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INTRODUCTION

Conventional septic systems are designed primarily for effectivevarof solids in the
tank and quick dispersal of tank effluent in the associated leachfield. The removal of
nutrients and pathogens takes place with passage of effluent through |dashifjdut is

not a primary design concern. As such, the capacity of these systems for imgineving
quality of effluent water is generally limited. Increasing concerh wantamination of
ground and surface waters by failing or improperly installed septieragdtas led water
managers and regulatory agencies to promote on-site wastewataetreggchnologies

that lower emissions of pathogens and nutrients. With nearly one-quarter of households
in the United States relying on onsite wastewater treatment systemsSYJav

treatment of domestic wastewater (United States Census Bureau, 2003)pheve|of

such technologies has the potential to have a significant, positive impact on theajuality
water resources.

Among the technologies that have emerged in the last few years to atldeesssues is
leachfield aeration. The system (known as the SoilAir™ System) was develaped a
patented for rejuvenation of - and enhanced treatment by - failed septmo syste
leachfields (Potts, 2000). It has been approved for use in a number of states, with over
100 systems installed in ten states in the past nine years. This paper deBeribe
components and functioning of a typical SoilAir™ system, field observations ofseffec
on hydraulic and water quality functions, and pilot-scale assessment ofetties eff
aeration on nutrient and pathogen removal under various conditions.

SYSTEM DESCRIPTION

Soil gas samples collected from leachfields are generally depleteygeén and
considerably enriched in carbon dioxide, methane and hydrogen sulfide redative t
atmospheric levels. This is largely a function of the microbial oxygen demaedding

the available oxygen supply, which in turn limits microbial processes that removecorgani
compounds and nutrients from septic tank effluent. This can translate into hydraulic
failure as a result of excessive accumulation of organic materials linotinat, at the
soil/water interface.
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The SoilAir™ system typically supplies air at supra-atmospheric peessioth the
leachfield and the surrounding soil. The oxygen supplied by this process elinaimates
prevents an oxygen deficit from developing in the vicinity of the leachfield byimgeet
and/or exceeding the biological oxygen demand of the soil and wastewater, which is
exerted by the activities of microorganisms. When the system is operaggdnd&vels

in and around the leachfield are no longer limiting, biomat production is controlled,
ponding is reduced and treatment efficiency improves. The effects are soméating a
trench to rejuvenate it, but the process is more efficient and requires less tim

Oxygen concentrations in the soil adjacent to a leachfield aerated with e syst

typically in excess of 20%. This is over 20,000 times more oxygen than can be supplied
by injecting air into water, as is performed in typical wastewatatrrent processes.
Increasing the oxygen concentration accelerates oxygen-limitedmakprocesses,

such as organic matter decomposition. The removal of accumulated sludge/biosolids
from aerobic treatment plants, and the subsequent land application/composting to break it
down under conditions where oxygen is readily available is a typical example of the
positive effect of increased oxygen availability on organic matter breakdow

SoilAir™ systems can be installed on both gravity and pump-based septic systems (Fi

1). On a gravity system, a level sensor is installed in or adjacent to thetaepfiwith

an air backflow preventer directly downstream of it. With a pump-based systera| a le
sensor is installed in the pump station to control the system. A blower is connected to the
piping between the septic tank or pump station and the leachfield. While air is supplied
to the leachfield, water accumulates in the septic tank or pump station until the leve
sensor activates and turns off the blower. Once the blower is off, a doseeiatasts
allowed to flow to the leachfield. Aeration starts again at a set timedafeng.

SEPTIC TANK DETAIL
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Fig. 1. Detail of SoilAir™ system connection in a gic system, showing placement of wastewater
level sensor, check valve, and aeration line.



In addition to a simple, programmable timer, the system can be equipped with a
microprocessor-based controls package. This allows for accommodation of angde r
of operational scenarios. For example, when rejuvenating a failed sepgin Stret

blower is typically programmed to operate continuously, stopping only to allow aflose
wastewater to flow from the septic tank into the leachfield. As the excesathgom
oxidized, the system back-pressure typically decreases. The micropra@ssense

the change in pressure and reduce the duration and/or frequency of blower opdnation. T
volume of wastewater applied to the leachfield can also be determined via the
microprocessor by tracking the number of doses per day. In addition, a water level
sensor can be installed in the leachfield to measure actual ponding levels. Tokecont
can automatically adjust system operation accordingly. The SoilAir™ systere
monitored, programmed and operated remotely via a modem. For example, when the
system senses uncharacteristically high flows, such as caused by a toiteing

message can be forwarded to the service provider and the customer.

The SoilAir™ system has been used successfully on leachfields construdtteupweit

and stone, plastic chambers, concrete galleries, drip irrigation, dry wells|las
proprietary systems. The sources of wastewater for these septicsiystkrde family
residences, restaurants, municipalities, commercial laundries, hotetmema
complexes, and various other commercial establishments. Many of these sodirces ha
high waste strength and grease accumulations. A number of the rejuvenatedleachin
systems have been over fifty years old, and some were located under parking lots.

