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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of (he Ifnited States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise docs not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily slate or reflect those of the
United States Government or any agency thereof.
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ABSTRACT

Shallow injection wells have long been used for disposing liquid
wastes. Some of these wells have received hazardous or radioactive
wastes. According to U.S. Environmental Protection Agency (EPA)
regulations, Class IV wells are those injection wells through which
hazardous or radioactive wastes are injected into or above an
underground source of drinking water (USDW). These wells must be
closed. Generally Class V wells are injection wells through which
fluids that do not contain hazardous or radioactive wastes are
injected into or above a USDW. Class V wells that are responsible
for violations of drinking water regulations or that pose a threat
to human health must also be closed. Although EPA regulations
require closure of certain types of shallow injection wells, they
do not provide specific details on the closure process. This paper
describes the regulatory background, DOE requirements, and the
steps in a shallow injection well closure process: identification
of wells needing closure; monitoring and disposal of accumulated
substances; filling and sealing of wells; and remediation. In
addition, the paper describes a major national EPA shallow
injection well enforcement initiative, including closure plan
guidance for wells used to dispose of wastes from service station
operations.

INTRODUCTION

Historically, many entities, especially those located in rural
areas not served by a sanitary sewer system, disposed of some
wastes and wastewaters through shallow injection wells. This
practice continues today at some facilities. The U.S.
Environmental Protection Agency (EPA) recently estimated that there
are over 208,000 Class V shallow injection wells in this country
(1) . It has also been determined that at least 12 U.S. Department
of Energy (DOE) facilities have active shallow injection wells and
at least 13 DOE facilities have inactive shallow injection wells
(2* . There are probably many thousands of other shallow injection

* This work was supported by the U.S. Department of Energy,
Assistant Secretary for Environment, Safety, and Health under
contract W-31-109-Eng-38.



wells that have not been identified. From a regulatory standpoint,
shallow wells have received far less attention than other waste
management and ^disposal practices. Nevertheless, improper
injection practices through shallow wells have, in some cases,
resulted in ground-water contamination- This paper describes
recommended practices for closure of shallow injection wells.

BACKGROUND

Regulatory Background

In 1974, Congress passed the Safe Drinking Water Act (SBWA), which
established the Underground Injection Control (UIC) program to
protect underground sources of drinking water (USDWs) from
contamination by injected pollutants. Under EPA's UIC rules, an
injection well is a bored, drilled or driven shaft, or dug hole,
that is deeper than it is wide, into which a fluid is placed.
Under the UIC program, drain fields, leach fields, drywells, and
sumps are considered injection wells even though they have not
traditionally been thought of as wells.

The UIC program places all injection wells into one of five
classes. Class I wells are used for disposal of hazardous or non-
hazardous wastes below the lowest usable USDW. Class II wells are
used for injection of oil and gas industry wastes, injection of
fluids for enhanced oil recovery, or underground storage of liquid
hydrocarbons. Class II wells are also generally deep wells that
inject fluids at depths below some or all USDWs. Class III wells
are used for mineral extraction through solution mining or in situ
leaching. They also typically operate at depths below some or all
USDWs. EPA has promulgated extensive well construction and permit
requirements and general closure requirements for Class I, II, and
III wells.

In contrast, Class IV and V wells are wells through which fluids
are injected into or above the USDW and are generally more shallow
than other classes of wells. Class IV wells receive fluids
containing hazardous or radioactive waste and introduce them into
or above the USDW.

Class V wells are defined as all wells not falling into one of the
other classes. Class V wells are used to inject non-hazardous
fluids into or above the USDW and are generally shallow wells
through which fluids are injected by gravity. Class V wells
include drywe;lls, sumps, drain fields, drainage wells, cesspools,
septic systers, and other types of shallow wells. Under EPA's UIC
regulations, Class V wells are authorized by rule, i.e., generally
operators are not required to obtain permits until such time as
Class V regulations become applicable. There are currently no
Federal permitting regulations for Class V wells, although EPA
plans to propose Class V regulations in the next year. Some states
have UIC permitting requirements that apply to Class V wells. The
only significant Federal Class V regulatory requirement is that
owners or operators of Class V wells must submit an inventory of



their Class V wells to EPA or a delegated state agency.

