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ABSTRACT

Ground water is a vital natural resource in the United
States. At least half the population depends upon it as a
source of drinking water. Waste-disposal practices have con-
taminated ground water on a local basis in all parts of the
nation and on a regional basis in many heavily populated and
industrialized areas. The severity of contamination ranges
from the exceeding of recommended standards for one or more
constituents not related to health to the presence of toxic
concentrations of hazardous wastes. Some economic losses
have occurred as a result of degradation of ground-water
quality, but the overall usefulness of the ground-water re-
source has not yet been impaired.

Nationally, the principal sources of ground-water contamina-
tion related to waste-disposal practices are industrial
waste-water impoundments and solid-waste land disposal sites.
These facilities are widespread, may involve hazardous sub-
stances, and physically provide an opportunity for contamina-
tion to occur. Septic tanks and cesspools service about

19.5 million households. Waste water from these sources is
discharged directly to the subsurface where it has, in
places, contaminated aquifers on a regional basis. The re-
maining waste-disposal practices are limited to certain geo-
graphic areas, or occur in low density. Waste-disposal prac-
tices of greatest significance to ground-water quality degra-
dation are most prevalent in California, Florida, Illinois,
Indiana, Louisiana, Michigan, New Jersey, New York, North
Carolina, Ohio, Pennsylvania, and Texas

Because ground water and surface water are intimately inter-
related, clean streams programs cannot be successful without
a parallel effort directed toward maintaining the quality of
ground water. At present, legal controls are weak at all
levels of government, and budgets for regulatory agency ac-
tivities are inadequate. Protection of ground-water users
in heavily urbanized and industrialized areas is an immedi-
ate need. 1Initial emphasis should be placed on inventorying
and monitoring potential sources of ground-water contamina-
tion. Locating new land disposal sites in hydrogeological
settings where probability of contamination is low, or de-
signing such sites so that potential contaminants are con-
tained, will offer the best future protection to the ground-
water resource.
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WASHINGTON, D.C. 20460

THE ADMINISTRATOR

Dear Mr. Speaker:

I am pleased to transmit the Report to Congress "Waste Disposal
Practices and Their Effects on Ground Water" presenting the results
of a survey and study carried out pursuant to Section 1442(a) (4) of
Public Iaw 93-523, the Safe Drinking Water Act.

The Report is an evaluation of the impact of waste disposal
practices upon present and future underground sources of drinking
water. The Report also assesses the ability of Federal, State and
local authorities to control such practices. The Report does not
reflect the impact of the recently enacted Toxic Substances Control
Act (P.L. 94-469) and the Resource Conservation and Recovery Act
(P.L. 94-580) which will provide added protection of ground water
as they are implemented.

The Report is transmitted in two volumes. One volume is an
Executive Summary and the second is the Report itself. All the
material presented in the Executive Summary is duplicated in the
full Report so that it will stand alone as a complete document.

Sincerely yours,

Russell E. Train

Honorable Carl Bert Albert
Speaker of the House
Washington, D. C. 20515
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SECTION I

FINDINGS

Ground water is a high quality, low cost, readily available
source of drinking water.

- Half of the population of the United States is served by
ground water.

- In many areas, ground water is the only high quality, eco-
nomic source available.

- The use of ground water is increasing at a rate of 25 per-
cent per decade.

Waste disposal practices have affected the safety and availa-
bility of ground water, but the overall usefulness has not
been diminished on a national basis.

- Current data indicate that there are at least 17 million
waste disposal facilities emplacing over 1,700 billion
gal. (6.5 billion cu m) of contaminated liguid into the
ground each year. Of these, 16.6 million are domestic
septic tanks emplacing about 800 billion gal. (3 billion
cu m) of effluent.

- Ground water has been contaminated on a local basis in
all parts of the nation and on a regional basis in some
heavily populated and industrialized areas, precluding
the development of water wells. Serious local economic
problems have occurred because of the loss of ground-
water supplies.

- Degree of contamination ranges from a slight degradation
of natural quality to the presence of toxic concentra-
tions of such substances as heavy metals, organic com-
pounds, and radioactive materials.

- More waste, some of which may be hazardous to health,
will be going to the land because of increased regulation
against, and the rising costs of, disposal of potential
contaminants to the air, ocean, rivers, and lakes.

- Removing the source of contamination does not clean up
the aquifer once contaminated. The contamination of an
aquifer can rule out its usefulness as a drinking water
source for decades and possibly centuries.

Almost every known instance of ground-water contamination has
been discovered only after a drinking-water source has been
affected.

- Few state or local agencies systematically collect data
on contamination incidents, water supply wells affected,



and drinking-water supplies condemned as unsafe.

- Effective monitoring of potential sources of ground-water
contamination is almost non-existent.

- Typical water-well monitoring programs traditionally have
not been directed toward protecting public health because
water analyses normally do not include complete coverage
of such significant parameters as heavy metals, organic
chemicals, and viruses.

- There are potentially millions of sources of contamina-
tion and isolated bodies of ground-water contamination
nationwide.

- While detailed national inventories of all potential
sources of ground-water contamination have not been car-
ried out, EPA and some states have begun some inventories
and assessments of some waste disposal sources.

Waste disposal practices of principal concern are those re-
lated to industrial and urban activities.

- For every waste-disposal facility documented as a source
of contamination, there may be thousands more sited, de-
signed, and operated in a similar manner.

- The opportunity for severe contamination of ground water
is greatest from industrial waste-water impoundments and
sites for land disposal of solid wastes.

- Septic tanks and cesspools discharge large volumes of ef-
fluent directly to the subsurface. In many cases, the
degree of treatment is not adequate to protect ground-
water supplies.

- Contamination resulting from the collection, treatment,
and disposal of municipal waste water exists but the mag-
nitude is unknown.

- Because there is a known potential for contamination from
the land spreading of industrial and municipal sludges,
there is concern about the expected increase in sludge
generation over the next decade.

- There have been far fewer reports of contamination of po-
table ground-water supplies by the several hundred indus-
trial and municipal wells injecting into saline aquifers
than from thousands of shallow wells used to dispose of
sewage, runoff, and irrigation return flow to aguifers
containing potable water.

Other waste-disposal practices, whose distribution is depend-
ent upon geology, climate, and topography, have also contam-
inated ground water.

- Contamination from oil and gas field activities is caused
primarily by improperly plugged and abandoned wells and,
to a lesser degree, poorly designed and constructed oper-




ating production and disposal wells.

Although specific case histories of ground-water contami-
nation related to the disposal of mine wastes do exist,
adequate documentation of the problem is unavailable.
Ground-water contamination from the disposal of animal
feedlot wastes 1s a relatively new environmental problem,
and few cases of ground-water contamination have been re-
ported.

Existing technology cannot guarantee that soil attenuation
alone will be sufficient to prevent ground-water contamina-
tion from a waste disposal source.

Proper site selection as well as proper operation and
maintenance of facilities, is the principal technique
available for minimizing ground-water contamination prob-
lems.

Such technology as advanced treatment and physical con-
tainment play a major preventive role where economics dic-
tate that sites be located in areas of critical ground-
water use.

Land disposal of wastes is not environmentally feasible

in many areas and such alternatives as waste transport,
resource recovery, ocean disposal, and surface-water or
air discharge should be investigated and may be more envi-
ronmentally acceptable.

Federal demonstration grants and technical assistance are
provided to assist the development of new technology and
facilitate the application of existing technology.

Existing Federal and state programs address many of the
sources of potential contamination, but they do not provide
comprehensive protection of ground water.

Existing Federal programs administered by EPA which ad-
dress ground water are (1) the Federal Water Pollution
Control Act Amendments of 1972; (2) the Safe Drinking
Water Act of 1974; and to a lesser degree (3) the Solid
Waste Disposal Act of 1965; and (4) the National Environ-
mental Policy Act of 1969.

The FWPCAA provide for a statewide and areawide waste
treatment management planning function which may include
identifying and controlling pollution from mine runoff,
the disposal of residual waste, and the disposal of pol-
lutants on land or in subsurface excavations.

FWPCAA also include (1) a program to issue permits for
point sources of water pollution, including some wells;
(2) best practicable treatment standards for municipal
sewage effluent disposal which must address ground-water
protection; (3) guidelines for land spreading of munici-



pal sludges; and (4) municipal waste treatment facili-
ties planning for areas where septic systems pose poten-
tial adverse ground-water impacts.

FWPCAA do not address the discharge of contaminants to
ground water from surface impoundments, land disposal of
solid wastes, septic systems, or most wells.

The SDWA provides for a Federal/state cooperative effort
to prevent endangerment of underground drinking water
sources from industrial and municipal waste disposal
wells, oil-field brine disposal wells and secondary recov-
ery wells, and engineering wells. At present, surface im-
poundments are not included in this program, but some
types of impoundments may be included at a later time.
SDWA also provides that EPA may review any commitment of
Federal financial assistance in an area designated as
having a sole source aquifer.

SDWA cannot be used to regulate land disposal of solid
wastes, land application of sludges and effluents, or sep-
tic systems except under the emergency powers provisions
of the Act.

The Solid Waste Disposal Act contains no specific refer-
ence to ground water, however, guidelines developed under
the Act provide for ground-water protection from pollu-
tion activities and surface drainage. There are also

site development guidelines which consider the impact on
ground water. These guidelines are only mandatory for
Federal agencies.

The NEPA requires Federal agencies to prepare environment-
al impact statements on major actions. Ground-water pro-
tection is a significant need for writing an EIS.

While site selection is an important parameter in prevent-
ing ground-water contamination, there are no direct Fed-
eral controls in this area. States are encouraged to de-
velop site selection programs within the context of their
land-use planning and control authorities.

Most state laws give broad authority to protect all wa-
ters of the state, including ground water. Such language,
plus deficiencies in budget and staffing, force state and
1ocal agencies to act on cases of contamination only af-
ter the fact.

States are beginning to develop programs which encourage
prevention of contamination from some waste disposal
sources.

Because clean-up of contaminated ground water is rarely
economically or technically feasible, action by the

states has been directed toward condemning the affected
water supply. .

Legal action is seldom taken against a specific source of
contamination because individuals, private organizations,
and public agencies seldom have the resources required to



prove a specific source as the source of contamination.

A national strategy of ground-water protection will require a
better understanding of the environmental, legal, technical,

and

economic complexities of dealing with the resource.

Better coordination of existing regulatory programs and a
better understanding of the impact of all regulatory ac-
tions on ground water is necessary. Regulatory programs
need to reflect the close relationship between land,
ground water and surface water.

Inventories of ground-water contamination cases have
shown that other contaminant sources including spills,
salt-water intrusion, and highway deicing, have a signif-
icant impact on ground water. Many of these sources are
not included within the scope of Federal/state ground-
water protection programs, but may be addressed on a case-
by-case basis.

The most effective means for protecting ground water is
to control and monitor the potential source of contamina-
tion and not the aquifer or point of withdrawal.

New potential sources of contamination should be evalu-
ated on a case-by-case basis.

Existing potential contamination sources should be re-
viewed in order to develop control strategies that are in-
stituted in accordance with local priorities.

Increasing Federal regulation of surface-water and air
discharge and ocean disposal may result in land disposal
practices (particularly of sludge) which could contami-
nate ground water.

At the present time, there does not exist a comprehensive
Federal program for sludge management. However, EPA is
developing a comprehensive program to address this issue.



SECTION II

INTRODUCTION

On December 14, 1974, the Safe Drinking Water Act became law
(PL 93-523). Under Sec. 1442(a) (4) of the Act, the Adminis-
trator of the U. S. Environmental Protection Agency (EPA)
was directed to conduct a survey of " (A) disposal of waste
(including residential waste) which may endanger underground
water which supplies, or can reasonably be expected to sup-
pPly, any public water systems, and (B) means of control of
such waste disposal." This report describes the results of
the investigation.

Waste disposal practices discussed in this report include
only those activities which result in the actual collection
and disposal of liquid, semi-solid, and solid wastes. Such
materials include: (1) industrial waste water that is con-
tained in surface impoundments (lagoons, ponds, pits, and ba-
sins); (2) municipal and industrial solid refuse and sludge
that are disposed of on land; (3) sewage wastes from homes
and industries that are discharged to septic tanks and cess-
pools; (4) municipal sewage and storm-water runoff that are
collected, treated, and discharged to the land; (5) munici-
pal and industrial sludge that is land spread; (6) brine
from petroleum exploration and development that is injected
into the ground or stored in evaporation pits; (7) solid
and liguid wastes from mining operations that are disposed
of in tailing piles, lagoons, or discharged to land; (8)
domestic, industrial, agricultural, and municipal waste wa-
ter that is disposed of in wells; and (9) animal feedlot
waste that is disposed of on land and in lagoons. The
sources of potential contaminants and their wvarious routes
to the ground-water system are shown on Figure 1. Table 1
lists the waste disposal practices discussed in this report
and their relative impact on the ground-water environment.

The first few sections of the report describe the use and oc-
currence of the ground-water resource along with the mechan-
isms of contamination. These are followed by a discussion

of each of the major waste disposal practices. All of these
latter sections are uniformly organized with (1) an explana-
tion of the practice, (2) a listing of the characteristic po-
tential contaminants, (3) an estimation of the extent of the
ground-water contamination problem on a national basis, and
(4) a review of the present prevention technology. The fi-
nal portion of each section explores some of the typical in-
stitutional controls presently available to state agencies

to prevent or correct ground-water contamination problems.
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In the next section of the report, there is a discussion of
the importance of non-waste disposal practices as they af-
fect ground-water quality. The final two sections of the re-
port define the present status of Federal legislation that
applies to ground-water quality protection and the various
regulatory alternatives and strategies available to state

and local agencies. Estimating the economic impact of tech-
nological or institutional controls was not one of the ob-
jectives of this survey.

The report is based on an evaluation and analysis of avail-
able data, a major portion of which has not been published.
About 40 technicians in the ground-water and pollution-
control fields contributed directly to this effort. Many
more were contacted and provided the researchers with essen-
tial information. In addition, a working group consisting
of representatives of various offices of EPA, plus personnel
of state environmental agencies, periodically reviewed the
report and contributed significantly to its content. This
publication represents a compilation of key data taken from
a larger draft Report to Congress on file with EPA.

Ground-water contamination is the degradation of the natural
quality of ground water as a result of man's activities.

The term "contaminant" is defined in the Safe Drinking Water
Act as "any physical, chemical, biological or radiological
substance or matter in water." In this report, only those
contaminants which result from waste disposal activities are
considered in detail.

In order to appreciate the magnitude and severity of ground-
water contamination, the hydrologic system itself, mechan-
isms of ground-water contamination, and environmental haz-
ards must be understood. Figure 2 illustrates these con-
cepts.

The contamination process begins with sources of contami-
nants; the waste disposal practices. The type of contami-
nant, of course, depends on the source and can range from
hazardous organic chemicals in landfill leachates to high
concentrations of salt in oil-field brines. Either deliber-
ately (septic tanks) or unintentionally (industrial waste-
water impoundments), contaminants can leak, percolate, be
discharged to, or injected into water-supply aquifers.

As the contaminant travels through the soil and into the
ground-water system, it can be modified by various attenua-
tion processes. These processes are very complex and not
all are completely effective. 1In fact, once in an aquifer,
certain toxic substances, such as some heavy metals, are

11
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highly mobile. Attenuation in an aquifer is extremely slow
as is the movement of ground water (typically less than 2
ft/day or 0.6 m/day). Therefore, contaminants within the
ground-water system do not mix readily with native water and

move as: (1) individual bodies or slugs (e.g., caused by in-
termittent filling of and seepage from waste-water impound-
ments); (2) local plumes (e.g., caused by continual flow of

leachate from beneath a landfill toward a pumping well);
and (3) masses of degraded water (e.g., caused by a large
number of septic tanks discharging nitrate-enriched water
which travels with the regional ground-water flow pattern).

Although ground water travels through an aquifer slowly, it
is in constant motion and must eventually discharge to the
surface because all aquifer systems are being recharged to
some degree. In humid areas, discharge of contaminants is
relatively quick for shallow water-table aquifers and slow
for deep artesian aquifers. 1In arid regions, recharge and
discharge are so slow that some aquifers can actually be con-
sidered sinks similar to the ocean. Points of discharge in-
clude wells and springs used for water supply, and surface-
water bodies such as rivers and lakes. In fact, the base
flow of most streams is supported by ground-water discharge,
and the quality of the surface water during low flow periods
is dependent upon ground-water quality. The usefulness to
man and his environment of both surface water and ground wa-
ter is severely limited if ground-water quality is degraded.

The way the ground-water system works controls the methodol-
ogies available to prevent, monitor, and abate instances of
contamination. Prevention must be directed toward the
source, where proper design, construction and siting can
help protect the resource or at least minimize problems. If
the agquifer becomes contaminated, then the resource has al-
ready been degraded, and efforts must be shifted toward pre-
venting the ground-water user from being damaged. Controls
involve such actions as regulating pumpage patterns in order
to contain or isolate the contaminant. When the contaminant
reaches the point of discharge, it is too late except for
such expensive alternatives as treatment or condemnation of
a water supply.

Again, in monitoring, the most effective place to devote the
greatest effort is at the source, where observation of water
quality degradation allows enough time for minimizing the
problem and for establishing a warning procedure. After con-
tamination has affected enough of the aquifer, monitoring no
longer becomes a protective measure but simply informs the
regulator or the user of long-term changes. Also, random
placement of monitoring wells on a regional basis can pro-
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vide misleading information, because important plumes and in-
dividual bodies of contaminated ground water are overlooked.

Monitoring of discharge points serves as a safety precaution

and helps define trends. For this reason, it cannot be elim-
inated from the monitoring program.

The principal abatement procedure for surface-water problems
is to eliminate or correct the source of contamination. Be-
cause streams are subject to the cleansing action of turbu-
lent flow and the purifying effects of air, light, and bio-
logical organisms, they can recover quickly. The opposite
is true for ground water. Removal of the source prevents
the problem from becoming worse but does not lead to a
cleansing of the aquifer. In addition, clean-up procedures
such as removal of the contaminant by means of pumping wells
followed by treatment of the water is almost never economi-
cally or technically feasible. For example, pumping may re-
quire the use of an inordinate number of wells and a complex
collection and treatment system, which is only temporary and
difficult to support with either private or public funds.
Although containment of contaminants within a selected por-
tion of an aquifer has been achieved to various degrees in
certain instances, complete removal is rarely attempted and
has not been successful.
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SECTION III

IMPORTANCE OF THE GROUND-WATER RESOURCE

SUMMARY

At least one half of the population of the United States de-
pends upon ground water as a source of drinking water. Of
the total population, 29 percent use ground water delivered
by community systems and another 19 percent have their own
domestic wells. In addition, millions of Americans drink
ground water from wells serving industrial plants, office
buildings, restaurants, gas stations, recreational areas,
and schools. Practically none of the domestic wells in the
nation are subject to routine or even initial evaluation of
water quality. Few of the several hundred thousand small
water systems supplying industrial establishments, schools,
etc., are monitored.

INTRODUCTION

There are many reasons why ground water has become a major
source of drinking water in the United States. It is more
widely available and accessible than surface water. A domes-
tic or farm well can be successfully constructed almost any-
where; over one third of the nation is underlain by ground-
water reservoirs generally capable of yielding at least
75,000 gpd (285 cu m/day) to an individual well; and there
are large areas where hundreds or even thousands of gpm can
be obtained from wells or springs. Ground water is a rela-
tively reliable source, not subject to the rapid and some-
times great fluctuations in availability characteristic of a
surface-water supply. Over much of the United States, the
present utilization of ground water is small compared to the
total supply potentially available.

Ground water is generally more mineralized than surface wa-
ter, but its quality is more uniform at a specific locality
from year to year. Likewise, the temperature of ground wa-
ter is usually constant throughout the year. Because of the
efficient filtering capacity of the unsaturated zone, ground
water is normally free of most organisms and suspended sol-
ids and requires little or no treatment. As compared to sur-
face water, the evaporation losses of ground water are mini-
mal except in areas where it occurs at shallow depth.

The development of ground-water reserves commonly has little
negative impact on the surface environment, and the costs of
such development are, except for the required hydrogeologic
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investigations, relatively low.
USE OF GROUND WATER FOR DRINKING PURPOSES (1970)

The actual importance of the ground-water resource may best
be illustrated by an examination of water-use data. Drink-
ing water is supplied by three different types of systems:

1. Public or municipal water wells
2. Individual domestic wells
3. Self-supplied industrial or commercial wells

The specific data listed below in this section have been com-
piled from published and unpublished records of the U. S.
Geological Survey, the U. S. Water Resources Council, and

the U. S. Bureau of the Census.

Dependence on Ground Water as a Source of Drinking Water

Almost one half of the United States population (48 percent)
depends on ground water for drinking (Figure 3). Of the to-
tal population, 29 percent obtains ground water through pub-
lic supplies and 19 percent through individual domestic
wells. The variation among states, as illustrated in Table
2, ranges from a 92-percent dependence in New Mexico to a
30-percent dependence in Maryland and Pennsylvania, still
considerable.

The rural population dependent upon ground water is much
higher (94 percent) than the population served by public sup-
plies (37 percent). This is because it is almost always sim-
pler and cheaper to install a domestic well than to pipe and
treat water from the nearest surface-water body. Also, un-
less the surface source were a large lake, river, or reser-
voir, the supply would probably not be as reliable. The re-
lationship of ground-water to surface-water use is shown in

a somewhat different manner on Figure 4. The shaded states
are those in which over one half of the total population re-
lies on ground water as a source of drinking water. As can
be seen, this is the case in nearly two thirds of the states.

Withdrawal Rates of Ground Water for Domestic Use

The total withdrawal of ground water for domestic purposes

in 1970 was 9.4 bgd (35.6 million cu m/day). 2) As shown on
Figure 5, of all water withdrawn for drinking water purposes,
45 percent was ground water. The per capita-ground-water
usage varies from state to state and from the urban to rural
environment (Table 3). Per capita withdrawal from public
supplies is considerably greater -- 114 gpd (431 litres/day)
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SURFACE WATER-
PUBLIC SUPPLIES
54 % \

; GROUND WATER-
UBLIC SUPPLIES
33 %

GROUND WATER
RURAL DOMESTIC
SUPPLIES 12 %

SURFACE WATER
RURAL DOMESTIC
SUPPLIES 0.5 %

Figure 5. Water withdrawn for drinking water by source and supply, 1970, R
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-= than from rural supplies -- 65 gpd (246 litres/day).
This may be partially explained by greater use of water-
consuming devices by the urban dweller.

Of interest, and often not appreciated, is the fact that
little of the so-called drinking water is actually consumed,
and most is returned to ground waters through septic tanks
and cesspools or to surface waters through sewage treatment
plants. According to a 1964 study by the U. S. Geological
Survey, the percentage breakdown of domestic water use is as
follows:

Flushing toilets -41 percent
Washing and bathing -37 percent
Kitchen use - 6 percent
Drinking water -~ 5 percent
Washing clothes - 4 percent
General household cleansing - 3 percent
Watering garden - 3 percent
Washing car - 1 percent

The recorded withdrawal rates may also include substantial
unaccounted losses within the supply and distribution system
due to leakage. Figure 6 is a state-by-state illustration
of the comparative importance of ground water to surface wa-
ter as a source of drinking water. The figures presented
are a composite of the public-supply and rural withdrawals
for domestic use.

Public Water Supplies

The total quantity of water withdrawn for public supplies in
1970 was estimated as 27 bgd (102 million cu m/day). In-
cluded in this quantity was water for domestic use; water
for commercial and industrial use; water lost in the distri-
bution systems; and water supplied for carrying out public
services such as firefighting, street washing, and water for
municipal parks and swimming pools. Of the total, ground
water supplied approximately 34 percent, and was the major
source of water to over 59 million persons served by public
supplies. Water utilities supplied by surface-water sources,
although furnishing almost twice as much water, are relative-
ly few in number compared to the number of utilities using
ground-water sources.

Figure 7 illustrates the breakdown by source and state for
the total public supply for all uses.

Because of economic factors (including convenient access),
many industrial and commercial establishments use public sup-
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plies, especially where the volume of water they require is
small and the quality of the water must be high. Commerce

and industry received approximately one third of the public
supply withdrawals in 1970.

Individual Domestic Wells

In 1970, 41 million persons relied on their own supply of wa-
ter and withdrew an average of 2.6 bgd (9.8 million cu m/day)
for domestic use. Of this amount, ground water supplied 96
percent.

The per capita rate for domestic well use is about 65 gpd
(246 litres/day). This represents a quantity intermediate
between estimated low withdrawal rates in homes without run-
ning water and estimated high withdrawal rates in suburban
homes that have running water and are equipped with modern
high water-requirement appliances. Figure 8 illustrates the
density of domestic wells by county.

Self-Supplied Industrial and Commercial Wells

Many of the large water-dependent industries of the country
have installed their own ground-water supply systems for
processing rather than depend on the more expensive purchase
of water from public systems. In most of these installa-
tions, the drinking water for the employees is provided by
the same wells. Examples of other small drinking-water sys-
tems, practically all supplied by well water when not served
by a local public utility, include schools, restaurants and
motels, highway rest stops, recreational areas, mobile home
parks, and shopping centers. One requirement of the Safe
Drinking Water Act of 1974 is that states provide water qual-
ity monitoring for drinking water systems serving 15 connec-
tions or more, or 25 people or more. It is estimated that
there are some 200,000 of these small systems. 2)

Specific information on water consumption and the actual num-
ber of people served by such systems is not readily avail-
able. However, for a few states, the number of small drink-
ing~-water systems not presently monitored has been estimated.
For example, in Indiana, 104000 additional water sources

will reguire surveillance; in New Jersey the number is
7,000; 5) and in Washington, 3,455. 6) In Maine 2,555 sys-
tems will have to be brought under surveillance (a breakdown
by type of system is presented in Table 4).
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Table 4, TYPES OF SMALL WATER SYSTEMS IN MAINE NOT PRESENTLY
MONITORED, BUT REQUIRING SURVEILLANCE UNDER THE
SAFE DRINKING WATER ACT. /)

Small year-round systems serving groups of homes 30
Systems serving seasonally used groups of homes 50
Schools using well water 400
Industrial systems 50
Restaurants and motels 1,772
Highway Dept. rest centers 45
Dept. of Parks systems 30
Mobile home parks with 7 or more trailers 178

Total 2,555
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DEGREE OF TREATMENT NORMALLY PROVIDED TO DRINKING WATER

Municipal Water Purification Works

The most common classes of municipal purification works as
applied to ground-water sources are:

1. Iron and manganese removal plants ~- reduce or eliminate
excessive amounts of iron and manganese.

2. Softening plants -- remove excessive amounts of scale-
forming, soap-consuming ingredients, chiefly calcium and
magnesium ions.

Aeration in conjunction with filtration is the most common
unit operation employed for the removal of dissolved iron

and manganese from raw ground water. This operation also

facilitates taste, odor, and corrosion control by removing
dissolved volatiles, such as hydrogen sulfide.

One of the most important chemical precipitation techniques
employed by municipal water treatment works is lime-soda
softening. Calcium is precipitated as a carbonate (CaCOj3),
and magnesium is precipitated as a hydroxide (Mg(OH)2). Wa-
ter softened by the lime-soda process is generally super-
saturated with CaCO3 and Mg (OH), which can be stabilized by
aeration with carbon dioxide. Normally this is done before
filtration. Secondary carbonation or recarbonation relieves
supersaturation and reduces precipitation of CaCO3 on filter
sand and in pipelines.

Today, most water supplies are chlorinated to assure their
disinfection. Lime or other chemicals are often added to re-
duce the corrosiveness of water to iron and other metals,
thereby preserving water quality during distribution and en-
suring longer life to metallic pipes in particular. Odor-

or taste~producing substances are adsorbed onto activated
carbon, or destroyed by high doses of chlorine or chlorine
dioxide. Numerous other treatment methods serve special
needs.

Household Water-Conditioning Equipment

Individual water-supply systems, both domestic and commer-
cial-industrial, encounter virtually the same quality prob-
lems with raw ground-water sources as municipal water-supply
systems. Economic factors, however, limit the degree to
which the raw water may be treated. Purification must nor-
mally be limited to simple water conditioning units.
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Chlorination or ultraviolet treatment are the most common
disinfection techniques employed by self-supplied dwellings.

Roughly 90 percent of all ground-water problems due to chem-
ical characteristics in individual water supplies relate to
either hardness or dissolved iron. Both characteristics are
normally treatable to tolerable limits by simple water-
softening units which employ ion-exchange techniques. If
iron is not effectively controlled, an iron filter may be
required ahead of the softener.

Feed pumps, chemicals, and Specialty filters are commercial-
ly available for handling unusual water problems such as
color, taste, odor, and corrosion control.

OVERALL GROUND-WATER USE IN THE UNITED STATES

Total fresh ground-water withdrawal is estimated to have
been 66.6 bgd (252 million cu m/day) in 1970. 2) This
amounts to 21 percent of the total fresh~water withdrawal.
Common practice segregates usage into the following six cat-
egories:

1. Public supplies (for domestic, commercial and industrial
use).

2. Rural domestic

3. Livestock

4, Irrigation

5. Self-supplied thermoelectric power generation

6. Other self-supplied industrial use

The usage category most dependent on ground water is rural
domestic, which withdraws 96 percent of its water from the
ground. Livestock use is 61 percent ground water.

The other large users of ground water are public supplies
and irrigation which rely on ground water to the extent of
34 and 36 percent, respectively. In terms of absolute quan-
tity, irrigation accounts for 67 percent of total ground-
water withdrawal. Public supplies are the second largest
consumer of ground water. At the other end of the spectrum,
ground-water use by thermoelectric utilities is negligible.
Figure 9 illustrates the breakdown of ground-water withdraw-
al by use, and Table 5 further differentiates these data by
state.

HISTORICAL AND PROJECTED TRENDS IN FRESH-WATER WITHDRAWAL
RATES FOR THE UNITED STATES (1900-2020)

Trends in overall water use have been compiled from various
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sources. Projections through the year 2020 have been added,
using common population and economic growth assumptions.

One must continually bear in mind, however, that these
trends are merely indicative of the general direction of
growth of water use. Future quantitative predictions must
never be considered as established facts.

Table 6 lists water withdrawals by use, source, and demand
for the years 1900-2020. Included, and used as a basis for
many of the water projections, are trends and projections of
total population, based upon U. S. Bureau of Census Series C
projections. For all types of supplies, the withdrawal fig-
ures are subdivided into "all water" and "ground water" cat-
egories. The difference represents the withdrawal rate for
surface water. All figures are in billion gallons per day.
Figures 10 through 16 depict these trends.

It is estimated that between 1970 and 2020 the United States
population will increase to 355 million persons =-- 1.7 times
the population in 1970. 1In addition to the expected in-
crease in water demand from this increasing population, it
is expected that the per capita withdrawal rate for all uses
will increase from its 1970 figure of 1,571 gpd (5,946
litres/day) to over 2,100 gpd (almost 7,950 litres/day) in
2020. It is expected that a rise in our dependence on the
products of water-using industries and utilities will create
a greatly increased demand for water. Electric power plant
cooling alone will account for over 50 percent of the total
withdrawals.

