.

Returns on Receiving Sites

Who might feel inclined to accept the cities' wastes? In other words,
what. people will find it profitable to use wastewater in this relatively rainy
climate? We went through some calculations from experiments in terms of
increased crop yields. Mainly, these came from the Penn State study where they
have irrigated for eight or ten years, One of thé major receiving crops might
be trees since we have many cities with tree-covered land near their treatment
plants in North Carolina. Our calculations are that an owner can expect an
additional 1.1 cents per thousand gallons of effluent applied to trees com-
pared with non-irrigated trees. This was based on two acre inches per week of

irrigation on white pines.

Question: Is that an increased cost of plant cperation?

Answer: No, these are additional revenues from the land used to receive the
wastewaters. We made allowances for the additional harvest cost of the addi-
tional yield; but in general, these reflect increased yields compared with

non-irrigated trees.

In the case of wood for paper, yields are increased considerably. At a
harvest age of twenty.years yields are increasing from 16 cords to 44 cords
per acre. Of cdhrse, final product prices this far into the future are uncer-
tain; we have assumed that relative prices of paper will remain constant.
Unfortunately, we don't have any experimental data on irrigation of loblolly
pine. But my forester friends tell me that we can expect higher yield increases
than on white pine. The only area in North Carolina where white pine is grown
commercially for pulp and paper is in the mountain area.

Other crops are corn for grain--our calculations of additional returns are
3,6 cents per thousand gallons. Corn for silage showed a return of 2.7 cents.

So in the case of corn if a plant has a system cost of 15 cents, as Ron Sneed
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suggested this morning, about one-fifth of it could be offset by net returns
back.

One of the main receiving crops that we need to look at closely is grass.
Reed canary grass was used in the Penn State experiments. Using current grass
hay prices in North Carolima, you could expect about 3.3 cents per thousand
gallons., I wasn't able to get any figures on Coastal Bermuda grass, but that
is a prospect, too.

Now another use of wastewaters that has been mentioned is golf course irri-
gation. This is a real hard one to measure the benefits from because there is
no easily measurable product in terms of tons of anything., Benefits are in
terms of increasiﬁg the desirability of golfing and preventing turf destruction
in droughts. In a limited survey we found that there are golf courses even
in the Piedmont area who irrigate their fairways as well as their greens. In
the Coastal area such irrigation is even more prevalent. If we assume that’
golf course managers are currently looking at membership and revenues as they
are influenced by irrigatjon, and some are installing fairway irrigation, then
the benefits must be greater than installation and operation cost for much of the
State. Such irrigation systems cost about 12 to 14 cents per thousand gallons.
In other words, golf courses look to be two to three times as attractive as

hay or grass as a receiver of wastewater.

Question: Is this cost figure based on eliminating this cost for having to
pump the water?

Answer: The golf course would either have to provide an alternative irrigation
system or the wastewater treatment officials would come in and provide the
system and operate it. Which would you rather have? You may get a golf course
to accept the wastewaters because the benefits of irrigation are near 12-14
cents as indicated by golf courses putting in systems which cost this much, We
estimate that an eighteen-hole course and night treatment only would be equiva-
lent to about 100 acres. So a golf course, then, could receive about a half-

million gallons a day.

Question: Spraying once a week?

Answer: Yes,

Question: The system cost would probably go up some because of the shape of

fairways.
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Answer: Right. These are very rough cost figures. We really don't have much
information on golf irrigation. There are other problems which arise because
of irrigation such as increased growing, increased disease prcblems on turf,
mesquitoes aﬁd odors., The golf course managers are going to have to decide

whether or not they are going to undergo these things.

Storage Costs

One of the questions that keeps coming up is what about storage when you
can't sprinkle because it is raining or when the ground is frozen? We looked
at temperature data from Asheville, Raleigh, and Wilmington tc get an example.
We found that average January maximum and minimum temperatures for Asheville to
be 48 and 27 degrees; for Raleigh they are 52 and 31 degrees; and for Wilmington
59 and 37 degrees, So it looks like you can expect on the average for it to
be thawing weather in January even in the mountain area. But what do the mean
monthly highs and lows mean in terms of continuous thaw or frozen days? I
am not certain; but even if we want to store for four weeks, it is not expensive
relative to other system costs. Four weeks' storage by lagoon only represents
2 cents per thousand gallons of additional costs for a one-millicn-gallon-a-day

plant. Storage of two weeks' effluent will raise systems costs about 5 percent.

