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TABLE 4-35, Contimued

ITEM CRITERIA

Percolation Rate 1 to 60 min/in (average of at least 3 percolation
tests).© Systems can be constructed in soils with
slower percolation rates, but soil damage during
construction nust be avoided.

a‘I..andscape position and slope are more restrictive for beds because of the
depths of cut on the upslope side.

b1ntended only as a guide. Safe distance varies fram site to site, based upon
topography, soil permeability, ground water gradients, geology, etc.

Csoils with percolation rates less than 1 min/in can be used for trenches and
beds if the soil is replaced with a suitably thick (greater than 2 ft) layer of
loamy sand or sard.
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Absorption mounds, or elevated drainfields, are alternative
subsurface disposal systems. Absorption mounds have been used to
replace conventional drainfields where high ground-water tables
prevail. Mounds typically are constructed 3 feet above ground
level out of clay, sand, and gravel (Figure 4-26). Perforated
distribution pipe is set in gravel filled trenches running along
the length of the mound. Treated effluent is discharged through
the perforated pipe. Water then seeps through the underlying
gravel, sand and native soil layers.

Injected Fluids and Injection Zone Interaction

Injected Fluids. The quality of treated wastewater
discharged from Class V septic wastewater disposal systems 1is
variable. This quality is dependent upon the guality of
untreated wastewater entering the treatment system and the type
of Class V septic wastewater disposal system utilized.

Characterization of Untreated Domestic Wastewater

Domestic sewage from individual homes and large residential
developments consists of approximately 99.9 percent water (by
weight) and 0.03 percent suspended solids. Ranges of constituent
concentrations found in domestic sewage are presented in Table 4-
30 in the cesspool and raw sewage well assessment section. Of
these constituents, nitrates are well known for their capacity to
contaminate USDW. Anions of chlorides and sulfates, and cations
of sodium and calcium, can also significantly deteriorate
drinking water if injected in sufficient volumes (Carriere, 1980).

Organic compounds known to contaminate ground water have
been detected only recently and quantified in domestic sewage.
In a study conducted by the Washington (State) Department of
Health and the University of Washington, untreated domestic
sewage was found to contain 49 to 50 organic compounds in excess
of 1 ppb:; of these, 5 are considered to be priority pollutants
(Dewalle, et. al., 1985). Toluene was the most prevalent
priority pollutant (as designated by Dewalle) detected in the
untreated sewage. Dichloromethane, chloroform, and
tetrachlorothene were other priority pollutants found (Dewalle,
et, al., 1985).

Pathogenic bacteria and viruses also are present in

untreated domestic sewage. Pathogens can constitute a
considerable health hazard if they reach potable ground water.

Industrial /Commercial Wastewaters

Wastewater sewage from commercial or industrial
establishments can resemble domestic sewage. This is most likely
true in waters generated from offices, motels, recreational
campgrounds, etc. Other commercial and industrial businesses,
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however, discard chemical or industrial wastes in their sewage.
Printers dispose of organic solvents and metal degreasers, and
the photoprocessing industry disposes of many organic and
inorganic chemicals. Laundries and laundromats dispose of soil
and stain removers. Dry cleaners discard used solvents such as
trichloroethylene and perchloroethylene. Paint dealers and
hardware stores discard many harmful solvents and cleaning
products. Restaurants must dispose of large volumes of grease
and cleaners. Funeral homes handle various chemicals. (See
South Carolina Report on Funeral Home Septic Systems.) Gasoline
and service stations discard waste oils, degreasers and other
solvents, and other automotive fluids. Laboratory wastes also
contain many harmful wastes such as dyes. All of these
establishments may use septic systems. (USEPA, 1986)

Treatment Capacities of Class V Septic Wastewater Disposal
Systems

The ability to treat constituents in sewage wastewater is
governed by the treatment process employed. The following
briefly describes the treatment capacities and expected effluent
compositions of Class V septic system wastewater.