By 2020, total fresh-water withdrawal is expected to rise to
760 bgd (2.9 billion cu m/day), of which ground water will
provide almost one fifth or more than twice the amount of
ground water withdrawn in 1970. The greatest increase in de-
mand will be due to the expanding use of surface water for
electric power plant cooling -- 300 bgd (1.1 billion cu m/
day) more in 2020 than in 1970. The domestic use portion of
the public supply water withdrawal will grow approximately
at the same rate as the population, assuming that the na-
tion's population growth will occur in areas served by pub-
lic distribution systems.

It is projected that the commercial, public, and industrial
use of public supply water will grow at an accelerated rate;
almost twice that of the population. It is expected that
the rural population, although growing, will do so at a much
slower rate than the urban population. Rural domestic de-
mand in 2020 is projected to be only 1.4 times that of 1970.
Shifts in population, Federally-assisted rural community
water developments, and expanding urban growth are all fac-
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tors that may decrease the reliance on individual water sys-
tems.

The use of water for irrigation will continue its upward
climb of the past several decades. In addition, irriga-
tion's reliance on ground water will increase from 35 per-
cent in 1970 to over 50 percent in 2020. The long-term up-
ward trend in irrigation is related to more efficient tech-
nology for storage, conveyance, and application; develop-
ment of new water sources, particularly in the arid west;
and socioeconomic factors including lowering of farm produc-
tion costs and the benefits of a wider economic base in
areas of heavy irrigation development.

Both the expanding population and the growth in real person-
al income will exert pressures on industry to increase its
output. Considerable additional water will be required to
satisfy this growth. The new water demand will be met part-
ly by increased withdrawals, but in larger part by improved
methods of water management including extensive recycling.
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SECTION IV

NATURE AND EXTENT OF THE RESQURCE

SUMMARY

At almost any location, ground water may be tapped to pro-
vide a supply sufficient for single-family domestic use, and
more than one third of the nation is underlain by aguifers
generally capable of yielding at least 100,000 gpd (380 cu
m/day) to an individual well. In many regions, ground water
is the only economic and high quality water source available.
In others, ground water can be developed at a fraction of
the cost of surface water.

Ground water in aguifers across the nation is generally suit-
able for human consumption with little or no treatment neces-
sary, except for disinfection where large, piped water-
supply systems are involved. Salinities tend to be higher

in arid regions and areas where drainage is poor.

INTRODUCTION

As discussed in the previous section, ground water presently
supplies almost one quarter of the nation's total water sup-
ply. It provides the dry-season flow (base flow) of streams
that otherwise might cease flowing part of the year. Some
of the nation's largest cities and most of the rural popula-
tion depend on ground water as a source of drinking water.

It has been estimated that total ground water in storage in
the United States greatly exceeds the combined volume of all
the Great Lakes, and that the amount of useable ground water
is 150 times the dmount of water presently used. At almost
any location, ground water may be tapped to provide a supply
sufficient for single-family domestic use. However, the dis-
tribution of ground-water reservoirs (aquifers) capable of
supplying communities, towns, and cities is more limited.

DEFINITION OF GROUND WATER

In the hydrologic cycle, water is continually evaporated

from the oceans, moves through the atmosphere, and eventual-
ly returns to the ocean through one or more paths. Of the
water that precipitates, a portion infiltrates into the
ground under the influence of gravity. It moves first
through an unsaturated zone known as the "zone of aeration."
Passing downward, the water arrives at the zone of satura-
tion where the voids between the rock particles are complete-
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ly saturated. The water in the zone of saturation is called
ground water. Figure 17 illustrates the relationships with-
in the hydrologic system.

THE OCCURRENCE OF GROUND WATER

The ability of an aquifer to store and transmit water is a
function of its porosity and permeability. Porosity re-
flects the volume of void space (pores) in a rock, and is an
index of how much ground water can be stored in the satu-
rated material. Porosity is usually expressed as a percent
of the bulk volume of the material. Permeability is an in-
dex of how much ground water can be transmitted through a
rock. The coefficient of permeability is expressed as the
rate of flow of water (gallons per day) that will flow
through a one-foot square area per unit of time under a hy-
draulic gradient of one, at a temperature of 60°F (16°C).

An index closely related to permeability is transmissivity.
Transmissivity is simply permeability multiplied by aquifer
thickness; it is indicative of the water-transmitting capac-
ity of the entire aquifer thickness. Where the saturated
rock is sufficiently permeable to store and transmit signif-
icant quantities of water, the rock is called an aquifer.
Aquifers are defined by the ability to store and transmit
water and not by rock type directly.

Major Types of Aquifers

The two major types of aquifers are: unconfined or water-
table aquifers, and confined or artesian aquifers. Less per-
meable zones are called aquitards or confining layers. Fig-
ure 17 illustrates the major aquifer types.

Unconfined Aquifers -

When an aquifer is unconfined, the water is under atmospher-
ic pressure. The upper surface of the aquifer is known as
the water table and is free to rise and fall with changes in
volume of stored water.

Under nonpumping conditions, the water level in a well and
the adjacent water table are at the same elevation. The wa-
ter table is responsive to changes in the amount of stored
water, and fluctuates seasonally in response to variations
in the rate of natural recharge. In the humid eastern
states, for example, the water-table elevation is normally
highest in spring and lowest in autumn.

The principal source of natural recharge to a water-table
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aquifer is precipitation. 1In arid regions, because precipi-
tation is infrequent, intermittent surface streams carrying
runoff from other parts of the region may provide signifi-
cant recharge. Perennial through-flowing streams of more
humid regions can be areas of recharge to or discharge from
water-table aquifers.

A variant type of water-table aquifer is a perched aquifer.
Occurring within the zone of aeration are beds of relatively
low permeability, but of limited areal extent. Precipita-
tion moving downward cannot pass easily through these beds,
so a thin zone of saturation is created above the bed, form-
ing a perched water body. Although perched aquifers are
sometimes tapped by wells, they are usually not sufficiently
thick or extensive to provide a significant supply of water.
They do, however, restrict and control recharge to the under-
lying aquifer.

Confined Aquifers -

Confined or artesian aquifers are bounded below by geologic
formations of relatively low permeability. In addition, an
artesian aquifer is separated from the zone of aeration

above or from shallow aquifers by geologic formations of low
permeability. The aquifer is completely saturated with wa-
ter, and the upper surface is defined and fixed by the lower
limit of the overlying confining unit. Under nonpumping con-
ditions, when a well is constructed and open only to an arte-
sian aquifer, the water level in the well stands above the
top of the aquifer at a height dependent upon the pressure

in the confined aquifer (artesian pressure). Where suffi-
cient pressure is encountered, the water level may stand
above the top of the well casing, causing the well to flow.
The hypothetical projection of the water levels is known as
the potentiometric surface.

An artesian aquifer does not receive recharge everywhere uni-
formly. Most recharge 1is received in one or more general
areas known as recharge areas. Rather than being sensitive
to volumetric changes, the water levels in wells in artesian
aquifers respond principally to changes in artesian pressure.

Rocks with identical characteristics may form an aquifer in
one area, yet may act as a confining unit for a more perme-
able zone in another area. No confining unit is completely
impermeable. Where an aquitard is sufficiently permeable to
allow significant volumes of water to leak into or out of an
aquifer, the aquifer is called semi~confined or leaky arte-
sian. A water-table aquifer can overlie an artesian aquifer,
separated by an aquitard. Two artesian aquifers can be sep-
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arated by a confining unit.

Recharge and Discharge

Ground water is constantly moving from a point of recharge
toward a point of discharge. If a particular region is a re-
charge area, the recharging water exerts a stress on the
aquifer in the form of increased hydrostatic head. This

head seeks release in areas of low head, which are desig-
nated discharge areas. Thus, movement of ground water is
from regions of high hydrostatic head toward those of low hy-
drostatic head. 1In practice, recharge and discharge areas

of an aquifer are indicated by relative water levels. With-
in an aquifer, areas of high water-level elevations indicate
higher hydrostatic head and areas of lower water-level eleva-
tions indicate lower hydrostatic head, so ground water moves
from areas of high water-level elevations toward areas of

low water-level elevations. The hydraulic head difference
divided by the distance along the flow path is known as the
hydraulic gradient.

Head differences can be induced artificially by pumping
wells. As water is withdrawn from a well, a hydraulic gra-
dient is produced, which causes water to move toward the
well. A cone-shaped depression in the water table or poten-
tiometric surface is produced (Figure 18). As more water is
extracted, the depth and radius of the cone increase, but at
a decreasing rate, until the volume of water leaking into
the aquifer exactly equals the withdrawal rate. At this
point, the cone will stabilize (stop growing). Cones of de-
pression from more than one well can overlap if leakage does
not stabilize them first. 1In some cases, particularly in
aqguifers in arid western basins, the volume of water leaking
to the cone {(or cones) of depression never equals the total
volume withdrawn. The cones continue to expand downward and
laterally indefinitely. This activity is known as ground-
water mining.

In addition to precipitation, a water-table aquifer can be
recharged where it is hydraulically connected to a surface-
water source, such as a stream or a pond. A water-table
aquifer can receive leakage through semi-permeable confining
beds of an underlying artesian aquifer. Artesian aquifers
can receive recharge from confining beds or from precipita-
tion and surface-water bodies in the outcrop area of the
aquifer.

Recharge locations can be points, lines, or areas. Natural

point recharge locations are infrequent; individual sink-
holes in limestone terrane are an example. Artificial point
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recharge locations are very common, and in fact are of major
concern in a later section of this study. Examples include
waste-disposal or recharge wells and individual septic tanks
and cesspools. Natural line recharge is related to leakage
from the beds of streams. This is a common situation in the
western states where mountainous areas tend to capture pre-
cipitation, pass it to streams as runoff, and the streams
carry it across valley-fill deposits where recharge to aqui-
fers occurs. Natural line recharge also occurs along the
edge of valley-fill deposits, the coarser layers of the fill
receiving direct overland runoff from the adjacent mountains.
Leaky sewage transmission pipes are an example of artificial
line recharge. Most natural area recharge occurs across
breocad regions and is derived directly from precipitation.
Artificial area recharge occurs where homes in subdivisions,
as a group, each have septic tanks which recharge the aqui-
fer. Reservoirs and large waste-water disposal ponds are
also examples of artificial area recharge.

Discharge locations for aquifers can also be points, lines
or areas. A spring is a natural point discharge location
while a pumping well is an artificial point discharge loca-
tion. Galning streams can be line discharge areas. In this
case, precipitation falling on adjacent upland areas infil-
trates the water-table aquifer, and the ground water moves
toward a nearby stream where it is discharged. Area dis-
charge locations are swamps, ponds, lakes, and the sea. The
volume of ground water naturally discharged to the ocean
along the Atlantic coast is many times that discharged to
wells, springs, and streams.

Climatic Effects

The amount of precipitation and the percent returned to the
atmosphere (evapotranspiration) vary according to climatic

conditions. Variations in the average precipitation in any
region may create exceptional surpluses or deficits ~-- evi-
denced by floods or droughts -- during individual years.

Figure 19 illustrates the average annual precipitation over
the United States.

The processes which return water from the land surface to
the atmosphere are evaporation and transpiration. The com-
bined term evapotranspiration represents the amount of water
lost to the atmosphere from the land surface. A distinction
has been made between potential evapotranspiration and actu-
al evapotranspiration in an area. Potential evapotranspira-
tion represents the volume of water which would be lost from
a completely vegetated area if there were no water deficien-
cy at any time. On the other hand, actual evapotranspira-
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tion is the real volume of water lost under prevailing condi-
tions. Except in rain forests, potential and actual evapo-
transpiration are seldom equal.

Wherever evapotranspiration is greater than the precipita-
tion, ground-water recharge by downward percolation through
the zone of aeration is minimized. Such water-deficient
areas exist, especially in the desert lowlands of the south-
west, where annual precipitation is less than 10 in. (25 cm),
and potential evapotranspiration is 4 to 20 times greater.

In areas of prevailing water deficiency in the western
states, ground-water rechargé may result from abundant pre-
cipitation during "wet" years or multi-year cycles, rainy
seasons, or prolonged storm periods. In many valleys that
are practically rainless throughout the warmer half of the
year, winter precipitation provides the major portion of re-
charge to shallow ground waters. In other valleys, there
may be evidence of ground-water recharge only during years
of greater than average precipitation.

In the eastern states, annual precipitation exceeds evapo-
transpiration, creating surpluses which discharge to and
form the base flow of perennial streams and springs. But
the locale of the water surpluses may vary from season to
season. In the winter, with minimum evapotranspiration, wa-
ter may accumulate in the soil and percolate downward. In
the growing season, vegetation depletes the soil moisture
and, even with frequent rains, may leave nothing for ground-
water recharge.

Temperature

Temperature is also an important factor in ground-water re-
charge. In northern latitudes and western mountainous re-
gions, floods have resulted from rain falling upon accumu-
lated snow during unseasonably warm periods in winter or
early spring. The flood runoff is increased if the underly-
ing soil is frozen, thus preventing infiltration. The per-
sistence of extremely low temperatures may cause unusual
conditions which acutely affect the existence and flow of
ground water. Permafrost, or permanently frozen ground, is
common in Alaska, and exists over 60 percent of the state.
Within these regions, the soil from a few feet to several
hundred feet below the surface is continuously frozen with
the exception of a relatively thin, seasonally-thawed sur-
face layer.

Permafrost zones act as confining beds, and both their com-
position and distribution have a significant influence on
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patterns and rates of ground-water flow. In a number of ba-
sins, the artesian pressure of water confined below perma-
frost causes wells drilled through the permafrost to flow.
Ground-water discharge may be restricted to the lower, cen-
tral part of many river valleys where the permafrost is dis-
continuous. In the region of continuous permafrost, unfro-
zen zones penetrate the permafrost only where salinity of
the ground water prevents freezing, or where heat transfer
from a body of surface water or from discharging subperma-
frost water is sufficient to maintain the unfrozen condi-
tions.

Water in the Unsaturated Zone

The unsaturated zone occupies a critical position in the hy-
drologic cycle. The relationship between the unsaturated
and saturated zones is shown in Figure 20.

From land surface, the unsaturated zone receives water from
precipitation to the limit of its infiltration capacity;

the rest is left for surface storage, runoff, or evaporation.
In most places, the upper part of the unsaturated zone is
soil, which absorbs the infiltrating water, and retains much
of it against the force of gravity until such time as the wa-
ter is taken up by plant roots or otherwise returned to the
atmosphere.

Some water, in excess of the retention capacity of the soil,
percolates downward through the soil. 1In some places, the
unsaturated zone is permeable enough to receive water rapid-
ly and permit downward percolation with little retention.
Under most of the land, the unsaturated zone extends below
the soil and below plant roots to depths ranging from a few
feet to hundreds of feet.

Topography

The amount of precipitation which recharges to ground water
in any specific area depends, to some degree, upon topog-
raphy. Rolling terrain, particularly when underlain by
soils of low infiltration capacity, facilitates rapid runoff
of precipitation to surface-water bodies. In valleys sur-
rounded by mountains, the mountains tend to capture precipi-
tation and direct it into the valleys, where it can recharge
underlying aquifers. Spring runoff from snow melt in moun-
tain areas is the principal source of recharge to many arid
and semi-arid valleys in the western states.
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ROCK TYPES COMPRISING AQUIFERS

The principal aquifers in the United States consist of satu-
rated sedimentary, igneous, and metamorphic rocks. Among

the sedimentary rocks are clastics, evaporites, and carbon-
ates. Clastics may be subdivided into consolidated and un-
consolidated rocks. Igneous rocks also are divided into two
classes: plutonics and volcanics. Volcanics are subdivided
into flows and pyroclastics. Metamorphic rocks are not sub-
divided. Figure 21 shows several types of interstices (open-
ings or void spaces) found in aquifers.

Clastics

Clastic sedimentary rocks are composed of fragments of other
rocks transported from their sources and deposited by water
or glacial ice. Clastics include both unconsolidated and
consolidated rocks. Unconsolidated deposits are relatively
uncemented and loosely compacted. The degree of consolida-
tion is determined by the degree of cementation and compac-
tion. In unconsolidated clastics such as gravel and sand,
ground water is stored and transmitted in the interconnected
voids which occur between individual grains.

Water availability in unconsolidated rocks is greatly af-
fected by sorting and grain size. Deposits which are well
sorted have many particles of the same or similar size.
This assures that very little of the available pore space
will be occupied by grains which are either overly large or
overly small.

A high degree of sorting alone, however, does not insure
high ground-water availability. Water moving through rock
has a tendency to cling to the rock by capillary and molecu-
lar attraction, forming a thin coating of water on the indi-
vidual grains of rock. This water is unavailable to wells.
Where grain sizes are small, as with silt and clay, even a
well-sorted deposit will have a significant percentage of
pore space occupied by retained water. Although the quan-
tity of water in storage is great, that which is available
is so small that clays and silts are normally considered to
be confining beds. Well sorted sands and gravels, on the
other hand, are considered aquifers.

As much as 30 percent of an unconsolidated rock may consist
of pore space. Where sedimentary rocks are partially consol-
idated, a precipitated substance like silica or calcium car-
bonate occupies some of the space and cements some of the in-
dividual grains together. As a result, the intergranular
space available for ground-water storage is decreased, and
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the available interconnected spaces needed for ground-water
transmittal are also decreased. Where completely consoli-
dated, a major portion of the available pore space has been
decreased by cementation and/or compaction.

In consclidated coarse-grained sedimentary rocks like sand-
stone and conglomerate, pore space is usually small, and
ground water is stored and transmitted chiefly in fractures
and joints, between layers, and along fault zones. In fine-
grained, consolidated sedimentary rocks, pore space is virtu-
ally non-existent.

Evaporites

Sedimentary rocks which form by precipitation of dissolved
minerals are called evaporites. When such deposits come in-
to contact with fresh ground water, rapid dissolution occurs.
Where other rocks are interbedded with evaporites, the voids
produced by dissolution produce highly permeable aquifers.
Unfortunately, ground water in these aquifers is normally so
high in total dissolved solids that it is useless as a drink-
ing-water source without costly treatment.

Carbonates

Rocks produced by secretions from organisms form a third
class of sedimentary rocks known as carbonates. Shells and
bones from aquatic animals collect on floors of seas, lakes,
and streams. The matter is compacted and crystallized to
form carbonate rock. Natural ground water, which is slight-
ly acidic, can slowly dissolve carbonate rocks along joints
and fractures. The resultant porosity and permeability may
range from low values where the rock is slightly fractured

to extremely high values where extensive fracturing and solu-
tion have taken place.

In some carbonate rocks, intergranular permeability is much
more important than that attributable to fractures and solu-
tion openings. Some of the best aquifers of the southeast-
ern coastal plain consist of soft coquinoid or bryozoan lime-
stone or of slightly dolomitized limestone apparently owing
most of its permeability to crystal-volume changes during
dolomitization. In such agquifers, high permeability is so
widespread that properly completed wells can obtain large
yields almost everywhere.

Igneous

Igneous rocks form by crystallization of molten rock. Plu-
tonic rocks cool and crystallize deep beneath the land sur-
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face, and volcanic rocks cool and crystallize on or near the
surface. As with consolidated sedimentary rocks, ground wa-
ter is available from fractures and joints, between layers,
and along faults. A special class of volcanic rocks is
known as pyroclastics -- unconsolidated to semi-consolidated
deposits of fragmental material blown from volcanoes. How-
ever, pyroclastic deposits are rarely extensive. Ground-
water availability in pyroclastics is variable but similar
to that in semi-consolidated sedimentary rocks.

Metamorphics

Metamorphic rocks are recrystallized deposits of previously
formed sedimentary and igneous rocks. No distinction is
made here between metamorphic rocks of sedimentary origin
and those of igneous origin. The Jistinction has little
bearing from the standpoint of ground-water availability.
Metamorphic rocks store and transmit water in a manner simi-
lar to plutonic rocks.

Other Factors

Other factors exert major influences on the availability of
ground water from certain rock types. A principal factor is
the variation in structure of geologic formations from one
place to another. For example, in consolidated rock aqui-
fers, a well drilled through a fault (a major break in the
rocks) may be significantly more productive than a well in
the same aquifer away from the fault. Faulting of the rocks
produces more fractures along which ground water can move
and be stored.

Weathering may also affect ground-water availability. In
unconsolidated deposits, weathering of rock fragments may
turn some of them to clay, thereby decreasing permeability.
For consolidated rocks, weathering may enlarge or increase
the number of joints and fractures, thereby improving the
ability of the aquifer to yield water to wells.

PRINCIPAL AQUIFERS

Valley-Fill Aquifers

Valley-£fill aquifers are composed of sand, gravel, and silt
and generally lie along the course of present-day streams
and rivers. Figure 22 indicates the locations of the major
valley-fill aquifers. They are comprised of- channel, flood-
plain, and terrace deposits, and are usually in direct hy-
draulic connection with surface streams. The deposits in
each valley act as a single hydrologic unit, existing under
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water-table or leaky artesian conditions. Where permeable
valley-fill aquifers exist adjacent to perennial streams,
large potential for ground-water development exists because
of the opportunity to supplement natural recharge with in-
filtration of surface water.

The availability of potable water and the gentle topography
of stream valleys has made them popular areas for urban de-
velopment -- for example, the Ohio River valley and the Sus-
guehanna River valley. Valley-fill aquifers are extremely
susceptible to contamination from infiltration of poor gqual-
ity surface water, or from wastes dumped on the land surface.

Because of the widespread distribution of valley-fill aqui-
fers, no general statement can be made with regard to natu-
ral ground-water quality. However, the heavy use of these
aquifers by industries and municipalities indicates the
availability of generally good guality water.

Sands and Gravels of the Coastal Plain

Extensive deposits of clastics are deposited seaward of an-
cient uplands from which they were eroded. The principal
water-bearing units are sands and gravels, which are inter-
bedded with silts and clays, and occasionally marls and lime-
stones. The sediments were deposited on plains only slight-
ly above sea level or in the shallow near-shore marine envi-
ronment. Land emergence has since raised these sediments
above sea level. The most extensive coastal plain in the
United States (the Atlantic-Gulf Coastal Plain) extends from
Cape Cod, Massachusetts, to Texas (Figure 23).

Coastal plain sediments thicken seaward, and progressively
younger geologic units outcrop in seaward direction. Al-
though the outcrop areas of all units are under water-table
conditions, the deeper sections are strictly artesian.

Where some confining units are thin or moderately permeable,
leaky artesian conditions may allow ground-water flow be-
tween artesian aquifers.

The outcrop areas of coastal plain aquifers receive recharge
by direct precipitation and leakage from surface-water bod-
ies. This recharge is transmitted downgradient within the
aquifer to replenish the artesian portion. An additional
source of recharge, where artesian conditions prevail, is
inter-aquifer flow. Natural discharge areas for coastal
plain aquifers are near the present shorelines.

The chief threat of contamination to coastal plain aquifers
occurs where they exist under water-table conditions (in the
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outcrop areas of the principal aquifers). Coastal plain
aquifers are also vulnerable to inter-aquifer flow of con-
taminated water through leaky confining beds. Inter-aquifer
flow has been a particular problem where an aquifer has been
abandoned because of salt-water encroachment and is sepa-
rated from an adjacent heavily pumped aquifer by leaky con-
fining beds.

The natural water quality of coastal plain aquifers is gen-
erally good, particularly near outcrop areas. Problems do
exist in some areas, however, principally related to low pH,
high concentrations of iron, and the presence of connate
saline water.

Sands and Gravels of the Intermontane Valleys

Mountain building periods in the western states have created
intermontane valleys (Figure 24). These valleys have filled
with sediment eroded from the adjacent mountains. The sedi-
ments include rock detritus, alluvial sand and gravel, and
silts and clays. The permeable alluvia constitute excellent
aquifers, and the valleys contain enormous quantities of wa-
ter in storage. Because the sediments were transported by
surface runoff from adjacent mountains, the agquifers are gen-
erally coarse grained toward the edges of the valleys and
finer toward the centers. Occasionally, extensive clay and
silt deposits are encountered within the geologic sequence.

Water-table and leaky artesian conditions prevail except
where the extensive silts and clays overlie water-bearing
zones (producing tightly confined aquifers). Because the
intermontane valleys occur in generally water-deficient
areas, little recharge is received by direct, downward per-
colation. The major source of recharge is runoff from adja-
cent mountains -- particularly from snow melt and spring
rains -- which flows down mountain canyons and percolates
into the coarse deposits at the edges of the valleys. In
many intermontane valleys, pumping from wells far exceeds
annual recharge, seriously depleting the resource.

Like other aquifers exposed at the land surface, those in
intermontane valleys are susceptible to contamination. Con-
tinuous sources of contaminants (cesspools and septic tanks,

leaky lagoons, mine drainage) and accidental spills are al-
ways a threat, particularly in the recharge areas. Also, in
some closed basins, ground water is high in dissolved solids

content as a result of continuous evaporation and accumula-
tion of residual salts.
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Alluvium of the High Plains

Alluvium, derived from the Rocky Mountains and laid down by
eastward flowing streams, was deposited on a vast plain
stretching from Wyoming to Texas (Figure 25). A large part
of the original plain has been eroded by streams along its
margin, but the remnants exist as the High Plains. The re-
gion is an important ground-water area because of the abun-
dance of saturated sand and gravel, interbedded with silt
and clay. The chief water-bearing unit is the Ogallala For-
mation.

Leaky artesian conditions prevail in the High Plains. Re-
charge is chiefly by downward leakage of direction precipita-
tion through water-table beds. The High Plains lies com-
pletely within the water-deficient region of the United
States, so recharge is variable. Generally, the southern
part receives no recharge, and the northern part receives as
much as 5 in. (12.7 cm) annually. Major streams can provide
additional recharge where they have eroded into water-
bearing zones.

Except in the Sand Hills region, the Ogallala aquifer ap-
pears to be well protected by overlying fine grained sedi-
ments from direct infiltration of contaminants. In some
places, water levels are declining so rapidly from pumpage
that the water table is falling at a rate greater than con-
taminants can percolate down to it. This pumpage also has
resulted in the upward movement of saline water from deeper
formations in some locales. Where streams have dissected
the Ogallala, the near-stream portions of the aquifer are
susceptible to contamination from infiltrating surface water.

The chemical quality of water in the High Plains is satis-
factory for irrigation and generally meets the requirements
for drinking water. Total hardness ranges from 200 to 600
ppm, although the average is less than 300 ppm. Excessive
fluoride is a problem in some areas with local concentra-
tions up to 5 ppm, and commonly exceeding 1.5 ppm. Silica
may also be high, ranging up to 40 ppm. Total dissolved
solids concentration averages less than 300 ppm, but may be
as high as 1,000 ppm or greater. The quality of the water
tends to deteriorate toward the southern end of the High
Plains, and also tends to degrade with decreasing depth to
the water table -- a condition produced by evapotranspira-
tion, which has concentrated dissolved salts near the sur-
face.
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Glacial Drift

During the Ice Age, glacial ice (continental glaciation) cov-
ered northern portions of the country (Figure 26). Glaciers
also occupied major river valleys. Repeated glacial ad-
vances eroded the soil and bedrock and incorporated the mate-
rial in the ice. When the ice melted, these particles were
left behind or were carried across the land surface by melt
water. Glacial drift is composed of all particles carried

by the ice, regardless of size. Those deposits left in

place (till) are unsorted; those sediments that were trans-
ported by water before deposition are generally better sort-
ed. Where many small sediment-laden streams issued from the
melting glaciers, broad extensive outwash deposits occurred,
which are usually very productive water-table aquifers.

Where fine grained glacial drift was deposited in standing
bodies of water, like lakes in ice-dammed stream valleys,

the resulting low permeability deposits constitute confining
beds for underlying valley-fill aquifers.

The presence of low permeability till is much more common
than that of more permeable water-borne deposits. Although
till is tapped for small domestic supplies using dug wells,
it more often acts as the confining bed for an underlying
artesian sand and gravel aquifer.

Water-borne glacial drift is commonly a productive aquifer.
Where it occurs in stream valleys, it can receive recharge
from perennial streams and surface runoff from adjacent bed-
rock uplands.

Because glacial drift aquifers are commonly under water-
table conditions, and highly permeable, they are vulnerable
to downward percolation of contaminants. Precipitation is
abundant over the glaciated region, and production of leach-
ate from landfills, for example, in this water surplus area
is of particular concern.

The natural gquality of water in the glacial drift reflects
the regional geology. In New England, where much of the bed-
rock is crystalline, the ground water in the glacial drift

is normally of good guality and low in mineral content, al-
though high concentrations of iron and manganese are not un-
common. In the Ohioc River basin, the water in glacial-drift
aquifers is generally hard and can be high in mineral con-
tent, especially calcium bicarbonate and sulfate. Similarly,
in the Upper Mississippi River basin, much of the ground wa-
ter has a total dissolved solids content ranging from 300 to
1,000 ppm, with hardness from 120 to 700 ppm. Still farther
west, in the semi-arid Dakotas, ground water in the glacial
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drift, although of better quality than in the underlying bed-
rock aquifers, may have a mineral content exceeding 1,000
ppm and may be locally brackish or even saline.

Basalt Aquifers

Basalt is volcanic rock which has flowed as lava across the
land surface, or has intruded near the surface, and subse-
quently cooled. The basalt aquifers are thick, extensive
sheets of rock piled in layer-cake fashion and interbedded
with unconsolidated sediments. High capacity wells tap the
natural openings between the basalt flows and depending upon
their permeability, the interbedded sediments. Figure 27
shows the distribution of the principal basalt aquifers.

Ground water in the basalt aquifers occurs under artesian to
leaky artesian conditions, produced by the varying permeabil-
ities of individual beds in the aquifers. Recharge is al-
most exclusively by direct precipitation. Streams and riv-
ers are incised deeply into the aquifers and serve to re-
ceive discharge from the aquifers rather than provide re-
charge to them.

In Hawaii, where basalt aquifers constitute most of the is-
lands' ground-water reservoirs, water-bearing zones occur un-
der both water-table and artesian conditions. Recharge is

by both direct precipitation and stream flow. Hawaii's
ground-water conditions are unusual because the basalt aqui-
fer is sloping and is cross cut by many vertical dikes, most
of which are impermeable and divide the aquifer into compart-
ments. Individual compartments, if untapped, can fill and
overflow to a compartment at a lower elevation through seeps
and springs. A natural system of reservoirs is thus provid-
ed, which can be tapped by wells and tunnels for water sup-

ply.

In most basalt terranes, liquid contaminants can readily en-
ter rock openings and move quite easily through the aquifer.
In the northwestern states, the volume of ground water under-
flow is very large and there is an opportunity for some dilu-
tion.

The water in the basalt of the northwestern states typically
has a total dissolved solids content in the range of 200 to
300 ppm. The best quality is found near recharge areas and
in shallow aquifers. The waters are generally of a calcium-
magnesium bicarbonate type, with total hardness ranging from
50 to 250 ppm. In addition, the water in these aquifers gen-
erally contains 40 to 80 ppm of silica, and locally, exces-
sive iron. The ground water of Hawaii is of excellent qual-
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ity with total dissolved solids concentrations in the range
of 100 to 300 ppm.

Carbonate Aquifers

Limestone and dolomite are relatively dense rocks composed
of calcium and magnesium carbonate. However, in some places,
ground water has partly dissolved the rock, increasing pore
space and permeability. As a result, some carbonate rocks
are among the world's most prolific aquifers.

Carbonate aquifers underlie large areas of the United States.
The principal carbonate aquifers are shown in Figure 28.
Carbonate aquifers may exist under either water-table or ar-
tesian conditions, but artesian conditions are most common,
except where the aguifers outcrop at the surface. Recharge
is by direct precipitation and leakage from surface-water
bodies.