Question: One request we héd for land spreading was from a ski resort which
wanted to land spread in the summer and make snow in the winter with treated
wastewaters. How much storage would they need?

Answer: 1 am uncertain, but there are about 110 days a year in the mountains
when temperatures fall below freezing, The high temperatures in the winter
allow for some winter treatment. Certainly, North Carolina has more flexi-

bility than northern cities,.

The last item I want to mention is something that Dr., Phillips and
Dr. Carlile mentioned this morning--the heavy metal problem, If you are talk-
ing about land disposal in a municipal system that has high levels of copper
or nickel, it might be easier to remove these before they get into the munici-~
pal sewer system than after they get on land when you have to treat them with
lime or some other application, How might this be done? Most of you know 7
that the use of industrial surcharges is developing quite rapidly. These
charges have usually been based on suspended solids and BQD; but if there are
metal problems on the land site, I see no reason why we can't impose surcharges
on industry to get them to remove these metals within their plants, This may

be a less costly way of removing the metals.,
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Likewise, I think we need to think in terms of least cost methods of waste
removal throughout the waste treatment chain., We need to minimize the costs of
in-plant, primary, secondary, and land treatment costs simultaneously. I have
a student working with me--Mr. Ed Young--who is looking at the effects of
irrigation and land prices on the adoption of land spreading in the United
States., It looks like even in areas where we don't typically think that irri-
gation is going to have much effect that there are lots of incentives to irri-

gate with wastewaters,

Question: The increased returns you spoke of, is this because of water or the
nutrients or both?

Answer: The Penn State experiments don't clearly identify that., What they
did was teo compare crops in which nitrogen and other commercial fertilizers
were put on with crops in which only effluents were put on. So I assume that

the increased yields are coming from nutrients, soil conditioning, and water,

Question: Do you feel that the increased forest product yields can be attri-
buted to the nutrients in the secondary effluents?

Answer: It depends upon the degree of secondary treatment, of course.

Question: Isn't one of the main land cost problems the fact that there is no
land near cities énymore the size that is needed? Shouldn't cities be buying
land in advance? ’ ,
Answer: But the real cost is holding the land ail that period, and you may be
better off waiting., I agree some of the large cities certainly have already
waited too long in North Carolina, but I would hate to see the tax costs of

holding land and the lost tax revenue from holding land for many years.

Question: What sorts of cities or developers near the coast do you see willing
to put up buffer zones and use a sprinkling system?

Answer: I think you are talking about two different sizes. You are talking
about a city that is looking down the road to advanced treatment of some sort
and also there are many people in North Carolina who are outside the sewer
system. So any of these that can design a system that will allow them to treat
their wastes in an effective manner and stay in an economic realm will be

interested.

Comment: I think that as Jerry pointed out for 50,000 gallons a day as an

example, there was a tremendous increase in cost compared with larger land
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facilities so each system will have to be evaluated on its own merit. If they
are a municipality like Philadelphia looking at 300 square miles of land and
there just isn't this much open space in all of Pennsylvania, then it will also
be expensive. So far, we have been making the assumption that we are going to
freat what follows the regular secondary treatment and try to provide an
alternative to stream disposal. Frank will speak about the full capabilities

of a land treatment system.
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TREATMENT SYSTEMS FOR ANIMAL, AGRICULTURAL AND MUNICIPAL WASTES
by

Frank J. Humenik
Department of Biological and Agricultural Engineering
' North Carolina State University '

Similar systems can be developed for the treatment of domestic, industrial,
and agricultural wastes. Actually, many agricultural processing wastes are
very similar to industrial wastes; and thus, many of the same treatment strate-
gies and technologies can be used for both waste systems., Although the genera-
tion and characteristics of animal waste are somewhat different, many of the
same unit processes used for industrial waste can be employed for the pretreat-
ment of animal waste. Additionally, many of the simple systems developed for
the pretreatment and terminal disposal of agricultural waste on land can be
applied to municipal waste and in particular are very feasible for the treatment
of rural domestic waste.

The classic sewage stabilization lagoon or anaerobic pond for animal wééte
treatment is one of the most simple units for waste degradation. Increased
degrees of treatment can be obtained if aeration is employed to help satisfy
the oxygen demand and control odor. Lagoons can be placed in series to allow
alternative anaercbic-aerobic treatment strategies as delineated in the out-
line entitled, Treatment Systems for Animal, Agricultural, and Municipal Wastes.

