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ABSTRACT

Land applicativn of wastewater is a cost effective method for advanced
wastewater treatment. Compared with conventional advanced wastewater
treatment technologies, land application is less expensive for facilities
treating less than 5 million gallons of wastewater per day. Crop selection
exerts the greatest influence on costs through a crop's impact on the
application rate, the length of the irrigation season, and crop revenues.
Other factors analyzed include land costs, effluent transmission, public
health constraiats, storage, and the application rate.

Keywords: Wastewater, Land treatment of wastewater, Costs, Cost effectiveness,
Simulation, Municipal sewage.
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EDITOR’S NOTE

This bulletin follows a 1976 work by C. Edwin Young titled The Cest of
Land Application of Wastewater: A Simulation Analysis (TB-1555). It is
available from ESCS publications, 0054-S, U.S. Department of Agriculture,
Washington, D.C. 20250. The following is abstracted from that bulletin:

Land treatment of wastewater is a cost effective method for
advanced treatment of municipal sewage. Costs of land treatment
of wastewater are analyzed using a computer simulation medel. S5Six
alternative techniques for land application are examined. Variations
in costs are studied using cost estimates and cost elasticity
estimates. Assuming that the soil requirements are met, infiltration
basins are the least cost technique for land application. Center
pivot irrigation is the least cost irrigation alternative examined.
Analysis of treatment economies of size indicates that most of the
advantages to increasing facility size have been realized after
facility size reaches 10 willion gallons per day.
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SUMMARY

Land application is often a cost effective method for advanced wastewater
treatment, especially for smaller communities which renerate less than 5
million gallons of wastewater per day. The relative cost effectiveness of
land application decreases as facili'y size increases since land application
is subject to fewer economies of size than tha conventional advanced
wastewater treatment technologies examined. i

Crop selection was found to have the largest impact on land application
costs. In addition to revenues from crop sales, certain crops such as reed
canarygrass are capable of being irrigated at higher application rates and
for longer irrigation seasons. This can significantly reduce costs.
Chlorination is a cost effective method for limiting public health hazards.
Buffer zones may also be cost effective, especially if land prices are low
ot the buffers can be farmed thus producing a revenue to offset treacment
costs., Buffers also provide an area for future expansion of the land
application system. Although land costs do not exert as large an influence
as might be anticipated, communities can further reduce their costs by pumping
the wastes to more distant sites which may be less expensive.

Communities may be induced to select lower application rates if
construction subsidies are available. Wirh subsidies, local treatment costs
may be lower at the lower application rate. This provides some excess
treatment capacity for the community, since when community growth occurs, the
application rate can be increased for nominal increases in operation and
maintenance costs.




LAND APPLTICATION OF WASTEWATER: A COST ANALYSIS

by
C. Edwin Young
Agricultural Economist

INTRODUCTICN

The cost efiectiveness of land application of wastewater is evaluated in
this analysis. Land application refers to the controlled discharge of
partially treated sewage effluents onto land to remove contaminants from the
water. The soil and vegetation adsorb and filter the contaminants. Recycling
wastewater through land application has been shown to provide a high degree of
wastewater treatment (§).l

The 1972 Amendments to the Water Pollution Control Act (P.L. 92-500) call
[or upgrading the level of wastewater treatment throughout the United States
and cncourage the recycling and reuse of wastewaters whenever possible. The
Clean Water Act of 1977 (P.L. 95-217) staces that:

the Administrator [of the Environmental Protection Agency] shall
not make grants . . . [for wastewater] treatment works unless the grant
applicant has satisfactorily demonstrated to the Administrator that
innovative and alrernative wastewater treatment processes and techniques
which provide for the reclaiming and reuse of water, otherwise eliminate
the discharge of pollutants, and utilize recycling techniques [such as]
land treatment . . . have been fully studied and cvaluated by the
applicant.

1/ Underlined numbers in parentheses refer to items in the references
gection,




The Act further provides for a grant of 85 percent rather than 75 percent of
construction costs for communities utilizing innovative treatment techniques
such as land treatment. 2/

In order to foster the development of land application systems, the U.8,
Environmental Protection Agency (EPA) has published several documents
illustrating the concept of land treatment of wastewater. Pound and Crites
(8, 9) discuss the concept of land application of wastewater. Sullivan, Cohn,
and Baxter (15) report on an EPA-sponsored survey of existing facilities
which use land application. More than 100 municipal and industrial land
application facilities were visited to determine their operational
characteristics. Using mail questionnaires and bibliographic review, an
additional 300 facilities were evaluated. Two technical bulletins for use
in designing land application systems were published by EPA's Qffice of Water
Program Cperations. The first (3) presents the technical features associated
with the design of land application systems, while the second (10) presents a
methodology for estimating the costs of wastewater treatment by land
application.

National and regional workshops were held in 1973 and 1974 to discuss the
state of the art and research needs relating to land application of wastewater.
EPA, the U.S. Department of Agriculture, and the National Association of State
Universities and Land Grant Colleges sponsored a national workshop on recycling
municipal sludges and effluents on land at Urbana, Illinois (Z). Three
regional workshops were subsequently held to assess the progress made and to
plan for future research relating to land application of wastewater (6, 1z,
13). Research priorities within major areas were identified at each workshop.

This bulletin follows a USDA technical bulletin on research evaluating the
costs of land application of wastewater. The first report (19) developed a
model for simulating land application costs, estimated treatment costs, and
analyzed variations in individual cost parameters., The present analysis
focuses on the relative cost effectiveness of land application as a method of
advanced wastewater treatment, First, the cost effectiveness of land
application is assessed by comparing the costs of land application of
wastewater with conventional inplant wastewater treatment techniques. This
is followed by an analysis of factors which influence the cost effectiveness
analysis. Factors analyzed include: land costs, pumping distance, health
considerations, the application rate, storage requirements, and crop selection,
Finally, the relative importance cf policy restrictions on the cost
effectiveness of land applicarion is assessed.

