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LAND TREATMENT OF PRIMARY SEWAGE EFFLUENT:
WATER AND ENERGY CONSERVATION

by

R. C. Rice and R. G. Gilbert

ABSTRACT

Land treatment of secondary municipal wastewater is an economical and aesthetic
method of upgrading water quality, if hydrologic and geologic conditions are favor-
able. Costly conventional secondary treatment, which requires large quantities of
electrical energy, can be bypassed by applying the primary effluent directly to the
land. Soil- denitrifying bacteria use the organic carbon in the primary effluent as
an energy source for biodenitrification and nitrogen removal. Laboratory and field
studies indicated the quality of renovated wastewater meets standards for unrestricted
irrigation and recreational uses. Considerable savings, both in capital and energy
costs, can be realized by land treatment of primary effluent.

INTRODUCTION

Sewage effluent is a valuable water resource, especially in water -short areas,
like Arizona. However, before the effluent can be used for unrestricted irrigation
and body contact recreational uses, additional treatment beyond secondary is required.
Bouwer et al. (1977) showed that land treatment of secondary effluent by groundwater
recharge is an economical and aesthetic method of upgrading water quality, provided
hydrologic and geologic conditions are favorable. The secondary effluent is applied
to infiltration basins and allowed to percolate to the groundwater. As the effluent
moves through the soil, most pollutants and impurities are removed by physical,
chemical, and biological processes. By the time water reaches the groundwater, the
quality has been improved to meet unrestricted irrigation- and recreation -use stan-
dards (Table 1).

The cost of wastewater treatment is increasing not only because of inflation but
also because of requirements for a higher quality effluent. Savings of both total
cost and energy would be considerable if primary, rather than secondary, effluent
were used in land- treatment systems. Secondary treatment (activated sludge) costs
considerably more than primary treatment and requires about 70% of the total electri-
cal energy consumed in conventional treatment plants (Smith, 1977). The main differ-
ence between primary and secondary effluent is the concentration of total organic
carbon (TOC) and suspended solids. Typical values for these parameters are shown in
Table 1 for Phoenix, Arizona.

In secondary treatment plants electrical energy is used to operate aerators to
remove another energy form, organic carbon. Organic carbon, however, is an important
nutrient in the soil biological system. Soil bacteria play an important role in the
land treatment renovation process, especially in removing nitrogen (Gilbert et al.,
1974). Most of the nitrogen in the effluent is in the ammonium form. As the effluent
seeps through the soil, the ammonium is adsorbed by the soil. During the dry period,
oxygen from the atmosphere moves into the soil and nitrifies the ammonium. If organic
carbon is present, then bio- denitrification will occur, mostly in micro -anaerobic
pockets within the aerated zone. Lance and Whisler (1974) showed that organic carbon
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concentrations in the secondary effluent limit the amount of denitrification that will
occur. Increasing the carbon concentration to 150 mg /1 stimulated denitrification and
increased nitrogen removal from 30 to 90 %. The higher TOC levels in the primary
effluent would easily be consumed by the soil bacteria.

The amount of electrical energy used for activated sludge (secondary) treatment
will be relatively constant for a given capacity. However, the energy required for
land treatment is used almost entirely for pumping and depends upon the total lift.
For a 120 -ft lift, the energy used for land treatment and secondary treatment is about
the same. When comparing energy requirements for equivalent water quality, however,
the total energy for land treatment of primary effluent is about half that needed for
the combined secondary and land treatment.

When primary effluent was applied to the land at Fort Devens, Massachusetts
(Satterwhite and Stewart, 1977), the quality of the renovated water was comparable to
that of in -plant tertiary treatment and met the quality standards for unrestricted
irrigation and recreational uses. Preliminary laboratory and field work at our
laboratory indicated that, while the quality of renovated primary effluent was similar
to that of renovated secondary effluent, infiltration rates were reduced because of
the higher suspended -solids concentration. The purpose of this paper is to compare
cost and energy required for secondary treatment (activated sludge) and land treatment.