Some of the most successful lagoons are in arid regions where evaporation
exceeds rainfall. Therefore, these lagoons can act as total containment devices
and,‘thus, provide for terminal waste disposal. In moisture excess regions such
as the Southeast where rainfall exceeds evaporation, excess lagoon liquid should
be disposed of on land because it is not economically feasible to obtain an
effluent suitable for surface discharge. If lagoons do not overflow in moisture
excess regions, then bottom leakage is probably occurring; then, this is a poten-
tial hazard that must be considered although at present there are no regulatory
criteria concerning lagoon sealing.

The effluent characteristics of various types of stabilization ponds and
pond systems are shown in Table 1. This table as well as Tables 2, 3, and
4 have been reproduced from material in the new book by Metcalf and Eddy
entitled, '"Wastewater Engineering.'" This book has an excellent section on
various simple and advanced wastewater treatment units, However, virtually no

lagoon in this area approaches the treatment performance and thus effluent



Table 1.

Types of Stabilization Ponds and Pond Systems

Application and Effluent Characteristics of Various

Effluent Characteristics

Suspended -Solids, mg

/litexr*

80D, mg/litert

Type of pond p
or pond system Application MlC?O— ~
Algae organisms Other Soluble {Suspended
(BODS) (BODS) (sS) (BODS) (ss)
Aerobic (6-18 in, :deep) Nutrient removal, treatment { 0.5-1.2 0.2-0.5 Low 0.02-0.1 0.3-1.2
of soluble.organic wastes,
production of algal cell
tissue
Aerobic. (up to 60.in. deep) | Treatment. of soluble organ- { 0.4-1:0 0.2-0.5 Low 0.02-0.1 | 0,3-1.0
ic wastes & secondary effl, i
Aerobic—anaerobic Treatment of untreated 0.2-0.8 <0,2-0.5 0.1-0.4-10.02-0.1 | 0.3-1.0
(oxygen source: algae) screened or primary set-—
tled wastewater & indus.
wastes
Aerobic~anaerobic. Treatment of untreated 0.02-0.1 0.2-0.5 0,1-0.4 10.02-0.1 .| 0.3-0.8
with & without effluent screened. or primary. set-
recirculation. (oxygen tled wastewater & indus..
source: surface aerators) | wastes
Anaerobic Treatment. of domestic & . 0.1-0.3 0.3-0.5 10,05-0.2 | 0.3-0.8
industrial wastes
Anaerobic + aerobic- Complete treatment of oo 0.2-0.5 0.05-0.1510,05-0.1 ] 0.3-0.8
anaerobic with recircula- wastewater & industrial
tion from aerobic- wastes
anaercobic to anaerobic
Anaerobic +.aexrobic— Complete treatment of 0.05-0,1 0.02-0.05| 0.03-0,1/0.02-0.1 | 0.3-1.0
anaerobic + aerobic. pond. wastewater. & industrial
system-with-recirculation wastes with high bacter-.
from: aerobic to anaerobic ial removals

% Effluent suspended solids are composed of algae and other . microorganisms which are estimated in terms of
influent (B0D5)i and a fraction of the influent suspended solids (SS)e,

+ Effluent BOD5

effluent suspended solids (SS)e.

is composed of a fraction of the soluble influent BOD5 (BOD5)i plus a contribution from. the

[43
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characteristics presented in Table 1. In fact, the effluent from many animal
waste and agricultural processing lagobns is orders of magnitgdé stronger than
that listed in the table on application and effluent characteristics of various
types of stabilization ponds and pond systems. These data must be viewed care-
fully because if all lagoons perform such as this, the éxcess water or effluent
could be discharged into surface streams since none of these effluents has
parameter concentrations that even approach 1/mg/l. Ponds can provide signifi-
cant waste degradation and act as a storage reservoir, but extreme caution must
be taken before it is assumed that the excess liquid can be discharged.

Desigﬁ parameters for stabilization ponds are shown in Table 2. Loading
intensity in.terms of pounds of BOD per acre per day varies from about 50 to
500. The totally anaercbic pond receives the heaviest BOD loading rate. It is
a well-established principle that anaerobic ponds can receive a much heavier
loading rate in terms of organic carbon and oxygen demand than aerocbic units so
it is logical to use an anaerobic lagoon as the first treatment unit in a series
treatment systeme Today's challenge is to load an anaerobic lagoon so that the
optimum degrédation rate is realized without the production of offensive odors.