2/ Public Law 92-500 provides for a subsidy of up to 75 percent of the
capital costs involved in construction of a waste treatment facility, while
Public Law 95-217 provides an additional 10-percent subsidy for ianncvative
treatment processes such as land application. Eligible costs include all
elements which are integral parts of the waste treatment process., Tor land
treatment this means that land which is involved in the treatmenc process and
for storage lagoons is eligible, while land for treatment lagoons, buffer
zones, and roads is not eligible. Many States provide additional subsidies
for a portion of the remaining construction costs.




COST EFFECTIVENESS ANALYSIS

Cost effectiveness is assessed by comparing simulated cost estimates for
land application with similar estimates for inplant advanced wastewater
treatment. Simulation analysis was selected as the mode of analysis for three
reasons: (1) simulation analysis permits examination of land treatment under
a wide variety of scenarios, (2} the direct impact of individual parameters can
be observed, and (3) since only a limited number of land application systems
are being operated for advanced wastewater treatment, insufficient data are
available for statistical analysis.

Cost of Land Application of Wastewater Model

Cost estimates for land treatment of wastewater are generated using the
cost of land application of wastewater (CLAW) model (19). The CLAW model is
based on the Pound, Crites, and Griffes (10} methodology for estimating the
cost of land application of wastewater.

The CLAW model simulates five basic steps: preapplication treatment,
transmission, effluent storage, application system, and recovery of renovated
water. Preapplication treatment is assumed to be aerated lagoon treatment
although other methods of pretreatment can be inciuded. 3/ Effluent can be
trransmitted to the application 'site using forced main or gravity main
transmission systems. The model is capable of varying the distance over which
wastewater is transmitted and can account for some variations in topography.
The storage function is broken into three parts. First, there is a storage
function for wastewater which is normally assumed not to be applied to the
ground for some portion of the year. This value can be varied at the user's
discretion. Second, extra or supplemental storage capacity ecan be built into
the cost estimares as a safety factor. Third, the model permits stream
discharge of wastewater for some portion of the year when it is not being
applied to the land. Application systems in the CLAW model include: solid-
set crop irrigation, center-pivot crop irrigation, surface irrigation of
crops, solid-set irrigation of woodland, overland flow, and infiltration
basins. 4/ Finally, the model includes recovery of the renovated wastewater
if needed. This option includes recovery wells, underdrains, and not
recovering the effluent.

3/ Aerated lagoon pretreatment is assumed since it is generally the least
cost method to obtain an adequate level of treatment prior to land application.
Land application does not require high levels of pretreatment of the effluunt.
Alternative secondary treatment techniques are likely to be used prior to
land application when the treatment authority has an existing facility in
place or when additional treatment is deemed necessary for public health
reasons,

éj Surface irrigation, coverland flow, and infiltration basins are not
discussed in this article. Readers interested in these options arve referred
to (19). Many of the conclusions reached in the analysis concerning spray
irrigation apply equally to the otner land application techniques.




Land Application Cost Estimates

Cost estimates were prepared using the CLAW model for solid-set and
center-pivot spray irrigation of wastewater (table 1). C(Costs for center-
pivot irrigation are 2.5 to 8 cents per 1,000 gallons less than the cost of
equivalent sized solid-set systems. The use of center-pivot irrigation
requires a relatively flat terrain while solid-set irrigation can be used on
more uneven terrains and in wooded areas. 5/ A l—millionhgallon—per—day (MGD)
center-pivot irrigation system costs 63 cents per 1,000 gallons while an
equivalent sized solid-set irrigation system costs 69 cents per 1000 gallons.
The 63 cents per 1,000 gallon cost of the center-pivot irrigation system is
composed of 53 cents per 1,000 gallons of average capital costs plus 19 cents

per 1,000 gallons of average operating CoOsts, minus 9 cents per 1,000 gallons of
net crop revenue.

The operating costs associated with ¢rop management are included im the
average unet crop revenue estimate rather than in the average operating cost
estimate. The model assumes that there ate no economies of size in crop
managemant. Average per acre Crop revenue is a constant for each cropping
alternative considered. Therefore, average net crop revenue measured in cents
per 1,000 gallons remains constant as facility size changes. Average net crop
revenue will change when the number of acres irrigated with a fixed annual

volume of wastewater changes due to variations in the application rate or the
length of the irrigation season.

While average net crop revenue may exceed average operating costs for
large facilities, it is unlikely that average net Crop revenue will exceed
the sum of dverage operating and average capital cost (;2}. If a community
receives a Federal or State grant for construction of the treatment
facility,_gf it is possible for the sum of the remaining capital costs and
average operating costs to be less than average net crop revenue for a given
size facility, This possibility is examined in a later section.

There are definite economies of size in land treatment of wastewater.
Average total costs fall from $2.30 per 1,000 gallons for a 0.1-MCD solid-set
facility to 38 cents per 1,000 gallons for a 100-MGD solid-set facility, 7/
while for center-pivot irrigation they fall from $2.27 per 1,000 gallons
(0.1-MGD facility) to 30 cents per 1,000 gallons (10Q0-MGD facility). Average
total costs fall rapidly as facility size increases to S5 MGD. Further
increases in facility size result in relatively smaller cost decreases
(falling by 10 cents per 1,000 gallons).

5/ The cost estimates presented in table 1 do not apply to spray
irrigation of wooded areas. Irrigation of wooded areas requires adjustments

in the assumed spacing of the irrigation risers and the net crop revenue
estimates,

6/ See text footnote 2.