Karst topography is the ultimate development by erosion of a
carbonate aquifer. In this situation, ground water has so
dissolved the rock that extensive subterranean caverns and
channels form. At the surface, karst topography is mani-
fested by the lack of surface drainage, rivers that disap-
pear underground and emerge at another location, and un-
drained surface depressions.

Especially where carbonates outcrop at the surface, the aqui-
fers are highly vulnerable to contamination. The enlarged
pore spaces in the rock provide easy movement for contami-
nants and very little treatment by natural filtration.

Water from carbonate aquifers is typically hard (high in cal-
cium bicarbonate content), and high in dissolved solids.
Other ions, sulfate for example, are present in excessive
concentrations in some regions.

Sandstone Aquifers

Major sandstone aquifers occur in many states and constitute
the principal water source of many urban and suburban areas
(Figure 29). One important aquifer, the Dakota sandstone
and its geologic equivalents, underlies all of the north-
central and western Great Lakes states. Other productive
sandstone aquifers are found in New Jersey, Pennsylvania,
Connecticut, Alabama, Georgia, South Carolina, Oklahoma, and
Texas. These aquifers usually do not contain just sandstone
but are commonly interbedded with shales.

Because of the interbedded shales, which are of low permea-
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Figure 28. Carbonate aqu






bility, water in sandstone aquifers exists under artesian
conditions except in the outcrop area. Artesian sandstone
aquifers have been heavily pumped, particularly in the north-
central states. Withdrawals have not been balanced by natu-
ral recharge and serious water-level declines have resulted.
When the northern Great Plains were settled, wells tapping
the Dakota sandstone flowed naturally; now, they must be
pumped.

Where sandstones are exposed at the surface or underlie thin
soils, contaminants can enter the aquifer directly. Under
artesian conditions, sandstohes are better protected, but in
areas where significant overpumping of deeper zones has oc-
curred, contamination does occur by inter-aquifer flow. Lit-
tle natural treatment or filtration is provided by the more
permeable sandstones.

Water quality in the outcrop and recharge areas of sandstone
aquifers is typically good, but mineralization increases rap-
idly with depth and distance from recharge areas. High dis-
solved solids and excessive concentrations of iron and manga-
nese occur in some regions, particularly where the interbed-
ded shales comprise a considerable portion of the aquifer.

Crystalline Rocks (Igneous and Metamorphic)

In the unglaciated areas (the Appalachian Piedmont and Cali-
fornia, for example) and on the inter-stream uplands in the
glaciated region (New England and the Adirondack Mountains
of New York), crystalline rock aquifers are tapped for small
ground-water supplies (Figure 30). Individual well yields
average 2 to 10 gpm (0.008 to 0.04 cu m/min) and rarely ex-
ceed 50 gpm (0.19 cu m/min).

Water from crystalline rock occurs principally in fractures
and joints in the weathered zone; intergranular porosity is
nil. Although wells in crystalline rock commonly are 165 to
330 £t (50 to 100 m) deep, most of the water is derived from
the upper 100 ft (30 m). An exception is when a well pene-
trates a deep fault zone in crystalline rock.

Ground water in crystalline rock is generally under water-
table conditions because the network of joints and fractures
in the weathered zone extends to the surface. Recharge is
by direct precipitation, but where a fracture connects toc an
adjacent surface-water body, considerably more recharge may
take place.

Crystalline rock aquifers are highly susceptible to contami-
nation. Overlying soils are commonly thin, and provide lit-
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tle retention of contaminants. Because ground-water move-
ment through fractures can be rapid, little treatment takes
place in the aquifer.

The water in crystalline rocks is generally soft and of ex-
cellent quality, reflecting the low solubilities of the ma-
jor minerals in the rock. At isolated locations in some
western states, however, highly mineralized water, often of
high temperature, may discharge from springs fed by very
deep fractures.

NATURAL CHEMICAL QUALITY OF GROUND WATER

All ground water contains chemical constituents in solution.
The kinds and amounts of constituents depend upon the envi-
ronment, movement, and source of the ground water. Typical-
ly, concentrations of dissolved constituents in ground water
exceed those in surface waters. Salinity tends to be higher
in arid regions and in areas where drainage is poor.

Chemical constituents originate primarily from solution of
rock materials. Common chemical constituents of ground wa-
ter include:

Cations Anions Undissociated
Calcium Carbonate Silica
Magnesium Bicarbonate
Sodium Sulfate
Potassium Chloride

Nitrate

Within a large body of ground water, the natural chemical
composition or type of water tends to be relatively consis-
tent, although the concentrations of individual minerals in
solution may be variable from place to place. Time varia-
tions of ground-water quality under natural conditions are
minor in comparison with surface-water quality changes. In

a few isolated cases, significant concentrations of such haz-
ardous constituents as arsenic and radioactive elements have
been found to occur naturally. These instances are related
to the unique aquifer materials of the area.

The chemical quality of ground water is often conveniently
described for domestic and industrial use in terms of its
hardness and salinity. Hardness is a measure of the calcium
and magnesium content and is usually expressed as the equiva-
lent amount of calcium carbonate. Figure 31 shows ranges of
hardness in ground water in the United States.
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The definition of saline water varies somewhat depending on
the intended use of the water. The recommended limit on to-
tal dissolved solids for drinking water established by the
U. S. Public Health Service is 500 ppm. However, where such
water is not available, water containing 1,000 ppm or more
is used for drinking water purposes. The Safe Drinking Wa-
ter Act of 1974 considers waters containing up to 10,000 ppm
as "potential" sources of drinking water.

Naturally occurring saline ground water may be classified by
origin into four types, all of which generally exceed 10,000
ppm total dissolved solids content:

1. Connate water

2. Intruded sea water

3. Magmatic and geothermal water

4. Salt leaching and evapotranspiration products

Many sedimentary rock formations were originally deposited
in a marine environment. Saline water may have remained
trapped in the material throughout geologic history until
the present. Such water is termed connate water. In many
aquifers, infiltration and subsurface flow have flushed the
connate water from the aquifers and replaced it entirely
with fresh water. In other areas, for example in western
Washington, such flushing is incomplete, and connate water
is still present.

Sea-water intrusion has occurred in several coastal ground-
water basins hydraulically connected to the sea where, as a
result of pumping, the head of fresh water has been lowered
relative to that of sea water. This lowering has resulted

in landward movement of sea water in the aquifer.

Magmatic water is water derived from molten igneous rock or
magma. It is also called juvenile water. Geothermal water
is water of any origin, including precipitation, which has
been heated by a geothermal source. These mineralized wa-
ters may issue forth as hot springs. The concentrations of
some constituents, particularly sodium, potassium, calcium,
and chloride, may be very high, ranging in some cases up to
many tens of thousands of ppm. Various heavy metals are al-
so commonly present. Most of these types of saline water
occurrences are concentrated in the arid states, in areas of
relatively recent volcanic and intrusive activity.

Evapotranspiration and accumulation of residual salts may
produce relatively large bodies of shallow saline water.
Precipitation, percolating through the unsaturated zone, con-
tinually dissolves various soluble salts and flushes them
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through to ground water. This action produces a large por-
tion of the total dissolved solids found in subsurface water.
Ground water also is changed in composition as it moves
through an aquifer because of contact with the rock mate-
rials.

Vegetation tends to absorb relatively pure water through its
root systems leaving behind dissolved salts. In areas where
precipitation is insufficient to provide flushing to the wa-
ter table (notably the arid regions of the west), salts may
accumulate in the unsaturated zone. The natural accumula-
tion of salts is greatest in the areas of lowest precipita-
tion and areas where natural drainage is restricted. During
times of unusually heavy precipitation, these minerals may
be leached from the unsaturated zone and carried to ground
water.

Most of the geologic formations containing fresh ground wa-
ter are underlain by waters varying from brackish to highly
saline. Approximately two thirds of the United States is un-
derlain by aquifers containing at least 1,000 ppm of dis-
solved solids. These aquifers may occur very close to the
surface or at depths of many thousands of feet. As a gen-
eral rule, the salinity of ground water increases with depth.
Figure 32 shows the distribution of depth to shallowest sa-
line ground water, with saline water defined as that contain-
ing 1,000 ppm or more total dissolved solids. It should be
noted that in much of the shaded area on the figure, ground
water exceeds 10,000 ppm total dissolved solids. The blank
areas on the map denote either a lack of information or geo-
logic and hydrologic conditions that rule out the presence

of saline ground water at depths within 1,000 ft (300 m) of
land surface.
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SECTION V

HOW GROUND WATER IS CONTAMINATED

SUMMARY

Innumerable waste materials and natural and man-made prod-
ucts, with the potential to contaminate ground water, are
stored or disposed of on or beneath the land surface. Con-
taminants found in ground water cover the entire range of
physical, inorganic chemical, organic chemical, bacteriolog-
ical, and radiocactive parameters.

Contaminants that have been introduced into ground water can
move horizontally or vertically, depending on the compara-
tive density and natural flow pattern of the water already
contained in the aquifer. They tend to travel as a well-
defined slug or plume but can be reduced in concentration
with time and distance by such mechanisms as adsorption, ion
exchange, dispersion, and decay. The rate of attenuation is
a function of the type of contaminant and of the local hydro-
geologic framework, but decades and even centuries are re-
quired for the process to be completely effective.

Under the right conditions and given enough time, contami-
nating fluids invading a body of natural ground water can
move great distances, hidden from view and little changed in
toxicity by the processes of attenuation. The eventual
point of discharge of the contaminated ground-water body can
be a well used as a drinking water source.

INTRODUCTION

The many and diverse activities of man produce innumerable
waste materials and by-products; these are often deposited
or stored on land surfaces where by percolation they may
eventually be carried downward modifying the natural quality
of the underlying ground water. . Because of the large number
of such locations, the sources and causes of ground-water
contamination in the United States total in the millions.
Fortunately, most are small sources whose contaminating ef-
fects are rapidly dissipated after they enter the ground. A
few are widespread enough to affect large volumes of ground
water.

The mechanisms of ground-water contamination are shown by

illustrating the flow paths of contaminants for a variety of
situations. The flow of ground water within underground for-
mations affects the sizes and shapes of typical zones of con-
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taminated ground water.

Ground-water contamination is the degradation of the natural
quality of ground water as a result of man's activities.
Contamination may impair the use of the water or may create
hazards to public health through poisoning or the spread of
disease. The term "contaminant" as defined in the Safe
Drinking Water Act, means "any physical, chemical, biologi-
cal, or radiological substance or matter in water."

Sources of contamination related to waste-disposal practices
and described in detail in the following sections are:

1. Industrial Waste-Water Impoundments
2. Landfills and Dumps
3. Septic Tanks and Cesspools

4. Collection, Treatment, and Disposal of Municipal Waste
Water

5. Land Spreading of Sludges

6. Brine Disposal from Petroleum Exploration and Develop-
ment

7. Disposal of Mine Wastes
8. Disposal Wells
9. Disposal of Animal Feedlot Wastes

How contaminants from these waste disposal practices enter
the hydrologic cycle via the ground-water system is illus-
trated in Figure 33.

MECHANISMS OF CONTAMINATION

If it were possible to see zones of ground-water contamina-
tion from an aerial vantage point, most would appear so
small in relation to the total areas as to be termed scat-
tered points of contamination. Areally extensive sources
such as irrigation return flows and sea-water intrusion
would be identified as non-point sources. A line source
would result, for example, from recharge of sewage effluent

in an ephemeral stream channel.

Shallow aquifers are normally the most important sources of
ground water for water-supply purposes, but the upper por-
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tions of these aquifers are also the most susceptible to con-
tamination.

It should be recognized that the configuration of contamina-
tion entry into and movement within the underground is

unique for each individual source of contamination. Further-
more, because there are many millions of ground-water contam-
ination sources in the United States, it becomes apparent
that the possibilities in terms of contaminant movement and
distribution are virtually limitless. Notwithstanding this
fact, typical flow patterns of ground-water contaminants for
a variety of common situations can be described.

The diagrams on the following pages depict some of the fre-
quently occurring contamination geometries. These emphasize
vertical cross sections at sources of contamination; hori-
zontal movement of contaminants thereafter is discussed
later. Whatever the particular source of contamination may
be, these diagrams indicate the hydraulic relationships for
a given situation. Where the local hydrogeology is known,
paths of probable contaminant movement can be defined. With
estimates of permeability and hydraulic gradient available,
rates of ground-water movement can be ascertained. Rates of
contaminant movement are based on ground-water flow rates,
chemical interactions with aquifer materials, and changes in
water chemistry. Thus, contaminants travel at velocities
equal to, greater than, or less than that of average ground-
water flow.

Figure 34 illustrates the flow of contaminants from a sur-
face source such as a disposal pit, lagoon, or basin. Note
that the contaminated water flows downward to form a re-
charge mound at the water table and then moves laterally out-
ward below the water table.

Figure 35 shows cross-sectional and plan views of ground-
water contamination caused by a leaking sewer. The contam-
inant drains downward to the water table and then flows lat-
erally thereafter to form a line source of contamination be-
neath the sewer.

Figure 36 indicates how contaminated water leached from a
chemical or waste stockpile moves downward to the water ta-
ble and thereafter laterally and vertically to a nearby pump-
ing well.

Figure 37 indicates contaminant movement from a surface
stream or lake to a nearby pumping well. The drawdown of
the water table induces recharge of surface water to ground
water. Because so many municipal water-supply wells are lo-
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cated adjacent to rivers in order to insure continuous water
supplies, this is an important ground-water contamination
mechanism where rivers are polluted.

Figure 38 suggests how temporary flooding of a well can lead
to ground-water contamination. Downward flow of polluted
surface water occurs around the well casing if the well has
been improperly sealed at ground surface.

Figure 39 indicates how contaminants introduced into a dis-
posal well can be transported through the aquifer and lead
to contamination of a nearby pumping well. Because a pump-
ing well is a convergence point for ground water over an
area, this collection mechanism increases the opportunity
for obtaining contaminated water from a pumping well.

Figure 40 illustrates the reversal of underground flows due
to pumpage from one aquifer and hence the possibility to de-
grade the ground-water quality by interaquifer flow. Under
natural conditions shown in the upper diagram, the water ta-
ble of Aquifer A is higher than the potentiometric surface
of Aquifer B; therefore, ground water tends to move down-
ward through the semi-permeable zone separating the two aqui-
fers. 1In the lower diagram, however, pumping has inter-
changed the relative positions of the two water levels. As
a result, the greater pressure in Aquifer B causes water to
migrate upward into Aquifer A. If, as is often the case,
the lower aquifer is more saline, this will cause the salt
content of the upper aquifer to increase.

Figure 41 shows plan and profile views of a recharge pond
overlying an unconfined aquifer with a sloping water table
and with ground water flowing from left to right. Under
these conditions contamination from the pond extends a short
distance upstream and is stabilized. The bulk of the contam-
inants moves away from the pond in a downgradient direction
within clearly defined boundaries. For given aquifer and re-
charge conditions, the lateral spread of the contamination

as it moves downstream can be determined. Waste water from

a disposal well penetrating an aquifer having the same condi-
tions would move in a similar flow pattern.

Figure 42 suggests how underlying saline ground water can
rise due to deepening of a stream channel with a resultant
lowering of the water table. This intrusion of saline water
occurs because of the reduced head of fresh water.
ATTENUATION OF CONTAMINATION

Contaminants in ground water tend to be removed or reduced
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in concentration with time and with distance traveled. Mech-
anisms involved include adsorption and other chemical proc-
esses, dispersion and dilution, and decay. The rate of at-
tenuation is a function of the type of contaminant and of

the local hydrogeologic framework. Predicting the degree to
which contaminants will become attenuated is one of the most
difficult ~- but also one of the most important ~-- problems
in the design of subsurface waste disposal systems.

Adsorption

Adsorption, in the context of this report, is the phenomenon
whereby the surfaces of solids in contact with water are cov-
ered with a thin layer of molecules or ions taken up from

the water and held tightly by physical or chemical forces.
The more finely divided the solid, the greater the surface
area per unit volume, which is one of the reasons that clays
and silts have greater adsorptive capacities than do sands.
When all potential adsorption sites on a surface become occu-
pied, the process becomes one of ion exchange. This is the
case through much, or all, of the subsurface-water system.

Percolating water has four options in passing through the un-
saturated zone. It can move virtually unchanged, can show a
net gain of solute, show a net loss of solute, or keep the
same total ionic concentration with a net exchange of ions.
Since few soils or sediments are chemically inactive,

changes in transported solute are to be expected.

Clay minerals carry a net negative charge on their surfaces.
The amount of charge and surface area depends on the mineral
type. The negatively charged points on the clay surface
hold cations (which carry a positive charge) by electro-
static and van der Waals forces. Usually the attraction is
proportional to the positive charge on the cation.

A guantitative exchange is usually observed in which two
monovalent ions replace a divalent ion, etc. Heavy metal
ions, for example, having more than one unit charge, are at-
tracted to the exchange sites and tend to displace hydrogen,
sodium, and potassium ions which are already adsorbed. A
net reduction of heavy metal concentrations can occur in
this way if percolating water contacts clay in the unsatu-
rated zone. The limit for fixation is the cation exchange
capacity (CEC) of the sediment, which can range from nearly
zero to probably not more than 60 milliequivalents per 100
grams. When the saturation point is reached at which ca-
tions have occupied the available sites, the percolate com-
position will remain stable. Solution concentrations, pH,
and percolation rate affect the reactions quantitatively;
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thus, no quantitative predictions can be made without spe-
cific operating parameters.

Many soils and sediments have coatings of hydrous oxides of
manganese and iron which exert controls on the availability
of metal ions, and heavy metals in particular. 3) 1In fact,
the hydrous oxide coating frequently covers clay-mineral sur-
faces and becomes the truly effective sorptive surface.
These coatings exist in amorphous or microcrystalline forms
and in themselves exhibit a high specific surface area; up
to 300 square meters per gram. The oxygen and hydroxyl
groups of the hydrous oxides exert electrical charges which
are pH dependent. Therefore, their capacity for sorption is
pH dependent.

The dissolution and deposition of the coatings are also de-
pendent upon the oxidation-reduction (redox) potential in

the system. This parameter then becomes indirectly impor-
tant in the adsorption or desorption of heavy metals. Sorp-
tion and desorption of metals further depends upon their con-
centrations in the percolate and upon which ones are present.
As with clays, there is an order of selectivity in adsorp-
tion. It is quite possible, however, that some heavy metals
may move into the ground-water system prior to the exhaus-
tion of exchange capacity.

Dispersion

An understanding of the flow pattern of contaminants is of
considerable importance to the understanding of dispersion,
and indeed of the entire ground-water contamination picture.
Figure 43 illustrates an idealized flow pattern. From this
it is seen that the contaminated water moves to its dis-
charge area by a definite route, and is not (as is often im-
agined) subject to dilution by the entire body of ground wa-
ter lying between the disposal area and the area of dis-
charge. There is, however, dilution caused by mechanical
dispersion, which results from the complexity (on a micro-
scopic level) of the paths followed by the fluid, and (on a
macroscopic level) inhomogeneities within the aquifer. Be-
cause of this, the contaminated fluid invades the natural
ground water to some extent and is concurrently invaded by
the latter. Molecular diffusion also takes place, but this
is relatively unimportant except when the flow rate of
ground water is very low, or the concentration of the contam-
inant is very high. The latter is associated with high den-
sity percolates, which will also distort the idealized pat-
tern by tending to sink to the bottom of the aquifer.

Two related parameters are commonly used in dispersion stud-
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ies. The first, dispersivity, may be described as the inher-
ent capability of the aquifer to cause dispersion. Disper-
sivity multiplied by ground-water flow velocity gives the
dispersion coefficient, which is the dynamic equivalent un-
der actual aquifer conditions. Both are given for longitu-
dinal (in the direction of ground-water flow) and transverse
directions.

The rate of ground-water movement within an aquifer is obvi-
ously of great importance. It is governed by the hydraulic
gradient and aquifer permeability, the latter of which var-
ies far more widely than any other physical property encoun-
tered in contamination studies. The U. S. Geological Survey
4) has determined permeabilities for a gravel thrcugh which,
under a gradient of 10 ft/mi (2 m/km), water would move at
the rate of 60 ft/day (18 m/day), and for a clay through
which, under the same gradient, the rate of movement would
be one ft (0.3 m) in about 30,000 years. Flow rates in most
aguifers, however, range from a few feet per day to a few
feet per year.

Theoretical solutions are available for the expression of
dispersion phenomena. In digital models, these are usually
combined with terms for molecular diffusion and adsorption
isotherms. Unfortunately, these solutions are either re-
stricted to relatively uncomplicated systems quite unlike
those encountered in actual aguifers, or require the input
of years of accumulated data to develop the values of other-
wise undeterminable parameters. Mechanical dispersion,
which is usually predominant in determining the shape of the
plume of contamination, is so profoundly affected by hetero-
geneity that any attempt at detailed prediction is futile.
Skibitzke 5) comments that "....the nature of the heteroge-
neous region can hardly be described through reference to
the individual geometric discontinuities. Such a descrip-
tion would require an endlesgss compendium of individual de-
scriptions, a device so obviously impractical that it ren-
ders the region not amenable to description by measurement
of any of the characteristics visible or accessible from the
surface of the region."

One of the mest informative studies on the spread of ground-
water contamination, and the modeling thereof, is that car-

ried out at the Idaho National Engineering Laboratory (INEL)
and reported by Robertson and Barraclough 6), with addition-
al background material in a report by Robertson, Schoen, and
Barraclough. 7)  Their findings show the state of the art of
digital modeling for such purposes, and demonstrate clearly
both the powers and the limitations of the method. The fol-
lowing discussion is directed to these ends, and technical
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details are limited to those necessary for a proper under-
standing.

The INEL site is on the Snake River Plain in southeast Idaho,
overlying an aquifer consisting of thin basaltic flows and
interbedded sediments, with a water table about 450 ft (137
m) below land surface. Industrial and low-level radioactive
wastes have been discharged to the aquifer through seepage
ponds since 1952, and since 1964 cooling tower blowdown has
been injected directly into the aquifer through an injection
well. The U. S. Geological Survey has monitored the facili-
ties since their inception, and has analyzed the fate of the
wastes, using data from about 40 observation wells. The com-
plexity of the subsurface regime, however, is such that no
explanation could be given for past behavior, and no predic-
tions could be made about the future. To resolve these ques-
tions a digital model, simulating the aquifer, was developed.
The modeling included a hydrology phase to solve the equa-
tion for ground-water flow, and a solute~transport phase to
solve the equation for solute movement, both of which were
verified on the basis of historical behavior. The verifica-
tion procedure is used to adjust the values of various param-
eters, and Robertson and Barraclough note that the most spec-
ulative of these are the dispersivities and distribution co-
efficients, remarking that there is no effective and practi-
cal way of measuring coefficients in the field because of

the large-scale aquifer inhomogeneities, and that it is
therefore invalid to extend ordinary laboratory measurements
to field conditions.

Simulations were made for chloride, a conservative ion; trit-
ium, which is subject to radioactive decay; and strontium-
90, which is strongly adsorbed. It was concluded that the
model is a valid tool for estimating waste distribution in
the aguifer. Even so, the authors warn that this is highly
dependent upon future hydrologic conditions, which can only
be assumed.

Note that this model (which still provides only a fair to
good approximation) required the input of 20 years of data
from about 40 observation wells. It would not have been
possible to predict the shape and extent of the plumes a
priori by means of this or any other model.

The transverse dispersivity value (450 ft or 137 m) required
to give the best fit of the theoretical plume to the ob-
served plume is much larger than had been expected from
either classic theory or laboratory models. The actual chlo-
ride plume, after 16 years, extended about 5 mi (8 km) down-
gradient and had a maximum width of almost 6 mi (10 km). In
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contrast, Pinder 8) found a transverse dispersivity value of
only 14 ft (4.3 m) in a case of chromium contamination in a
glacial agquifer on Long Island. The shapes of the two types
of plumes are shown in Figure 44. 1In this particular case,
the shape of the plume of contamination could have been pre-
dicted with moderate accuracy from the time that contamina-
tion commenced, since the aquifer is fairly homogeneous in
two dimensions. Drawing a three degree cone, as suggested
by Danel (quoted by Todd 9))y, along the flow lines, using
the mound formed under the disposal ponds as an apex, gives
nearly as good a fit as does the digital model. This ap-
proach does not, of course, involve the element of time.

For practical purposes, however, it could be applied to sim-
ilar aquifers to provide a general idea of what the area of
contamination would be, but this by no means would eliminate
the need for monitoring and periodic analysis of collected
data.

Radioactive Decay 10)

Radiocactive isotopes may be defined as forms of atoms that
are characterized by spontaneous disintegration, with the re-
lease of energy. Some occur in nature (e.g., the isotopes

of uranium), while hundreds more have been produced artifi-
cially. At least one radioactive isotope is known for every
element. All of the radiocactive and stable isotopes of an
element are indistinguishable by chemical means, since they
have the same atomic number. The differences are in the

mass of the atomic nucleus, and the isotopes are identified
by this mass number, as carbon-12 and carbon-14.

Radioactive contaminants of concern to ground-water systems
can include waste materials produced from a variety of com-
mercial and governmental activities. Both naturally occur-
ring and so-called artificial or man-made radionuclides are
included. By-products and wastes from uranium mining and
milling activities contain uranium decay products, for exam-
ple, which can enter ground-water systems. Ground-water con-
tamination has occurred in conjunction with storage and dis-
posal of nuclear fuel cycle wastes, including high-level lig-
uid wastes leaking from steel tanks into the ground. The
foremost example of this occurred at Hanford, Washington.
Radioactive contaminants lose their radiocactivity at a fixed
and unalterable rate that is characteristic of the isotopes
involved. This decay rate is expressed in terms of half-
life, which is the time lapse required for the loss (per

unit mass) of half the radioactivity. Half-lives range from
fractions of a second to millions of years; but those of

the isotopes of principal concern in ground-water contamina-
tion are mostly in the range of tens to thousands of years.
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Strontium-90, for example, has a half-life of about 28 years.

Many radioisotopes are members of radioactive decay chains
or series wherein the daughters produced by decay are them-
selves radicvactive. One example is the decay of strontium-
90 to form yvttrium-90, with a half-life of about 62 hours,
which in turn decays to the stable zirconium-90. Thus, at
any moment, all three isotopes will be present in any media
containing strontium-90. Similarly, uranium-238 passes
through 14 states of decay before arriving at lead-206, the
stable end product.

In considering the rate of movement of radwaste materials in-
to and through ground-water systems, the effects of radioac-
tive decay, dispersion, and adsorption must be considered to-
gether. Within the ground-water system, the other mechan-
isms may be more effective than decay in reduction of radio-
active contamination. For example, field data from the Ida-
ho National Engineering Laboratory show a very small plume

of strontium-90 as compared with tritium, from radioactive
wastes which had entered the ground from various disposal
operations. Because strontium-90 has a half-life over twice
as long as tritium (28 years versus 12 years), one might ex-
pect the strontium to have migrated further than the tritium.
The reason for the discrepancy is that strontium-90 is
strongly adsorbed in the subsurface while tritium is not ad-
sorbed at all.

Adverse water quality impacts from radionuclides are depend-
ent upon numerous factors, chief of which are concentration,
half-life, toxicity, hydrogeologic conditions, and biologic
receptors (plants, animals, man). Attenuation in the envi-
ronment also is dependent upon these factors, which must be
mutually considered in evaluating the hazard of a given situ-
ation involving radioactive contaminants in ground water.

DISTRIBUTION OF CONTAMINATION UNDERGROUND

Specific statements cannot be made about the distances that
contamination will travel because of the wide variability of
agquifer conditions and types of contaminants. Also, each
constituent from a source of contamination may follow a dif-
ferent attenuation rate, and the distance to which contamina-
tion is present will vary with each quality component. Yet
certain generalizations which are widely applicable can be
stated. For fine-grained alluvial aquifers, contaminants
such as bacteria, viruses, organic materials, pesticides,
and most radiocactive materials, are usually removed by ad-
sorption within distances of less than 328 ft (100 m). But
most common ions in solution move unimpeded through these
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aquifers, subject only to the slow processes of attenuation.

A hypothetical example of a waste-disposal site is shown in
Figure 45. Here ground water flows toward a river. Zones A,
B, C, D, and E represent essentially stable limits for dif-
ferent contaminants resulting from the steady release of lig-
uid wastes of unchanging composition. Contaminants form a
plume of contaminated water extending downgradient from the
contamination source until they attenuate to acceptable qual-
ity levels.

The shape and size of a plume depend upon the local geology,
the ground-water flow, the type and concentration of contam-
inants, the continuity of waste disposal, and any modifica-
tions of the ground-water system by man, such as well pump-
ing. 1) Where ground water is moving relatively rapidly, a
plume from a point source will tend to be long and thin;

but where the flow rate is low, the contaminant will tend to
spread more laterally to form a somewhat wider plume. Irreg-
ular plumes can be created by local influences such as pump-
ing wells and variations in permeability.

Plumes ordinarily tend to become stable in areas where there
is a constant input of waste into the ground. This occurs
for one of two reasons: (a) the tendency for enlargement as
contaminants continue to be added at a point source is coun-
terbalanced by the combined attenuation mechanisms, or (b)
the contaminant reaches a location of ground-water discharge,
such as a stream, and emerges from the underground. When a
waste is first released into ground water, the plume expands
until a quasi-equilibrium stage is reached. If sorption is
important, a steady inflow of contamination will cause a
slow expansion of the plume as the earth materials within it
reach a sorption capability limit.

An approximately stable plume will expand or contract gener-
ally in response to changes in the rate of waste discharge.
Figure 46 shows changes in plumes that can be anticipated
from variations in waste inputs.

An important aspect of ground-water contamination is the

fact that it may persist underground for years, decades, or
even centuries. This is in marked contrast to surface~water
pollution. The average residence time of ground water is on
the order of 200 years; consequently, a contaminant which

is not readily decayed or sorbed underground can remain as a
degrading influence on the resource for indefinite periods.
But the comparable residence time for water in a stream or
river is on the order of 10 days:; thus, contamination can be
rapidly eliminated. Controlling ground-water contamination,
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DOWNSTREAM LIMIT
OF CONTAMINANTS

Figure 45. Plan view of a water~-table aquifer showing the hypothetical
areal extent to which specific contaminants of mixed wastes
at a disposal site disperse and move.
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therefore, is usually much more difficult than controlling
surface-water contamination. Underground contamination con-

trol is best achieved by regulating the source of contamina-
tion, and secondarily by physically entrapping and, when

feasible, removing the contaminated water from the under~
ground.
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SECTION VI

INDUSTRIAL WASTE-WATER IMPOUNDMENTS

SUMMARY

Industrial waste-water impoundments are a serious source of
ground-water contamination because of their large number and
their potential for leaking hazardous substances which are
relatively mobile in the ground-water environment. In some
heavily industrialized sections of the nation, regional prob-
lems of ground-water contamination have developed where the
areal extent and the toxic nature of the contaminants have
ruled out the use of ground water from shallow aquifers.
Contaminated ground water originating from impoundments at
isolated industrial establishments can be even more impor-
tant because of the potential for migrating to local water-
supply wells with no warning.