There are no Federal regulations specifying detailed closure
practices for Class IV and V wells, but Federal regulations do
contain broad authority allowing EPA, when it administers the UIC
program in a state, to require a well owner or operator to submit
information to determine whether a well may be endangering a USDW
(40 CFR 144.27 (a)) . If there is any indication that the injection
well may cause a violation of primary drinking water regulations or
adversely affect human health, EPA or a delegated state may take
whatever actions are necessary to prevent the violat ion or adverse
health effect, including well closure (40 CFR 144.12 (c) and (d)) .

Any injection well that has ceased operation for two years must be
plugged and abandoned unless the operator can demonstrate that the
well temporarily removed from service will not endanger any USDW
(40 CFR 144.52 (a)(6)). Inactive abandoned wells should be sealed
or plugged. States may have additional closure requirements.

EPA has mandated the closure and prohibits the development of Class
IV wells with the following three exceptions (40 CFR 144.13):

1. Wells reinjecting treated ground water to the same
aquifer from which it was withdrawn as part of a
Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) or Resource Conservation and
Recovery Act (RCRA) cleanup are authorized.

2. Wells used to inject hazardous waste into aquifers that
have been exempted by tl.e Director of the UIC program for
a state are not prohibited, but are treated es Class I
wells.

3. Wells used to inject hazardous waste where no USDW exists
within one quarter mile of the well bore in any
underground formation, as long as injected fluids do not
migrate from the injection zone are not prohibited, but
are treated as Class I wells.

Under 40 CFR 144.23 (b) , in states in which EPA administers the UIC
program, Class IV well operators are required to plug or otherwise
close each Class IV well in a manner acceptable to EPA and notify
EPA before abandoning the well. Upon completion of well closure,
the operator must submit certification by an independent registered
professional engineer that the facility has been closed (40 CFR
144.13 (b) and 144.14 (c)(9)).

DOE Requirements

Order DOE 5400.5, Radiation Protection of the Public and the
Environment. contains requirements for disposal of liquid wastes
containing radionuclides to aquifers. The use of soil columns --
described in the Order as trenches, cribs, ponds, or drain fields -
- for disposal of radionuclide-bearing wastes must be discontinued



at the earliest practicable time. It should be noted that although
trenches, cribs, and ponds release contaminants to ground water,
they may not meefc* the definition of injection well, and therefore
would not fall under the purview of the UIC program. They may,
however, be subject to state ground-water discharge permit
requirements.

DOE activities that discharge liquids containing radionuclides to
soil columns without first treating the waste by Best Available
Technology (BAT) should have developed, by August 8, 1990, a plan
and schedule for implementing alternate acceptable disposal at the
earliest practicable time. BAT is defined in the Order as a
process-specific preferred treatment technology. The plan should
be submitted to the appropriate Operations Office manager and
updated annually. Any new or increased discharges of liquid wastes
containing radionuclides to active or new soil columns are
prohibited unless the DOE activity cannot comply with the
requirements of the Order. In such a case, the Operations Office
responsible for the DOE activity must develop an interim control
strategy that is reevaluated every two years. Discharges of
tritium in dilute waste streams are also exempted from the
discharge prohibition because no practicable technology is
available.

Some DOE facilities have used soil columns for disposal of liquid
wastes containing radionuclides, but use of most of these
contaminated soil columns has been discontinued. Any such inactive
soil columns must be managed or decontaminated in accordance with
the requirements of Order DOE 5480.4 and those in the 5400 series.
In addition, no other liquid wastes, whether contaminated with
radionuclides or not, may be disposed of through inactive soil
columns.

THE CLOSURE PROCESS

The closure process recommended by the authors consists of several
steps:

• identification of wells needing closure;

• monitoring and disposal of accumulated substances;

• filling and sealing of wells; and

• remediation, if necessary.

The authors strongly recommend that all injection well operators
who face closure of Class IV or V wells establish clear
communication with the appropriate regulatory agency to make
certain that the agency's requirements are understood. Many past
waste disposal practices are no longer appropriate or legal.
Regulators generally appreciate cooperation from the regulated
community. It is important to note that continuation of known
illegal waste disposal practices may lead to criminal charges in



addition to extensive liability.