7/ The cost estimates for the 0.]- and 100-MGD facility sizes are the
extremes of the data and are not likely to be as accurate as cost estimates
for facilities in the 0.5- to 50-MGD range.
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Table 1--Average cost estimates for spray irrigation of wastewater

" Average ' Average . Average " Average
Facility size " capital . operating ‘' net cro ° total
(MGD) | cost " costs? . revenue ' costs

Solid-set: i Cents per 1,000 gallons

51.5
23.2

17.9

12.0

10.8

: ) . 9.2
100. : . 8.7

Center pivotl:

180. 56.7
69. 24,6
53. 19.0
37. 12.8
34. il.4
31. 9.4
30. 8.9

Assumes: average daily flow indicated, aerated lagoon pretreatment,

2 inches per week application rate, 40-week irrigation season, l4 weeks
of storage capacity, distance to the land application site is 2 miles,
effluent is chlorinated, sewer construction cost index is 248.7, sewage
treatment plant construction cost index is 232.5, discount rate is

6 percent, discount peried is 20 years, price of land is $1,500 per
acre, wage rate is $6.00 per hour, price of chlorine is $0.06 per
pound, electricity rate is $0.03 per kWh, the wholesale price index is
140, and the crop irrigated is corn, alfalfa, or grain sorghum using
the cropping assumptions specified by (19).

Average operating costs do not include the operating costs associated
with crop management.

Average net crop revenue is average gross Crop revenue less the average
costs associated with crop management. The crops which can be
irrigated at this net revenue include corn, alfalfa, and grain sorghum

(19) .




Comparison with Other Wastewater Treatment Techniques

Effective evaluation of land application of wastewater requires a cost
comparison with other methods of wastewater treatment, Cost estimates for
two secondary treatment processes and three advanced wastewater treatment
(AWT) processes are illustrated in table 2. Spray irrigation is more expensive
than trickling filters or activated sludge treatment {the two secondary
treatment processes) but is less expensive than three advanced wastewater
CLreatment techniques illustrated. 8/ A 1-MGD center-pivot irrigation system
is 14 cents per 1,000 gallons less costly than activated sludge treatment
followed by nitrification-denitrification (AWT1), 66 cents per 1,000 gallons
less than activated sludge followed by lime addition, filtration, and sludge
recalcination (AWT2), and 81 cents per 1,000 gallons less than AWT2 plus ion
exchange (AWT3). TFor a 10-MGD facility, AWTL is 6 cents per 1,000 gallons less
costly than center-pivot irrigation, while AWT? is 15 cents per 1,000 gallons
more expensive than center-pivot irrigation and AWT3 is 26 cents per 1,000
gallons more than center-pivot irrigation.

The advantages of irrigation as a methed for advanced wastewater treatment
are greater for smaller facilities. Examinaticn of the relative cost
differences between the AWT options and the irrigation options shows that the
relative advantages of land treatment decrease and actually disappear as
facility size increases (rable 2). Therefore, it is likely that spray
irrigation will be especially attractive to smaller communities. 9/

Cost comparisons between various Creatment processes are useless unless
these costs are related to the relevant effluent gquality or degree of treatment
provided by each process. Effluent qualities for land treatment and the
advanced wastewater treatment Systems are compared in table 3., AWTL provides a
degree of nitrogen removal similar to that of irrigation, AWT2 provides a
similar degree of phosphorus removal to irrigation, and AWT3 provides a similar
degree of wastewater treatment to irrigation. Since land treatment is less
costly for small facilities than AWTL, AWTZ, and AWT3 (table 2), given the
assumptions of this analysis, and provides a higher degree of treatment, it can
be concluded that land treatment can be z cost effective method for advanced
wastewater treatment. 10/

B8/ EPA (4) reports that construction costs for conventional wasrewater
treatment estimated using reference (16) may underestimate actual construction
Costs. Actual costs may be 1 to 2.5 times higher. Additionally, economies of
size are less than indicated by (16). This informacion has not been
incorporated into this analyvsis, since comparable information is not available
for the engineering cost data in the CLAW model.

8/ It may not be possible to construct large land application systems
based on the assumptions in this analysis. Systems larger than 10 MGD may
have to pay considerably more than $1,500 an acre for land. They may have to
pump their wastewater much farther than the assumed 2 miles. OQther factors
may also affect the relative cost effectiveness of larger land applicacion
facilicies.

10/ All possible advanced wastewater treatment techniques are not
illustrated in table 2; only representative rechniques are presented.




Table ?--Comparison of average total wastewater treatment costs for various fa

cility sizes

Treatment technique

Facility size (MGD)

0.1 0.5 1.0 5.0 10.0 50.0 100.0
Cents per 1,000 gallons
Trickling filter 142.9 5.7 48.3 25.4 15.8 14.2 13.6
Activated sludge i 157.1 70.0 42 .4 26.4 15.1 14.8 13.86
AWTL: Activated sludge folliowed by 2K 105.5 77.5 39.7 30.0 23.2 21.1
nitrification-denitrification
AWTZ?: Acrivaied sludge followed by 2K 165.0 129.4 0.6 51.6 35.0 31.7
lime addition, filtration,.
and sludge recalcination
AMT3:  AWT2? plus icn exchange 2K 184.8 144.5 g2.7 62.1 42.9 35.8
Solid-set irrigation 230.3 91.3 £G.5 47.6 43.8 35.0 37.8
Center pivetr irrigation T 227.7 85.1 63.1 40.5 36.4 31.0 29,7
1 Updared cost estimates from (16) and table 1.

2 Insufficient data are available to extrapolate to this facility size.
smaller faciliries will choose these advanced wastewater treatment techniques.

Ic is unlikely that




Table 3--Effluent quality comparison for land treatment and advanced waste-
water treatment systems

Effluent quality parameters
Biochemical : Suspended : Total
roxygen demand : solids : nitrogen : Phosphorus

Mg/%

Activated sludge
Trickling filter

AWT1: Activated sludge
followed by nitrifi-
cation-denitrification

Activated sludge with
lime addition,
filtration, sludge
recalcination

AWT3: AWT2 plus ion exchange

Irrigation

Source: (11),

The relative cost advantage of land treatment over the AWT options is due
to the use of aerated lagoon pretreatment prior to the land treatment. Aerated
lagoons are an inexpensive way to provide sufficient pretreatrcant for
wastewater prior to applying it to land, while the effluent from an aerated
lagoon may not be of sufficient quality for discharge directly to a stream or
as an influent to an advanced wastewater treatment system. The cost estimates
for land treatment can be adjusted to account for other pretreatment techniques
by adding the costs of a secondary treatment process such as trickling filter
or activated sludge to the land treatment costs and deducting the consts of
aerated lagoons. 11/ Substitution of activated sludge pretreatment for aerated
lagoons prior to solid-set irrigation alters the relative cost effectiveness of
irrigation compared to AWT. AWT1 becomes less expensive than irrigation while,

11/ Aerated lagoons cost approximately 57 cents per 1,000 gallons for a
0.1-MGD facility, 22 cents per 1,000 gallons for a 0.5-MGD facility, 13 cents
per 1,000 gallons for a 1-MGD facility, 6 cents per 1,000 gallons for a 5-MGD
facility and 4 cents per 1,000 gallons for larger facilities.




for facilities of 10 MGD or larger, AWT2 is less expensive. For facilities
larger than 50 MGD, AWT3 is less costly.