FIELD OBSERVATIONS

Forced aeration of leachfields with SoilAir™ systems has been an effewiv®d to

both rejuvenate hydraulically failed leachfields and improve water qualtiyen air is
introduced into the leachfield and passes through the biomat, ponding is reduced or
eliminated. System back-pressure typically diminishes by 25% or morgydhe first

24 hours of operation as the biomat is oxidized. The system back-pressure iszedicat
of the ponding level in the leachfield. An example of the effects of aeration on ponding
levels in a restaurant leachfield during the first 45 days of operation is shéwm 2.

Prior to starting the aeration system, soil gases in the leachfield areedaplexygen

and contain high concentrations of carbon dioxide and methane, indicative of anaerobic
conditions. Once the system is started, oxygen levels are restored to atnedspbks;i

and levels of methane and carbon dioxide are reduced considerably. Fig. 3 shows the
concentration of oxygen, methane, and carbon dioxide in soil as a function of time for the
same restaurant system as in Fig. 2. When blower operation was interrupted (day 40),
oxygen demand exceeded oxygen supply, as indicated by a decreased oxygen level and
elevated concentration of carbon dioxide. Our experience indicates that operation of the
SoilAir™ system can maintain atmospheric levels of oxygen in soil even in the teepes
leaching structures.



Waste Water Depth at Inspection Port 2

35.00 Grade = 35"

30.00 -
25.00 -

20.00 | \

15.00 - Top of Gallery = 14"
10.00 |
5.00 -
0.00

(inches)

Waste Water Depth

0 4 5 6 10 12 14 17 20 24 27 31 34 39 45
Elapsed Time (days) - = P2

Fig. 2. Effect of aeration using the SoilAir™ systenon wastewater ponding in the leachfield of a
restaurant OWTS.
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Fig. 3. Effects of aeration using the SoilAir™ systa on the composition of soil gases in the leachfiel
of a restaurant OWTS. TOP: oxygen and carbon dioxideBOTTOM: methane.

Water quality also benefits from leachfield aeration. Preliminaryiddieates that
enhanced removal of nitrogen, phosphorus BOD and fecal coliform bacteria can be
accomplished by operating the blower in conjunction with the dosing of wastewater. A
residential septic system leachfield rejuvenated using the SoilAirt¥mysad removal
rates that were > 90% for total N and BQD> 70% for total P, and >99.9% for fecal
coliform bacteria 1 ft. below the leachfield trench surface.



PILOT-SCALE EVALUATION

We conducted a series of pilot-scale experiments to evaluate how aeratiarthbéleéa

soil affects the water quality and hydraulic functions of leachfield Ebé experimental
setting for these experiments has been described previously (Potts et al., 2@@s). B
the experiments were conducted using lysimeters dosed with a known volumeaf septi
tank effluent from a two-family household in southeastern Connecticut at regular
intervals (Fig. 4). Two main treatments were employed: lysimeteasealgpost-dosing to
maintain atmospheric levels of oxygen in the headspace (AIR treatment), iametéys
whose headspace was vented to the gases in an adjacent septic systerdl@aChffie
treatment). Each treatment was replicated 3 - 4 times, depending on the experime
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Fig. 4. Schematic diagram of experimental facility.

Effects on water quality were assessed by comparing the conaanttotal N and P,
BODs, and numbers of fecal coliform bacteria in septic tank effluent and in lysimeter
drainage water. Analyses were conducted according to the methods of theamer
Public Health Association (APHA, 1998).

Experiment 1

The effects of aeration on water quality were assessed initially siiteysand as an
absorption medium. Each treatment was replicated three times. After dogimetéys

with septic tank effluent at a rate of 4 cm/d (1.67/d) for 24 months, reduction in total N
was negligible in both AIR and LCH treatments and the concentration of total P in
drainage water was higher than in inputs in both treatments (Table 1). In tdngtas
rates of fecal coliform removal were observed in both treatments. Nearpletem



Table 1. Effects of operating conditions on removal of tiNatotal P, BOR, and fecal coliform bacteria in
aerated (AIR) and unaerated (LEACH) experimentatidield lysimeters. Data for Experiment 1 are fri@oits
et al. (2004).

% Removal
Run Fecal
Exp Depth Load time Total N Total P BOR coliforms
No. Media (cm) (cm/d) (mo.) AR LCH AR LCH AR LCH AIR LCH
1 Sand 30 4 24 2.9 0.8 -106 -1.0 993 609 99.9 .998
12 2 236 1.3 -134 82 995 296 99.1 98.0
2 Sand 30 12 11 25.1 NA 29 NA 921 NA 87.2 NA
15 12 11  28.0 NA 79 NA 9438 NA 935 NA
7.5 12 11 30.9 NA 126 NA 845 NA  84.2 NA
3 Soil 30 4 9 21.0 208 759 69.8 99.8 87.8 100.00.a

12 7.3 41.0 15.6 66.8 79.6 99.0 82.7 99.6 97.1

removal of BOR was observed in the AIR treatment, whereas only 60.9 % of;B@B
removed in the LCH treatment.