Identification of Wells deeding Closure

Unless an accurate inventory of shallow injection wells is already
available, well operators should conduct a site-wide inventory of
all active and inactive shallow injection wells. It should be
relatively simple to identify all active injection wells, but will
probably be more difficult to identify the location and contents of
inactive wells that ceased activity many years ago. For inactive
wells, the well operators should consult old reports, blueprints
and drawings, and speak with current or former employees who have
knowledge of past disposal practices.

Upon completion of a shallow well inventory, the well operator
should determine which wells must be closed. All Class IV wells
must be closed, except for the three groups of wells discussed
above. As an attempt to identify which subclasses of Class V wells
are most likely to receive hazardous wastes and therefore which are
most likely to require closure, EPA sponsored a study that examined
the types of wastes that the wells received and the potential for
those wastes to be hazardous (3). This report concluded that most
Class V subclasses probably are not injecting hazardous wastes
because the wastes:

• are exempted from regulation as hazardous wastes;

• are not listed wastes;

• are generally relatively clean and are therefore not
likely to be characteristic hazardous wastes; and

• are generated and handled so that they are not likely to
be mixed with or derived from a hazardous waste.

Five subclasses of wells may be receiving hazardous wastes:

• agricultural drainage wells;

• industrial drainage wells;

• abandoned drinking water wells;

• radioactive waste disposal wells {not because of the
radioactive component itself, but because the radioactive
component may be mixed with hazardous wastes); and

• experimental technology wells.

Two other subclasses of Class V wells are very likely to be
receiving hazardous wastes:

• industrial process water and waste disposal wells; and



• automobile service station wells.

There is another*<much larger group of wells that usually receive
only non-hazardous materials, but have received hazardous materials
accidentally or intentionally, one time or occasionally. For
example, a maintenance person may wash paint brushes and rollers in
a sink that goes to a septic system and drain field, or pesticide
may enter a stormwater drainage well. There is no consensus among
regulators on how to treat these wells. Some regulators consider
such wells to be Class IV wells from the moment they receive one
drop of hazardous materials, while other regulators pragmatically
handle these wells as Class V wells that are temporarily out of
compliance. Veil (4) discusses the potential regulatory responses
to such a situation and recommends that EPA develop policy guidance
on this subject. Until guidance is available, the authors
recommend that well operators work with their regulatory agencies
to determine on a case-by-case basis whether wells need to be
closed.

Although most types of Class V wells do not receive hazardous or
radioactive wastes, some types of Class V wells should be closed.
Class V wells that may result in a violation of primary drinking
water regulations or may adversely affect public health can be
required to be closed, at the discretion of the regulatory agency
(40 CFR 144.12 (c) and (d)). If a well operator suspects that an
injection well violates the regulations or causes a health tureat,
it may be prudent to institute changes to operating practices or
close that well, regardless of whether the regulatory agency
requires it. This makes good environmental sense and can avoid
unnecessary liability later on.

As mentioned above, 40 CFR 144.27 (a) allows EPA to require a well
owner or operator to submit information to determine whether a well
may be endangering a USDW. EPA Region V has prepared a draft set
of guidelines for conducting site assessments at Class IV and V
wells that cites this regulation as the basis for requiring site
assessments (5) . This document recommends that site assessments be
conducted at all Class IV wells and at any Class V wells suspected
of causing a violation of drinking water regulations or an adverse
human health effect.

Monitoring and Disposal of Accumulated Substances

Once a well is designated for closure, any additional discharge of
wastes into that well should be discontinued. If the waste stream
continues to be generated, it must be routed to another disposal
alternative, such as a sanitary sewer or a holding tank for off site
disposal.

Well operators should take samples for laboratory analysis of the
1iquid and sludge that accumulates in the plumbing leading to the
injection well, including sumps, drains, and catch basins, and from
the surrounding soils. Analytical parameters should be chosen
using knowledge of former injectate characteristics and to allow



comparison to regulatory standards such as maximum contaminant
levels (MCLs) or hazardous waste toxicity characteristic standards.
Bacterial actionjmay lead to the presence of degradation products;
this should be considered when laboratory analytical parameters are
chosen.

EPA Region IX prepared guidelines on closing shallow injection
wells (6) . This document covers the entire closure process, but
emphasizes sampling aspects- It serves as a good reference for
selection of sampling equipment, sample location, quality
assurance/quality control, sample collection, and analytical
methods.