A community with an existing secondary treatment facility may not need to
use aerated lagoons for pretreatment. The community must determine if the
costs of operating its existing treatment facility are greater than or less
than the costs of building and operating an aerated lageon pretreatment system
minus the salvage value of the old treatment facility.

FACTORS INFLUENCING THE COST EFFECTIVENESS ANALYSIS

The analysis now turns to examinationm of the factors which affect the
relative cost effectiveness of land treatment versus the advanced wastewater
treatment techniques illustrated. Those factors affecting the cost
effectiveness of both land treatment and advanced wastewater treatment are
addressed briefly, followed by a detailed discussion of six items which
specifically affect land treatment costs. These items include: land costs,
effluent transmission distance, public health restrictions, storage
requirements, the application rate, and crop selection.

Factors Affeeting All Wastewater Treatment Costs

Land application has a higher ratio of capital to operating costs than
the other advanced wastewater treatment alternatives underx examination.
Capital costs are three to four times larger than operating costs for land
application (table 1) while, for the three AWT options, the ratio of capital
to operating costs is approximately one to one (16). Therefore, increases in
construction costs will tend to increase land treatment costs more than AWT
costs while increases in operating expenses such as wages, energy, and
chemicals will tend to increase AWT costs moxe than irrigation costs. Federal
subsidies for construction of wastewater treatment facilities increase the
relative cost effectiveness of land application to the local community for two
reasons. First, a constant percentage subsidy For construction costs will
reduce costs to the local community more for land application than for
alternative treatment processes since a greater proportion of land application
costs are for construction. Second, land application qualifies for an
additional l0-percent construction subsidy under P.L. 95-217. These
generalizations may not hold for increases in specific cost items. Insufficient
data are available to analyze the AWT options in more detail. '

The impact of variations in individual cost parameters for land treatment
was analyzed separately (19). Variations in design flow, construction costs,
discounting procedure, the wage rate, and crop prices exerted the largest
impact on land treatment costs, while changes in costs of energy and
chlorination have negligible impacts.




Land Ceosts

Land costs may not exert as large an impact on land application costs as
might be anticipated. TLand has a value at the end of the life of the irrigation
project. Whether land appreclates or depreciates while being used as a
wastewater irrigation site depends on many factors. TIf the system is poorly
operated and the soil is depleted or poisoned from applications of toxic
materials, the land may decrease in value over time. Lf, however, the system
is well operated, soil texture may improve and thus increase the value of the
land. Economic factors in the local land market will also influence whether
land appreciates or depreciates over the life of the facility. The discounted
value of land in the future must be deducted in a cost effective analysis. If
land is assumed to have a constant value throughout the life of the irrigation
preject, the relevant annual land cost is the interest cost of holding the land
(interest rate times land cost). EPA assumes that real land values do not
change during the life of a land application facility {10). Since this appears
to be a reasonable assumption for general analyses, it has been incorporated
into the CLAW model. Thus, the annual cost of an ‘acre of land initially
costing $1,500 per acre with a b-percent interest rate is $90.00 per acre, 12/
If land values are assumed to appreciate at a rate of 5 percent a vear, land
costs are $22.58 per acre while, if it is assumed that the land is worthless
after the 20-year life of the system, land costs are $130.78 per acre. 13/

The effect of increasing initial land prices is shown in table 4. Assuming
that land does not appreciate or depreciate, an increase of $1,000 per acre in
the price of land results in an increase of 4 to 6.3 cents per 1,000 gallons in
average total costs, depending on facility size. How much can a municipality
afford to pay for land? Assuming that a 1-MCD facility has to pay $10,000 per
acre for its land rather than the assumed $1,500 per acre, average total cosrs
will increase 36 cents per 1,000 gallons to a total of 99 cents per 1,000
gallons for a center-pivot irrigation system (total derived from data in tables
2 and 4), Land treatment remaing less expensive than the phosphorus removal
options (AWT2 and AWT3) in table 2, AWT2 costs $1.29 per 1,000 gallons while
AWT3 costs $1.44 per 1,000 gallons for a 1-MGD facility,

Effiluvent Transmission

A community can lower land costs by pumping the wastewater farther from
the city, Craig and Mapp {(2) found that average land costs decrease as the
distance from an urban center increases. Costs for a l1-mile increase in the
transmission distance for land treatment facilities are set forth in table 4.

12/ If the land is removed from the property tax rolls when a community
purchases land for wastewater irrigation, the annual value of lost property tax
revenues should be added to the estimated land costs. If the land treatment
site is located outside the political jurisdiction of the treatment authority,
& payment in lieu of taxes may be necessary.

13/ If land values are assumed to appreciate at a faster rate than the

interest rate, rather than having an annual land cost, the system will have
revenue to be deducted from the system's costs,

1p




Table 4--Increase in average total costs for increases in land
prices and transmission distance

: Per 1 mile
Facility size : Per $1,000 per acre : increase in
(MGD) +  land cost increase : transmission distance

Cents per 1,000 gailons

2
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Small facilities must pay up to 20 cents per 1,000 gallons to pump their wastes
1 additional mile, while a large 100-MGD facility pays only 0.2 cents per 1,000
gallons per mile., A 1-MGD facility can pump its wastes over 1 mile in order to
obtain a $1,000 per acre decrease in land costs, while a 10-MGD facility can go
almost & miles.