Either by design, or by accident or failure, surface impound-
ments of industrial effluent can cause ground-water contami-
nation because of leakage of waste waters into shallow aqui-
fers. Potential contaminants cover the full range of inor-
ganic chemicals and organic chemicals normally contained in
industrial waste waters. Those documented as having de-
graded ground-water quality include phenols, acids, heavy
metals, and cyanide.

United States' industries treat about 5,000 billion gal./yr
(18 billion cu m/yr) of waste water before discharging it to
the environment. Of this volume, about 1,700 billion gal.
(6.4 billion cu m) are pumped to oxidation ponds or lagoons
for treatment or as a step in the treatment process. Un-
known gquantities of industrial wastes are also stored or
treated in other types of impoundments, such as basins and
pits. Based on standard leakage coefficients and volumes of
waste waters discharged, it is estimated that more than 100
billion gal./yr (380 million cu m/yr) of industrial efflu-
ents enter the ground-water system. This source of contami-
nation is one of the most frequently reported, in spite of
the almost complete lack of ground-water monitoring.

One option to correct leaking impoundments is the use of an
impermeable barrier or liner. A second is to replace waste-
water treatment operations now performed in ponds and la-

goons with such alternatives as clarifiers, filtration or
centrifugation equipment, and digestion (anaerobic, aerobic).

Impoundments of industrial wastes are normally not subject
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to any special regulations unless it is shown that they may
affect surface- or ground-water quality. In order to over-
come this burden of proof, a few states have developed spe-
cific regulations covering such aspects as design of the fa-
cility to guard against or minimize leakage, reporting types
and volumes of effluent, and installation of monitoring
wells.,

DESCRIPTION OF THE PRACTICE

In the literature, industrial waste-water impoundments are
referred to as "lagoons," "basins," "pits," and "ponds."

All these terms are used interchangeably. There is no typi-
cal design for an industrial impoundment. It may be a natu-
ral or man made depression, lined or unlined, and from a few
feet in diameter to hundreds of acres in size. Oxidation la-
goons are used for secondary treatment of waste water and
are necessarily shallow. Pits are distinguished by a small
ratio of surface area to depth. Any one of these can serve
as a holding pond, and all are basically surface impound-
ments. Some lagoons, basins, and pits are intended to dis-
charge liquid to the soil system, while others are designed
to be leakproof. The former are unlined structures sited on
good infiltrative surfaces; the latter are lined with clay,
concrete, asphalt, metal, or plastic sheeting.

Industrial impoundments used for treatment are often unlined,
although leakage is not a desirable feature. The nonferrous
smelting and refinery industry, for example, utilizes predom-
inantly unlined settling pits and basins for waste and scrub-
ber waters, with some permanent sludge disposal in lagoons.
These various types of surface impoundments range up to 40
acres (16 ha) in size. Either by design, or by accident or
failure, surface impoundment of industrial effluent can

cause serious ground-water contamination because of leakage
of hazardous waste waters into shallow agquifers.

In industrial pollution control, ponds are most often used
in some form of effluent treatment, frequently biochemical
stabilization. Stabilization ponds can be aerobic, anaero-
bic, or both, and are used primarily to reduce biochemical
oxygen demand levels. Aerating devices are used to improve
oxygen transfer in many aerobic ponds.

Impoundments can be used for solids separation and are usual-
ly called settling ponds in these instances. Dewatering can
be accomplished by a combination of evaporation and seepage.
Impoundments thus utilized are referred to as evaporation
pits, even though seepage of waste water to the ground-water
system may be the principal mechanism of disposal. Other
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forms of treatment are occasionally accomplished in a lagoon,
such as reducing the temperature of power plant cooling wa-
ters, ammonia reduction, pH neutralization, chemical coagula-
tion and precipitation, and other forms of chemical treat-
ment.

If the discharge rate is small enough, lagoons can be used
for permanent disposal. With such a system, when one lagoon
is full, wastes are simply diverted to other lagoons which
are filled in turn. Such lagoons can be dredged to remove
sediment buildup and then reused. Impoundments can also be
used for temporary storage of wastes or other materials pri-
or to treatment or use, in which case they are referred to
as holding ponds.

A large variety of potentially hazardous wastes are depos-
ited in industrial surface impoundments. Most of the sub-
stances contained in these wastes are complex, and many of
the constituents that could find their way into ground wa-
ters are not normally included in routine analysis of water
supplies. General guidelines regarding siting or designing
of surface impoundments from the standpoint of protecting
ground water from contamination by such wastes have not been
enforced until recently. Consequently, industrial waste-
water impoundments are frequently constructed to meet cri-
teria such as convenience and lowest possible cost rather
than to protect ground-water quality. Most impoundments
operate on the principle that some leakage will occur. An
evaporation pit may operate successfully in a humid region
only if enough leakage takes place through the bottom and
sides of the pond to create storage space for continued
waste discharges.

Regional and local conditions which influence the contamina-
tion potential of a surface impoundment include soil permea-
bility, height of the water table, rainfall, and evaporation.
Also to be considered are the types of potentially hazardous
materials contained in the wastes. For example, industrial
wastes can contain toxic chemicals, such as heavy metals and
synthetic organic compounds. If these chemicals enter
ground-water supplies, serious health hazards may be created.

Industrial impoundments, therefore, require proper construc-
tion to provide protection against both surface-water and
ground-water contamination. Artificial liners can be used
or the structures can be located on naturally impervious
soil. Except for dry climates, as found in parts of the
western United States, lined impoundments without some form
of discharge may occasionally overflow from rainfall accumu-
lation or flood inundation of the area.
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This section is directed toward ground-water contamination

as a result of waste-water discharge to lagoons, ponds, pits,
and basins. However, it should be noted that industrial
waste-water impoundments along with landfills and dumps re-~
ceive large volumes of sludge and other residuals in addi-
tion to liquid effluent. Sludge and other residuals dis-
posed of in surface impoundments can be significant sources
of ground-water contamination. The characteristics of

sludge and their potential impact on ground-water quality

are described in the sections on land spreading of sludges.

CHARACTERISTICS OF CONTAMINANTS

Four major industrial groups generated about 91 percent of
the total volume of waste water put into ponds and lagoons
in 1968: paper and allied products, 29 percent; petroleum
and coal products, 22 percent; primary metals, 22 percent;
and chemicals and allied products, 18 percent. 1) While the
number of individual chemical constituents contained in the
waste waters of these major industrial categories is very
large, general constituent groups that are useful in indi-
cating contamination potential can be identified. Table 7
was modified from the EPA list of waste-water parameters
having significant pollution potential by deleting those ele-
ments which do not represent a significant threat to ground-

water quality. 2) However, it must be kept in mind that no
such table can be complete.

It is important to note that waste-water chemical character-
istics are only one factor controlling the severity of
ground-water contamination from impoundments. Volume of
leakage is a second important consideration and depends upon
the ability of the impoundment to seal itself, soil permea-
bility, or the effectiveness of artificial sealing if the im-
poundment is lined. Geologic and hydrologic conditions
along with the characteristics of the soil determine the de-
gree of attenuation of contaminants in the waste water as it
moves from the lagoon into and through the ground-water sys-
tem. Natural water quality, ground-water use, and pumping
patterns represent other key considerations.

EXTENT OF THE PROBLEM

Table 8 shows the volume of waste water discharged by the
major industrial groups during the years 1959, 1964, 1968,
and 1973. 1/3,4) "while there was an upward trend from 1959
to 1968, the total volume discharged in 1973 is nearly iden-
tical with the 1968 total. There were significant changes
in volume discharged by several of the smaller industrial
groups. However, the four key groups discussed in some de-
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Table 7. INDUSTRIAL WASTE-WATER PARAMETERS HAVING OR INDICATING
SIGNIFICANT GROUND-WATER CONTAMINATION POTENTIAL, 2

PAPER AND ALLIED PRODUCTS

COD
TOC

pH
Ammonia

Pulp and Paper Industry

Phenols
Sulfite

Color

Heavy metals

PETROLEUM AND COAL PRODUCTS

Ammonia

Chromium

coD

pH

Phenols

Sulfide

Total Dissolved Solids

PRIMARY METALS

pH
Chloride
Sulfate
Ammonia

Petroleum Refining Industry

Chloride
Color
Copper
Cyanide
Iron

Lead
Mercaptans

Steel Industries

Cyanide
Phenols
fron

CHEMICALS AND ALLIED PRODUCTS

COD
pH
Total Dissolved Solids

Organic Chemicals Industry

TOC
Total Phosphorus
Heavy metals
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Nutrients (nitrogen
and phosphorus)
Total Dissolved Solids

Nitrogen

Odor

Total Phosphorus
Sulfate

TOC

Turbidity

Zinc

Tin
Chromium
Zinc

Phenols
Cyanide
Total Nitrogen



Table 7 (Continued). INDUSTRIAL WASTE-WATER PARAMETERS HAVING OR
INDICATING SIGNIFICANT GROUND-WATER CON -
TAMINATION OR POTENTIAL. 2)

CHEMICALS AND ALLIED PRODUCTS (Continued)

Inorganic Chemicals, Alkalies and Chlorine Industry

Acidity/Alkalinity Chlorinated Benzenoids and Chromium
Total Dissolved Solids Polyruclear Aromatics Lead
Chloride Phenols Titanium
Sulfate Fluoride Iron
COD Total Phosphorus Aluminum
TOC Cyanide Boron
Mercury Arsenic

Plastic Materials and Synthetics Industry

COD Phosphorus Ammonia
pH Nitrate Cyanide
Phenols Organic Nitrogen Zinc
Total Dissolved Solids Chlorinated Benzenoids and Mercaptans
Sulfate Polynuclear Aromatics

Nitrogen Fertilizer Industry

Ammonia Sulfate cOD
Chloride Organic Nitrogen Iron, Total
Chromium Compounds pH

Total Dissolved Solids Zinc Phosphate
Nitrate Calcium Sodium

Phosphate Fertilizer Industry

Calcium Acidity Mercury
Dissolved Solids Aluminum Nitrogen
Fluoride Arsenic Sulfate
pH lron Uranium
Phosphorus
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Table 8. WASTE-WATER DISCHARGE FOR ALL MAJOR UNITED STATES INDUS-
TRIAL GROUPS, 1959, 1964, 1968, and 1973. (Billions of gallons) '1,3,4)

Total Waste Water Discharged

Industrial Groups 1973 1968 1964 1959
Primary metals 4,756 4,696 4,003 3,142
Chemicals and allied products 3,911 4,175 2,866 2,470
Paper and allied products 2,300 2,078 1,888 1,774
Petroleum and coal products 1,158 1,217 1,130 1,118
Food and kindred products 744 752 545 470
Transportation equipment 227 293 206 204
Stone, glass and clay products 191 218 121 158
Machinery, except electrical 165 180 119 136
Textile mill products 160 136 86 79
Rubber and plastic products 142 128 120 89
Lumber and wood products 122 92 92 100
Fabricated metal products 100 65 35 28
Electrical equipment and supplies 97 118 71 77
Instruments and related products 34 36 23 19
Leather and leather products 7 14 9 7
Furniture and fixtures 6 3 2 2
Tobacco 4 4 2 2
Miscellaneous manufacturing industries 11 13 8 16
Total 14,135 14,218 11,416 9,891
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tail within this section did not show substantial changes be-
tween 1968 and 1973. Because of this, and because the 1968
data provide more detail in certain categories, the 1968

data are primarily used in the following discussions.

Manufacturing industries used over 15,000 billion gal. (57
billion cu m) of water in 1968. This figure excludes hydro-
electric power generation and those facilities that used
less than 20 million gal./yr (76,000 cu m/yr). More than
14,000 billion gal. (54 billion cu m) were discharged after
use. 1) Much of the discharge was returned to a stream or
other surface-water body, but a substantial portion was suf-
ficiently contaminated during use to require treatment prior
to discharge. In 1968, United States industries treated
4,524 billion gal. (17 billion cu m) of waste water before
discharging it to the environment. Of this volume, 1,668
billion gal. (6 billion cu m) was pumped to an oxidation
pond or la?oon for treatment or as a step in the treatment
process. 1 Table 9 lists the major industrial groups along
with the volumes of water each used, discharged, treated,
and lagooned in 1968. Figure 47 shows the total volumes of
industrial waste water discharged to lagoons and ponds by re-
gion throughout the United States. The data for Figure 47
are given in Table 10. For historical comparison, Table 11
indicates the total industrial waste-water discharge for
each state in 1959, 1964, 1968, and 1973.

Owing to the lack of data on either the individual or the
large-scale impact of industrial waste impoundments on
ground-water quality, the present discussion must be limited
‘to the potential impact, based on what is known about leak-
age, chemical characteristics of industrial waste water, and
concentrations of impoundments throughout the nation.

In addition to oxidation ponds and lagoons, primary sedimen-
tation basins are used by industry to remove suspended sol-
ids from waste water prior to discharge or as a preliminary
treatment step. However, since primary sedimentation basin
area is estimated to be less than one percent of oxidation
pond and lagoon area, the impact of basins is not included
in the following summaries.

Paper and Allied Products Industries

Included within this category are pulp mills, paper mills,
paperboard mills, converted paper products companies, paper-
board container industries, and building paper and board
mills. Altogether, 619 individual establishments represent-
ing this industry are considered. 1) Although the volume of
water used by these plants was considerably less than that
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a):

NA:

Table 10. INDUSTRIAL LAGOON DISPOSAL BY REGION, N
(tn billions of gallons for 1968)

Region Paper  Petroleum  Metals  Chemicals  Total a)
New England 3.5 0 0 0 .7
Delaware and Hudson 8.4 92.7 66,9 66.3 239.2
Chesapeake Bay 21.8 NA 29.3 12.2 69.1
Eastern Great Lakes-

St. Lawrence 4,6 0 44,9 16.2 78.9
Ohio River 4,3 7.9 51.8 27, 104.1
Tennessee 0 None 6.8 58.0 78.8
Southeast 264.4 0 3.0 26.1 324.3
Western Great Lakes 25,0 16.1 115.6 2.6 163.1
Upper Mississippi 1.1 9.1 28.8 17.1 77 .1
Lower Mississippi 0 0 NA 2.5 23.8
Missouri 0 14.8 0 1.7 25,7
Arkansas, White and Red 76.4 10.4 0 15.1 103.1
Western Gulf 23.8 119.2 0 21.5 166.4
Colorado Basin NA NA 0.6 NA 2.2
Great Basin None 0 NA NA 8.9
California 0 73.0 0 14,5 104.7
Pacific Northwest 33.3 0 0 11.9 81.4
Cumberiand NA None NA NA 11.2
Alaska NA NA None None 0
Hawaii None NA None None 0

Total is for all industries, including the four listed

information was withheld to protect individual industries

None: No industries of this category in this area
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Table 11. INDUSTRIAL WASTE-WATER DISCHARGE - 1959, 1964, 1968, AND’
1973.])(Bi||ions of gallons per year)

1973 Total 1968 Total 1964 Total 1959 Total

water water water water
State discharged discharged discharged discharged
Texas 1,554 1,654 1,455 1,159
Pennsylvania 1,377 1,470 1,475 1,324
Louisiana 1,299 999 843 692
Indiana 1,178 1,072 830 629
Ohio 964 1,128 1,115 979
Michigan 803 738 739 780
West Virginia 511 610 690 540
linois 493 652 591 550
New York 491 519 569 587
Tennessee 406 445 287 228
California 387 307 313 277
New Jersey 384 391 395 415
Alabama 370 360 242 208
Maryland 341 404 401 266
Washington 328 333 341 261
Connecticut 297 187 118 128
Virginia 283 362 275 261
Florida 265 264 230 222
Wisconsin 244 272 236 192
Georgia 243 220 213 168
Delaware 182 179 164 155
North Carolina 175 141 146 93
Maine 167 153 163 135
Oregon 150 138 151 134
Massachusetts 148 141 144 169
South Carolina 134 133 101 84
lowa 125 107 103 89
Mississippi 115 83 65 59
Kentucky 108 122 117 99
Minnesota 83 110 87 92
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Table*11(continued). INDUSTRIAL WASTE-WATER DISCHARGE - 1959, 1944, 1968,
AND 1973.1XBillions of gallons per year)

1973 Total 1968 Total 1964 Total 1959 Total
water water water water
State discharged discharged discharged discharged
Missouri 81 88 82 66
Arkansas 73 50 42 33
Hawaii 50 93 102 -
Colorado 43 51 54 40
Montana 39 36 26 37
Idaho 38 53 47 43
Alaska 31 32 34 -
Kansas 30 36 24 22
Utah 27 21 27 22
Nebraska 24 2] 24 22
New Hampshire 23 55 35 4]
Oklahoma 18 9 10 9
Rhode Island 13 19 16 17
Arizona 10 10 10 5
Vermont 6 6 7 8
Nevada 5 10 4 2
Wyoming 4 3 7 4
New Mexico 2 1 1 1
South Dakota 1 2 5 -
North Dakota 1 1 1 -
Total: 14,124 14,255 13,157 11,736

~- Not available
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used by the metals and chemical industries, the volume of
waste water discharged to ponds and lagoons was higher for
the paper industry than any other. 1In 1968, the paper indus-
try discharged 484 billion gal. (1.8 billion cu m) of waste
water to ponds and lagoons, or 29 percent of the total of
all impounded industrial waste water in the United States.
This represents an increase of over five times the volume
for 1954 and the quantity is expected to nearly quadruple by
1983 (Table 12). - Figure 48 shows the distribution of im-
pounded waste water from the paper industry in 1968 in vari-
ous regions across the United States, based on data given in
Table 10.

A number of investigators have calculated water seepage from
waste-water lagoons, and an average value from these studies
is approximately 30 in./yr (76 cm/yr). This value may vary
by as much as a factor of 10, depending on local soil condi-
tions, the ability of the surface impoundment to seal itself,
and the amount of leakage that can take place before the sur-
face impoundment seals itself. However, for a general esti-
mate, based on 30 in./yr (76 cm/yr), leakage is approximate-
ly 6 percent of the total volume of waste water entering
ponds and lagoons.

Thus, from Table 10 and Figure 48, the southeast region has
by far the greatest impounded waste-water volume with 55 per-
cent of the total, and leakage is estimated at 16 billion
gal./yr (61 million cu m/yr). Other regions with signifi-
cant percentages are Arkansas with 16 percent, Pacific North-
west with 7 percent, and Western Great Lakes, Western Gulf
"and Chesapeake Bay with about 5 percent each.

Petroleum and Coal Products

This industrial group includes several manufacturing proc-
esses; however, the use of lagoons and ponds to treat waste
water is virtually confined to the petroleum refining indus-
try. In 1968, 25 plants reporting water consumption over 20
million gal. (76,000 cu m) discharged a total of 1,217 bil-
lion gal. (4.6 billion cu m) of waste water. Of this total
volume, petroleum refineries ponded or lagooned 363.8 bil-
lion gal. (1.4 billion cu m). The regions where impounding
of waste water from this industry is most prevalent are
shown on Figure 49, and the reported volumes by region are
given in Table 10. Three regions dominate the United States
in volume of refining waste water impounded: Western Gulf,
Delaware and Hudson, and California account for 78 percent
of the nation's total. Estimated leakage of petroleum refin-
ing lagoons and ponds for 1968 are: Western Gulf region,
7.2 billion gal. (27 million cu m); Delaware and Hudson re-
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Table 12. INDUSTRIAL WASTE WATER TREATMENT IN PONDS AND LAGOONS
OVER THE PERIOD 1954 TO 1968. 9)
(In billions of gallons)

1954 1959 1964 1968
Paper and Allied Products 86 191 3N 484
Petroleum and Coal Products 90 168 277 342
Primary Metals 46 96 221 362
Chemical and Allied Products - - 227 304
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gion, 5.5 billion gal. (21 million cu m); and California re-
gion, 4.3 billion gal. (16 million cu m). The greatest con-
centration of pond and lagoon area per square mile would be
in the Delaware and Hudson region.

Primary Metals

Of the primary metals industries, blast furnaces and basic
steel production generate about 90 percent of the total vol-
ume of waste water discharged to ponds and lagoons. Most of
the remaining 10 percent is produced by the electrometallur-
gical products and primary nonferrous metals industries.

As shown in Table 9, the primary metals industries use, dis-
charge, and treat more water than any other industrial group.
The volume of this waste water treated in ponds and lagoons
in 1968, however, is almost exactly the same as the volume
impounded by the petroleum industries and somewhat less than
the paper industries.

The volume of waste water discharged to ponds or lagoons in
1968 was reported to be 362 billion gal. (1,375 million cu
m). The regional distribution of this volume is shown in
Figure 50. The Western Great Lakes region has the greatest
volume with 116 billion gal. (440 million cu m) but the Dela-
ware and Hudson region has about the same volume per unit
area. Other regions with substantial percentages are the
Eastern Great Lakes - St. Lawrence, Ohio River, Chesapeake
Bay, and Upper Mississippi.

Estimation of leakage is as follows: Western Great Lakes re-
gion, 6.9 billion gal. (26 million cu m); Delaware and Hud-
son region, 5.6 billion gal. (21 million cu m); Ohio River
region, 3.1 billion gal. (12 million cu m); Eastern Great
Lakes - St. Lawrence region, 2.7 billion gal. (10 million cu
m) ; Chesapeake Bay region, 1.8 billion gal. (7 million cu m);
Upper Mississippi region, 1.7 billion gal. (6 million cu m).
Total leakage for the industry in 1968 was about 22 billion
gal. (84 million cu m). As shown in Table 12, the projected
volume of waste water from the primary metals industry

pumped into ponds and lagoons will be 1,029 billion gal.
(3,910 million cu m) by 1983. 5) Regional volume distribu-
tions are expected to remain roughly proportional to what
they were in the 1968 inventory.

Chemical and Allied Products

The chemical industry is the second largest user of water in
the nation, but ranks fourth in volume of waste water treat-
ed in lagoons and ponds. However, the overall nature of
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this water is potentially more hazardous than the other in-
dustrial categories. The industrial chemicals industries
generate 66 percent of the total chemical industries impound-
ed waste water. Other substantial fractions are contributed
by the following: plastic materials and synthetics, 20 per-
cent; agricultural fertilizers, 6 percent; and explosives,
5 percent. Drugs, wood chemicals, adhesives and others con-
tribute the remaining 3 percent.

The total volume of chemical industry waste water in treat-
ment lagoons and ponds in 1968 was 304 billion gal. (1,155
million cu m). Figure 51 shows the regional distribution of
this volume. The Delaware and Hudscn, and Tennessee regions
together contributed 41 percent of the total. Most of the
remaining volume was fairly evenly divided among the nine re-
gions indicated on Figure 51 as having 10 to 50 billion gal.
(38 to 190 million cu m) each (see Table 10).

Estimated leakage from chemical industry impoundments in

1968 is 18 billion gal. (68 million cu m). The two relative-
ly small regions of Delaware and Hudson, and Tennessee, with
about 4 billion gal. (15 million cu m) each represent the
areas of greatest concentration.

Based on the methods described above, the total estimated
leakage from industrial lagoons in the United States in 1968
was 100 billion gal. (380 miilion cu m)., If this volume

were concentrated into one place, it would occupy an impound-
ment 10 ft (3 m) deep, one mi (1.6 km) wide, and 50 mi (80
km) long. If this quantity cf liquid were placed in the

- ground, taking into account soil porosity, it might occupy

as much as 5 times this volume. As ground water does not
discharge quickly, accumulations of many vears' input are
likely to be found at any particular location.

Although only the major water-using industries have been dis-
cussed above, consideration must be given to the total num-
ber of manufacturing establishments that discharge waste wa-
ter and probably use lagoons, basins, pits, and ponds.

About 10,000 plants each used 100,000 gpd (380 cu m/day) or
more of water in 1968 1) and, assuming an average of two sur-
face impoundments per plant, a minimum of 20,000 lagoons and
ponds can be estimated. Taking into account that there are
altogether about 250,000 water-using establishments in the
United States, then a reasonable estimate for total surface
impoundments of all types for the nation would be about
50,000. It is interesting to note that in an aerial survey
of several industrialized portions of the state, personnel

of the Pennsylvania Department of Environmental Resources
counted 1,500 surface impoundments which contained indus-~
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trial effluent. €)

Case Histories

The results of the inventory of ground-water contamination
problems involving surface impoundments, carried oub as part
of an ll-state investigation in the northeastern part of the
country, emphasize the variety of the contaminants and the
diversity of the origins of waste water that c¢an be encoun-
tered. 7 Table 13 is based on 57 cases of contamination
taken from the files of public agencies and private organiza-
tions. Each invelves a sepavate location where leakage of
contaminants from some form of surface impoundment has en-
tered the ground-water reaservoir. In most cases, water-
supply wells have been affected, and this is the only reason
that the specific incident has been reported or investigated.
In a few, simply observing operation of the impoundment has
led officials of an environmental or health agency to inves-
tigate whether ground-water contamination has taken place.
In others, the owner has noted the loss of a highly toxic
substance to the ground and has brought this to the atten-
tion of authorities. In only a few cases had monitoring
wells been installed specifically to detect degradation of
ground-water quality. The types of surface impoundments
represented in the 57 cases vary considerably, but lagoons
and basins are listed most frequently.

One case in the northeast involved a 3-ft {(l1-m) wide, 48-ft
(14.6-m) long, and 10-£ft (3-m) deep concrete canal, used for
storage of radioactive material at a private laboratory. An
estimated 20,000 gal. {75.7 cu m} of slightly radioactive
water leaked into a thin soil laver overlying shale and sand-
stone. The leak was reported to state authorities by the
company, and to date, six monitoring wells have been install-
ed in and around the facility to determine where the contam-
inant has traveled. Cobalt-60 activity has been picked up

in some observation wells, and the investigation is contin-
uing. Meanwhile, use of the canal has been curtailed. 7

In Maryland, discharge c¢f phencolic waste water to several
clay-lined lagoons had bheen going on for 10 years before it
was discovered that the lagoons were leaking. Contaminated
ground water had migrated downslope to a fresh-water pond
and a small stream. Geophysical surveys and monitoring
wells installed under the direction of the state's Water Re-
sources Administration revealed thiat an extensive zone of
ground-water contamination existy¢ in the water-table aguifer.
Phenolic concentrations are 14.4 pwm. Discharge of this con-
taminated ground water has adversely affected the entire
stream, from the industrial plant site to o marshy area two
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Table 13, ORIGINS AND CONTAMINANTS IN 57 CASES OF GROUND-WATER
CONTAMINATION IN THE NORTHEAST CAUSED BY LEAKAGE OF
WASTE WATER FROM SURFACE IMPOUNDMENTS, 7)

Type of industry or activity

Chemical

Metal processing and plating

Electronics

Laboratories (manufacturing and processing)

Paper

Plastics

130

Number

of cases

13

Principal contami-
nant(s) reported

Ammonia
Barium
Chloride
Chromium
lron
Manganese
Mercury
Organic chemicals
Phenol's
Solvents
Sulfate
Zinc

Cadmium
Chromium
Copper
Fluoride
Nitrate
Phenols

Aluminum
Chloride
Fluoride
lron
Solvent

Arsenic
Phenols
Radioactive
materials
Sulfate

Sulfate
Ammonia

Detergent
Fluoride



Table 13. (continued). ORIGINS AND CONTAMINANTS IN 57 CASES OF GROUND-
WATER CONTAMINATION IN THE NORTHEAST CAUSED
BY LEAKAGE OF WASTE WATER FROM SURFACE IM-
POUNDMENTS, 7)

Number Principal contami-
Type of industry or activity of cases nani(s) reported
Sewage treatment 3 Detergents
Nitrate
Aircraft manufacturing 2 Chromium
Suifate
Food processing 2 Chloride
Nitrate
Mining sand and grovel 2 Chloride
Oil well drilling 2 Chloride
Oil
Oil refining 2 Oil
Battery and cable ] Acid
Lead
Electrical utility ] {ron
Manganese
Highway construction 1 Turbidity
Mineral processing 1 Lithium
Point 1 Chromium
Recycling 1 Copper
Steel 1 Acid
Ammonia
Textiles ] Chloride
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miles away. Because of the slow rate of movement of the con-
taminated ground-water body, it has been estimated that a
century or more will be required before the stream can fully
recover, even though the leaky lagoons are presently being
removed. 8) It is interesting to note that in a recent sur-
vey by the State of Maryland, it was found that 75 percent

of the liquid waste generated by industry is disposed of to
the ground in "lagoons" and "pits" on site.

In another case in the northeast, an abandoned sand and grav-
el pit was used by a paint manufacturer to contain liquid

and sludge wastes removed from a stream during a clean-up
operation. Monitoring wells installed later on the edges of
the pit and driven to a depth of 15 ft (4.6 m) produced wa-
ter with a chromium (hexavalent) concentration of as much as
7.2 ppm.

Many of the contaminants reported in Table 13 are related to
hazardous wastes, as indicated by the large number of heavy
metals listed. The concentrations of these toxic substances
can be very high at sites where the untreated industrial ef-
fluent is leaking from a surface impoundment and reaching
the saturated zone almost unchanged in chemical composition.
Concentrations of some of the heavy metals in water from a
lagoon containing untreated industrial sludges and ligquid
wastes were: copper 5,250 ppm; chromium (trivalent) 1,380
ppm; and lithium 280 ppm. The site was investigated by a
public agency after a stream near an abandoned plant proper-
ty showed indications of contamination. The source of con-
tamination in the stream was traced to the lagoon, which was
leaking the waste effluent to the ground-water system. The
contaminated ground water, in turn, was discharging into the
stream. The problem is presently in litigation. 10)

The most grossly contaminated ground water encountered in
the northeast investigation contained 10,000 ppm arsenic.
Liguids and sludges containing arsenate compounds had been
deposited by a chemical company in unlined surface impound-
ments for many years, and the plume of contaminated ground
water had reached a stream adjacent to the plant site, where
arsenic concentrations as high as 40 ppm were observed. The
lagoons were abandoned after the problem was recognized and
the wastes were stored in plastic-lined drums. An attempt
was made to pump out and treat the contaminated ground water.
After 2.5 years of controlled pumping and monitoring, con-
centrations of arsenic in both ground water and surface wa-
ter have been greatly reduced, but the condition is still
dangerous.

11)

To provide some insight into typical ground-water contamina-
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tion cases related to surface impoundments, Table 14 has

been prepared based on three detailed studies in the north-
east region. The first is a well documented case of the dis-
persal of plating wastes in ground water in southeastern Nas-
sau County, Long Island, New York. 12) The other two are
based on investigations carried out in southern New Jersey
and in central Connecticut. 13,14)

All three situations are related to industrial waste water
having leaked out of surface impoundments. 1In two of the
three cases, the plume of contaminated ground water had
moved beyond the property limits of the industrial site be-
fore the problem became known and was defined. No monitor-
ing had been carried out on the industrial plant property.
The contaminated ground water migrated slowly toward an area
of discharge. In two cases, major discharge is to streams
draining the affected water-table aquifer. 1In the third,
the pattern of ground-water movement was controlled by pump-
ing from a series of water-supply wells, which were aban-
doned after contamination was discovered. Of significance
is the small size of the impoundments as compared to the
areal extent of the plumes of contaminated ground water. 1In
two of the instances, the lagoon and basin areas represented
0.25 percent and 1.25 percent of the areal extent of the con-
taminated ground-water body. In only one case has removal
or containment of the hazardous wastes been attempted.