COST ANALYSIS

EPA cost effectiveness guidelines state that "the most cost effective alternative
shall be the waste treatment system determined from the analysis to have the lowest
present worth and /or equivalent annual value without over- riding adverse known mone-
tary costs" (Pounds et al., 1975). Recent EPA policy has indicated that priority
should be given to land treatment processes. Also, EPA has placed land treatment in
the innovative process category, which qualifies users for 85% reimbursement for costs
as compared with 75% for conventional treatment. We determined cost analyses of
activated sludge treatment and land treatment of primary effluent from EPA guidelines.

Land treatment costs were determined from procedures and graphs outlined by
Pounds et al. (1975), and updated to 1978 with the current cost indices, wage and
power costs. In this analysis we made the following assumptions: (1) Transmission
of effluent to a site 1 mile from primary plant was by gravity pipe; (2) an infil-
tration basin distribution system at infiltration rates of 0.5 and 1 ft /day was used,
which corresponds to 90 and 180 ft /year total infiltration, respectively, assuming
flooding 50% of the time; (3) recovery of renovated water was by wells at a 100 -ft
lift; (4) additional costs include monitoring wells, fences, and roads; and (5) EPA
construction cost indices were 281 for sewage treatment plants and 296 for sewers;
labor cost $9 /hr; electrical power cost was 4á /kwh; the wholesale price index was
200; amortization was 7% for 20 years; and land costs were $5,000 /acre. Costs for
laboratory and administrative facilities were not included.

Comparative cost for activated sludge treatment was determined from Van Note et
al. (1975) and updated to 1978 using the current price and wage costs. Table 2 shows
both capital costs and operation and maintenance (05M) for 1, 10, and 100 mgd
discharges. The land requirement and electrical energy consumed are also included.
Land treatment costs ranged from 4 to l501,000 gal, whereas activated sludge treat-
ment costs ranged from 7 to 40¢/1,000 gal. The total cost for land treatment was
less than activated sludge treatment, even at lower infiltration rates. The lower
infiltration rates, which require about twice the land area, increased the total cost
by 2d /1,000 gal.

SUMMARY

Cities faced with the need for increasing treatment plant capacity can implement
land treatment of primary effluent at a lower cost than secondary treatment. Pre-
liminary laboratory and field studies have shown that primary effluent can be success-
fully treated by land application and yield water whose quality equals that of reno-
vated secondary effluent at about half the energy requirement. Therefore, land treat-
ment of primary effluent is a cost -effective and energy- saving alternative for waste-
water treatment that eliminates the cost and energy requirements for conventional
secondary activated sludge treatment and produces a high quality renovated water.
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Table 1. Typical Quality of Primary, Secondary, and Renovated Sewage
Effluent at Phoenix, Arizona.

Primary Secondary
Renovated
effluent

mg /1

NH4 -N 28 25 1 - 4

NO3 -N .1 .1 5 - 12

Organic -N 5 2 0

PO4 -P 8 8 1 - 3

Total organic carbon (TOC) 100 25 5

B0D 100 20 <0.5

Suspended solids (SS) 80 10 - 20 <0.5

Fecal coliform (No. per 100 ml) 8 x 106 105 0 - 200

Table 2. Cost Comparison of Treating Primary
and Activated Sludge.

Effluent Using Land Treatment

Quantity
mgd

Treatment/
Energy

required,
kwh /day

Land
required,

acre
Cost < /1000 gal

Capital O$Mb/ Total

1 Land - 0.5 ft /day 477 40 9.3 5.6 14.9

1 Land - 1 ft /day 477 20 8.0 4.7 12.7

1 Activated sludge 608 1 23.7 16.1 39.8

10 Land - 0.5 ft /day 4,772 150 3.7 4.4 8.1

10 Land - 1 ft /day 4,772 90 2.6 3.3 5.9

10 Activated sludge 5,865 5 6.5 5.8 12.3

100 Land - 0.5 ft /day 47,727 1300 3.3 2.9 6.2

100 Land - 1 ft /day 47,727 700 1.7 2.6 4.3

100 Activated sludge 57,065 30 4.6 2.3 6.9

a/ Average daily infiltration rates of 0.5 and 1.0 ft /day represent total

annual infiltration rates of 90- and 180 ft, respectively, when flooded

50% of the time.

b/ Operation and maintenance cost.
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