The cost estimates used thus far assume forced main effluent transmission.
Significant cost savings will result if a community can use gravity
transmission to its application site. A 0.1-MGD facility will save 1.8 cents
per 1,000 gallons when gravity transmission is used.

Public Health Constraints

Transmission of pathogens and viruses via aerosols 1s a potential public
health problem associated with land application of wastewater. 14/ Proposals
to reduce the health hazard include: chlorination, the use of buffer zones or
buffer lands surrounding the irrigation site, and additional pretreatment of
the effluent prior to land application. 15/

14/ Aerosols refer to small droplecs of water rhat float beyond the
confines of the land treatment site.

15/ An additional method to reduce aerosol transmission is to alter the
spray_gquipment. Aerosol size and the distance that the effluent is propelled
into the air can be reduced, thus limiting the aerosol transmission problem.
This alternative is not examined in this analysis since no cost data on the
impact of alterations in the equipment are available. It should be noted that
the cost estimates do include some modifications in conventional irrigation
equipment. To determine rhe extent of these modifications refer to (10).

1l




Effluent chlorination reduces the pathogenic and viral organisms in Sewape
effluent. Effluent chlorination has been used throughout the world pricr to
surface discharge of the effluent. Effective chlorination may be the most
cost effective method of reducing pathogenic organisms in effluent for spray
irrigation (;&). Chlorination costs comprise less than 4 percent of the total
costs for spray irrigation facilities (tables 1 and 5). Including filtration
prior to chlerination increases average total costs by 5 to 25 percent (tables
1 and 5).

Buffer areas are a second major way of reducing the possibilities of
pathogenic contamination from spray irrigation. A buffer area is land between
the irrigation site and the general public which does not receive wastewater
irrigation. Sorber (14) indicates that buffers may not provide sufficient
reductions in pathogens. Buffers in excess of 330 feet produce limited aerosol
reduction, making them unnecessary except for esthetic purposes,

Buffer areas can significantly increase the acreage requirements for a
land application site, especially for smaller facilities. The percent of rotal
land requirements needed for a given buffer falls substantially as faciliry
size increases (table 6). And, as facility size increases, the impact of
buffer requirements on totral land requirements is lessened.

The cost of owning buffer areas can be cemputed in the same manner as
irrigation site land costs. The cost of holding land for spray irrigation is
the interest cost of rhe land. Land is assumed to be worth as much at the end
of the facility life as it is at the beginning. Applying this logic to the
acreage requirements for buffers, the cost of buffer zones can be computed. lé/
An acre of land held as a buffer adds 0.0246 cents per MGD per 1,000 gallons to

average total treatment costs. Therefore, a 100-foot buffer zone around a
1-MGD facility will add less than 1 cent per 1,000 gallons to total treatment
costs, while a 500-foot buffer zcne will add 4 cents per 1,000 galloens. 17/
Buffer land need not sit idle. Since the irrigation site is being farmed, che
butfer can also be farmed, thus providing a potential revenue which can be
applied against the cost of the buffer zone. 1If it is assumed thatr the real
value of land appreciates over time, the relevant costs of buffers are further
reduced.

Buffer zones can be used as an area for expansion of the land application
site as community wastewater treatment needs grow. As growth aecurs, the
community can substiturte additional chlorination of the effluent for the buffer
zone,

16/ The cost of an acre of land held as a buffer {0.0246 cents per MGD per
1,000 gallons) isg computed by multipiving land costs (51,500 por acre) times
the interest rate (A pereent) and dividing by the aumbor of thousands of gallons
of wastewater treated annually {363,000 per M0D) .

17/ The 4 cents per 1,000 gallens cosc of the 300-foor buffer zone is
computed by multiplying 0.0246 times 168 acres and dividing bv 1 MGD.




Tabhle S--Average total costs for chlorination

Facility size : Chlorination : Filtration plus
(MGD) : only : chlorination

Cents per 1,000 gallons

Table 6--Acreage requirements for buffer zones, lagoomns, and irrigation
site plus buffer zones

Facility : Acreage required : Feet of land required for buffer zones
size : for lagoons and : : :

{(MGD} : drrigation site 50 : 100 300 : 500 : 1,000

Acres

Q. : 31. 3. 11. 40. 76. 199.

. : 119. 10, 21. 71. 127. 301,

1. : 229. 14, 30. g5. 168. 382.
5. : 1,098. 32. 64 . 198.8 340, 727.
10. : 2,172, b4, 30. 276, 469. 385.
50. : 10,645. gg. 198. 601, 1,011. 2,069.
1G0. : 21,133, 139. 279, 844. 1,416, 2,878.

DR = DD ]

1 Assumes a square application site with the indicated equal width buffer
zone surrounding the site.




Additional pretreatment of the wastewater prior te land application may
also be used to reduce potential public health problems. Treatment processes
such as activated sludge may be substituted for the aerated lagoon treatment
system. Activated sludge treatment costs approximately 42.4 cents per 1,000
gallons for a 1-MGD facility (table 2). Aerated lagoon costs for this facility
size are substantially lower, 13 cents per 1,000 gallons (see footnote 11),
Substitution of activated sludge pretreatment for gerated lagoons adds 29 cents
per 1,000 gallons to total treatment costs. The use of chlorination and buffer
zones appears to be a more cost effective method for public health protection
under the assumptions of this analysis than the use of additional pretreatment
methods such as activated sludge.