An evaluation of ground-water pollution problems in the
northwestern states has revealed similar instances in that
region. 15) 1n Colorado, disposal of liquid chemical waste
into unlined holding ponds at the Rocky Mountain Arsenal
near Denver caused contamination of shallow ground water in
a 1l2-sg mi (30-sg km) area of the South Platte River valley.
16,17,18) r7he problem was discovered through damage to
crops that were irrigated with water from shallow wells.

The contaminated water moved northwest in the normal direc-
tion of ground-water flow toward the South Platte River (Fig-
ure 52). Contaminants known to be present in the shallow
aquifer included chloride, fluoride, arsenic, chlorate, the
herbicide 2-4D, and the pesticides aldrin and dieldrin. 19)
A total of 119 observation wells was installed and a system-
atic study of water quality was undertaken to map the extent
of contamination by measuring chloride concentrations in
shallow wells. These concentrations reached a maximum of
4,600 ppm in several areas. The approximate rate of ground-
water movement was 13 ft (4 m) per day or about 4,800 ft
(1,500 m) per year. Damage claims totaling $74,000 were
paid by the government to five farmers that had suffered
crop damage.
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Description of Surface
Impoundment

Type of Waste

Principal Pollutant(s)
Observed and Maximum
Concentrations Reported
in affected wells (mg/1)

Chromium (Hexavalent)

Cadmium

Cyanide

Zinc

cOoD

Copper

Chromium (Total)

Nickel

Table 14. THREE CASE HISTORIES OF GROUND~WATER CONTAMINATION FROM

LEAKAGE OUT OF SURFACE IMPOUNDMENTS.

Two disposal basins,

65x65x 15 feet and
one disposal basin,

130x54x15 feet

Ajrcraft manufacturing

Dimensions of Plume of Con-

taminated Ground Woter
Moximum length (feet)
Maximum Width (feet)

4,300
1,000

Maximum Depth (feet be- 70

low the water table)

Estimated Maximum Volume

of Contominated Ground

Water in millions of gallons

and year
Year Reported

Remedial Action(s) and
Status of Problem

200 (1962)
1949

Periodic research and
monitoring; offected
wells abandoned; some
treatment and reduction
of waste effluent; con-
centrations of chromium
and cadmium have de-
clined but problem still
present in 1974

One storage lagoon
approximately
50x50x10 feet

Metal plating

1,000
200
60

50 (1969)
1969

Lagoon and affected
wells abandoned; no
further action; prob=
lem still present in

1974
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Series of lagoons and
basins covering an
area of about 15 acres
and average about

six feet in depth

Chemical

20 (1972)
1971

Lagoons and basins
sealed with cement
and/or plastic liners;
continuing program of
monitoring; system of
pumping wells installed
to contain pollutants in
area of plant site and
in shallow oquifer zones;
problem still present in
1974
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TECHNOLOGICAL CONSIDERATIONS

The primary contamination pctential from impoundments is deg-
radation of ground or surfuce waters from zeepage of liquids.
One countermeasure is to prevent seepage by installing an im-
permeable barrier. Another approach is to choose an alterna-
tive treatment method which can perform the function of the
impoundment to be replaced, i.e., additional treatment, stor-
age, or disposal. In the following paragraphs, these op-

tions and alternatives are briefly explored.

A wide range of materials are useful as barrier membranes
for impounding liquids and sludges. Many are being used in
the lining of ponds, reservoirs, lagoons and canals for re-
ducing or eliminating the seepage of liquids into ground wa-
ter. Today an increasing number of industries are install-
ing synthetic liner materials, especially hypalon and poly-
vinyl chloride, to meet environmental gquality standards.

The number and location of lined lagoons and ponds is not
known. Lincrs are not a guarantee against eventual leakage
of contaminants into the ground-water system. They can fail
mechanically or can be physically altered by the contained
wastes.

Lagoons used primarily for storage can be replaced by leak-
proof facilities, such as above-ground tanks or concrete ba-
sins. The major criteria for storage tank selection involve
guantity of the waste and the expected length of storage,
and the physical and chemical properties of the waste. For
example, the waste containing volatile contaminants should
be stored in properly vented clogsed tanks, which could be
either vertical or horizontal. In the cases in which vola-
tility or odors pcse no problem, wastes can be stored in
open facilities.

A waste which is not corrosive can be stored in a concrete

or wteel tank; storage of wastes which are corrosive would
require tanks made of other materials. Reinforced wall de-
sign is required for concrete basins, and the concrete must
be water-proofed with a suitable paint or plastic coating.
Short~term or temporary storage basins would have less strin-
gent construction criteria than long-term or permanent stor-
age.

More effective and environmentally-sound techniques are
available tc replace waste-water treatment operations now
performed in ponds and lagoons or to reduce the volume of
waste water now discharged to impoundments. Solids separa-
tion can Le more effectively performed either in clarifiers,
or by filtration or centrifugation. Another example is bio-
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logical stabilization through use of activated sludge or
trickling filtration rather than lagcons. Digestion (anaero-
bic, aerobic) can be used as an alternative treatment for
sludges or wastes with high organic content. Chemical treat-
ment is occasionally carried out in lagoons. The same reac-
tions can be carried out in other facilities less prone to
causing contamination.

An alternative to on-site treatment in general would be con-
nection to a municipal treatment plant, assuming that it had
the capacity and capability of treating the particular waste.
In such a situation, a surcharge may be imposed by the munic-~
ipality, the amount depending upon the volume and composi-
tion of the waste.

Sealing of lagoons, basins, pits, and ponds can have a major
economic impact on industries. Lining can amount {o several
hundred thousand dollars in capital expenses at a particular
industrial site. Also to be considered are the added costs
involved in treating the additional quantity of waste efflu-
ent that previously would have been allowed to leak into the
ground-water reservoir.

INSTITUTIONAL ARRANGEMENTS

In most states, impoundments of industrial waste are not sub-
ject to any special regulations but are considered simply as
potential sources of contamination. If it can be shown that
they affect or may affect surface~ or ground-water quality,
they may be maintained only under a permit. Application of
these laws to industrial impoundments may simply be infer-
able from the general provisions of the statute, or specific,
as in the Montana statute which specifies that the provi-
sions of the water-pollution control law, including permit
requirements, apply to:

"...drainage or seepage from all sources including
that from artificial, privately owned ponds or la-
goons if such drainage or seepage may reach other
state waters in a condition which may pollute the
other state waters." 20)

A state with only general statutory provisions may find it-
self in the position of having to prove that contamination

of ground water is occurring as a result of a storage or dis-
posal activity, before it can prchibit or otherwise control
the operation. It is to overcome this difficult burden that
states have expanded upon their control authority in various
ways.
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A Pennsylvania regulation, for example, requires that im-
poundments for storage of industrial or other wastes be
structurally sound, impermeable, protected from unauthorized
acts of third parties, and that they maintain a 2-ft free-
board. 1If a person or municipality is operating or intends
to construct an impoundment to contain more than 250,000 gal.
(946 cu m) of waste, or where total capacity of several im-
poundments on any tract of land exceeds 500,000 gal. (1,893
cu m), or wherever the Department of Environmental Resources
determines that a permit is necessary, a permit must be ob-
*ained. The Department then approves the location, construc-
tion, use, operation, and maintenance of the impoundment
based upon a plan that the applicant must submit. 21)

The Pennsylvania statute allows regulation by permit of im-
pounding, handling, storage, transportation, prccessing or
disposal activities that create a danger of water contamina-
tion, or where regulation of the activity is necessary to
avoid such contamination. 22)

Michigan, without a specific regulation for lagoons, con-
trols industrial waste collections through its water pollu-
tion control law and regulations. A person who wants to dis-
pose of wastes on the ground must file a "new use statement"
(Statement of New or Increased Use of Water of the State for
Waste Disposal Purposes), drill three initial observation
wells, then file an application for a ground-water discharge
permit, which is reviewed by the Water Resources Commission.
The permit allows disposal of specified wastes under a speci-
fied monitoring program. It may require treatment of wastes.
The permittee must sample and report each month, and the
agency also checks monthly. The Commission does not follow
general guidelines, but established requirements industry by
industry as necessary to preserve U. S. Public Health Serv-
ice standards. 23)

The Michigan statute requires that every industrial or com-
mercial entity whether underground or on the ground, which
discharges liquid wastes into any surface or ground waters,
must have waste treatment or control facilities under the
specific supervision and control of persons who have been
certified by the Water Resources Commission as properly qual-
ified to operate the facilities. This person must file
monthly reports to the Commission showing the effectiveness
of the treatment or control operation and the quantity of
liquid wastes discharged, subject to revocation of his cer-
tificate if he makes a false statement. 24) 1In addition,
the statute requires every person doing business within the
state to annually report discharge of waste water (other
than sanitary sewage) indicating quantities of "critical ma-



terials" used in its manufacturing processes. The Commis-
sion maintains a "Critical Materials Register" of organic
and inorganic materials for this purpose.

The Michigan statute also requires a person engaged in re-
moving liquid industrial wastes from the premises of others
to be licensed and bonded, requires licensing and marking of
his vehicles, and requires the licensee to keep records of
materials transported and places of disposal. This law pro-
hibits the licensee from disposing of wastes onto or into
the ground except as approved by the Commission. 25) A few
other states have similar laws. New York's law in addition
applies to septic-tank cleaning firms.

An approach used by some states is to require a permit for
construction of waste-creating facilities. A rule of the
Florida Department of Pollution Control requires:

"Any stationary installation which will reasonably
be expected to be a source of pollution shall not
be operated, maintained, constructed, expanded, or
modified without an appropriate and currently valid
permit issued by the Department, unless the source
is exempted by Department rule. The Department may
issue such permit only after it is assured that the
installation will not cause pollution in violation
of any of the provisions of Chapter 403, FS, or the
rules and regulations promulgated thereunder." 26)

Applicable regulations are detailed, including standards for
‘issuance of denial (the applicant must affirmatively provide
the Department with reasonable assurance based on plans,
test results, and other information that the activity will
not cause pollution); revocation (including revocation for
refusal to allow inspection); and detailed requirements for
obtaining a permit, which includes:

"An engineering report covering plant description
and operations, types and quantities of all waste
material generated whether liquid, gaseous or
solid, and proposed waste control facilities, the
treatment objectives and the design criteria on
which the control facilities are based, and other
information deemed relevant. Design criteria shall
be based on the results of laboratory and pilot-
plant scale studies whenever such studies are war-
ranted. The design efficiencies of the proposed
waste treatment facilities and the gquantities and
types of pollutants in the treated effluents or
emissions shall be indicated....."
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"Owners written guarantee to meet the design cri-
teria as accepted by the Department and to abide
by Chapter 403, FS, and the rules and regulations
of the Department as to the quantities and types
of materials to be discharged from the plant.

The owner may be required to post an appropriate
bond to guarantee compliance with such conditions
in instances where the owner's financial resources
are inadequate or proposed control facilities are
experimental in nature."”

Delaware's regulation requiring a permit prior to construc-
tion, instead of applying only to installations which may be
a source of pollution, includes "any structure or facility
the occupancy or use of which will generate liquid waste."
It specifies four types of permits: (1) septic tanks, (2)
liquid waste treatment systems, (3) bulk storage, transfer,
and pipelines, and (4) sewers or pipelines carrying liquid
waste. 27)

In a few states, landfill laws apply to liquid industrial
wastes. Generally, state sanitary landfill laws specifical-
ly prohibit disposal of liquids in the landfill. Califor-
nia's is an exception. The State Water Resources Control
Board has established site classifications, with restric-
tions that must be observed for disposal of certain types of
waste.

California's system is unique in that requirements for each
waste disposal site, whether solid or liquid, are establish-
ed by Regional Water Quality Control Boards which issue
"discharge orders" which must be consistent with a water
management plan adopted for the region. These requirements
vary from one region to another. Orders are "tailored" to a
particular site, and are adopted after a public hearing held
by the board.
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SECTION VII

LAND DISPOSAL OF SOLID WASTES

SUMMARY

Solid waste land disposal sites can be sources of ground-
water contamination because of the generation of leachate
caused by water percolating through the bodies of refuse and
waste materials. Precipitation falling on a site either be-
comes runoff, returns to the atmosphere via evaporation and
transpiration, or infiltrates the landfill. Contamination
problems are more likely to occur in humid areas, where the
moisture available exceeds the ability of the waste pile to
absorb water.

Leachate is a highly mineralized fluid containing such con-
stituents as chloride, iron, lead, copper, sodium, nitrate,
and a variety of organic chemicals. Where manufacturing
wastes are included, hazardous constituents are often pres-
ent in the leachate (e.g., cyanide, cadmium, chromium, chlo-
rinated hydrocarbons, and PCB). The particular makeup of
the leachate is dependent upon the industry using the land-
fill or dump. Another problem is the disposal of low-level
radioactive wastes.

There are about 18,500 land disposal sites which accept mu-
nicipal wastes, of which only about 20 percent are "auth-
orized."” Most are open dumps, or poorly sited and operated
landfills, and most receive some industrial wastes. There
is no national inventory available on privately owned indus-
trial land disposal sites. However, it is estimated that 90
percent of industrial wastes that are considered hazardous
are landfilled, mainly because it is the cheapest waste-
management option.

Problems presently associated with existing or abandoned
dumps and landfills should not be consider in the same
category as potential problems at new, properly designed san-
itary landfills because there are methods available for mini-
mizing environmental effects and managing leachate produc-
tion. Proper siting in locations where potential contamina-
tion of ground water is limited is one method. Reduction of
leachate formation by use of selected cover materials and
surface grading of the refuse pile is another. Also promis-
ing but costly are such techniques as pre-treatment capable
of reducing the volume or solubility of the waste, detoxifi-
cation of hazardous wastes prior to disposal, and collection
of the leachate by means of impermeable barriers or liners
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followed by treatment.

There is no effective Federal regulatory control of land dis-
posal of scolid waste except as it may enter navigable waters.
Forty-four states have statutes which prohibit the disposal
of so0lid waste without a permit. The range of requirements
for state permit systems extends from simple notification
that a facility exists to detailed site descriptions includ-
ing the results qf soil borings and sampling of baseline
ground-water gquality. About 15 states have regulations lim-
iting land disposal of hazardous wastes.

DESCRIPTION OF THE PRACTICE

A wide variety of wastes from industries, residences, and
municipalities is disposed of on the land. This practice
ranges from simple dumping of refuse on a readily available
piece of property to controlled disposal of processed wastes
on sites which are designed to minimize the potential for
contamination of local water resources.

According to EPA, the term "solid waste land disposal site"
refers to the following types of operation which may accept
garbage, refuse, municipal and industrial sludges and liquid
waste; discarded solid materials resulting from agricultur-
al, industrial, and commercial operations and from community
activities; and hazardous wastes:

Dump: An uncovered land disposal site where solid and/or

iquid wastes are deposited with little or no regard for pol-
" lution control or aesthetics. 'Dumps are susceptible to open
burning and are exposed to the elements, vectors, and scaven-
gers.

Landfill: A land disposal site located without regard to
possible effects on water resources, but which employs inter-
mittent or daily cover to minimize scavenger, aesthetic,
vector, and air pollution problems.

Sanitary Landfill: A land disposal site employing an engi-
neered method of disposing of solid wastes on land in a man-
ner that minimizes environmental hazards by spreading the
solid wastes in thin layers, compacting the solid wastes to
the smallest practical volume and applying and compacting
cover material at the end of each operating day. 1

Secured Landfill: A land disposal site that allows no hy-
draulic connection with natural waters, segregates the waste,
has restricted access, and is continually monitored. Land-
fills and dumps are very common. True sanitary landfills
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are rare, and, to date, secured landfills are experimental
only.

Landfills or dumps invariably are located on land that is
considered to have little or no value for other uses, for ex-
ample: marshlands, abandoned sand and gravel pits, old

strip mines, or limestone sinkholes, all of which are suscep-
tible to ground-water contamination problems. In one east-
ern state, 85 percent of the existing landfills were origin-
ally designed as "reclamation" projects to fill marshlands
and abandoned sand and gravel pits. Control procedures for
minimizing contamination of ground water were not instituted.

Solid waste land disposal sites can be sources of ground-
water contamination because of the generation of leachate
caused by water percolating through the refuse. Precipita-
tion falling on a site either becomes runoff, returns to the
atmosphere via evaporation and transpiration (water use by
plants), or infiltrates the refuse. This infiltrating water
ultimately will form leachate (water that has percolated
through the wastes and picked up soluble and suspended con-
taminants).

The process of leachate formation and subsequent ground-
water contamination is dependent upon the amount of water
which passes through the refuse. Water which infiltrates
the surface of the cover will first be subject to evapora-
tion and plant transpiration. Any water in excess of field
capacity will percolate into the layers of solid waste. Ad-
ditional surface runoff from the surrounding land, moisture
contained in the solid or liquid waste placed in the fill,
moisture from solid-waste decomposition, and water entering
through the bottom or sides of the site also contribute to
the generation of leachate.

Problems associated with existing or abandoned dumps and
landfills are not in the same category as potential problems
at new, properly designed sanitary or secured landfills

where modern methods are employed for minimizing environment-
al effects and managing leachate production. Proper design
and operation of a new site and the use of liners and diver-
sion trenches can essentially eliminate input water from sur-
rounding surface runoff and native ground water. Input wa-
ter from precipitation can be minimized by controlling such
surface conditions as (1) the steepness of slope, (2) the
permeability of the material used for cover, and (3) the

type and amount of vegetation.
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CHARACTERISTICS OF CONTAMINANTS

The largest component of municipal waste is paper, but sub-
stantial food wastes, yard wastes, glass, metals, plastics,
rubber, and liquid wastes are also included. Many municipal
sites also receive industrial process residues and pollution
control system sludges in addition to septic tank pumpings,
sewage sludge, bulky wastes, street sweepings, and construc-
tion/demolition wastes.

The constituents in leachate from a municipal site result
from simple solution of compounds in the wastes and from the
decomposition of the refuse contained in the land disposal
site. The latter is a biological, chemical, and physical
process and is affected by the degree of microbial activity
that is proceeding within the fill. Microbial activity is
generally dependent on refuse composition, temperature, mois-
ture content, and the availability of free oxygen.

The types and concentrations of contaminants in leachate are
of great importance in determining potential effects on the
quality of ground and surface water. Table 15 shows ranges
in concentration of chemical constituents and physical param-
eters of typical leachate generated from municipal solid
wastes.

In addition to refuse generated by residences and commercial
establishments, a wide variety of industrial wastes are dis-
posed of on the land. Examples of some of those identified

by EPA studies, in approximate order of volume, are as fol-

lows: .

Inorganic Chemicals - process sludges, cell tear-down rubble,
waste-water treatment sludges, dry residues and dusts.

Organic Chemicals - liquid tars, still bottoms, filter resi-
due sludges, residual pitch solids, filter cakes, spent cat-
alysts, pesticides.

Petroleum Refining - tank bottoms, cooling tower sludges,

air flotation float, slop 0il, biological sludge, storm silt,
spent lime, filter clays, API separator bottoms, Fluidized
Catalytic Cracker (FCC) fines, coke and coke fines, hydro-
fluoric acid, alkylation sludges, cleaning sludges. 5

Primary Metals Smelting and Refining - slags, dusts, pollu-
tion-control sludges. °)

Electroplating - waste-water treatment sludges, air pollu-
tion control sludges, organic solvents, concentrated plating
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Table 15. SUMMARY OF LEACHATE CHARACTERISTICS BASED ON 20 SAMPLES

FROM MUNICIPAL SOLID WASTES. 2

Median value

Ranges of all values

Components (ppm) @) (ppm) a)
Alkalinity (CQCO3) 3,050 0 - 20, 850
Biochemical Oxygen Demand (5 days) 5,700 81 - 33,360
Calcium (Ca) 438 60 - 7,200
Chemical Oxygen Demand (COD) 8,100 40 -89,520
Copper (Cu) 0.5 o - 9.
Chloride (Cl) 700 4.7 - 2,500
Hardness (CaCO3) 2,750 0 -22,800
Iron, Total (Fe) 94 0 - 2,80
Lead (Pb) 0.75 <0.1 - 2.
Magnesium (Mg) 230 17 - 15,600
Manganese (Mn) 0.22 0.06 - 125
Nitrogen (NH4) 218 0 - 1,106
Potassium (K) 371 28 - 3,770
Sodium (Na) 767 0 - 7,700
Sulfate (SO,) 47 1 - 1,558
Total Dissolved Solids (TDS) 8,955 584 - 44,900
Total Suspended Solids (TSS) 220 10 -26,500
Total Phosphate (POy4) 10.1 0o - 130
Zinc (Zn) 3.5 0 - 370
pH 5.8 3.7 - 8.5

a) Where applicable
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baths, process wastes. 7)

Paints - raw materials packaging, spills and spoiled batches,
waste-water treatment sludges, air pollution control dusts,
organic cleaning solvents.

Battery - process scrap, reject and scrap batteries, battery
processing slags.

Pharmaceuticals - waste solvents, still bottoms, miscellane-
ous organics, heavy metals, filter cakes, chemical muds, re-
turned goods, reject materials. 10)

Low-Level Radiocactive Waste - contaminated paper and plas-
tics (70 percent by volume), dead laboratory animals, broken
equipment and glassware, protective clothing, evaporator res-
idues, ion exchange resins, organic cleaning solvents, pest-
icides, and chemical processing residues.

A partial listing of the potentially hazardous constituents
of these industrial waste categories is given in Table 16.
Some of the contaminants detected in ground water pose an
acute threat to public health because of their toxicities,
(e.g., cyanide, arsenic, phenols, etc.). Others are hazard-
ous because of chronic effects, such as carcinogens or tera-
togens (e.g., some chlorinated hydrocarbons, vinyl chloride,
chromium, lead). Many contaminants have both characteris-
tics.

Public health and environmental effects are normally corre-
lated with the concentration of and duration of exposure to
the specific contaminant. This has been better documented
for acute effects resulting from high concentrations over a
short period of time than for chronic effects resulting from
exposure to low concentrations for a long period. 11)

EXTENT OF THE PROBLEM

According to the latest available estimates, 135 million

tons (122 million tonnes) of residential and post-consumer
commercial wastes are disposed of in the United States annu-
ally. 12) This amounts to 3.5 1lb (1.6 kg) per person/day.
Not included in this figure are sewage sludge, industrial
processing wastes, air pollution control wastes, demolition
and construction residue, street sweepings, discarded auto-
mobiles and automotive parts, and bulky tree and landscaping
wastes, all of which are found in varying quantities through-
out the nation at municipal land-disposal sites.

It is estimated that approximately 260 million tons (236 mil-
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Table 16. COMPONENTS OF INDUSTRIAL WASTE.,
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Ammonium salts X X

Antimony X X X

Arsenic X X X X

Asbestos X X

Barium X

Beryllium X X

Biological waste X

Cadmium X X X X X X X

Chlor. hydrocarbons X X X X

Chromium X X X X X X X

Cobalt X X

Copper X X X X X X X

Cyanide ) X X X X

Ethanol waste, aqueous X

Explosives (TNT) X

Flammable solvents X X

Fluoride X X

Halogenated solvents X

Lead solvents X X X X X X X

Magnesium X

Manganese X

Mercury X X X X X X

Molybdenum X

Nickel X X X X

Qil X X X

Organics, misc. X

Pesticides (organo-

phosphates) X

Phenol X X X

Phosphorus X X

Radium X

Selenium X X X X

Silver X X X

Vanadium X

Zinc X X X X X X X X
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lion tonnes) of industrial wastes of all types are generated
and disposed of annually (on a dry basis), which is almost
twice as much each year as is produced by residential and
commercial sources. Many of these wastes are potentially
hazardous. Preliminary data from industrial waste surveys
conducted by EPA indicate that over 90 percent of all hazard-
ous industrial wastes are disposed of on the land, mainly be-
cause it is the cheapest waste management option. A similar
percentage of the ,non~hazardous portion of industrial wastes
is most likely disposed of on land, as ovposed to undergoing
treatment (chemical, thermal, etc.) and,or recovery. Thus,
about 240 million tons (218 million tonnes) of industrial
wastes end up in land disposal sites each year.

There are currently about 18,500 land disposal sites which
accept municipal wastes in the United States. 13) only
about 20 percent of these are "authorized." About 20 sites
are lined, and about 60 sites have leachate treatment facil-
ities. Most of the 18,500 sites are open dumps, or poorly
located and operated landfills; very few are truly "sani-
tary landfills." Most receive some industrial wastes.

There is no national inventory of industrial land disposal
sites, which are generally located on private property. The
locations, or even the existence of these exclusively indus-
trial dumps and landfills are rarely recorded with public
agencies, and the few that are, are generally not inspected
on a routine basis. Therefore, ground-water contamination
problems resulting from such sites are not normally discov-
ered until water from nearby supply wells has been notice-
ably affected. '

Some indication of the concentrations of industrial wastes
disposed of in different regions of the United States can be
developed from surveys conducted by EPA over the past few
years. One conclusion of these surveys is that industrial
land disposal contamination problems are widespread. Prelim-
inary data indicate that the highest percentage of industri-
al hazardous waste is generated in EPA Regions V (Midwest)
and VI (Gulf Coast), followed by Regions II and III (Mid-
Atlantic) and IV (Southeast). Each of these regions con-
tains heavy concentrations of industrial production. In the
study, the total industry wastes (and hazardous portion) are
presented by total amount generated per industry by state.*

* The data developed during these industrial surveys are not
provided by industrial waste disposal processes but rather
by industrial category. Thus, the critical areas can only
be illustrated by industry category or waste type, and not
by treatment or disposal method.
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The number of industrial establishments in a state generally
provides an indication of the relative magnitude of concern
for a particular waste category and disposal technique com-
bination. For instance, the inorganic chemicals industry
landfills approximately 55 percent of its concentrated, po-
tentially hazardous wastes. 3) States with 50 or more inor-
ganic chemicals manufacturing establishments are Texas, Cali-
fornia, New Jersey, Ohio, Louisiana, and Illinois. Thus,
land disposal of industrial wastes containing inorganic chem-
icals should be of greater concern in these states than in
any of the others.

Figure 53 indicates the geographical distribution of indus-
trial establishments on the basis of value of production
(value added). Although each specific industrial category
has its own geographical distribution pattern, Figure 53 is
indicative of the generally high industrial concentrations
along the northeast seaboard, in the Great Lakes region, and
in California and Texas.

As noted above, the amount of infiltration from precipita-
tion that falls on a disposal site is the major factor af-
fecting the quantity of leachate that can be generated.
Therefore, the extent of the potential problem of ground-
water contamination resulting from leachate entering agui-
fers is greatest in areas where average annual precipitation
exceeds the potential water losses by evaporation and trans-
piration. As shown on Figure 54, such areas are found east
of the Mississippi River and in the coastal region of the
Pacific Northwest. About 71 percent of the municipal refuse
disposal sites found in the United States are located in
these water surplus areas.

It should be emphasized, however, that no matter where they
are located geographically, dispcsal sites which are placed
in wetlands, in flood plains, or in other areas where the wa-
ter table is close to land surface, can produce leachate and
can be the cause of ground-water contamination. In some
places, such as low lying coastal areas, the water table is
so high that all disposal sites constructed without suffi-
cient natural or artificial barriers will contaminate ground
water.

While the most common economic damage resulting from leach-
ate is the contamination of domestic, industrial, and public
supply wells, there are numerous cases where leachate has
directly contaminated surface waters. In confined, slow
moving, or relatively low-volume surface waters, leachate
has killed vegetation and fish, wiped out spawning areas;
and ruled out the use of existing and planned recreational
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areas.

Table 17 lists possible types of damages that can result
from the introduction of leachate to surface- and ground-
water resources. The damages that have actually been re-
ported are underlined.

On a local level, in addition to the possibility of grave
health effects as a result of chronic exposure, leachate con-
tamination frequently causes severe economic hardships, dis-
tresses, inconveniences, and inequities to damaged land own-
ers. In no case recorded to date have the victims been

fully compensated for their losses. Due to the number of
years (50 to 100 is possible) that land disposal sites may
produce leachate, it is difficult to assess the impact of
possible damages to future generations.

Case Histories

EPA is currently compiling a national inventory of damage in-
cidents that have been caused by improper land disposal of
municipal and industrial wastes. Table 18, based on 391 in-
dustrial damage incidents documented as of February 1976,
indicates that ground-water contamination is the most common
type of damage reported, followed by surface-water contamina-
tion. Table 18 also shows that landfills, dumps, and "other
land disposal" (i.e., promiscuous dumping), account for the
large majority of reported damage incidents. It should be
noted that twice as many damage incidents have been associ-
ated with "other land disposal" than with true landfills and
dumps. The data summarized in the table are not nationally
representative since 63 out of the 391 cases studied were ob-
tained from an incomplete survey of one state that already
has a permit system for landfills and surface impoundments.
The most flagrant environmental offenses generally occur in
those states that do not have regulatory programs for indus-
trial waste disposal.

In the 1974 EPA study of ground-water contamination in the
northeast states, 60 case histories were tabulated, includ-
ing 18 pertaining to industrial landfills. 17)  Examination
of Table 19, which has been reproduced from that study, will
convey some of the dimensions of the problem, at least for
the Northeast. The study uncovered about 100 cases in which
landfills were pinpointed as the contamination source. The
60 cases on Table 19 were selected from the 100 on the basis
of adequacy and reliability of information.

Although Table 19 indicates that municipal sites account for
more cases of ground-water contamination than do industrial,

155



Table 17. TYPES OF POSSIBLE LEACHATE DAMAGE. 16)
DAMAGE TO LIFE @
. Humans

acute and chronic health effects (e.g. lllness, skin damage, partial
paralysis, brain damage, death)

It. Domestic Animals

IHl. Wild Animals

terrestrial (e.g.. ma.mmols, birfis) . b)
aquatic (e.g. fishkills, spawning areas, shellfish ’, crabs)

V. Farm Crops
V. Other Vegefafion

grasses, shrubs, trees

PHYSICAL DAMAGE @)

|. Water Resources Contaminated

springs, lakes, streams, rivers, ground water, marshlands

H. Drinking Water Supplies

surface water (reservoirs, springs, lakes, rivers)
ground water (domestic, industrial and public supply wells)

HI. Land/Water Use

sport/recreation: fishing, shellfish, swimming, parks
decreased property value or facility utilization
loss of future use of water resource (surface and ground water)

IV. Material Destruction

damage to laundry, pipes, sinks, water heater, food, etc.
damage to industrial equipment or products

a) Underlined portions are leachate damages identified to date.
b) Shellfish concentrate accumulations of toxic metallic ions.
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Table 19. SUMMARY OF DATA ON 42 MUNICIPAL AND 18 INDUSTRIAL LANDFILL
CONTAMINATION CASES.

Type of Landfill
Findings Municipal Industrial

Assessment of principal damage

Contamination of aquifer only 9 8

Water supply well(s) affected 16 9

Contamination of surface water 17 1
Principal aquifer affected

Unconsolidated deposits 33 n

Sedimentary rocks 7 3

Crystalline rocks 2 4
Type of pollutant observed

General contamination 37 4

Toxic substances 5 14
Observed distance traveled by poliutant

Less than 100 feet 6 o

100 to 1,000 feet 8 4

More than 1,000 feet 11 2

Unknown or unreported 17 12
Maximum observed depth penetrated by pollutant

Less thon 30 feet 1 3

30 to 100 feet 1 3

More than 100 feet 5 2

Unknown or unreported 15 10
Action taken regarding source of contamination

Londfill abandoned 5 6

Londfill removed 1 2

Containment or treatment of leachate 10 2

No known action 26 8
Action taken regarding ground-water resource

Water supply well(s) abondoned 4 5

Ground-water monitoring program estoblished 12 2

No known action 26 1
Litigation

Litigation involved 8 5

No known action taken 34 13
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this is somewhat deceptive. As previously noted, very lit-
tle information is on file with regulatory agencies regard-
ing the location and operation of industrial landfills.
Furthermore, ground-water contamination problems have been
studied to a greater extent at municipal than at industrial
sites.