The allowable loading rate for sewage disposal lagoons is shown in Figure 1.
The loading rate for North Carolina is 300 1lb. of BOD per day per surface acre,
but the loading rate for surrounding states varies in a very unexplainable
manner. Additionally, there is not a logical transition in the magnitude of
the number associated with the generai geographic and’climatic regions. For
example, Texas has a rate of 50 while some of the far northern states have a
higher rate of 100 and some a. lower rate of 18 to 20, Thus, it is clear that
lagoon design is generally not based upon firm technical information or proven
practical experience., ‘

Initially, animal waste lagoons were based upon design criteria for sewage
stabilization ponds. The existing information for sewage stabilization ponds
based on BOD loading per surface acre which is rather arbitrary was extrapolated
to develop sizing criteria for animal waste lagoons. However, it was not ade-
quately appreciated that sewage is a very dilute waste compared to the agricul-
tural and animal waste that would be imposed upon these lagoons. Therefore, it
is not unusual that many animal waste lagoons failed in that théy became cfusted
over and were very odeorous.

Early research in the Department of Biclogical and Agricultural Engineering

supplemented by a grant from the Envirconmmental Protection Agency investigated



Table 2. Design Parameters for Stabilization Ponds
Type of Pond
P eter s r - r
aram Aerobic® Aerobic—anaerobic { Aerobic-anaerobic Anaerobic Aerated lagoons
Flow regime Intermittently sesosensnnsssssss |Mixed surface layer] ceoesoss oeess | Completely mixed
mixed ‘

Pond size, acres
Operationt

Detention time, dayst

Depth, ft

pH

Temperature range, °C

Optimum temperature,
Q C :

BOD,. . loading, 1b/
actre/day#**

BOD5 conversion

Principal conversion
products

Algal-coneentxration,
mg/liter

Effluent suspended
solids, mg/litertt

<10 multiples
Series or
parallel
10-40

3-4

6.5-10.5

.0-40

20
60-120

80-95

Algae, CO,,
bact. cell
tissue

80-200

140-340

.2-10 multiples

Series or parallel

80-95

Aigae, CO,, CHy,
bacterial cell
tissue

40-160

160-400

2-10 multiples
Series or parallel

80-95

€0y, CHy, bacter,
cell tissue

10-40

110-340

0.5-2.0 mult.
Series

1 20-50

8-15
6.8~-7.2
6-50

30

200-500

50-85

002, CH4,
bacterial
cell tissue

80-160

2-10 multiples
Series or para.

3-10
6-20
6.5-8.0

1 0-40

20

80-95

€Oy, bacterial
cell tissue

260-300

% _Conventional aerebic:ponds designed to-maximize the amount of oxygen produced rather than the amount -of algae

produced.

1 Depends--on. climatic. coenditions.
*%-Typical values (much higher values have been applied at various-lecations).
fied by state control agencies.

++ Includes algae, microorganisms, and residual influent suspended -solids.

Loading values:-are often speci-

Values are -based on an influent

soluble BODg of 200 mg/liter and, with the -exception of the aerobic ponds, -an influent suspended-solids
concentration of 200 mg/liter.

%6
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160

, g 50
l 200 \ 175 LGS

50 1b. BOD (1)
Alaska 100
Hawaii 200
(a) Each application judged separately. (e) Not allowed.
(b) 50 lbs. BOD/day/acre. (f) Only 2 (under experiment).
(c) Construction unlikely. (g) No standard set.

(d) 2 ponds required--the second 1/4 (h) Information not available.
to 1/3 as large as the first. :

Figure 1. Allowable Loading Rates for Sewage Disposal Lagoons.
‘ (Population or lbs., BOD per acre of surface area,
unless otherwise indicated.)
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the pollutional potential of effluent from animal waste lagoons and runoff from
agricultural land. Although about an 80 pércent removal of COD and TOC
occurred in the first lagoon and another 25 to 50 percent in the second lagoon
of a two-unit series, the quality of the excess liquid or effluent was not
suitable for surface discharge. However, runoff from a watershed where swine
were on pasture and animal waste was terminally disposed was very similar to
the runoff from a natural watershed devoid of farm animals. Therefore, it was
concluded that land disposal of animal waste according to recommended practices
was far superior to just lagoon treatment, Additionally, they found out that
the water in the receiving streams had a significant level of background pollu-
tion and, thus, could not be considered as having drinking water quality,

Current research at North Carolina Experiment Station supplemented by
another EPA grant is directed at determining performance of swine waste lagoons
loaded at various intensities. The model field units are loaded at rates
between four times SCS criteria to 1/32 SCS recommendations.