Septic tank systems provide a primary degree of treatment to
sewage wastewater. The expected removal efficiency ([C;, -
Coutl/Cinl x 100%) of total solids in septic tanks is 10 to 15
percent (Kerri, 1980). Given this efficiency, effluent
concentrations of Total Dissolved Solids (TDS) in strongly
concentrated domestic sewage (See Table 4-31) would exceed the
National Secondary Drinking Water Standard for TDS.

The expected removal efficiency of bacteria in septic tank
systems 1s 25 to 75 percent (Kerri, 1980). This presumes that
the wastewater does not contain chemicals which function as
biocides. When these chemicals (biocides) are present, not only
are the chemicals not removed, but the anaerocbic activity in the
tank and the aerobic activity at the soil interface may be
retarded or stopped. In this case, the treatment function is
thwarted, and the septic system is in reality a disposal
mechanism. Attempts to determine removal efficiencies of wviruses
in septic tank effluent have been impeded. Standard analytical
methods for detecting and quantifying low but significant levels
of harmful viruses in water are not widely established (Scalf,
et. al., 1977).

The removal of nitrogen and phosphorous from septic tank
influent is minimal. Cases of ground-water contamination from
nitrates produced by septic tank effluent are widespread
throughout the nation. A document prepared for the USEPA reports
that concentrations of nitrogen, phosphorous, and potassium in
waste water are slightly reduced by primary treatment (Batelle
Memorial Institute, 1974).
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Septic tank systems also are ineffective in treating
synthetic organics. This was documented in the University of
Washington study previously noted. Influent and effluent
domestic waste waters from a five year-old community septic tank
were sampled. Essentially no removal of priority pollutants
occurred during the two~day detention time in the septic tank
(Table 4-36). Organic compounds most often detected in the
septic tank effluent were dichloromethane, toluene,
dichlorobenzene, bis-pthalate and diethylphthalate (Dewalle, et.
al., 1985).

In summary, domestic and industrial sewage constituents are
not effectively treated in septic tanks. Soil absorption systems
often are expected to provide additional treatment of these
constituents. Bacteria, viruses, chlorides, and synthetic
organics in septic tank effluent are present in concentrations
not found in drinking water. Average effluent concentrations of
organic compounds may be especially high if industrial/commercial
wastes are handled by the septic system.

Injection Zone Interactions. The injection zone ideally
utilized by Class -V sewage disposal systems is the unsaturated
{(vadose) zone. This zone exists above the underlying ground-
water table and is largely responsible for contaminant
attenuation. Biological activity, including organic matter
decomposition and nutrient assimilation by plants, occurs in the
upper layer of the vadose zone (Canter and Knox, 1985). Fluid
movement is also relatively slow in the vadose zone (unsaturated
materials) when compared to saturated media (Freeze and Cherry.
1979). Biological and chemical removal mechanisms in the vadose
zone are enhanced by these increased residence times.

Adsorption, 1ion exchange, and chemical precipitation are
important chemical interactions influencing the transport and
fate of constituents in soils. A key soil parameter in the
removal of inorganic substances is the soil cation exchange
capacity (CEC). High values of CEC are desirable and are
associated with high organic matter and clay content in soils.

A unique pollutant removal zone known as the clogging layer
results when biologically treatable domestic sewage is discharged
into soils. The clogging laver 1is a slimy mass consisting of
wastewater solids, mineral precipitates, microorganisms (mostly
faculative bacteria but also some protozoa and nematodes), and
the by-products of decomposition. Formation of the clogging
layer occurs at the interface between the s0il and the waste
discharge system (drainfield, seepage bed, etc.).

The clogging layer employs physical filtratiomr as well as
biological and chemical transformation to partially remove
contaminants. The high concentration of microorganisms in the
clogging layver makes the layer an efficient biofilter. Viruses,
in only rare instances, have been detected up to 400 meters in
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TARLE 4-_36
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Arizona instituted a Department of Environmental Quality
(DEQ) in July of 1987, to protect, among other things, ground-
water quality.