Storage

In many U.S. regions, it may be impossible to apply wastes to land year
round. Construction of wastewater storage facilities may be necessary. Based
on climatic considerations, a recent EPA publication (18) recoummends 80 days
of storage for central Pennsylvania through central I1linois and up to 160 days
of storage in northern Minnesota. Research at the Pennsylvania State University
(5) indicates that storage may not be needed for irrigation of reed canarygrass
or forestland. Since wastewater is generated continuously, wastewater that
cannot be applied directly must be stored for later application. The cost of
wastewater storage includes more than the costs of the storage lagoon. Since
stored wastewater must be applied to the land at a future date, additicnal land
for the application site and additional irrigation equipment are required. 18/
Average total costs are estimated to increase approximately 1.2 to 2 cents per
1,000 gallons for every week of storage capacity provided in the land
application system. Due to ecenomies of size, storage is more costly on a per
unit basis for smaller communities. In addition to the cost of storing
wastewater for later land application, a treatment authority may wish to have
supplemental storage capacity available to meet emergencies caused by adverse
weather or system malfunction. A week of addicional lagoon storage capacity
is estimated to cost from 1.5 cents per 1,000 gallons for a 0.1-MGD facility
to 1.1 cents per 1,000 gallons for a 100-MGD facility,

A wastewater treatment authority may have an option available other than
storage for those periods when the land application site cannot accept the
wastes. The treatment authority may be able to discharge the wastewater
directly to a stream. 19/ The wastewater in these cases has received secondary
treatment (aerated lagoon) and, in many cases, may not significantly alter the

18/ It should be noted that storage and land requirements are not
exogenously determined. Selection of a crop for irrigation implicitly limits
the length of the irrigation season and the application rate which in turn
determine the amount of land needed for wastewater irrigation. These
relationships are addressed in the following two sections.

19/ Under the present laws regarding wastewater treatment, this option is
not available. This discussion is presented to highlight the impact of such a
change in the legal structure.




water quality of the stream. A stream may be able to accept wastes of a
poorer quality during winter months since assimulative capacity is greater
during colder periods of the year and stream flows are usually higher. The
treatment authority will save the costs of wastewater storage for every week
(1.2 to 2 cents per 1,000 gallons) that the wastes are discharged to a stream,
as opposed to being stored for later land application.

Application Rate

Variations in the rate at which wastewater is applied to land significantly
affect the character and performance of a land application system. At lower
application rates, more land and thus more irrigation equipment are reguired to
apply an equivalent volume of wastewater. At lower application rates, the
expected level of nutrient removal or degree of wastewater treatment is higher.
Bradley (1) found that decreases in the application rate significantly reduce
nitrate leaching below the root zone (4-foot seil depth) for crop irrigation
with wastewater.

The relationship between the application rate and changes in average total
costs is shown in table 7. For example, increasing the application rate from
0.5 inch per week to 1 inch per week causes a decrease in average total
treatment costs of about 27 cents per 1,000 gallons for solid-seL systems and
a decrease of 10 to 13.6 cents per 1,000 for center-pivot irrigation systems.
Most of the advantages of increasing the application rate are reached at an
application rate of 1.5 inches per week, Increases in the application rate
beyond 1.5 inches per week do not result in large decreases in average total
treatment costs since, as the application rate increases, the lower capital and
operating requirements incurred to irrigate a smaller land acreage are
partially offset by decreases in net crop revenue. Since it is assumed that
crop yields and per acre costs of the farm operation are constant, irrigating
more acres with a given quantity of water results in a significantly higher
net crop revenue per 1,000 gallons. For example, net crop revenue from
irrigating at a 0.5-inch per week application rate is estimated as 37.54 cents
per 1,000 gallons as opposed to 9.4 cents per 1,000 gallons at a 2-inch per week
application rate. Thus, if a community decides to reduce the designed
application rate for its system to obtain better treatment of effluent, the
cost impact will be smaller than anticipated. 20/

The relationship between average net crop revenue and average capital
and operating costs brings to light a point alluded to earlier. With a capital
subsidy, a community may find that local wastewater treatment cOSts are
minimized by operating at a lower application rate. For example, average total
costs for a 0.5-MGD solid-set land application system are 91.3 cents per 1,000

20/ The cost impact of reducing the application rate may be underestimated
if crop yield, and thus net crop revenue per acre, is positively related to the
application rate. In other words, net crop revenue per acre may be over-
estimated at the lower application rates. Bradley (1) found a statistically
significant relationship between the applicaticn rate and crop yield for
reed canarygrass and alfalfa.




—inch increases in the

Facility size (MGI)
Decrease in cents per 1,000 gallons

Cost estimates based on simulation model,

weekly applicacion rate

Weekly

application
rate increase

Table 7--Decrease in average total cest estimates for 0.5

Solid-set:
Center pivot:
0.5-1.0

Source:




gallons (table 1) with a 2-inch per week application rate. If the community
receives a 75-percent Federal construction subsidy under P.L. 92-500, the

costs to the local community fall to 35.1 cents pex 1,000 gallons. EL/ If the
community selects a l-inch per week application rate, average total costs are
104.6 cents per 1,000 gallons {an increase of 13.4 cents per 1,000 gallons).
With a 75-percent capital subsidy, the costs to the local community fall to
34.5 cents per 1,000 gallons. At the lower applicaticn rate, the number of
acres irrigated is doubled, since there is a fixed quantity of wastewater at

an application rate which is 50 percent lower. This causes average local
capital costs to increase by 5.2 cents per 1,000 gallons and average operating
costs to increase by 3.5 cents per 1,000 gallons. The higher local costs for
irrigation are offset by an increase in net crop revenue of 9.3 cents per 1,000
gallons due to the constant net revenue per acre being applied to the
additional irrigated acreage. Therefore, average total local costs fall by

0.6 cent per 1,000 gallons. The community finds that it is better off or at
least indifferent to the lower application rate in terms of average local costs
with the 75-percent capital subsidy. With an 85-percent capital subsidy, aver-
age local costs are 2.4 cents per 1,000 gallons less at the lower application
rate (1 inch per week).

A community anticipating rapid population growth may find this
relationship working to its advantage. A lower application rate can be chosen
for insignificant increases or possibly decreases in average total costs CO
the lecal community. As the community grows, addirional treatment capacity
need not be constructed. The application rate can be increased, which results
in increased operation and maintenance costs but no additional construction
costs.

Crop Selection

galection of the crop or set of crops for wastewater irrigation influences
the costs for land application systems. Net Crop revenue from irrigation, the
difference between gross crop revenue and crop management COSts, varies among
crops. The length of the irrigation season will vary depending upen the crop
to be irrigated. The rate at which wastewater can be applied is also limited
by crop selection. Certain crops may not be capable of removing the desired
amount of nutrients from the site and rhus their inclusion in the land
application system may require a lower application rate or shorter irrigation
season. Each of these factors affects the costs of wastewater treatment.