The following data illustrates various design criteria currently being used
for animal waste lagoons:

Design Parameters for Animal Waste Lagoons

a. Anaerobic lagoons six feet deep :
Dairy Swine Poultry

Ft4 surface area/animal:

Midwest Plan Service 150 33 2,2

Soil Conservation Service 110 13 ——
North Carolina 110 25 5
i, # BOD/acre 790 560 175

b, Aerobic lagoon without mechanical aeration
Ft2 surface area/animal
Soil Conservation Service 2420 290 ' 2,1

North Carolina 2400 290 . 2.0‘

It is clear that the BOD loading per acre for the different animdl wastes is
not as similar as ohe would expect, Althéugh this is in part due to the nature
of the waste, this data variance is currently being considered.

It is also obvious that a much larger surface area per animal is required
for aerobic unaerated lagoons. The tremendous increase in size required for
these aerobic lagoons without mechanical aeration indicates that it is economi-
cally unfeasible for most producers to consider an unaerated lagoon that would

act as an aerobic unit,
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Results for model field lagoons which are operated in a three-unit series
show that the liquid in the third or terminal series unit has a higher organic
content in general than the liquid in the secondary lagoon. Visual observa-
tions verify that the third unit acts as a biomass generatcr because algal
blooms are very frequent., Based upon this data and other practical experience
three lagoons in a series are not recommended. Current recommendations are to
use a two-lagoon series with the first lagoon sized according to anaerobic
specifications and the second lagoon large enough to provide required storage
between terminal irrigation events. Areas of influence criteria for surface
aerators can also be considered when sizing the first unit because if odor
becomes a problem, it can be eliminated by the use of a floating surface
aerator in the primary lagoon. All excess liquid must be terminally applied to
the land because lagoons cannot provide suitable treatment to allow discharge
of excess liquid to surface waters.

Aeration strategies for agricultural waste or animal waste lagoons should
not be to obtain complete mixing and oxygen saturation. The thrust of the
seration effort should be to control odor. An aerator that would develop
surface pumpage instead of complete mixing is more feasible for odor control.
Additionally, aerators can be equipped with anti-erosion shields to minimize
bottom scour and resuspension of the bottom sludge layer, Floating aerators
are very desirable for lagoon installations because the aerator will easily
fluctuate with the lagoon liquid level. ' | _

Experience with an aerated lagooh at one of our swine research farms shows
a 90 percent removal of oxygen demand and organic carbon and the maintenance
of a dissolved oxygen concentration of about 10 mg/l in the surface liquid,
However, the lagoon liquid still has a COD of 135 mg/l for this treatment
strategy consisting cf a series unaerated lagoon and aerated secondary lagoon.
The excess liquid from this lagoon system is irrigated onto a coastal plains
bermuda grass receiver system.

Design criteria for some contemporary waste treatment units are shown in
Tables 3, 4, and 5. Volumetric loading for the activated sludge process as
shown in Table 3 is highly variable depending upon the process modification.
However, Methods of Practice (MOP) No. 6 recommends about 25 to 100 1b BOD
per 1000 ft3 per day per aeration tank capacity, For a 10-ft déep aeration
basin this is about 11,000 to 43,000 1b of BOD per surface acre per day, Com~
pared to animal waste lagoons and stabilization ponds, this is a very heavy

loading rate,
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Table 4. Loading Rates for Trickling Filters

Factor Low-rate ‘Filter High-rate Filter
Hydraulic ‘leoading, mgad 1l tod 10 to 40
Organic loading, 300 to 1,000 .. 1,000 to 5,000
1b BODS/acre—ft—day
Depth, ft 6 to 10 3to38
Recirculation None ‘ 1:1 to 4:1
Rock wolume 7 5 to 10 times 1
Power requirements None 10 to 50 hp/mg
Filter flies Many Few, larvae are washed away
Sloughing Intermittent | Continuous
Operation ’ Simple Some skill
Dosing interval Not more than 5 min Not more than 15 sec
(generally intermittent) (continucus)
Effluent Fully nitrified : Nitrification at low
loadings