Because of the large volumes of waste material involved, re-
moving the source of contamination when dealing with land-
fills obviously is almost impossible. Thus, most of the
cases included in Table 19 are listed under the category

"no action taken.” In a few, involving small quantities of
toxic wastes, the material causing the problem was excavated.
In others, the site was closed, but this alternative is dif-
ficult to accomplish because an acceptable new location must
be found and approved, or new facilities must be designed
and constructed for handling the waste, such as recovery,
treatment, or incineration. In addition, simple abandonment
of the site does nothing to remedy the problem. In cases
where well supplies have been affected, abandonment of the
wells is sometimes a last resort because of the high costs
involved in developing and piping a new source of water sup-

ply.

A few contamination cases are known to have resulted in liti-
gation. This procedure normally takes the form of a local

or regional regulatory agency using existing laws to force
the contaminator to take action to modify the operation of

or to abandon the site.

As discussed in other sections of this report, the major
perils inherent in ground-water contamination are the elu-
sive nature and the long duration of the problem. Almost

all of the case studies reported to date were discovered af-
ter the damage to the ground water had already occurred. Al-
so, the subsurface migration of contaminants is a very slow
process, which means that most of the damages caused by the
disposal of huge quantities of hazardous wastes during the
past decades are still to be evidenced. This point is well
illustrated by the following case study. 18)

In May 1972, a local building contractor occupied a new of-
fice and warehouse structure at the outskirts of Perham, a
town of 1,900 residents in western Minnesota. At that time,
a well was drilled to supply drinking water for about 13

people who worked on the premises.
Early in May, five employees became ill with gastrointestin-

al symptoms. Folliowing this, and continuing throughout the
next 10 weeks, other employees also became ill. Arsenic poi-
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soning was determined to be the cause, which affected a to-
tal of 11 out of 13 persons exposed to the water. Two re-
guired hospitalization and treatment. One of the victims
lost the use of his legs for about six months due to severe
neuropathy. The medical aspects of this ground-water contam-
ination incident have been well documented by Dr. E. J.
Feinglass. 19)

Chemical analysis of samples taken from the affected well
established arsenic concentrations of up to 21,000 ppb.

(The EPA drinking water standard for arsenic is 50 ppb.) As
Dr. Feinglass pointed out in his article, the particularly
serious consequences of chronic arsenic poisoning were prob-
ably avoided in this instance because of the extremely high
concentration of arsenic in the drinking water. The acute
course of the illness allowed early recognition of the prob-
lem.,

The source of the well water contamination has been traced
back to the mid-1930's, at which time grasshoppers had con-
stituted a serious problem to farmers in the area. Some old-
timers recalled that excess grasshopper bait had been buried
at the former County Fairgrounds, in a corner which was used
as the village dump in those days. That area is now direct-
ly adjacent to the new facilities of the building contractor
whose well became contaminated.

The exact area of disposal was located approximately 20 ft
(6 m) from the well. The well is 31 ft (9 m) deep and the
arsenic trioxide was buried at a depth of about 7 ft (2 m).
Analysis of soil samples established a maximum arsenic con-
centration of 40 percent at the spot where a white crystal-
line material was found. The Minnesota Department of Agri-
culture has estimated that less than 50 1b (23 kg) of grass-
hopper bait was disposed of in the trench about 40 years ago.

The association of public health effects with the contamina-
tion of a drinking water supply through hazardous waste dis-
posal, as illustrated by the previous case study, is extreme-
ly difficult. Nevertheless, EPA is aware of numerous inci-
dents where waste disposal practices have impaired the use

of domestic and public drinking water supplies. The follow-
ing case study illustrates the wide-scale impairment of do-
mestic water supplies and the associated economic damages. 20)

In March 1971, a major chemical company hired an independent
waste hauler to remove drums containing chemical wastes from
one of its plants in New Jersey. The wastes consisted of or-
ganic wash solvents and still bottoms and residues from the

manufacturing of a variety of organic chemicals and plastics.
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The waste drums were to be taken to a landfill for disposal,
and some of the drums which were removed initially from the
plant probably reached their intended destination. However,
in December 1971, about 4,000 of the drums were discovered
on a former chicken farm in a sparsely populated suburban
area of New Jersey. BAbout 10 percent of the drums were emp-
ty. There were trenches on the property into which the con-
tents of some drums had been emptied. Chemical wastes and
some of the full drums were also buried in other sections of
the property. On the grounds that the storage of drums con-
taining flammable and explosive chemicals presented fire and
explosion hazards in the area, and that the storage of chem-
ical waste by the lessee did not have the approval of the
property owner, a court order was obtained to have the chem-
ical company remove all drums and chemical wastes from the
property and dispose of them in an approved manner.

Early in 1974, about two years after the discovery of chemi-
cal waste storage/disposal on the leased land, some of the
residents in the area discovered unusual taste and odor in
their well water. Subsequent chemical analysis of water sam-
ples from these and other wells in the area indicated the
presence of petrochemical contaminants. On the basis of
these analytical results, the very strong and persistent
taste and odor problem associated with the water from some
of the wells, and the documented case of earlier waste chem-
ical storage and burial on the nearby land, the New Jersey
Department of Environmental Protection concluded that the
ground water in at least the immediate vicinity of the dis-
posal site was contaminated with hazardous organic chemicals.

To protect the health of the area's residents, the local
Board of Health passed an ordinance forbidding the use of
well water from 148 wells for any purpose. For a period of
about 6 months while steps were being taken to extend the
services of a public water supply company to the arsa on a
permanent basis, emergency water supply was provided to the
residents using water tanks which were stationed at strate-
gic locations in the area. Some residents and public facil-
ities used bottled water for drinking and cooking purposes.
In some sections of the area where construction of new wells
was still allowed, the wells had to be drilled deeper than
was formerly necessary in order to obtain uncontaminated wa-
ter.

Preliminary estimates indicate the immediate monetary damage
resulting from the incident was in excess of $400,000. The
major items of cost include: the extension of the public wa-
ter supply to the area ($249,000), 20 new wells drilled to a
deeper aquifer ($46,000), interim emergency water for area
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residents (55,000, minimum), and sampling and analysis of wa-
ter ($35,500). Costs associated with litigation, removal of
wastes from the property, and salaries for many of the pro-
fessionals in the state and local agencies investigating the
incident are not included in the above estimates.

The stockpiling of hazardous waste materials without ade-
gquate precautions can seriously impair ground-water quality.
This is illustrated by the fecllowing incident which affected
a public water supply syster. 20) In 1967, an indust.’ 1
operation recovering metals from waste materials moved near
the well field of a New Jersey municipality. The company
stockpiled naterials containing zinc, lead, and cadmium in
the open, and the metals leached into adjacent surface and
ground waters. Subsequently, some public water supply wells
had to be closed in 1971 and 1972 due tc high concentrations
of zinc. Other wells in the same field are in jeopardy. In
addition, a surface stream flows into a pond near the well
field; =zinc and lead concentrations in that pond have been
analyzed at 12,250 ppm and 600 ppm, respectively. (The U. 8.
Public Health Service recommended drinking water limit for
zinc is 5.0 ppm; the EPA mandatory drinking water limit for
lead is 0.05 ppm.)

Prolonged disposal of hazardous wastes at landfills and
dumps can result in the accumulation of extremely large
amounts of material, the effects of which may not be ob-
served for many years. From 1953 to 1973, a laboratory com-
pany in Towa utilized a dump site for solid-waste disposal.
Over 250,000 cu ft (7,000 cu m) of arsenic-bearing wastes
had been deposited there. Monitoring wells around the dump
have established over 175 ppm arsenic in the ground water.
(The U. 8. Public Health Service drinking water limit for
arsenic is 0.05 ppm.) The dump site is located above a lime-
stone bedrock aquifer, from which 70 percent of the nearby
city's residents obtain their drinking and crop irrigation
water. Although there is no evidence that the drinking wa-
ter is being affected, the potential for future contamina-
tion is significant. 20)

In 1975, EPA conducted an assessment of leachate damages at
five municipal disposal sites located in the northeast and
midwest (Table 20). All five sites contaminated the ground
water and polluted residential, industrial, or public supply
wells. Up to 5,000 ft (1,500 m) and 0.42 sg mi (1.1 sg km)
of ground water were contaminated.

In all but one case, all the wells were abandoned and public
water piped iun. In this case the residential wells were re-
placed by pipsd water, but the public supply and industrial
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wells have been forced to cut back production. Counterpump-
ing wells are being used to retard the leachate migration.
Since counterpumping is so expensive, serious consideration
is being given to the removal of the landfill. This would
allow the aquifer to eventually cleanse itself and once
again permit full use of the public supply and industrial
wells.

In none of the five cases were the damaged well owners fully
compensated for their losses, including their inconvenience,
lost time, and water consumption charges. The domestic well
owners in one case assumed all the cost themselves. They
used temporary water for four years before donating their
private road to the city and connecting to a public supply.
In another case, the domestic well owners sued the landfill
operator. In winning the suit they recovered only the legal
fees, public supply costs, and some house fixture replace-
ments. Unrecovered were such costs as temporary water, in-
convenience, lost time, road repair, and water consumption
charges. They also were required to become annexed to the
town which supplied the water.

Litigations against contaminating land disposal sites take
two forms: (1) action by the state health or environmental
authority to force corrective actions to prevent continued
contamination, and (2) damage suits by the impacted well or
land owners. Both types of litigation have severe con-
straints. A major problem with both types is the expense
and effort of proving the contamination was indeed caused by
the disposal site and by no other source. Such proof typi-
cally requires drilling of monitoring wells and analyses of
water samples to determine the direction of ground-water
flow and the constituents and extent of contamination. This
means a major expense before litigation can start. At one
site, such an examination was estimated by the U. 8. Geolog-
ical Survey to cost $130,000.

A second and greater constraint on state litigation is that,
in the absence of a disposal alternative, the state cannot
realistically shut down a disposal site regardless of the
contamination it causes. Coercion must be used with or with-
out litigation. Further, any effective corrective action is
generally prohibitively costly (a private owner could de-
clare bankruptcy first). The damaged party usually cannot
afford the professional expense to conclusively prove the
source of contamination. In addition, the owner of the con-
taminated well usually has no alternative water-supply
source other than bottled water, so time is of the essence
in obtaining relief.
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Radiocactive Wastes

Radioactive wastes are disposed of by shallow-land burial at
a number of facilities across the United States. 21) gix of
these sites are commercial, and are required to be situated
on Federally- or state-owned land, even though they are man-
aged by private industry. The commercial sites are located
in Washington, Nevada, Illinois, Kentucky, New York, and
South Carolina, and in general, are regulated by the state's
Environmental Protection Agency.

Energy Research and Development Administration (ERDA) has
five principal burial sites at their facilities in New Mex-
ico, Idaho, Tennessee, Washington, and South Carolina. All
are located on Federal land, and they are operated by ERDA
contractors.

The sources of waste, which are in a solid form, are derived
from the nuclear power industry (fuel fabrication, reactor
operation, and fuel reprocessing); the university and indus-
trial research centers, medical diagnostic and treatment cen-
ters; military laboratories and service facilities, includ-
ing the shipyard servicing of nuclear-propulsion naval ves-
sels; and certain ERDA operations which do not have on-site
waste burial capability. The low-level radioactive wastes
which are disposed of by shallow-land burial can be defined
as those which neither originate from the first extraction
process of the nuclear fuel reprocessing operation nor gen-
erate sufficient heat or radiation so as to require special
cooling or shielding.

Inventory data accumulated by EPA during the past few years
reveal that .the volume and quantity of low-level waste is
growing rapidly. As of 1973, some 9.2 million cu ft
(260,000 cu m) of low-level radioactive wastes have been
burjed, and it is estimated that by 1990 this volume will
have accumulated to some 175 million cu ft (5 million cu m).
It is estimated that the ERDA facilities will have accumu-
lated about 40 million cu ft (1.1 million cu m) by 1990.
Based on EPA data, estimates, and projections concerning the
existing commercial burial sites, if all sites are used to
capacity and no changes to the present practices or trends
occur, all six commercial sites could be filled by 1992.

Examples of problems that can occur if such wastes are not
handled properly are illustrated by the following case his-
tories. Between 1963 and 1974, approximately 3.7 million cu
ft (100,000 cu m) of solid "low-level" radioactive waste
were buried at the commercial radioactive waste disposal fa-
cility at the Maxey Flats, Kentucky site. 22) These wastes
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contained more than 175 1lb (80 kg) of plutonium~239, a large
undetermined quantity of other plutonium isotopes, and
1,600,000 Ci of by-product material. The burial media at
Maxey Flats is an unsaturated jointed shale with relatively
low permeability which is underlain by a series of jointed
shales, siltstones, and sandstones. The main water table is
approximately 150 ft (45 m) below land surface. 1In 1972, it
was noted that some trenches had filled or were filling with
leachate and radioactivity was detected in monitoring wells
and in the environment around the burial facility.

Geotechnical, operational, and regulatory factors or prob-
lems observed at Maxey Flats which appear to have a direct
bearing on the land burial of hazardous wastes follow:

- The intent of disposing of plutonium and other radio-
nuclides at Maxey Flats was absolute containment but con-
tamination has migrated hundreds of metres from the site
in less than 10 years. While EPA scientists are confi-
dent that, at the present time, this movement of plutoni-
um and other radioactive materials does not present a pub-
lic health hazard, the potential long-~range impact of
these contaminants is not known.

- The primary source of the leachate is precipitation in-
filtrating through the trench caps. If the caps had been
impermeable (rather than of "very low permeability"),
there may not have been a problem.

- The permeability of the burial media was sufficiently low
to cause the trenches to fill like bathtubs with leachate
and overflow; yet, the joints in the burial media allow-
ed subsurface migration of the leachates.

- There is no information on the physical and chemical
character of the wastes,

~ There is insufficient information on the hydrogeology of
the site and the wastes buried there to predict where or
how the radioactivity will migrate or what the impact on
man or the environment will be. An estimated $1,300,000
will be required to evaluate the problem.

- Plutonium is thought to be insoluble in water and unable
to move more than a few centimetres after coming in con-
tact with the ground. It is suspected that the reaction
of plutonium in the leachate~saturated environment of the
burial trenches may have mobilized it so that it has been
able to migrate hundreds of metres through the subsurface.
If true, this could have serious implications on the land
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disposal of other heavy metals.

- The site is located over a series of jointed and frac-
tured rock and the burial media itself is jointed. This
jointing and fracturing: (1) prevents prediction of
where contaminants will move; (2) allows channeling and
unexpectedly rapid movement of contaminants through the
subsurface; and (3) allows the ion exchange mechanism, a
major secondary safety factor in land disposal, to be by-
passed.

~ Mitigating actions such as dewatering the trenches, evap-
orating the leachates, and improving the caps have been
taken. They do not, however, ensure that the spread of
contamination has been stopped. They are on-going, in-
terim actions which may well be required for hundreds of
years. Once dewatering stops, leachates probably will
again fill the trenches and migration of contaminants
will continue. No solution to the problem has yet been
developed; however, final corrective action may well
cost several millions of dollars.

~ The burial facility is regulated by the state. The regu-
lations are, in general, comparable to regulations for
other state~ and Federally-regulated radioactive waste
disposal sites.

A similar situation has developed at a second commercial ra-

diocactive waste burial facility in West Valley, New York. 23)
Although the hydrogeology is different, precipitation has in-
filtrated the trench caps, causing the formation of radiocac-

tive leachates. These leachates have filled the trenches

and overflowed, allowing the release of radiocactivity.

Again insufficient information was available on the geology,

hydrology, depth to water, and physical and chemical charac~

ter of the wastes.

At Oak Ridge National Laboratory, buried wastes from two of
four burial grounds annually contribute 1.8 to 2.8 curies of
strontium-90 to adjacent ground water and ultimately to the
Clinch River. From 1951 to 1973, approximately 35 million
gal. (130,000 cu m) of waste containing over one million
curies of mixed fission products were placed into four pits
and seven trenches excavated into the Conasaug Shale. About
half of the activity consisted of strontium-90 and cesium-
137 with most of the balance being ruthenium~106. Break-
through and transport (in ground water) was commonplace and,
in part, led to subsequent disposal efforts involving hydro-
fracturing of the shale and injection of slurries.
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Future Trends

Current or probable trends that will tend to reduce the prob-
lems of ground-water contamination from land disposal sites

are:

1.

Many open dumps and other contaminating disposal sites
will be closed, and larger regional facilities, properly
located and designed to minimize contamination, will be
developed.

More sites will require permits from regulatory agencies
and, thus, will be constructed in compliance with state
controls and regulations.

More wastes will be processed (incinerated or shredded)
and/or recovered (materials and energy), resulting in
less waste volume.

It should be emphasized that the foregoing favorable trends
relate only to municipal and not industrial wastes.

Current or probable trends that will tend to increase the
problem of ground-water contamination from land disposal
sites are:

1.

The volume of waste is continuing to increase, both abso-
lutely and on a per capita basis.

An increasing amount of industrial wastes will require
land disposal as a result of the implementation of the
Federal Water Pcllution Control Act Amendments of 1972,
the Marine Protection Research and Sanctuaries Act of
1972, and the Clean Air Act of 1970. This is illus-
trated in Figure 55, which shows that residues of pollu-
tion control efforts account for the greatest increase
in wastes destined for land disposal in the case of se-
lect industries that were examined by EPA.

Increasing numbers of municipal sites will refuse to ac-
cept industrial wastes, resulting in more on-site dis-
posal facilities, which are difficult to regulate, inven-
tory, and monitor.

Disposal sites now operating or currently closed may con-
tinue to produce leachate and cause severe damages for
the next 50 to 100 years.

7he demand for ground and surface waters will continue

to increase, forcing utilization of water resources that

168



1983

ARBITRARY SCALE

4 PROCESS RESIDUE
L4 POLLUTION CONTROL RESIDUE

Figure 55. Projected growth of combined waste quantities for four representative industries
(inorganic chemicals, paper, steel, and non~ferrous smelting).
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may have been affected by leachate.

The net effect of these favorable and unfavorable trends can
be summarized as follows:

1. The increase in the recovery of material and energy will
not offset the increases in waste generation (Table 21).

2. The greatest problems will be controlling the disposal
of hazardous industrial wastes, and developing effective
permitting and monitoring programs for all land disposal
sites.

3. In populous areas, it may become necessary to recycle wa-
ter, or treat brackish or highly mineralized water to re-
place water which has been contaminated.

4. Extensive, sophisticated land and ground-water use plan-
ning and surveillance programs will have to be developed
to avoid placing wells in contaminated aquifers, or lo-
cating disposal sites in areas where contamination could
occur.,

TECHNOLOGICAL CONSIDERATIONS

Methods for preventing, reducing, or managing leachate are
(1) natural attenuation, (2) prevention of leachate forma-
tion, (3) collection and treatment, (4) pretreatment capable
of reducing the volume or solubility of the waste, and (5)
detoxification of hazardous wastes prior to disposal.

Descriptions of these processes are given below, including
the effectiveness of protecting ground-water resources. The
current status of the various leachate control methods is
given in Table 22.

Natural Attenuation

As leachate migrates through so0il, it undergoes natural at-
tenuation by various chemical, physical, and biological
processes. The ability of a proposed sanitary landfill site
to attenuate the leachate generated should be estimated on a
site-by-site basis using available technology. If natural
attenuation appears inadequate, it may be desirable to line
the site and collect and treat the leachate.

?revention

The second control method involves preventing leachate gen-
eration. If water is restricted from entering the site,

170



Table 21. U.S. BASELINE POST-CONSUMER
SOLID WASTE GENERATION PROJECTIONS. @)

Estimated Proiecred
1971 1973 1980 1985 1990

Total Gross Discards

Million tons per year b) 133 144 175 201 225
Pounds per person per day c) 3.52 3.75 4.28 4.67 5.00

Less: Resource Recovery

Million tons per year 8 9 19 35 58
Pounds per person per day 0.21 0.23 0.46 0.81 1.29

Equals: Net Waste Disposal

Million tons per year 125 135 156 166 167
Pounds per person per day 3.31 3.52 3.81 3.86 3.71

a) Resource Recovery Division, Office of Solid Waste Management Programs, U.S.
EPA, revised December 1974. Projections for 1980 to 1990 based in part on
contract work by Midwest Research Institute.

b) Tons x 0.9078 = tonnes
c) Pounds x 0.454 = kilograms
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Table 22, STATUS OF LEACHATE CONTROL METHODS.

Method

NATURAL ATTENUATION
Clay
Silt
Sand
PREVENTING LEACHATE
GENERATION
COLLECTION AND TREATMENT
Liners
Biological

treatment
Physical~Chemical
Recirculation
Spray irrigation
IMMOBI LIZATION

Chemical
Stabilization

Encapsulation

Fixation and
encapsulation

VOLUME REDUCTION

Dewatering
Incineration

DETOXIFICATION

Effectiveness

promising research
unknown

unknown

ranges from

complete to
partial control

promising research
promising research

promising research
promising research

promising research

research progressing
looks promising

research progressing
looks promising

research progressing
looks promising

effective

effective for
organics

varies widely by
process and waste
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Degree of use

unknown
unknown
unknown

limited

limited
very limited
very limited

very limited

very limited

limited but
growing

very limited

not in use

widely practiced
in water pollution

moderate

limited to specific
wastes

Cost {examples)

natural
natural
natural

not available

$1.50 to
$4.00/sq yd

not available

not available
not available

not available

$10 to $20/ton
$16/ton

$40/ton

$5 to $20/ton
$20 to $100/ton

varies widely



then the amount of leachate generated will be greatly re-
duced. Water cannot be completely prevented from entering
in some locations, but through proper design and operation,
the guantity can be minimized.

Control measures, such as diversion of upland drainage; use
of relatively impermeable soils for cover material; compact~
ing, grading, and sloping of the daily and final cover to
allow runoff; rapid attainment of final elevations; plant-
ing of high-transpiring vegetation; use of impermeable mem-
branes overlying the final 1ift of solid waste; maintenance
of final grades; and use of subsurface drains and ditches
to control ground water are available to the design engineer
and operator. Use of impermeable membranes and soil cover
requires vents to control gases and drains to manage the in-
tercepted leachate. However, there presently is a general
lack of quantitative information on the use of these con-
trols.

Collection and Treatment

The third control method is to collect and treat the leach-
ate. An impermeable liner may be employed to prevent the
movement of leachate into the ground. This is a relatively
new technique, and because impermeable liners have not been
used for long periods, their long~term durability has not
been established.

An impermeable liner can be made from different types of

materials, including: natural clay, soil additives, conven-
tional paving asphalt, hot sprayed asphalt, polyethylene
(PE) , polyvinyl chloride (PVC), butyl rubber, hypalon, chlo-
iinated polyethylene (CPE), and ethylene propylene rubber
EPDM) .

EPA research currently underway provides for the evaluation
of common liner materials for resistance to various types of
municipal and industrial leachates. The evaluation will
take two years, and results will become available beginning
in May 1977. The costs of lining sanitary landfills will
also be evaluated. 24,25)

Where sanitary landfills use collection for control of leach-
ate, provisions must be made to treat it prior to discharge
to the surrounding environment. Several researchers have
studied the treatment of leachate, and promising results

were obtained with a number of methods. It was found that
biological treatment methods are effective when treating or-

ganics generated in a new site. 2) Physical-chemical treat-
ment methods showed better results than biological methods
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when treating leachate from an old fill. Industrial leach-
ate may require more specific treatment techniques, depend-
ing upon the wastes involved.

Three projects have been awarded by the EPA to demonstrate
leachate treatment processes. The first is an activated
sludge plant in Tulleytown, Pennsylvania. The treatment
plant will use lime pretreatment to remove heavy metals pri-
or to entering the activated sludge units. Because this is
the first full-scale activated sludge plant to treat land-
fill leachate, accurate cost data are presently not avail-
able. This plant was designed to treat leachate from a 50-
acre (20-ha) sanitary landfill in a moderately high-rainfall
area. The reported capital cost for the treatment plant is
$350,000.

The second demonstration project is an anaerobic filter at
Enfield, Connecticut. At the present time, EPA knows of no
cost data that are available on the capital and operating
cost of a full-scale anaerobic filter used to treat landfill
leachate; these will be provided by the Enfield project.
The third project tests the use of soils and vegetation for
reducing contaminants in leachate and measures the environ-
mental and ecological impact of leachate applied by spray
irrigation.

A laboratory study is currently underway at the University
of Illinois to test the different alternatives and combina-
tions of physical-chemical treatment methods to polish the
effluent of the extended aeration, activated sludge, and
anaerobic filter units used in treating leachate. Prelimi-
nary results indicate that a very good quality effluent can
be obtained (COD of less than 5 ppm and a total dissolved
solids content of less than 50 ppm). Similar treatment
schemes can be used to treat well-stabilized leachate from
an old landfill.

Leachate can be spray irrigated on certain land and is
treated through reactions in the soil mantle. Research work
already carried out by EPA has shown that spray irrigation
can remove contaminants from leachate. The test results
from the study showed COD removal rates of 85 to 99 percent;
iron, 88 to 99 percent; and similar results for zinc. Low-
er removal rates were observed for potassium, calcium, mag-
nesium, and sodium.

Managing Industrial Wastes

While much industrial waste has characteristics somewhat sim-
ilar to municipal refuse, process wastes tend to be composed
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of higher concentrations of more homogeneous materials. Of-
ten these are liquids, slurries, or sludges, and typically
they are toxic, flammable, or otherwise hazardous to health
and the environment. Properties of such wastes vary widely,
and the techniques used to manage them adequately vary ac-
cordingly. Many of the techniques discussed above are ap-
plicable to certain classes of hazardous wastes, or can be
made suitable if modifications are made, or proper precau-
tions are taken. ,

Although the preferable alternative for many waste disposal
problems is the conventional sanitary landfill, certain
wastes should probably never be land disposed because of the
extreme hazards posed by the escape of even small gquantities
of a hazardous constituent. Due largely to the hazardous
nature of some industrial wastes, the potential for leachate
contamination of surface and ground waters is large even in
a well-run sanitary landfill. Also, waste-materials hand-
ling procedures at a landfill may be less than adequate to
ensure the landfill operators' safety.

EPA has awarded a five-year demonstration grant to the Minne-
sota Pollution Control Agency. The overall project goal is
to conduct a complete demonstration of a chemical waste land
disposal site, which examines the technological, economic,
organizational, and social/institutional issues involved in
establishing and managing an environmentally acceptable site
designated for hazardous wastes.

Specific objectives include:

1. Demonstration of site selection methods.

2. Demonstration of appropriate site preparation techniques
to prevent ground-water infiltration.

3. Demonstration of waste preparation techniques.

4. Demonstration of monitoring and surveillance techniques.
5. Evaluation of waste handling and operational procedures.
6. Determination of costs.

7. Evaluation of social and institutional issues.

The facility will become operational in late 1977 and con-
tinue to serve industrial waste generators in the Minne-

apolis-St. Paul area after the demonstration period ends in
1980.
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The broad categories of hazardous waste handling are chemi-
cal stabilization and encapsulation. The purpose of these
techniques is to render the waste less soluble or less avail-
able for transport to the water related environment. In the
chemical fixation process, additives are mixed with waste
sludges, and the resulting mixture is deposited in a land
disposal site. Depending on the technique employed, some
wastes, such as heavy metals, may be complexed to produce in-
soluble compounds. Chemical fixation costs are typically in
the range of 5 to 10 cents/gal. (approximately $10 to $20/
ton or $11 to $22/tonne), not including the cost of land at
the final disposal site.

Although its application is somewhat limited, numerous incin-
eration techniques are currently available which are appro-
priate to a variety of disposal situations. The primary ad-
vantages of proper incineration are listed below:

1. Incineration technology is relatively well developed.
Facilities exist that are currently utilized in both mu-
nicipal and industrial waste disposal.

2. Incineration can destroy or detoxify a very wide variety
of hazardous organic materials. With the proper incin-
erator temperature, residence time, and effluent scrub-
bers, many dangerous compounds are oxidized to harmless
combustion products. In this case, some residual mate-
rials will still remain for land disposal, but these
will often be less toxic than the original material.

3. Incineration can greatly reduce the volume of waste. A
concentrated ash is more suitable for materials recovery
and requires less space for land disposal.

4. Incineration has the potential for energy recovery.
With the increasing cost of fuel, the heat value of
waste materials represents a potentially valuable energy
source.

Incineration does have disadvantages. The equipment is rela-
tively expensive and unless proper control devices are in-
stalled, air pollution problems can result.

Although many industrial wastes are currently being inciner-
ated in commercial incinerators, the combustion conditions
and the effluents are not always adequately controlled or
monitored. Also, information which is gathered is generally
kept in confidence. 1In order to provide the desired informa-
tion base to the government and the public, a demonstration
program has been initiated by EPA.
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This program will demonstrate the environmental, operational,
and economic feasibility of destructing industrial wastes

via incineration. The work will be accomplished through a
series of test burns conducted on various types of existing
commercial-scale incinerators, using actual samples of indus-
trial waste streams.

INSTITUTIONAL ARRANGEMENTS

Levels of Regulatory Control

There is no Federal regulatory control of land disposal of
solid waste except as it may enter navigable waters. The

use of the Refuse Act of 1899, which prohibits discharging
solid waste to navigable waters, has been awkward and gen-
erally ineffective.

A recent district court ruling stated that the Federal Water
Pollution Control Act (PL 92-500) specifically excluded
ground water from Federal regulatory control (U.S. vs. GAF
2-5-75). The National Pollutant Discharge Elimination Sys-
tem (NPDES), established under this Act to control ground-
water discharges, has yet to be successfully employed. Fur-
ther obstacles to Federal control are inherent in the char-
acteristics of "sanitary landfills." "“Sanitary landfills"
are not designed to discharge leachate. Therefore, the ap-
plication of an NPDES-style permit is infrequent.

Traditionally, regqulation and control of solid-waste dis-
posal have been concerns of the states. While there are
dramatic differences in perceived responsibilities and objec-
tives among the 50 state regulatory agencies, there is agree-
ment among state laws that solid-waste disposal shall not
pose a threat to health. All 50 states have addressed the
problem of solid-waste disposal and have passed legislation
to control, to varying degrees, health and environmental im-
pacts associated with solid-waste disposal.

Permits

Forty-four states have statutes which prohibit the disposal
of so0lid waste without a permit. Typically, the permit is
issued by a state agency, but in a number of states, permits
are handled by local or regional agencies, with state over-
sight.

The range of requirements for state permit systems extends
from the minimal requirements of four states for notifica-
tion that a facility exists, to the requirements of states
like Pennsylvania, that applicants engage engineers to pre-
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pare thorough site descriptions, including soil borings, wa-
ter analyses, and general aquifer descriptions, for submis-
sion to the State Geological Survey for review. Under a
typical system, an applicant for a permit must supply de-
tailed information concerning his proposed site and disposal
plan. The agency determines whether the site is acceptable,
and if so, what conditions would be placed in the permit.
Special requirements must be met for hazardous wastes.