Chapter 20 of the Arizona Compilation of Rules and
Regulations, passed in 1984, requires the issuance of a
ground water quality protection permit for all disposal
activities that may adversely affect ground water
quality. Operators of waste disposal facilities are
required to submit a Notice of Disposal (NOD)
describing disposal activities. If the facility is
deemed to have no adverse effect on ground water a
permit will be issued by the Arizona Department of
Health Services (ADHS), which maintains records of all
NOD's and permits issued (Wilson, 1986a).

Arizona Department of Health Services guidelines
pursuant to Rules and Regulations for Sewage Systems
and Treatment Works prohibit some practices and
installations. Septic systems are prohibited under the
following conditions: 1) when connection to a public
sewer system is determined by the ADHS to be practical,
2) when so0il conditions or topography are such that
septic systems cannot be expected to function properly,
3) where ground-~water conditions are such that septic
systems may cause contamination of the ground-water
supply, and 4) where systems may create an unsanitary
condition or public health nuisance. The use of
cesspools for waste disposal is prohibited, as is the
practice of discharging effluent from any waste
treatment device into any crevice, sink-hole, or other
natural or artificial opening, or into a formation
which may permit the contamination of ground water.

Florida has a permit system based on capacity.

Septic systems are usually permitted in Florida by
the county health departments. Regulations which
govern these septic systems are contained in Chapter
10D-6 of the Florida Administrative Code (FAC). All
industrial septic systems and those domestic septic
systems receiving 5,000 gallons of waste per day or
more are regulated by the Department of Environmental
Regulation (DER). Chapter 17-6, FAC governs all septic
systems permitted by the DER.

California is regionalized.
California's Regional Water Quality Control Boards
are empowered to regulate waste discharges within the

State. Class V sewage waste disposal systems are among
those dischargers regulated by the Regional Boards.
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Each of the nine Regional Water Quality Control
Boards in California have adopted individual regulatory
approaches regarding Class V sewage waste water
disposal systems. County health departments are
heavily relied upon by a majority of the Regional
Boards to regulate Class V on-site systems (i.e.,
septic tank systems) within their respective counties.
Municipal waste water disposal systems are exclusively
regulated by Regional Boards. Permits for Class V on-
site sewage systems are issued and maintained by county
health departments and/or Regional Water Quality
Control Boards. '

Texas describes number of regulating authorities.

The degree and type of existing regulation varies
greatly among the three areas of the State in which the
Department of Health investigated sewage disposal
wells. Much of the study area was not covered by
septic tank orders. These areas are, however, subject
to regulation by incorporated towns and county health
departments. This regulation usually consists of
encouraging proper system design and installation, and
dissemination of information and guidelines. Often,
builders, developers, and architects will consult with
local public health officials for recommendations on
sewage system design. Another indirect form of
regulation is the requirement of a local health
department inspection and approval of domestic
wastewater facilities for Farmers Home Administration
(FHA) financing. This inspection provides a mechanism
for enforcing Department of Health guidelines and
upgrading saome existing facilities.

In the High Plains, three counties and two lake
authorities administer septic tank orders. Included
within these areas are the cities of Lubbock, Canyon,
and Amarillo. These orders cover only a very small
part of the High Plains study area. The City of
Rocksprings, on the Edwards Plateau, has no regulatory
order, but reviews septic tank and disposal well
installations for basic design criteria. A similar
situation exists in Nueces County, where the Corpus
Christi-Nueces County Health Department reviews plans
and inspects construction of septic tank and disposal
well installations for compliance with design criteria.

Current private sewage facility regulatory
programs are generally of recent origin and are
effective in controlling design and installation of on-
site sewage disposal systems in new construction
projects. These programs,. however, do not generally
assure upgrading of existing systems.
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Recommendations

In many States septic systems for the disposal of sanitary
wastes are permitted by a county sanitarian. The traditional
concern has been to establish that the site "percs" or
infiltrates. Miller and Wolf (1975) point out that the issue is
more complex.