Iéble 3. Summary of Loading Rates

Unit # BOD/acre/day
Unaerated -sewage ponds 200 - 500
Unaerated .animal. waste lagoons. 200 - 800
Aerated sewage lagoons 60 - 120
Trickling filter »

Low-rate , 1,800 - 10,000
High-rate 3,000 - 15,000
Activated sludge 11,000 - 43,560

Loading rates for trickling filters are shown in Table 4., The organic
loading rate varies from 300 to 5000 1b BOD.per acre foot per day depending upon the
type of filter employed. | |

The loading rates for stabilization ponds, animal waste lageoons, trickling

filters, and activated sludge are summarized in Table 5. .Based on a cost-benefit
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analysis, unaerated animal waste lagoons appear very desirable because of the

relatively large allowable loading rate.

Systems for Nitrcogen Removal

A 30 to 40 percent removal of nitrogen can be achieved without organic
fortification in the activated sludge and trickling filter process. Research
results indicate about 50 percent removal of nitrogen in both primary and
secondary unaerated swine waste lagoons, However, the nitrogen concentration
of secondary animal waste lagoon effluent is very large when compared with
the nitrogen content of sewage treatment plant effluent. Therefore,
animal waste land application is limited by the nitrogen content, but
municipal waste land applicatiop is generally limited by the hydraulic loading.

Denitrification is a method of nitrogen removal from waste water. Infor-
mation in "Wastewater Engineering' Py Metcalf and Eddy presents chemical
equations for denitrification of Waéte water, The following is an empirical
formula for the methamwl requirements for the denitrification of a particular

waste water:

C =2,47N + 1,53N, +0.87 D
o} 1 o

where Cm = required methancl concentration, mg/liter

N0 = initial nitrate nitrogen concentration, mg/liter
Nl = initial nitrite nitrogen concentration, mg/liter
Do = initial dissolved oxygen concentration, mg/liter

Research on nitrification and denitrification in soil profiles with con-
trolled water tables has been conducted at North Carolina State University.
Results show that essentially all of the nitrogen is converted to nitrate in
the upper six inches of the soil profile. When the water table level is
controlled near that depth, significant denitrification can occur. Data over
a three-month period, when one inch of swine waste lagoon effluent per week,
was applied has shown lysimeter leachate nitrate concentration of around
10 mg/1l compared to about 75 mg/l for similar flow through lysimeters. This
denitrification occurred without the supplemental addition of methanol to
provide an energy source and assure anaerobic condition as commonly recommended,

Instead, the relative magnitude of the aerobic zone was controlled so that
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nitrogen was converted to nitrate without the removal of all of the waste
crganics. Therefore, if the aerobic¢ and anaerobic or controlled water table-
zone are properly regulated, sufficient organics originally present in the
applied waste will remain to allow significant denitrification.,

A system recommended for denitrification of municipal sewage in the
Metcalf and Eddy book'is shown in Figure 2, This is a flow sheet for a three~
stage biological treatment process for nitrogen removal. The first stage is
for organic carbon removal, the second stage for nitrification, and the third
stage for denitrification.’ In a soil profile organic. carbon removal and nitri-
fication occur in the same region; and subsequentiy, denitrification occurs
in the anaercbic region associated with the controlled ground water table,
Denitrification of agricultural waste can also occur in a two-lagoon series
system in which the first lagoon is aerated and the second lagoon is main-
tained anaerobic by direct waste inputs, Current research with a stirred
reactor that provides sufficient oxygen input to convert nitrogen to nitrate
but yet does not result in a bulk phase oxygen excess has been shown to pro-
vide both nitrification and denitrification in the same reactor, .

Agricultural procedures suitable for denitrification are:

1. aerated-unaerated series lagoon with aeration for odor control,
organic degradation and nitrate formation but not complete
‘'stabilization;

2, single stirred reactor operated to produce nitrates but not
result in any excess dissolved oxygen; thus, nitrification
and denitrification potentially cen occur in same reactor; and-

3. application of waste to land with natural or engineered con-
‘trolled water table so nitrification occurs in aerobic top soil
and denitrification in anaerobic saturated zone.

Currently, many fields in eastern North Carolina have controlled water

table drainage systems which allow subsurface irrigation and drainage.

Such a system would be very suitable to provide the aerobic and anaerobic-

zones required for denitrification. Correspondingly, the wastewater could

be irrigated onto such a plot and the ground water controlled until the demitri-
fication reaction was essentially complete after which the field could be"
drained without significant pollutional hazards associated with high nitrate

concentrations,




