Net crop revenue estimates from tand application of wastewater have been
generated using two cropping models. The two models differ in their
assumptions and generate substantially different estimates of net creop revenue.
The Pound, GCrites, and Griffes cropping model (10) assumes that crop ylelds,
management costs, and revenues for a land application system will be similarc

21/ Costs to the local community are defined as operating costs plus
unsubsidized capital costs less neb crop revenue. Unsuhsidized capital costs
include capital cost items that are not eligible for subsidies such as land
for acrated lagoons and the community's share of cost items that are eligible

for subsidy.




to those found in California using the best agricultural management practices.
The second model, referred to as the Bradley cropping model, assumes yields
from wastewater irrigation similar to those reported by Kardos (5). Crop
management and revenues are assumed to apply to a location in central
Pennsylvania (1).

Net crop revenue estimates for the two cropping models shown in table 8
show that crop selection and management influence the costs of land application
systems. 22/ The Pound, Crites, and Griffes cropping model permits irrigation
of alfalfa, reed canarygrass, corn silage, grain sorghum, barley, and cotton
lint. The Bradley cropping model permits irrigation of alfalfa, reed
canarygrass, corn silage, and corn grain. 23/ Alfalfa, corn silage, and grain
sorghum provide the highest net crop revenues while reed canarygrass provides
the lowest revenue in the Pound, Crites, and Griffes model (table 8). The
Bradley model provides similar results although the absolute difference among
net crop revenues for the various crops is lower. Bradley estimates a
positive net crop revenue for reed canarygrass while the other model estimates
a negative net revenue. 24/

The assumptions used to generate the net crop revenues estimates in table
8 may not hold in all cases. For instance, Bradley (1) indicates that in
order to meet nutrient removal constraints, the irrigation season for corn may
be 30 weeks per year, while reed canarygrass may be irrigated year round.
Thus, a simple comparison of net crop revenues may be insufficient ro dernide
between irrigation of particular crops. By accounting for possible changes in
the irrigation season which accompany particular crops, average total cost
estimates using the Bradley cropping model are related to a particular crop
(table 9). The highest average net crop revenue for the crop irrigation
alternatives listed in table 8 is for corn, but when changes in the irrigation
season are taken into account, the average total costs for other cropping
activities are lower. The least cost alternative is to irrigate reed
canarygrass for 48 or 52 weeks per year. 25/ Trrigation of a mixed hardwood
forest is less costly since there is less wastewater storage and thus
fewer acres are irrigated.

22/ The analysis assumed that each crop is capable of providing some
minimum level of nutrient removal, such as the U.S. Public Health Service
standard for drinking water of 10 ppm of nitrate nitrogen.

23/ Addirionally, the Bradley model permits irrigation of a mixed ocak
hardwood forest. Esrimates for mixed ha -dwoed forest irrigatiaon are not
presented in table 8 since forest irrigation requires modification of the
irrigation network.

24/ A negative net crop revenue implics that revenues from crop sales do
not offset the costs of cultivating and harvesting the crop.

gé/'Bradley (1) estimates that reed canarvgrass silase can be marketed
at $15 per ron,




Table 8--Average net crop revenue estimates for two
cropping models

Model and crop Net revenue
Pound, Crites, and Griffes Cents per
cropping mecdel: 1,000 gallons

Alfalfa 9.4
Reed canarygrass -4.5
Corn silage 3.6
Grain sorghum 9.4
Barley 6.0
Cotton lint 2.6

Bradley cropping model:

Alfalfa 4.6
Reed canarygrass 3.9
Corn silage 4.9
Corn grain 6.3

Irrigation of a forest is more expensive than crop irrigation since the
distribution system must be altered and pumping pressures reduced in order to
obtain an equal distribution of the effluent over the forest floor. Even with
the higher costs of irrigating forests and the virtual absence of a salable
crop, forest irrigation can be a least cost method for land application due to
the lenger irrigation season. If forestland is available at a lower cost,
the relative cost effectiveness of forest irrigation will be improved. 26/

Crop selection also influences the rate at which wastewater may be
applied to the land. Research has shown that reed canarygrass can receive a
much higher application rate than mixed oak forests or corn, while still
maintaining a fixed level of nutrient removal from wastewater (5). In fact,
irrigation of mixed cak forests may require substantial reductions in the
application rate to maintain an adequate level of treatment. The effects of
altering the application rate discussed in the previous section can be
incorporated into the cost estimates for particular crops to adjust properly
for this effect.

26/ Irrigation of fast-growing forest products igs not considered io this
analysis. Their development and use for wastewater irrigation will improve
the relarive cost effectiveness of forest irrigation.
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Table 9--Average costs for a 1-MGD solid-set irrigation system when
the irrigation season is limited to account for a crop's
ability to remove pollutants from the wastewater

-
.

t Average : Average : Average : Average
Bradley ! capital : operating : net crop : total
cropping assumptions : costs costs ! revenue ! costs

Cents per 1,000 gallons

Reed canarygrass : 17.9 3.9
irrigated for 40
weeks per year

Reed canarygrass
irrigated for 48
weeks per year

Reed canarygrass
irrigated year round

Corn silage
irrigated for
30 weeks per year

Mixed ocak hardwood
forest irrigated for
40 weeks per year

Mixed oak hardwood
forest irrigated for
48 weeks per year

Mixed oak hardwood
forest irrigated
year round

CONCLUSTIONS

Several implications for land application of wastewater have been
identified from this analysis: the relative cost effectiveness of land
application as an advanced wastewater treatment technique, changes in cost
effectiveness as facility size changes, land costs, effluent transmission
distances, public health constraints, storage requirements, changes in the
application rate, and the importance of crop revenue. The relative impacts
of the cost parameters are summarized in table 10.