Many statutes also specifically address the prevention of
water contamination, including ground water. In some states,
these are strictly enforced, but regulation of the disposal
of solid waste is, in practice, frequently shaped by a bal-
ancing of competing interests, of which ground water is the
least apparent.

As conditions for issuance of a permit, regulations typi-
cally require:

1. Plans and specifications for the proposed site and facil-
ity; some states require that these be prepared by a
registered professional engineer.

2. A map or aerial photograph of the area showing land use
within the adjoining area. Locations of nearby water
bodies may be required. Delaware requires wells within
one mile of the site to be identified, 26) but the re-
quirement in other regulations is usually less than this
-- down to as little as 500 ft (150 m).

3. A report on geologic formations and soil conditions, in-
cluding depth to ground water. The Wisconsin regulation
specifies 3 borings for a site up to 5 acres (2 ha) in
size, one boring for each additional 5 acres up to 50
acres (20 ha), and one boring for each additional 50
acres. 27) Many states, such as Florida, now require
that hydrogeologic factors be considered prior to per-
mitting new sites. A hydrogeologic survey of a site can
show type and permeability of soil, height of water
table, quality of ground water, and direction of ground-
water movement.

Illinois requires data describing soil classification,
grain size distribution, permeability, compactability,
and ion-exchange properties of the subsurface materials
for those strata essential to design of the land dispos-
al site; comprehensive analyses of water samples from
on-site and nearby wells; a description of ground-water
conditions including flow below and adjacent to the pro-
posed site; and an appraisal of the effect on ground
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and surface waters. 28)

The importance given to hydrogeological analysis in the
site review process varies widely among the states. Con-
verted dumps and landfills, which make up the majority

of sites, usually are not required to undergo such anal-
yses.

4. A description of surface drainage patterns. The Cali-
fornia regulation, for example, requires calculations
for the floodin? frequency of streams within or adjacent
to the site. 29 .

5. A report of (a) population and area to be served by the
facility, (b) anticipated type, guantity, and source of
wastes, (c) source and characteristics of cover materi-
als, and (d) type and amount of equipment, and operating
plans.

6. Information concerning measures proposed for prevention
of water contamination and for control of drainage,
leachate, and gases.

In addition, some regulations require a statement or plan as
to ultimate use of the site after closing.

The statute or regulation may require that a representative
of the regulatory agency inspect the site prior to issuance
of a license. Most states either automatically require a
hearing prior to issuance of a permit, or require one only

if requested by a person who believes he may be adversely af-
fected by the disposal operation.

Every state has implemented some type of control over its
municipal sites, but control over industrial sites is much
less common. Where the state solid-waste authority does re-
quire permits, there may be a permit to construct, a pernit
to operate, or some combination of the two.

Regulations Limiting Hazardous Waste Disposal at Landfill
Sites

Alabama, California, Florida, Hawaii, Illinois, Indiana,
Massachusetts, Mississippi, Montana, Nevada, New Mexico, Ok-
lahoma, South Carolina, Tennessee, and Texas have regula-
tions limiting hazardous waste disposal at solid-waste sites.
However, defining which wastes are hazardous presents a dif-
ficult problem.

Some states, such as Massachusetts, have published detailed

179



regulations specifically addressing hazardous waste manage-
ment. However, a number of state personnel have argued that
one or two paragraphs contained in general solid-waste man-
agement (or other) regulations equally constitute "having
hazardous waste regulations." Their belief is that the

whole of their regulations, of which the hazardous waste sec-
tion (toxic waste, etc.) may be only a small part, is ade-
quate authority to accomplish the same goals as the more de-
tailed regulations in other states.

Many states have published regulations for land disposal of
hazardous wastes, even though only a few states have hazard-
ous waste legislation. State solid-waste management or wa-
ter contamination control laws sometimes give the state auth-
ority to control certain aspects of "hazardous," "toxic,"
"liquid," "industrial," or "special" waste management. Any
of these terms can be construed in such a way as to give the
state authority to regulate most of the wastes usually in-
cluded in the term "hazardous." 1In nearly every case, the
state has been given (or chosen to exercise) authority over
hazardous wastes only at the disposal site. Many of these
states choose to issue proscriptive regulations, such as,
"special wastes may not be placed in landfills without prior
approval."

As mentioned above, commercial burial facilities for radio-
active wastes are managed by private industry, are located
on public lands with limited access, and are generally con-
trolled by the state in which they are situated. Exceptions
are sites in Illinois, Nevada, and Washington, where NRC
(National Research Council) retains direct regulation and/or
licensing of the handling of special nuclear material.

The licenses for the burial of radioactive waste generally
contain provisions for site maintenance, inventory control,
health and safety, and environmental monitoring. The former
AEC (Atomic Energy Commission) and agreement states issued

29 other licenses to companies for the purpose of collecting,
packaging, storing, and transporting radioactive wastes from
the users of radioactive materials to the commercial dis-
posal facilities. These companies are not involved with the
actual disposal of the waste, but act only as intermediaries.

Published Criteria for Designating Hazardous Wastes

Three states have published criteria for determining which
wastes are "hazardous": California, Massachusetts, and
South Carolina. The California criteria are considerably
more detailed than those of the other two, and (also unlike
the other two) the California criteria are embodied in a

180



"Hazardous Substances Act." Minnesota and Oregon are re-
portedly in the process of developing their criteria.

Publishing criteria has several advantages over publishing a
list of hazardous wastes. Most importantly, it allows the
state to describe what is being regulated without naming it.
The state may unintentionally omit a flammable compound from
its list of hazardous wastes, but if the state has published
its criterion for measuring flammability, the omitted sub-
stance would be covered. Additionally, wastes can be an al-
most infinite variety of compounds and mixtures. For exam-
ple, it would be nearly impossible for the state to antici-
pate every form and combination of waste which might be flam-
mable., By publishing criteria, however, the generator would
have a reliable method for determining whether or not he had
a hazardous waste regardless of the composition.

Program Limitations

Evaluation of state solid-waste programs is very difficult
without first hand experience of each particular state. Re-
liance on staff size, budget, legislation, or regulations as
measures of effectiveness can be deceptive. The enthusiasm
with which a particular state solid-waste agency fulfills
its responsibilities may be contingent on administrative
leadership, staff professionalism, the agency's perception
of problem potential, or historical precedent. As previous-
ly mentioned, the regulation of disposal sites may be sub-
ject to the forces of competing interests. Additionally, a
large percentage of each state's disposal sites was devel-
oped prior to the current regulations, and these old sites
generally are not subject to rigorous examination by the
state agency.

Current state solid-waste budgets range from $0.01 to $0.32/
capita/year. One of the possible reasons for the wide range
of these budgets is that those states which have delegated
some of the regulatory functions to sub-state governments
would not need as large a state budget or staff as those
states that maintain a greater degree of centralized control.
Also, Federal EPA grants have often been used to help supple-
ment state solid~waste programs. The size of a solid-waste
budget may reflect the efficiency of a program, but they

have not been a reliable measure of its effectiveness.

The number of employees in a state solid-waste program
ranges from one to 50. Many states are hampered by inade-
quate staff, resulting in fewer inspections and a backlog of
permit requests. A number of state programs have sufficient
staff to operate only under authority legislated in general
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environmental acts. For state solid-waste programs on the
average, 27 percent of staff is in administration, 27 per-
cent in enforcement, 26.5 percent in technical assistance,
and 19.5 percent in planning. The high priority of techni-
cal assistance reflects the positive incentive approach many
states are using to improve solid-waste facilities and regu-
latory programs.

Federal Guidelines

The Administrator of the U. S. Environmental Protection
Agency has prepared Solid Waste Management Guidelines for
the disposal of municipal waste under directive of the 1970
amendments to the Solid Waste Disposal Act of 1965 (PL 89-
272). The guidelines represent the judgment of the EPA re-
garding what is acceptable design and operation of land-
disposal facilities to insure protection of the environment.
They are recommended for adoption by state and local govern-
mental agencies, and are mandatory for Federal agdencies and
for solid-waste disposal on any Federal lands.
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SECTION VIII

SEPTIC TANKS AND CESSPOOLS

SUMMARY

Septic tanks and cesspools rank highest in total volume of
waste water discharged directly to ground water and are the
most frequently reported sources of contamination. However,
most problems are related to individual homesites or subdivi-
sions where recycling of septic fluids through aquifers has
affected private wells used for drinking water. Except in
situations where such recycling is so quick that pathogenic
organisms can survive, the overall health hazard from on-
site domestic waste disposal is only moderate, with relative-
ly high concentrations of nitrate representing the principal
concern.

Twenty-nine percent of the population, representing about
19.5 million single housing units, dispose of their domestic
waste through individual on-site disposal systems. Almost

17 million of these housing units use septic tanks or cess-
pools. Regional ground-water quality problems have been rec-
ognized only in those areas of the greatest density of such
systems, primarily in the northeast and southern California.
Across the United States, there are four counties (Nassau

and Suffolk, New York; Dade, Florida; and Los Angeles, Cal-
ifornia) with more than 100,000 housing units served by sep-
tic tanks and cesspools, and there are 23 counties with more
than 50,000. Data on discharge to industrial septic tanks
are not available.

Where the density of on-site disposal systems has created
problems, collection of domestic waste water by public sew-
ers and treatment at a central facility is the most common
alternative. Other alternatives, which are generally lim-
ited to special situations where natural conditions or re-
strictive codes rule out conventional septic tank systems,
include aerobic treatment tanks, sand filters, flow reduc-
tion devices, evapotranspiration systems, and artificial
soil (mounds) disposal systems.

Where sewer systems are not economically feasible, preven-
tion of ground-water quality problems has normally been at-
tempted by low density zoning at the local government level,
although increased regulation of septic tank siting, con-
struction and design is emerging at the state government
level. More than half the states now participate in septic
tank permitting or regulation of some type, and a large num-
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ber are providing local agencies with data to aid in land-
use planning as applied to septic tank density.

DESCRIPTION OF THE PRACTICE

There are three methods of on~site domestic waste disposal
in wide use today. The most sophisticated and acceptable of
these is the septic tank and its associated subsurface dis-
posal system. Septic tanks are installed for most new hous-
ing when public sewer service is not available. The cess-
pool, common in many older installations with deep permeable
soils, is less satisfactory than the septic system and no
longer approved for new installations in many areas. And,
finally, the pit privy is common in many rural areas, where
pressurized water systems are not available.

Septic Tank System

The septic tank system is composed primarily of two compo-
nents: the septic tank which traps the settleable solids,
and floating grease and scum contained in the raw sewage,
and the subsurface disposal system (trench bed, leach field,
etc.) which receives the liquid effluent from the septic
tank. When acceptable soil conditions exist, the two units
will effectively treat the sewage generated by a household.
Maintenance of the system requires periodic pumping and re-
moval of solids collected in the tank. The material removed,
termed septage, is transported to a central treatment facil-
ity, dumped, lagooned, spread on land, or deposited at a
landfill. A typical septic system is shown in Figure 56. 1)

Because the liquid effluent from a septic system has not
been "purified" within the septic tank, the soil to which it
is discharged is relied upon to perform this function. This
is primarily achieved through aerobic decomposition at the
soil interface (decomposition by bacteria in the presence of
free oxygen) and by physical and chemical removal of sus-
pended and dissolved solids (filtering and sorption). The
ability of a soil to perform these latter functions is pri-
marily related to the sizes of the individual soil grains;
the larger the grains, the less filtering and sorption.

The Cesspool

Because the cesspool was once commonly used as an independ-
ent unit, performing the functions of both the septic tank
and the subsurface disposal system, this method of sewage
disposal is mentioned separately here. The cesspool is typ-
ically a 5- to 6-ft (1.5- to 2-m) diameter sump, buried sev-
eral feet below ground surface. The facility receives raw
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sewage directly from the house drain. The larger solids
settle to the bottom of the sump or are otherwise trapped
inside while the liquid fraction seeps out through openings
in the sides and bottom. Separation of solids from the 1liqg-
uid waste water is poor and cesspools will work only in very
coarse or highly fissured materials. Thus, essentially raw
sewage may move directly into ground water, and the contam-
ination potential of these systems is considered very high.
While new installations of cesspools are widely prohibited,
their popularity in the past has left hundreds of thousands
currently in operation.

The Privy (Outhouse)

This form of human waste disposal is common in rural areas
where lack of indoor pressurized water systems precludes the
use of other systems. The pit privy is typically a small,
shallow pit or trench which normally receives only human
waste and paper. Properly constructed pit privies allow ef-
fective decomposition and treatment of human wastes. The
volume of water introduced to such facilities is relatively
small; thus problems associated with odors and disease-
carrying insects are more closely associated with pit priv-
ies than is the problem of ground-water contamination.

CHARACTERISTICS OF CONTAMINANTS

Sewage from individual homes consists of about 99.9 percent
water (by weight), 0.02 to 0.03 percent suspended solids,
and other soluble organic and inorganic substances. 2) Also
present in domestic sewage are bacteria, viruses, and other
microorganisms from the digestive tract, respiratory tract
and skin. Domestic sewage composition is not uniform, but
rather, it varies from day to day, even from hour to hour,
and from house to house.

The volume of waste water directed to the septic system from
a typical household ranges from 40 to 45 gpd/person (150 to
170 1l/day/person). 3:4) The portions of this total from var-
ious sources within a particular house are related to such
factors as the use of automatic washing machines and person-
al habits of the occupants. Ranges reported in the litera-
ture are as follows:
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Percentage of Total

Source Domestic Waste Load
Toilet 22 - 45
Laundry 4 - 26
Bath 18 - 37
Kitchen 6 - 13
Other 0 - 14

A wide variety of household contaminants may enter the waste
water flow from the major sources within a house. The or-
ganic chemical content of these wastes comes primarily from
human wastes, soaps, detergents, and food wastes. 5)

Domestic sewage is a complex mixture, and some of its spe-
cific substances have yet to be fully identified. However,
certain collective characterjzations can be made as illus-
trated in Table 23. The constituents which present the
greatest threat to ground-water quality and some of the prob-

lems

which arise are as follows:

Excessive concentrations of nitrate in drinking water
produce a bitter taste and may cause physiological dis-
tress. Water from wells containing more than 45 ppm
nitrate as NO3 has been reported to cause methemoglo-
binemia in infants.

Discharge of ground water with high phosphate concentra-
tions to surface-water bodies can cause eutrophication.

Lead, tin, iron, copper, zinc, and manganese (from
household pipes and human waste) are toxic in excessive
concentrations.

Sodium, chloride, sulfate, potassium, calcium and mag-
nesium, can create health hazards to some individuals,
ranging from laxative effects to aggravated cardio-
vascular or renal disease, if concentrations exceed
recommended limits.

Aquifers being recharged by large volumes of septic
tank effluent can contain water which exceeds the U. S.
Public Health Service recommended limit of 0.5 ppm of
MBAS (a nonbiodegradable detergent constituent and an
indicator of contamination).

Excessive BOD in septic fluid discharged to surface wa-

ter from clogged drain fields can deplete dissolved
oxygen supplies necessary to aquatic life.
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Table 23. TYPICAL COMPOSITION OF DOMESTIC SEWAGE.

(All values except settleable solids are expressed in

6)

ppm)
Concentration

Constituent Strong Medium Weak
Solids, total 1,200 700 350
Dissolved, total 850 500 250
Fixed 525 300 145
Volatile, 325 200 105
Suspended, total 350 200 100
Fixed 75 50 30
Volatile 275 150 70
Settleable solids, (mi/I) 20 10 5

Biochemical Oxygen Demand,
5-day, 20°C (BOD5 20°) 300 200 100
Total Organic Carbon (TOC) 300 200 100
Chemical Oxygen Demand (COD) 1,000 500 250
Nitrogen, (total as N) 85 40 20
Organic 35 15 8
Free ammonia 50 25 12
Nitrite 0 0 0
Nitrate 0 0 0
Phosphorus (total as P) 20 10 6
Organic 5 3 2
Inorganic 15 7 4
Chloride @) 100 50 30
Alkalinity (as CaCO3) @) 200 100 50
Grease 150 100 50

a) Values should be increased by amount in carriage water.
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- Fecal coliform, a non-pathogenic species of bacteria,
indicates the potential presence of pathogenic micro-
organisms.

EXTENT OF THE PROBLEM

Twenty-nine percent of the United States population, or

about 19,500,000 individual housing units, dispose of their
domestic waste through individual on-site disposal units.
These are primarily (about 85 percent) septic tanks and cess-
pools, although in some southern states there are almost as
many privies as other types of on-site units.

Ground-water contamination problems created by on-site domes-
tic waste disposal systems can be classified as follows: in-
dividual, local, or regional. An individual problem is cre-
ated when one disposal system on a particular piece of prop-
erty contaminates one or more wells in the immediate vicin-
ity. This type of problem can occur almost anywhere. A
local problem exists when a high density of individual dis-
posal systems in a definable housing development contami-
nates an aquifer which is used to supply water for that area.
Such instances have been experienced throughout the country.
A regional problem is created when many individual disposal
units contaminate extensive aquifers which supply water over
a broad area such as one or more counties. Only regional
problems are considered in the following discussion.

The most important parameter influencing regional ground-
water contamination from on-site domestic waste disposal sys-
tems is the density of these facilities in an area. While
geology, depth to water and climate affect the nature and de-
gree of the contamination problem, density is the principal
factor. Regional problems are extremely difficult to cor-
rect because of the complexity and high cost of eliminating
the source and the persistence of some contaminants in the
ground-water system long after the septic tanks and cess-
pools are eliminated by replacement with community sewer
systems.

Figure 57 shows three density ranges of housing units using
on-site domestic waste disposal facilities: 1less than 10/sq
mi (3.8/sq km), between 10 and 40/sq mi (15 sq km), and more
than 40 sq mi. These ranges can be considered low, interme-
diate, and relatively high, respectively. Data for Figure

57 were obtained from the 1970 Census of Housing and mapped
on a county by county basis. Adjoining counties falling in-
to the same range form regions of varying ground-water con-
tamination potential. A few large counties with numerous on-
site disposal units, which may be concentrated in limited
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areas of the county and thus create potential regional prob-
lems, do not appear in the relatively high range on Figure
57. To rectify this anomaly, Table 24 lists all counties
with more than 50,000, and those with more than 100,000
housing units using on-site domestic waste disposal systems.

The potential for ground-water contamination in a region is
suggested by the relative density of on-site domestic waste
disposal units shown on Figure 57. A calculation of the vol-
ume of waste water discharged to the ground from these units
in any particular location cannot be used to determine the
existence or magnitude of a ground-water contamination prob-
lem without consideration of the other parameters previously
mentioned (i.e., hydrology, geology, soils). However, the
actual volume of domestic waste water discharged to the un-
derground in high density areas can be very large and in
some instances represents a significant form of recharge or
replenishment to the local aquifers, even in humid areas.
For example, the combined discharge from septic tanks and
cesspools from the adjoining counties of Nassau and Suffolk,
New York, is approximately 60 mgd, or about 50,000 gpd/sq

mi (95 cu m/sq km).

The impact of this amount of waste discharge has become very
obvious in Nassau County. Effluent from cesspools and sep-
tic tanks has been a major contributing factor, along with
leachate from chemical fertilizers, to nitrate contamination
of major aquifers in a 180-sq mi (466-sq km) area. 8) Ni-
trate enriched water has penetrated hundreds of feet into
the principal artesian aquifer, and the water from 16 public
supply wells serving thousands of residents has been de-
graded beyond current health standards.

Figure 57 indicates that there is one major region of high
contamination potential along the northeast coast extending
from about Washington, D. C. to north of Boston, Massachu-
setts. There are 40 other isolated regions, principally
scattered over the eastern third of the country, in which
high densities of septic tanks and cesspools also are pres-
ent. The Los Angeles-San Bernardino-Riverside group of
counties are of special note, even though they are not shown
as high density areas on Figure 57, because of the great num-
ber of disposal units concentrated in urban areas of these
very large ccunties.

Again, it should be noted that a septic tank density of
greater than 40/sq mi designates a region of potential con-
tamination problems. Actual densities in documented problem
areas are considerably higher than 40/sqg mi.
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Table 24, COUNTIES WITH MORE THAN 50,000 AND COUNTIES WITH MORE
THAN 100,000 HOUSING UNITS USING ON-SITE DOMESTIC
WASTE DISPOSAL SYSTEMS.

More than 50,000

Jefferson, Alabama
Riverside, California

San Bernadino, California
Fairfield, Connecticut
Hartford, Connecticut
New Haven, Connecticut
Broward, Florida

Duval, Florida
Hillsborough, Florida
Jefferson, Kentucky
Bristol, Massachusetts
Middlesex, Massachusetts

Los Angeles, California
Dade, Florida

Norfolk, Massachusetts
Plymouth, Massachusetts
Worcester, Massachusetts
Genesee, Michigan
Ocakland, Michigan
Monmouth, New Jersey
Multnomah, Oregon
Westmoreland, Pennsylvania
Davidson, Tennessee
King, Washington
Pierce, Washington

More than 100,000
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The second range of on-site disposal unit density (10 to 40
units per square mile) is again more or less confined to the
eastern third of the country. 1In almost all of the western
two-thirds of the country, plus extensive areas in northern
New England and the rural portions of Georgia, Alabama and
Mississippi, the density of septic tanks and cesspools is so
low as to almost rule out the potential for significant re-
gional contamination problems.

The uncontrolled disposal of septage represents a signifi-
cant potential threat to ground-water quality. For example,
continuing studies of this problem by EPA Region I indicate
that about 400 million gal. (1.5 million cu m) of domestic
sewage waste is pumped from septic tanks and cesspools in
New England each year. Much of this volume is dumped in
abandoned sand and gravel pits, along roadways and streams,
or landfilled or lagooned at unapproved refuse disposal
sites.

Septic tanks and seepage systems at industrial facilities
operate on the same principal as those serving single and
multiple dwellings. Of course, the volume of effluent can
be greater, but what is more important is the possibility of
wastes from the manufacturing process being incorporated
with the domestic waste and ultimately migrating into an
aquifer used for drinking water supplies. The hazard in-
volved is magnified if the industrial wastes happen to be
toxic.

Industrial septic tank discharge is an individual problem
and not of a regional nature. Very little data exist on a
national basis regarding the density of industrial septic
tanks, and they probably number in the tens of thousands as
compared to the millions of septic tanks and cesspools
serving housing units across the country.

Case Histories

It has already been pointed out that the northeast repre-
sents the region of greatest density for on-site domestic
waste disposal. A number of studies of ground-water contam-
ination related to this type of waste disposal practice have
been carried out. The results of two such investigations
are described below to illustrate the typical nature of re-
gional problems.

Boston Suburban Area, Massachusetts -

In a study carried out by the U. S. Geological Survey in the
Ipswich and Shawsheen River basins of Massachusetts, north
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of Boston, 9) the investigators concluded that "development
of housing beyond the reach of the municipal sewer systems

of metropolitan areas has lowered the quality of the environ-
ment in many of the (housing) developments and has created
health hazards in others." Chloride and specific conduc-
tance were used as tracers. Correcting for highway deicing
salts, which are the only known contaminants other than sep-
tic tank discharge contributing significantly to this partic-
ular water-quality degradation situation, the investigators
were able to develop a correlation between the relationship
of housing density to residual conductance, and accretion of
dissolved solids in the baseflow of streams.

Seventeen small drainage basins, all but one less than one
square mile in area, were selected for study. All basins
are served by public water supplies, but none has municipal
sewer systems, and individual houses are served by on-site
disposal systems. Housing density ranges from 0 to 900
units/sq mi (0 to 347/sq km). The concentration of chloride
is about 50 ppm higher in the septic tank effluent than in
the tap water entering the home. Septic tank flow per house
is estimated to be 200 gpd (757 1l/day). The results of the
investigation indicated that the reduction of chemical con-
taminants during travel of the septic tank effluent through
the soil and bedrock aquifer is slight.

State of Delaware -

In a 1972 report, John C. Miller of the Delaware Geological
Survey states, "inspection of water analyses on file at the
Delaware Geological Survey revealed that 25 percent of the
shallow wells (less than 50-ft or 15-m deep) in the state
yield water with nitrate (as NO3) levels above 20 ppm." 10)
Natural nitrate (NO3) levels in ground water are less than
10 ppm. This indication of the potential for widespread
ground~water contamination has led to an evaluation of some
of the principal sources of nitrate enrichment of ground
water in the state, including septic tank discharges.

Two suburban areas in the coastal plain were chosen for anal-
ysis of potential problems of ground-water quality degrada-
tion due to septic tanks. 1l) The first area was selected

on the basis that it is characterized by an extremely high
water table and poorly drained soils. 1In addition, there

had been numerous reports of overflowing septic-tank systems
during rainy periods. For comparison purposes, the second
area selected is underlain by deep, well-drained soils on up-
lands. In both areas, homes are situated on one-quarter to
one-half acre lots, each of which has its own septic tank

and shallow well-water system.
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The results of the study showed that in the first area of
poorly drained soils, nitrate (as NO3) levels averaged 6.9
to 11 ppm during the period of sampling. A number of wells
were contaminated by coliform bacteria. In the second area
with well-drained soils, nitrate content ranged from 22 to
136 ppm, and concentrations in water from many wells were
above the recommended EPA interim drinking water standards
of 45 ppm nitrate (as NO3). No wells were found to be con-
taminated with coliform bacteria.

The state investigators concluded that "the standard perco-
lation test is not a suitable means for determination of the
acceptability of a site for septic-tank effluent." Percola-
tion tests in the first area were conducted during dry peri-
ods, and the favorable results led to installation of septic
tanks. After installation, the systems overflowed during
wet periods, and bacteriological contamination of domestic
wells took place because of the introduction of sewage efflu-
ent from the land surface around well casings. On the other
hand, the movement of the effluent through the fine soils

has minimized the buildup of nitrate concentrations in the
ground water. In the second area, the physical operation of
the septic tanks has been successful because of the perme-
able soil sediments, which also apparently filtered out path-
ogenic organisms. However, nitrate contamination of ground
water in that area is severe because of the favorable envi-
ronment for oxidation of nitrogen compounds, and the rapid
movement of septic-tank and tile-field effluent to the water
table.

TECHNOLOGICAL CONSIDERATIONS

The manual of septic tank practice 12) describes a soil as
being suitable for the absorption of septic tank effluent if
it has an acceptable percolation rate, without interference
from ground water or impervious strata below the level of
the absorption system. For a septic tank system to be ap-
proved by a local health agency, several criteria normally
must be met: a specified percolation rate, as determined by
a percolation test; and a minimum 4-ft (1.2-m) separation
between the bottom of the seepage system and the maximum sea-
sonal elevation of ground water. In addition, there must be
a reasonable thickness, again normally 4 ft, of relatively
permeable soil between the seepage system and the top of a
clay layer or impervious rock formation. For what they are
intended to insure, i.e., keeping the sewage below the
ground, these criteria have been adequately successful.

Keeping the sewage below ground may have been sufficient un-
der the low density, rural conditions for which the septic
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system was originally designed, but their widespread use
after World War II in subdivisions with small lot sizes is
largely responsible for the degradation of ground water that
has occurred in many of these areas.

Appraisal of the potential contamination of ground water by
septic tank systems in these high density areas requires an
understanding of the ground-water system into which the ef-
fluent is discharged. ,(First, ground-water recharge areas
and flow patterns should be delineated. Second, the quan-
tity of ground-water recharge must be estimated to establish
the degree of natural dilution of “the effluent. And third,
the capability of_the soil system to renovate the effluent
should be known. 13) While these concepts go beyond the
widely established septic system siting criteria, their in-
stitution is essential if ground-water quality is to be pro-
tected in high density septic tank areas.

Collection of domestic waste water by public sewers and
treatment at a central facility is the most common alterna-
tive to septic tank disposal systems. Where standard grav-
ity sewers are not practical, an alternate method of domes-
tic waste disposal is a septic tank-pressure sewer combina-
tion.

Aerobic treatment devices are an available alternative to
septic (anaerobic) tanks. Aerobic treatment devices are gen-
erally scaled-down versions of activated sludge plants and
most employ the extended aeration mode. Some investigators
feel that aerobic tanks, under proper conditions of design,
installation and operation, can achieve a significantly
higher guality effluent than can septic tanks.

An approach for providing soil treatment where the native
soils are not suitable for the disposal of effluents from

septic tanks or other treatment devices -- where, for exam-
ple, shallow scils are underlain by till, creviced or chan-
neled rock, or there is a high ground water table -- is the

use of artificially constructed above-ground mounds.

Another alternative is the recirculating sand filter treat-
ment system which consists of a septic tank, a recirculation
tank and an open .sand filter. This system has proven to be
economical, and with disinfection, the effluent can meet
surface-water discharge standards of regulatory agencies.

Also available are several flow reduction and completely

self contained devices such as incinerating toilets, compost-
ing toilets, biological toilets, and vacuum system toilets.
While these devices may hold promise for the future, their
present use is generally restricted to special situations
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where normal on-site waste disposal methods are not feasible
due to natural conditions or highly restrictive codes.

INSTITUTIONAL ARRANGEMENTS

Three essential phases of septic tank life are subject to
regulation: installation, operation-maintenance, and fail-
ure detection and correction. Regulation of the installa-
tion, both design and siting, exists in all but a few states.
Site inspection and issuance of a permit to make the instal-
lation is handled variously by state or local governments.
Operation-maintenance is largely not regulated and left to
the discretion of the homeowner. Failure detection and cor-
rection is difficult to regulate and is typically handled on
an individual complaint basis or when a health hazard arises.
Protection of ground-water quality is best accomplished by
regulation of installation of the system and only this phase
of the septic tank life is considered in this dicussion.
Cesspools, where regulations exist, are generally not ap-
proved for new installations. Privies probably do not con-
stitute a significant threat to ground water and their regu-
lation is not considered here.

Regulation of septic tank installation is, in most cases,
either by state, county, town, regional authority or a joint
effort by two or more of these entities. For example, a
state may regulate all septic tank installations; or it may
regulate only installations serving something other than a
single family residence; or it may regulate only installa-
tions in certain critical areas. The state may delegate reg-
ulation responsibilities to local governments or there may

be no regulations at all. Where regulations exist, inspec-
tion may be comprehensive or spotty.

Scme states are now restricting septic tank installation to
non-subdivision situations (scattered lots). Mississippi,
for example, will not approve individual residential sewage
disposal systems of any type in new subdivisions, additions
to existing subdivisions, or undeveloped portions of exist-
ing subdivisions unless the establishment of a community

sewage system is economicallﬁ unfeasible. 14) Louisiana has
resolved that every effort should be made to prevent the use

of individual sewage disposal facilities in land development
involving urban sized lots, unless it can be clearly demon-
strated that the individual facilities are temporary and
will be replaced with groper community facilities within a
short period of time. 14)

As states begin to discover ground-water contamination prob-
lems resulting from on-site domestic waste disposal systems,
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new regulations and controls are emerging. For example, the
Oregon Department of Environmental Quality is in the process
of updating its on-site disposal facility regulations based
on engineering studies of problems in that state. 15) The
new regulations will take into account, on a state-wide ba-
sis, such factors as regional soil conditions and climate.

The State of Maine included alternative systems such as com-
posting, incinerating, chemical, recirculating and vacuum
toilets and above-ground mounds in its regulations for use
under certain problem conditions.