Any waste material in the attached plumbing and any contaminated
soil should be removed and disposed of in accordance with state and
Federal requirements. As an added consideration, if the wells to
be closed are located at a DOE facility, some of the waste
materials may be contaminated with radionuclides. Such material
should be handled in accordance with DOE requirements for managing
residual radioactive materials, including those contained in Order
DOE 5400.5 and Order DOE 5820.2A, and in associated monitoring and
survey guidance.

Filling and Sealing of Hellt

Following sampling of an injection well and removal of any solids,
sludges, and soils whose chemical concentrations exceed applicable
regulatory standards, well operators should disconnect and clean
any drain lines leading to the well. The drain lines should be
removed or filled with concrete, cement, or grout. If the
injection well is a drywell, sump, or drain field, it should be
backfilled with clean fill dirt, sand, or gravel. If the well is
a more traditional small-diameter, cased well, the well should be
backfilled to near the surface and capped with a plug of concrete,
cement, or grout. In either case, the well operator should
determine if there are any state or local requirements for filling
wells.

When a well operator has completed removal of contaminated
materials and filled and sealed the well, he or she should submit
to the regulatory agency a certification by an independent
registered professional engineer that closure has been completed
(40 CFR 144.13 (b) and 144.14 (c)(9)). In addition to the
certification, the well operator is advised by the authors to
submit a report containing at least the following information-;

• reason for closure of the well and the steps followed
during closure;

• site plan showing location of well and sample locations;

• analytical results of fluid, sludge, and soil samples;
and



• site assessment of the extent of contamination.

Remediation »»

EPA or a State agency with authority to administer the UIC program
will determine whether further environmental remediation is
required. The decision to require remediation is generally based
on analytical results taken by the operator or the regulator that
indicate the extent of contamination. The regulator may also
consider the operator's degree of cooperation in closing the well.
At some DOE sifras, remediation of shallow injection wells may occur
as part of site-wide restoration programs, whether it is required
by the regulatory agency or not.

There are numerous remediation methods available. The choice of
appropriate remediation methods depends upon specific site
characteristics such as subsurface conditions and the nature of
contamination. Well operators should evaluate remediation methods
and make a recommendation to the regulatory agency. The regulatory
agency will review the well operator's recommendations and either
approve the recommended methods or require alternatives. Details
on remediation methods are not discussed in this paper.

CLOSURE PLAN GUIDANCE FOR SERVICE STATION WELLS

This section describes the only major national enforcement effort
against Class V well operators undertaken by EPA. In September
1991, EPA issued Administrative Consent Orders to ten major oil
companies requiring them to close automobile service station
disposal wells (referred to as 5X28 wells by EPA) at their stations
by the end of 1993. These Consent Orders provide a protocol for
identifying 5X28 wells as well as closure plan requirements (7).
The authors recommend that well operators at facilities other than
^ervice stations determine if there are any 5X28 wells located at
their vehicle maintenance facilities, and if so, initiate closure.

Following issuance of the EPA Administrative Consent Orders, the
American Petroleum Institute (API) released a report on recommended
practices for handling water discharges from automotive service
facilities located at petroleum marketing operations (8) . This
document provides background information on closing floor drains,
drywells, cesspools, and septic systems (all of which are
considered injection wells) that are subject to potential
contamination.

CONCLUSIONS

There are many active and inactive shallow wells that can serve as
a conduit for contaminants to enter USDWs. All Class IV wells,
except for the three exempted categories discussed above, and those
Class V wells that cause violations of Federal drinking water
regulations or pose a threat to human health must be closed to
protect the USDWs. The Federal requirements for shallow well
closure are minimal; consequently a well operator must use his or



her judgement to select the most applicable and relevant
requirements from the suite of practices described in this paper
and elsewhez-e. A well closure plan should not be developed and
implemented in a vacuum; concurrence from the regulatory agency is
prudent and will avoid futu *e misunderstandings.

Enforcement of niC shallow well activities and closure has
generally not been a high priority for EPA and state agencies, with
the exception of the large enforcement effort against the major oil
companies discussed above. Nevertheless, enforcement authority is
available, and injection ivell operators should carefully assess
whether their wells need to be closed. Proactive closure measures
may minimize potential liability for remediation.
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