Thus the capacity of a soil to transmit and renovate
effluents is a function of its behavior under the
unsaturated flow conditions imposed by the crusting process
that renders the percolation test ineffective as a design
criteria, since this estimates saturated hydraulic
conductivity, whereas the system eventually operates in the
s0il medium at unsaturated hydraulic conductivities as
governed by the infiltration rate at the clogged surface."

In other words, septic drain fields will not accept the
volume of fluid indicated by a percolation test., The system may
fail. Therefore, an ongoing training program for sanitarians, is
recpmmended by Minnesota, Puerto Rico, and Maryland.The training
should include hydrogeology, groundwater flow, theory of septic
system operation, and the potential risks to human health in the
disposal of organics, solvents, and other man-made chemicals in
septic systems.

It was suggested by Kansas and Nebraska that septic systems
should be sited so as not to endanger any water wells. Present
local regulations may ignore hydrogeology and allow migration to
the owner's and/or neighbor's wells. Septic systems which
dispose without adequate treatment should be eliminated.

All septic systems should be individually sited and designed
(Texas). A hydrologic study should document the density of septic
systems and the total loading to the ground water (Nebraska).

Three states (Florida, Montana, and Oregon) recommended that
further study is required. Missouri recommended that proper
construction guidelines be developed, and KXansas suggested
investigating facilities to ensure quality well construction.

Washington stated that there is a critical need to establish
a statewide monitoring system, inventory methodology., and
database in order to evaluate design for existing systems,
establish ambient water quality in vulnerable aquifer regions,
and be able to quantify changes in critical parameters.

Finally, Texas recommended that sewage disposal wells for

private facilities be phased ocut and replaced by alternate
methods of treatment and disposal.
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4.2.3.3 Domestic Wastewater Treatment Plant Effluent Disposal
Wells (5W12)

Well Purpose.

These wells should not be confused with recharge wells
(5R21) and salt-water intrusion barrier wells (5B22) even though
wastewater is sometimes injected into the latter. This
discussion covers only domestic wastewater (sewage) treatment
plant disposal (5W12) wells that are intended to dispose of the
effluents from wastewater treatment plants by injecting the
wastewater into or above USDW. In addition to disposal, highly
treated domestic wastewater is sometimes injected between a fresh
ground-water body and the leading edge of an encroaching salt
water body. In such cases, the sole function of the injected
water 1is to reverse the pressure gradient causing the landward
migration of salt water. Wells injecting treated wastewater for
this purpose, however, fall under the saline water intrusion
barrier well category and therefore are not discussed here.
Domestic wastewater injection wells also may be used to reinforce
dwindling ground water resources. Where this has been done, the
remoteness of domestic water supply wells, combined with the
magnitude of dilution thus far has not resulted in any detectable
deterioration of ground-water quality in the vicinity of the
supply wells. Quite naturally, great effort has been made to
select sites that are remote from points of use and to provide a
very high degree of treatment -- treatment that produces an
effluent meeting all currently applicable maximum concentration
levels (MCL's) for drinking water. Again, however, wells
injecting treated wastewater for this purpose are classified as
SR21 and will not be discussed in this section. Volumes of
wastes handled vary widely, from a few thousands of gallons per
day (for motels) to several millions of gallons per day (for
cities). . -

All the facilities reviewed so far have provided at least
secondary treatment, and a few could be rated as tertiary
treatment plants. Secondary treatment usually involves some form
of aeration (activated sludge or trickling filter or equivalent)
in addition to the primary treatment (sedimentation and digestion
of settleable solids). Clarification (removal of suspended
solids) is always involved, and final chlorination of the plant
effluent to destroy microorganisms also generally is included,
Since clogging of receiving formations can become a serious
obstacle in unconsolidated aquifer materials and in sandstones,
special efforts to remove still more of the fine suspended
solids, by filtration through sand, are likely to be necessary
when injecting into such geological formations.
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