20




Table 10--Comparison of the cost and revenue parameters analyzed
for two alternative facility sizes

: Facility size
(MGD)

1 10

: Cents per
: 1,000 gallons

Costs:
Solid-set irrigation : €9, 43,
Center pivot irrigaticn i 63. 36.
AWTL ; 77. 30.
AWT2 " 129. 51.
AWT3 ; . 62.

Additicnal costs:
Increase in land cests of $1,000 per acre
1 mile increase in pumping distance
Chlerinatien
Buffer zone: 100 feet
500 feet
One week of additional storage

Decrease in application rate from 2 to 1.5
inches per week

Net crop revenues: Pound, Crites, and Griffes' :
corn gilage

Pound, Crites, and Griffes' |
reed canarygrass :

Bradley's corn silage

Bradley's reed canarygrass

Land application is the least costly of the advanced wastewater treatment
options examined. It alsc provides the highest level of pollutant removal
(table 3). Of the two land application techniques studied, center-pivot
irrigation costs were 2.5 to 8 cents per 1,000 gallons less than the costs for
solid-set irrigation. As facility size increases, the relative cost advantage
of land application decreases. An increase in facility size from 1 to 10 MGD
results in about a 40-percent decrease in average costs for land application
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while, for the AWT options, average costs fall by approximately 60 percent
(table 10). Therefore, it can be expected that land application would be
seriously considered more often by smaller communities than by larger ones.

The use of aerated lagoons as a pretreatment technique in land application
systems improves the cost effectiveness of land application. Aerated lagoons,
while not a cost effective pretreatment method for most advanced wastewater
treatment techniques, provide sufficient pretreatment for land application.

If other pretreatment techniques are considered, land application is still
less costly for smaller communities {less than 5 MGD).

When compared to the impacts of the other cost parameters in table 10,
land costs do not exert an overwhelming impact on total treatment costs.
Assuming that land values do not appreciate or depreciate over tha life of
the facility, a $1,000 per acre increase in land costs cause a 6-percent
increase in average total costs for a 10-MGD facility. If land values are
assumed to depreciate as a result of the land treatment activity, the impact
of land costs will be slightly higher while, if land is assumed to appreciate
in value, land costs may fall to zero.

A community may have to pump its wastewater away from the community in
order to find a suitable site for land application. A 1-MGD facility will
incur costs of 3.3 cents per 1,000 gallons for each mile that wastewater is
pumped and a 10-MGD facility will incur costs of 0.9 cent per 1,000 gallons
per mile. Pumping costs can be traded off against land costs. A 1-MGD
facility can pump its effluent 1 additional mile to obtain a $1,000 per acre
decrease in land costs while the 10-MGD facility can go over 4 miles. Smaller
land treatment systems will tend to be located nearer the community due to
their pumping costs. Smaller communities will be willing to pay slightly
higher prices for land to avoid pumping although they may not need to since
development pressures on land prices are likely to be lower in these
communities.

Examination of the health constraints relating to land application
reveals that buffer zones and chlorination may be highly cost effective
methods for minimizing health problems. A 500-foot buffer zone surrounding a
1-MGD facility will add approximately 4 cents per 1,000 gallons to total
treatment costs and 1.2 cents per 1,000 gallons to total treatment costs for
a 10~M8D facility. If it is assumed that this buffer zone can be farmed, the
costs will be reduced substantially. Buffer zones may also provide an area
for future expansion if chlorination can be substituted in the future.
Chlorination costs 2.4 cents per 1,000 gallons for a 1-MGD facility and 1 cent
per 1,000 gallons for a 10-MGD facility. In many cases, chlorination will be
a cost effective method for reducing health problems. Chlorination will be a
more cost effective alternative if land costs are greater than or equal to
those assumed in this analysis and it is assumed that there is no positive net
crop revenue from the unirrigated buffers. Other methods for reducing health
problems are not likely to be as cost effective as chlorination and buffer
Zones,

A week of storage adds 1.2 to 2 cents per 1,000 gallons to the cost of a
land application system. This cost estimate includes lagoon costs plus the costs
of the extra land and irrigation equipment required to apply the stored effiuent
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to the land at a later date. If a community is required to store its waste-
water for 10 weeks per year, as has been recommended for central Pennsylvania
based on climatic constraints, storage costs will be 14 cents per 1,000 gallons
for a 1-MGD facility. Effluent storage added to deal with adverse weather and
system malfunctions can add to costs.

The rate at which the wastewater is applied to the land is an important
influence on land application costs. As the application rate is increased
from low rates to higher rates, average total costs decrease. The largest
cost decreases occur as the application rate is increased to 1.5 inches per
week. As the application rate increases, average capital and operating costs
decrease. These cost decreases are partially offset by reductions in net crop
revenue, since fewer acres are irrigated for a given size of facility. With a
capital subsidy, a community may find that its costs are reduced by selecting
a lower design application rate. The increased crop revenue may offset the
increased operating and unsubsidized capital costs. The additional irrigated
acreage associated with lower application rates provides some excess capacity
for future growth since the application rate can be increased and the same
acreage irrigated. Thus, a greater guantity of wastewater can be treated per
year with minimal increases in annual operating costs.

Crop selection can significantly alter the costs of land application.
Estimates of net crop revenue range from -4.5 cents per 1,000 gallons for
reed canarygrass to 9.4 cents per 1,000 gallons for corxn silage. The cost
estimates vary depending upon the crop irrigated and the assumptions used to
generate the cost estimates. Some crops may be irrigated for longer pericds
of time than others. Application rates will vary among crops in order to
maintain adequate levels of nutrient removal, Thus, a strict comparison of
crop revenues is not applicable since as the irrigation season and application
rate change, the capital and operating requirements of the system also change.
I1f crops such as reed canarygrass cr forest can be irrigated for 48 to 52 weeks
per year, average total costs will be lower than the costs for irrigating corn
silage or alfalfa for a shorter time per year (30 or 40 weeks). Research by
Kardos (5) indicates that crops such as reed canarygrass may be capable of
being irrigated at higher application rates depending upon local soil
characteriscics. This will further reduce the costs of wastewater irrigation.
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