Increasing the hydraulic load from 4 to 12 cm/d (4.7”/day) increased the averagval

of total N removal to nearly 24% in AIR, but had no effect in the LCH treatmentgTabl
1). A small increase in the total P released from both treatments was dbs&weval

of BODs in the AIR lysimeters was unaffected by the increased hydraulic load, but was
nearly half that at the lower load in the LCH treatment. Fecal colifornefiaetere
removed less effectively in both treatments at the higher loading rate.

Considerable ponding of wastewater (up to 7”) above the soil surface was observed in
LCH lysimeters, whereas infiltration of wastewater into soil was cetaph the AIR
treatment, regardless of hydraulic loading rate.

Experiment 2

The effects of depth of medium on removal of nutrients, Ba@ml fecal coliform
bacteria under aerated conditions were determined using silica sanchatafeg (12”),
15 (67), and 7.5 cm (3”). Lysimeters were loaded with septic tank effluentés afr12
cm/d, with each depth replicated three times.

Total N removal increased as medium decreased, with 25.1, 28.0, and 30.9% removal at
depths of 30, 15, and 7.5 cm, respectively (Table 1). Total N removal at a depth of 30 cm
was comparable to that observed in Experiment 1 at the same loading rate. lénlike t
results of Experiment 1, net removal of total P was observed at all depths, withlremova
increasing as the medium depth decreased. In contrast, removal ¢f(80h%) and

fecal coliform bacteria (84.2%) was lowest at a depth of 7.5 cm. Rates ofdéfmahc

(87.2%) and BOB(92.1%) removal at 30 cm were lower than observed in Experiment 1
at the same load.

Complete infiltration of wastewater into soil was observed regardless of depth of
medium.



Experiment 3

The effects of aeration were also examined using native soil to deterimetieawthe
response of water quality parameters to aeration was similar to thandolyseneters.

Soil (30 cm) from the B and C horizons of soil in the Hinckley series was subjected to
AIR or LCH treatments, with four replicate lysimeters employedneatment.

Lysimeters were loaded with wastewater at a rate of 4 cm/d for $h® fmonths of the
experiment, with the load subsequently increased to 12 cm/d for over 7 months.

The average total N removal at a loading rate of 4 cm/d was roughly 21% in both AIR
and LCH treatments (Table 1). Increasing the hydraulic load to 12 cm/d dealied
(41%) total N removal in the AIR treatment, but resulted in less effectivenbivia in

LCH lysimeters. Removal of total P ranged from 66 to 80% in soil lysimeters, with
higher removal in AIR than LCH treatments at the lower loading rate ahdrimgmoval

in LCH treatment at the higher loading rate. Nearly complete reno6\BDDs was
observed in AIR lysimeters regardless of loading rate, whereas in theré@hhént
removal was 88 and 83% at 4 and 12 cm/d, respectively. Complete removal of fecal
coliform bacteria was observed in both treatments at the lower loading thtegnvoval
decreasing markedly in LCH lysimeters at the higher load.

Under aeration, soil was a more effective medium for total N removal thea siind,
particularly at the higher loading rate (Table 1). Furthermore, soil exthitdiesiderably
higher removal of total P than sand in the AIR treatment at both loading rates.rastont
removal of BOR and fecal coliform bacteria in AIR lysimeters were similar in sand and
soil at both loading rates. Removal of total N and P, B@Dd fecal coliform bacteria
was higher in soil than in sand under LCH conditions at both loading rates (Table 1).

LCH lysimeters exhibited extensive ponding of wastewater (up to 7”) above the soi
surface, whereas infiltration of wastewater into soil was complete in Réréatment,
regardless of hydraulic loading rate.

CONCLUSIONS

Extensive field evaluation of the SoilAir™ system has shown that it can rejuvenate
leachfields treating a wide variety of wastewaters in systenesrange of different
configurations. The system improves hydraulic function through enhancement of oxygen
levels in leachfield soil, which accelerates decomposition of organic alatatithe

soil/water interface. Pilot-scale studies suggest that aeration eshaater quality from
experimental leachfield lysimeters significantly relative to usi@er lysimeters.

Notably, it enhances the removal of total N, BO&nd fecal coliform bacteria.

Furthermore, the positive effects of aeration on water quality are ggnesalensitive

to the depth of medium employed, and are more marked with native soil as the absorption
medium than observed for silica sand. Limited field evaluation of effects dicaeoa

water quality suggest that removal of nutrients and fecal coliform baaterejuvenated
leachfield soil may be as good or better than observed in the laboratory. Cigeanthe



efforts are aimed at establishing whether the water quality beak&tsation are
observed in additional systems.
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