Some states, such as Minnesota, while not actually regulat-
ing on-site domestic waste disposal systems, establish stand-
ards which are recommended to local authorities. Enforce-
ment is then at the discretion of the local governments,

some of which adopt the state regulations, while others
either establish their own or have no regulation system. 17)

The pattern of regulation of installation of septic tanks

and cesspools that has emerged in many states is for respon-
sibility to be exercised at the local or regional level,
principally through requirements of health departments. How-
ever, the laws of most states provide for enforcement inter-
vention at the state level in cases where the activity is
judged to be in conflict with existing state requirements.
Controls are moving towards clearer definition of responsi-
bility as states revise their statutes to provide for a
greater degree of water protection, usually through amend-
ments covering sewage disposal facilities. These mandate en-
forcement of procedures to protect potable water supplies.
Public officials contacted during the course of this investi-
gation were generally of the opinion that a more uniform en-
forcement policy is desirable and that present practice has
evolved more by default than by design.

Figure 58 illustrates the present division of activity be-
tween state and local agencies in permitting and inspecting
the installation of on-site domestic waste disposal systems
across the country. 14,15,16,17,18,19) 1The map is general-
ized since it is not always clear from available descrip-
tions, exactly which agency does the regulating or how
thoroughly it is carried out. For example, some states regu-
late only specific items of location, design, etc., and in
some instances the inspector responsible for enforcing the
regulations may be employed by two cooperating governmental
agencies. State regulation and inspection of septic tank in-
stallation is generally considered to be more effective than
local regulation.
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An effective approach for alleviating many domestic waste
related ground-water contamination problems by regulatory
agencies is the establishment of a broad physiographic data
base for use in a general land use planning effort. One
specific aspect of this would be regulating septic tank den-
sity. Some state and local agencies are currently applying
this approach. A data base can be developed to include such
variables as soils, geology, physiography, hydrology, vegeta-
tion and climate. Analysis of these data for a location re-
sults in an overall physical capability rating for that loca-
tion. These ratings can then be reduced to map form useful
to planners and regulating agencies. For example, a residen-
tial capability map might be constructed that would indicate
what specific site limitations exist for the construction of
housing units. The state does not use the data to establish
regulations on land use but rather makes the data available
to local governments which perform this function.

By applying this type of wide range planning data to poten-
tial problem areas, maximum densities could be established
for any regions throughout the country. Regulations could
then be established to restrict the installation of new sep-
tic tank disposal systems to areas which have not yet reach-
ed critical densities. As areas reached the critical septic
tank density, further residential development would be re-
quired to use alternate methods of sewage disposal. Areas
which have already exceeded the established critical septic
disposal system density could be individually evaluated to
determine what corrective measures might be taken.
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SECTION IX
COLLECTION, TREATMENT, AND DISPOSAL

OF MUNICIPAL WASTE WATER

SUMMARY

Municipal waste water follows one of three direct routes to
reach ground water: 1leakage from collecting sewers, leakage
from the treatment plant during processing, and land dispos-
al of the treatment-plant effluent. In addition, there are
two indirect routes: effluent disposal to surface-water bod-
ies which recharge aquifers, and land disposal of sludge,
which is subject to leaching. Although the volume of waste
water entering the ground-water system from these various
sources may be substantial, there have been few documented
cases of hazardous levels of constituents of sewage or storm
water affecting well-water supplies. However, the impact on
ground-water quality resulting from the collection, treat-
ment, and disposal of municipal waste water has not been
studied in detail.

Untreated sewage is principally composed of domestic wastes.
In areas where manufacturing is also served by the community
system, the waste products of industry can add important po-
tential contaminants. Storm runoff from streets, parking
lots, and roofs contributes salts, inorganic chemicals, and
organic matter which have been deposited on exposed surfaces.

According to the 1970 U. S. Census of Housing, the domestic
waste from 71 percent of housing units is collected by pub-
lic sewer lines and piped to central treatment facilities.
About 160 million people are served by 500,000 mi (800,000
km) of sewer lines. The total volume of sewage is approxi-
mately 15 bgd (57 million cu m/day). More than 5,000 of the
almost 22,000 treatment plants in the nation have waste sta-
bilization ponds, which are seldom lined and almost never
monitored with wells. Of the more than 2 bgd (7.6 million
cu m/day) of sewage treatment plant effluent discharged to
the land, a large proportion does not meet secondary treat-
ment standards.

About the only control of potential ground-water contamina-
tion related to leaky sewers is the specification by many
states of minimum distances between a proposed public supply
well and a sewer line. Conformance with pressure test re-
quirements on new sewer line installations in many areas
aids in minimizing exfiltration problems. Municipal lagoons
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and ponds for the retention of waste water are parts of sew-
age treatment facilities, the construction and operation of
which are supervised by state health or environmental depart-
ments. In addition, where Federal grants are involved, the
design of the impoundment comes under the scrutiny of the
EPA. Thus, in the construction of new lagoons and ponds,
potential effects on ground-water quality are given consid-
eration. A number of states also require permits for munici-
pal sewage impoundments. Spraying of sewage effluent and
other forms of land disposal of sewage wastes are specifical-
ly regulated in only a few states. Most states review such
practices on a case-by-case basis.

DESCRIPTION OF THE PRACTICE

A major problem in urbanized areas is the collection, treat-
ment, and disposal of domestic waste water. Because a large
volume is generated in a small area, urban domestic waste
cannot be adequately disposed of by conventional septic

tanks and cesspools. Therefore, special facilities are used
to collect, treat, and dispose of such wastes in densely pop-
ulated locales.

Because the area of permeable land surface in urban areas is
considerably reduced by the presence of roofs, sidewalks,
parking areas, and streets, storm-water runoff also poses a
problem. Precipitation, street sweepings, litter, leaves,
and salts deposited on exposed surfaces all may be contained
in runoff. Storm water may be collected and treated along
with the previously mentioned domestic wastes or may be han-
dled in separate collection, treatment, and disposal facili-
ties.

Sanitarz,SeQer Systems

A municipality constructs a sanitary sewer system in order
to collect the community's waste water or sewage and to
transport it to a central point for treatment ‘and/or dispos-
al. In the early 1960's more than 120 million persons in
the United States, or 65 percent of the then total popula-

tion, were served by public sewers. l) Today's population
served by sewers stands at an estimated 158 million persons.

2)

The principal role of sewers is to provide a watertight pas-
sage through which waste water can be transported quickly,
with a minimum of odor production, stoppage, or overflow.

The most common causes of sewer problems are dgrease, grit,
and trash accumulation; infiltration; decomposition of or-
ganic matter; root penetration; inadequate sewer gradients;
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and potential danger from flammable liquids. 3)

The design of sanitary sewers varies with needs and local
conditions. Gravity sewers allow waste water to flow natu-
rally to the lowest point in the system. Because they con-
tain no moving parts, operation is largely a matter of clean-
ing and maintenance. However, sewer systems can rarely be
designed to operate solely by gravity because of topography.
It is rare that the topographic low in a small municipality
can serve as the discharge point for the community's sewers.

Force mains are often integrated into gravity systems, or in
some cases they may operate independently. Force mains are
most often used to transport sewage upgrade or to move it
faster in one section of the system than would naturally
occur.

It has been established that about 60 to 80 percent of the
per capita consumption of water will become sanitary sewage.
Actual sewage flow rates vary with location, water usage,
and the type and condition of the sewers. Sewage flows are
cyclic, and the ratio of peak flow to average flow, called
the peaking factor, will range from less than 1.3 to more
than 2.0. 4)

The major cause of ground-water contamination from sanitary
sewer systems (if above the water table) is through outflow
leakage (exfiltration) from gravity sewers. Common factors
causing leakage in gravity sewers are:

1. Poor workmanship, especially in the past when mortar was
applied by hand as a joining material.

2. Cracked or defective pipe sections.

3. Breakage by tree roots penetrating or heaving the sewer
lines.

4. Pipeline rupture by superimposed loads, heavy equipment,
or earthfill on pipe laid on a poor foundation.

5. Rupture by downhill creep of soil in hilly terrain.

6. Fracture and displacement of pipe by seismic activity:;
e.g., a sewerage system in California still suffers from
fractures caused by an earthguake in 1909.

7. Loss of foundation support due to underground washout.

8. Poorly constructed manholes, or shearing of pipe at man-
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holes due to differential settlement.

Where a pressure sewer develops a leak, exfiltration can oc-
cur regardless of whether the sewer is above or below the
water table because the sewer operates at a greater hydro-
static pressure than the ground-water system.

Storm Sewer Systems

Storm sewers conduct surface runoff from locations where it
poses problems of safety, public health, or inconvenience to
the nearest discharge location. A typical storm-sewer sys-
tem consists of a network of underground piping, at a depth
sufficient to receive water from the ground surface by grav-
ity. Storm-water inlets, openings in the street curb, gut-
ter or pavement, allow the entry of storm runoff to the pipe
network. Frequently, a catch basin beneath the inlet serves
to retain the heavy grit, sand, and debris that passes
through the grating of the storm-water inlet.

Storm-sewer sizes vary depending upon the quantity of storm
water that must be conveyed through the pipe. In general,
storm sewers are not less than 12 in. (30.5 cm) in diameter,
and can range in size to 96 in. (244 cm) or greater. The
majority of present-day storm sewers are constructed of re-
inforced concrete and galvanized steel; however, in earlier
days, the use of brick and masonry was prevalent. Storm sew-
ers for residential areas are most commonly designed to con-
vey runoff from storms with a five-year recurrence interval.
5)  (The sewer has sufficient hydraulic capacity to accommo-
date the quantity of runoff from a rainfall event that has a
statistical probability of occurring only once every five
years.)

As with sanitary sewer systems, the potential for ground-
water contamination from storm-sewer systems lies with phys-
ical failure in the pipe network, which allows exfiltration
of storm flows to the surrounding soil and ground water.

Lagoons and Ponds for Sanitary Waste-Water Treatment

Lagoons and ponds used for waste-water treatment are essen-
tially biological waste treatment units. They have a wide
variation in function depending on their basic design.

These units may operate under aerobic, anaerobic, or faculta-
tive (capable of being either at any given time) conditions.
They use microorganisms to break down the wastes. Design
features vary with waste-~water characteristics, location
(geology, soil conditions) and the requirements of the con-
trolling regulatory agency.
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Ponds are also classified according to their usage. If used
to treat raw sewage prior to other treatment, they are re-
ferred to as primary waste stabilization ponds. However,
since these ponds are generally capable of achieving the ef-
fluent limitations required for secondary treatment, they

may effectively provide both the primary and secondary treat-
ment functions. When ponds are used to treat effluents from
primary settling tanks or secondary biological treatment
units, they are called secondary waste stabilization lagoons
or polishing ponds, respectively.

That portion of municipal sewage which is being treated by
stabilization ponds in the United States is small as com-
pared with the total volume. Data collected during this
study indicate that of the 21,787 sewage treatment plants in
the United States, 5,132 plants had lagoons as a part of
their treatment facilities. 2) Leakage from unlined lagoons
may be a significant threat to ground water, if the pond bot-
tom and walls are not properly sealed.

Lagoons and Ponds for Storm-Water Storage and Treatment

Storm-water lagoons can function as storage sites to attenu-
ate storm-water flows and reduce the shock effects of dis-
charges. When lagoons are utilized in this manner, feed-
back of the stored waters to the sanitary sewer is practiced,
with treatment and ultimate discharge of the storm water oc-
curring at other locations.

A storm-water lagoon acts as a sedimentation chamber for
grit, sand, and other suspended solids in the storm runoff,
thereby providing a degree of treatment. In certain in-
stances, biological treatment is provided by a storm-water
lagoon similar to that provided by a sanitary waste-water la-
goon. Biological treatment in lagoons is limited by various
factors such as temperature, dissolved oxygen, toxicity of
waste, etc.

As is true for sanitary waste-water lagoons, the primary
threat to ground-water quality from storm-water lagoons is
leakage. The prevalent practice of constructing lagoon sys-
tems without adequate seals, either intentionally or unin-
tentionally, can contribute to ground-water contamination.

Land Spreading and Basin Recharge (Municipal Waste Water)

Land disposal dates back at least four centuries, and some
systems presently in use began operation before the twenti-
eth century. Historically, the purpose of land treatment of
sanitary waste water has emphasized disposal, whereas the
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current trend is toward the concepts of treatment and/or re-
use. 6) The increased use of land for sanitary waste-water
treatment and disposal in the United States is shown in Ta-
ble 25. There are three general methods of applying waste
water to land areas -- namely, irrigation, overland flow,
and infiltration~-percolation.

Reclaimed sanitary waste water has been used to irrigate cer-
tain field crops sych as cotton, sugar beets, and vegetables
for seed production. It cannot be used for field crops that
are normally consumed in a raw state.

Land application of waste water by infiltration-percolation
is often referred to as ground-water recharge because the ma-
jor portion of the water applied percolates to the water ta-
ble. Depending upon its final quality, the recharged water
may be recovered and used for irrigation, recreation, or mu-
nicipal or industrial supply. 7) Although it has been em-
ployed to raise the level of the water table -- e.g., to
maintain baseflow in nearby streams -- the principal use of
recharge from lagoons has been to halt salt-water intrusion.
This practice has been used extensively in California and is
known as basin recharge.

The physical design of a land-treatment system is governed
by the type of application involved. Each system has spe-
cific characteristics which make it applicable to certain
situations (see Table 26).

Flows to land spreading and basin-recharge systems will vary
depending primarily on the type of system employed. Typical
liquid loading rates for various systems are presented in Ta-
ble 26. The actual application rates employed are a func-
tion of the soil type, character of waste water and degree
of pretreatment, and the desired waste removal efficiency.

Land spreading of waste water can pose a significant threat
to ground-water quality. A summary of the effectiveness of
removal of the more common constituents appears in Table 27.
Since the overland-flow method functions more as a land-
treatment system than a land-disposal system because a sub-
stantial portion of the waste water applied is designed to
run off, it has not been included in the tabulation.

Land Spreading and Basin Recharge (Storm Water)

Besides those lagoon facilities specifically constructed for
storm~water storage and/or treatment, urban storm-water dis-
posal is often accomplished by land spreading in areas of

high infiltrative capacity, particularly in the southwestern

211



Table 25. MUNICIPALITIES USING LAND APPLICATIONS AND THE POPU-
LATIONS SERVED.

Population served

Year Number of systems (mitlions)
1940 304 0.9
1945 422 1.3
1957 461 2.0
1962 401 2,7
1968 512 4,2
1972 571 6.6
9
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and western states 2) and on Long Island, New York. In Cali-
fornia, seepage ponds are used to dispose of storm water

from beneath highway underpasses, where it would otherwise
collect. On Long Island, more than 2,000 recharge basins
dispose of storm runoff from urban and suburban areas.

Storm-water recharge facilities usually consist of simple ex-
cavations or pits in unconsolidated material. Deep exca-
vated basins are popular in the northeastern states. In the
vastern states, dry stream beds and shal '-w, broad man-made
depressions in alluvium adjacent to perennial streams are of-
ten employed. Overland flow and spray irrigation methods

are not useful for spreading storm water because of the er-
ratic nature of precipitation.

The mechanism for ground-water contamination by basin re-
charge of storm water is the same as that of sanitary waste
water. While no specific reported instances of contamina-
tion have been reported, a potential for ground-water con-
tamination does exist. $)

CHARACTERISTICS OF CONTAMINANTS

Untreated Municipal Sewage

Municipal waste-water treatment plants handle wastes which
vary in composition corresponding to certain patterns of
everyday life. Typical hourly variation in flow and domes-
tic sewage is shown in Figure 59.

Although waste water is primarily liquid (99.9 percent wa-
ter), the composition can probably best be studied by first
considering the total solids content. The sources of domes-
tic solids in waste water include toilets, sinks, baths,
laundries, garbage grinders, and water softeners. In addi-
tion to domestic sewage, municipal waste water contains
storm water and commercial and industrial discharges. The
contributors of total solids in waste water expressed as
grams/capita/day (gpcd) are shown in Table 28.

Compositions of strong, medium, and weak domestic sewage are
presented in Table 29. The physical, chemical, and biologi-
cal constituents make up what is referred to as the sewage
composition. In addition to the chemical and physical con-
stituents, there are also pathogenic agents present in waste
water.

Waste Water After Treatment in Sewage Treatment Plants

Treated waste water can range from almost raw sewage to pota-
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Figure 59. Typical hourly variation in flow and strength

of domestic sewage.
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Table 28. ESTIMATE OF THE COMPONENTS OF TOTAL SOLIDS IN WASTE

WATER.
Dry weight
Component (gped)
Water supplies and ground water, assumed to have
little hardness 12.7
Feces (solids, 23 percent) 20.5
Urine (solids, 3.7 percent) 43.3
Toilet (including paper) 20.0
Sinks, baths, laundries, and other sources of domestic
wash waters 86.5
Ground garbage 30.0
Water softeners - 9
Total for domestic sewage from separate sewerage systems,
excluding contribution from water softeners: 213.0
Industrial wastes 200.0 b)
Total for industrial and domestic wastes from separate
sewerage system: 413.0
Storm water 25,0 c)
Total for industrial and domestic wastes from combined
sewerage system 438.0

a) Variable
b) Will vary with the type and size of industries
c) Will vary with the season
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Table 29, TYPICAL COMPOSITION OF DOMESTIC SEWAGE. 4)

(All values except settleable solids are expressed in ppm)

Concentration

Constituent Strong Medium Weak
Solids, total 1,200 700 350
Dissolved, total 850 500 250
Fixed 525 300 145
Volatile 325 200 105
Suspended, total 350 200 100
Fixed 75 50 30
Volatile 275 150 70
Settleable solids, (ml/1) 20 10 5
Biochemical oxygen demand,
5-day, 20°C (BODs 20°) 300 200 100
Total organic carbon (TOC) 300 200 100
Chemical oxygen demand (COD) 1,000 500 250
Nitrogen, (total as N) 85 40 20
Organic 35 15 8
Free ammonia 50 25 12
Nitrites 0 0 0
Nitrates 0 0 0
Phosphorus (total as P) 20 10 6
Organic 5 3 2
Inorganic 15 7 4
Chlorides @) 100 50 30
Alkalinity (as CaCOg) ) 200 100 50
Grease 150 100 50

a) Values should be increased by amount in carriage water
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ble water, depending on the type of treatment received. Al-
though there have long been laws specifying minimum treat-
ment efficiencies (usually secondary treatment or 85 percent
removal of suspended solids and biochemical oxygen demand,
and most recently even more stringent levels as a result of
PL 92-500), many plants still treat inadequately. Many
areas only use screening, or at best primary treatment, to
remove the more obvious solids. Other plants designed for
secondary treatment do not meet their design requirements
due to plant overloadings or operational difficulties.

The total biochemical oxygen demand contributed by the sew-
ered population in the United States was 7.3 billion 1b (3.3
billion kg) in 1963. 10) Even if a 90 percent removal effi-
ciency is assumed for secondary treatment, about 730 million
1b (331 million kg) of biochemical oxygen demand would have
been discharged. This points out the fact that although
treatment plants remove most contaminants from waste waters,
the remaining contaminants might still be significant at
some locations.

Bacterial reduction is also obtained by secondary treatment.
The usual indicator of fecal contamination of receiving wa-
ters is the presence of the fecal coliform group of bacteria.
Reductions for fecal coliform bacteria of 90 to 99 percent
are realized from biological treatment. However, these num-
bers are misleading. When one considers that raw waste wa-
ter may contain a fecal coliform count of up to 500,000/100
ml, then 99 percent removal would leave up to 5,000/100 ml,
a still sizeable number. Disinfection before discharge of
the treated waste water can remove close to 100 percent of
the bacteria.

Significant by-products of waste-water treatment plants af-
ter solids removal are grit, screenings, and sludge, of

which sludge constitutes the largest volume. These also

must be treated and disposed of in an environmentally accept-
able manner.

Waste Water Treated by Lagoons and Ponds

It is difficult to characterize waste water that has been
treated by lagoons and ponds. If the system serves as a
polishing pond (following other treatment), effluent will be
of considerably higher quality than if the system serves as
the sole treatment process. Multiple ponds, operating in
series, also provide more detention time, which reduces the
organic load by sedimentation and further oxidation by bac-
teria. The number of disease-causing bacteria can also be
reduced due to natural death.
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Lagoons and ponds do not always function effectively; thus
the threat of contamination is a variable. 1In a nationwide
survey on lagoon performance in 1973, all 50 states reported
problems with odor, 21 with algae in the effluent, 23 with
short-circuiting, 6 with organic overload, and 20 with poor
effluent. 11)

Waste Water Treated by Land Spreading and Basin Recharge

The resulting water guality after land spreading of waste
water will depend on the initial waste-water characteristics,
site topography, hydrologic and geologic conditions, type of
vegetation, and application method.

Of prime importance in land spreading and basin recharge is
the survival of pathogenic bacteria and viruses in the soil,
in sprayed aerosol droplets, and on vegetables. It has been
found that the survival of pathogenic organisms in the F0il
can vary from days to months depending on the soil mois care,
soil temperature, and type of organism. The travel distance
of bacteria in air is limited to the distance of travel of
the mist from sprinklers. It was also found that as the rel-
ative humidity decreased and air temperature increased, the
death rate of bacteria increased. 7) Pathogens, in general,
will not enter healthy, unbroken vegetables but may be har-
bored in broken, bruised, or unhealthy plants and vegetables.

Chemical compounds found in waste water such as nitrate, min-
eral salts, and toxic trace organics may reach the ground
water as a result of land spreading. Nitrate is of concern
because it is reported to be a cause of methemoglobinemia in
infants. High salt content can be harmful to people with
cardiac, renal, or circulatory diseases.

Storm Water

In most studies of urban runoff, it has been observed that
higher concentrations of contaminants may be expected (a)

during the early stages of a storm; (b) in densely popu-
lated, highly paved or industrialized areas; (c) in re-
sponse to intense rainfall periods; (d)} after prolonged dry

periods; and (e) in areas where construction activities are
underway. Contaminant concentrations %end to decrease as
storms progress, and as storm frequency increases.

The phenomenon of higher contaminant concentrations discov-
ered during the earlier stages of a storm has been coined
the "first flush" effect. The contaminants occurring in
higher concentrations are those which have remained in the
sewer from a previous storm. Storm-water runoff is compared
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to sanitary sewage in Table 30.
EXTENT OF THE PROBLEM

According to the 1970 U. S. Census of Housing, 13) the domes-
tic waste from 71 percent of the housing units in the United
States is colliected by public sewer lines and piped to cen-
tral treatment facilities. The total volume of this sewage
is approximately 15 bgd (57 million cu m/day), a portion of
which alters the quality of ground water. Municipal waste
water may follow one of three direct routes to reach ground
water: leakage from the collecting sewers, leakage from the
treatment plant during processing, and land disposal of the
treatment-plant effluent containing constituents either not
present in or in greater concentrations than the natural
ground water at the site. 1In addition, there are two indi-
rect routes: effluent disposal to surface-water bodies
which recharge aquifers; and land disposal of the residual
sludge, which is subject to leaching.

Storm-water runoff may enter the ground-water system from
leaks in storm sewers, from sewer overflows, or by flowing
directly from city streets onto unpaved areas and perco-
lating to the water table.

Sanitary Sewer Systems

Infiltration of ground water into typical existing sanitary
sewers may range in volume from 1,000 to over 40,000 gpd/mi
(2,352 to 94,096 1/day/km) of sewer. 4) Table 31 presents
regional data for the total length of residential sewer pipe
in service from 1940 to 1980 (estimated), with the corre-
sponding estimates of sewage flow rates, not including in-
filtration. The principal variables that control the vol-
umes of infiltration are: the quality of the materials and
workmanship in the sewers, the type of joints used to con-
nect individual lengths of pipe, and the elevation of the
water table with respect to the sewer line.

Infiltration of ground water into sewers has been the sub-
ject of much investigation because the excess flow can over-
stress the sewage treatment plant. On the other hand, 1lit-
tle attention has been paid to sewage leakage into the
ground, or exfiltration, because the resulting loss of flow
is frequently ignored or is considered an asset by the treat-
ment plant operator. From a ground-water contamination
standpoint, however, exfiltration is known to be a serious
problem in some areas, and undoubtedly contributes to prob-
lems in many cthers. The dearth of data regarding this prob-
lem precludes, at present, estimations of the volume of ex-
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Table 30. GENERALIZED WATER QUALITY &?MPARISON OF VARIOUS

WASTES.
Total Total
. Total nitrogen, phosphorus,

BODs, SS, coliforms, as N as P

Type ppm ppm MPN/100mli ppm ppm
Untreated municipal 200 200 5x 107 40 10

Treated municipal

Primary effluent 135 80 2 x 107 35 8
Secondary effluent 25 15 1 x 103 30 5
Combined sewage 115 410 5 x 108 ) 4
Surface runoff 30 630 4x10° 3 1
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filtration or the severity of its impact on ground-water
quality, either locally or regionally.

The available data regarding the sewered population through-
out the United States make possible the definition of areas
with a potential sewer leakage problem. Figure 60 shows
three ranges of sewered population by county: less than
50,000; 50,000 to 500,000; and greater than 500,000.

While ground-water degradation from sewer leakage can occur
wherever a sewer line is present, the magnitude of such prob-
lems is probably proportional to the ranges in density of
population served as shown on Figure 60. The impact on
ground-water quality in these areas is dependent on local
geology and hydrology.

Sanitary Waste Stabilization Lagoons and Ponds

The waste-water stabilization pond is the most popular form
of municipal secondary treatment in the United States, espe-
cially among the smaller sewage plants. The EPA "Municipal
Waste Facilities Inventory" lists 5,132 treatment plants,
serving 7,800,191 people, currently using this method of
treatment. As previously noted, the total number of facili-
ties listed, including those which are currently providing
no treatment, is 21,787. 2)

The volume of waste water that seeps into the ground from un-
lined stabilization ponds is quite large. A rough estimate
of the volume of pond seepage in all areas of the United
States has been calculated, based on an approximate median
infiltration rate for sealed sewage stabilization ponds, of
0.008 ft/day (0.2 cm/day). 15,16,17,18) Rule of thumb en-
gineering estimates for lagoon leakage are: new, unlined la-
goons, 0.05 to 6.2 ft/day (1.5 to 189 cm/day) and older,
self-sealed lagoons, 0 tec 0.1 ft/day (0 to 3.0 cm/day). The
total estimated leakage for the United States equals 50 mil-
lion gpd (157,000 cu m/day). Figure 61 provides a county
breakdown of the number of people per square mile being
served by treatment facilities using stabilization ponds.

The impact of leakage from waste-water stabilization ponds
depends on several factors which cannot be generalized for
this type of survey. Among the more important of these are
the nature of the waste water contained in the pond; nature
of the soils through which the leakage must migrate; depth
to the water table; and quality of the natural ground water.

Land Spreading and Basin Recharge

Disposal practices that are covered in this section include:
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irrigation of agricultural land, rapid infiltration ponds,
overland runoff, and discharge to dry stream beds and
ditches. Also discussed in the following section is dis-
charge to intermittent or perennial streams where a portion
of the surface water enters the ground-water system as re-
charge.

The lack of available data makes it impossible to specifi-
cally define the impact on ground-water quality of municipal
waste disposal on land. Two important factors can be esti-
mated, however, providing a good indication of the regional
potential for ground-water degradation. The first is the
quality of municipal effluent as it is discharged to land
and the second is the degree to which this disposal practice
is used in a particular region.

Effluent which meets the standards for secondary treatment,
as established by the Federal Water Pollution Control Act
Amendments of 1972, is not likely to seriously degrade
ground-water quality. Thus, facilities providing effective
secondary treatment can generally be disregarded as ground-
water quality threats except for nitrate, in some cases, and
also where the geology allows for rapid migration of contam-
inants. On the other hand, effluent receiving only primary
treatment is limited in acceptability for land application.

Table 32 shows the degree of treatment for existing plants.
While the bulk of effluent discharged has received secondary
treatment, about 19 percent has received only primary treat-
ment or less. In addition, there are numerous reported
cases where plants claim secondary treatment but are in fact
discharging effluent that does not meet the Federally estab-
lished standards. In October 1975, the EPA promulgated the
Best Practicable Waste Treatment Technology Standards which
require that effluent discharged to land not degrade ground
water to a non-potable condition. This action plus the
establishment of monitoring programs called for in the regu-
lations should help minimize the threat of future ground-
water contamination from land disposal of sewage effluent.

The second factor is related to those regions in the United
States where municipal waste treatment plant effluent is dis-
posed of directly on land. 1In order to obtain a picture of
the importance of this practice on a national basis, a list
was compiled of the 2,665 facilities which discharge efflu-
ent to sources other than intermittent and perennial streams,
lakes, or the ocean. Based on these data, Figure 62 was pre-
pared to show by county, three ranges of population density
served by facilities discharging effluent to land.
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Table 32. DEGREE OF TREATMENT AT MUNICIPAL WASTE FACILITIES . 2)

Treatment Number Population served Percent of total
degree of plants (millions) population served

None 1,118 2,92 1.8
Minor 68 0.76 > 0.5
Primary 2,777 37.85 23,9
Intermediate 68 6.15 3.9
Secondary 16,809 107.74 68.0
Tertiary 947 2,98 1.9

Total: 21,787 158.40 100.0
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It has been estimated that over 26 bgd (98.4 million cu m/
day) of sewage effluent from domestic, industrial, commer-
cial, storm water and all other sources, are discharged by
municipal treatment plants. 19) Taking the proportion of
land disposal to total disposal, approximately 2.3 bgd (8.7
million cu m/day) of effluent, some of which has received on-
ly primary treatment, are discharged onto the land.

Figure 62 indicates that the principal region for land dis-
posal of effluent is the arid southwest. Several reasons
for this are: (1) there is a lack of surface water in which
to discharge effluent; (2) ground water in such areas is
"mined" (taken from storage), and water recycling is prac-
ticed; and (3) arid conditions make the effluent valuable
for crop irrigation. There is, however, substantial land
disposal practiced in other regions of the United States,
for example, North and South Carolina.

Stream Discharge

About 90 percent of municipal waste treatment plant effluent
is discharged to surface-water bodies, particularly flowing
streams. Upon entering the stream, the effluent is diluted
to some degree. All of the water in the stream may dis-
charge to the ocean and have no effect on ground water. How-
ever, ground-water quality may be significantly degraded
where stream water recharges the ground-water system and the
effluent-flow to stream-flow ratio is large enough to signif-
icantly degrade the quality of the stream. Effluent dis-
charged to such streams may at times make up a substantial
part of the total stream flow which enters the ground. Be-
cause of the many variables involved, it is not possible to
estimate, on a broad basis, the impact on ground-water qual-
ity of effluent discharged to these streams from municipal
waste treatment facilities. The extent of this problem
should decrease significantly because of the general imple-
mentation of more stringent discharge requirements.

Storm Water

As previously mentioned, ground-water contamination from ur-
ban runoff may result from leaks in, and overflowing of,
storm sewers; intentional ground-water recharge of untreat-
ed runoff; and runoff flowing from streets directly into un-
paved areas and percolating to the water table. The volume
and gquality of contaminated runoff entering ground water

from leaks in the storm sewers cannot be estimated, due to
the lack of published data on this problem.

Storm-sewer overflow is another potential ground-water qual-
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ity threat. During rainstorms, the capacity of the sewer
lines is easily exceeded; as a consequence, regulators or
overflow weirs are used to discharge excess volumes of mixed
street runoff and, in the cas