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Foreword

At the request of the Senate Committee on Environment and Public Works, the Of-
fice of Technology Assessment has examined the current status of the Nation's knowledge
about and experience in dealing with groundwater contamination problems. This volume
of Protecting the Nation Groundwater From Contamination presents in detaill the infor-
mation and data on which the analyses and conclusions of volume | are based. It is organized
into eight appendixes covering health impacts and sources of groundwater contamination;
the State framework for protecting groundwater quality based on results from the OTA
State survey; technical and nontechnical issues related to the application of corrective ac-
tion alternatives; and definitions of hydrogeologic terms.
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Groundwater Contamination and Its Impacts
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A.1l AN APPROACH TO ASSESSING THE HEALTH

RISKS OF CHEMICALS

Because of uncertainties about the relationship be-
tween exposure (e. g., to chemicals) and impacts on
human health, public health efforts are based on iden-
tifying probabilities of impacts. This process entails
identifying when exposure is likely to pose either sig-
nificant health risks or, aternatively, negligible health
risks.

Predictive risk assessment is generally accepted by the
scientific community as the only currently available
method for evaluating the risks posed by exposure to
chemical contaminants under varying conditions. This
approach and its limitations are described in detail in
the literature (e. g., N.AS, 1983a; Environ Corp., 1983).
Importantly, what are deemed to be “safe” or “accept-
able’ levels of risk for the protection of public health
involves subjective judgments, often including consid-
eration of the costs of achieving those levels.

Predictive risk assessment has historically been ap-
plied to contaminants found in environmental media
other than groundwater. Its application to groundwater
is believed appropriate because many of the scientific
and technical issues that motivated the use of predic-
tive risk assessment in the past are independent of the
environmental medium in which the contaminants occur
(Environ Corp., 1983). Some of these issues concern
the risks associated with chemical exposures that do not
produce immediately observable effects or for which the
nature and duration of the exposure cannot be readily

IN GROUNDWATER

identified. At the same time, the occurrence of contam-
inants in groundwater raises questions that have not yet
been fully examined in the context of predictive risk
assessment and public health protection; these questions
are related, for example, to multiple pathways of ex-
posure.

Conducting a risk assessment for groundwater con-

taminants consists of four basic steps (NAS, 1983a):

1 hazard evaluation, identification of the con-
taminants and their toxicological characteristics;

2. dose-response assessment, i.e., specification of the
‘‘no observed effect level (NOEL) for non-car-
cinogens and of the unit risk for carcinogens;

3. exposure assessment, i.e. , identification of the
pathways of exposure, dosage, concentration levels,
and exposed population; and

4. risk characterization, i.e., trandation of the above
three steps into a determination of health risks.

Each of these steps is described and analyzed below in
the context of groundwater. Ultimate determination of
risks requires that each of the four steps be carried out

Hazard Evaluation
Hazard evaluation involves collecting and assessing

information about the inherent toxic properties of con-
taminants. There are two principal sources of informa-
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244 . Protecting the Nation’s Groundwater From Contamination

tion about toxic properties: 1) epidemiological or clinical
studies and 2) experimental data. Molecular structure
is presently of only limited value in predicting the toxic
properties of chemicals (Environ Corp., 1983).

The limitations of epidemiological investigations in
providing information about the toxic properties of
chemicals are well described elsewhere (Environ Corp.,
1983). In the context of groundwater contamination, the
limitations would include;

e Difficulties in providing proper controls on studies
so that strict cause-effect relationships can be estab-
lished: Because there is so little experience in con-
ducting epidemiological studies in the context of
groundwater, there are many unresolved metho-
dological issues concerning controls including re-
moving sources of bias (e. g., effects of diet, ciga-
rette smoking, and occupation), accounting for
exposure to mixtures of contaminants that are also
site-specific and time-varying, identifying suitable
control groups, and detecting small but potentially
important risks when small numbers of people are
involved.

e Difficulties in obtaining accurate data on the nature,
intensity, and duration of exposure, especially
when multiple chemicals are present at low con-
centrations: Many contaminants are present in
groundwater at low concentrations (e. g., parts per
billion), and exposure may occur over long periods.

® Difficulties in linking adverse health impacts that
are observable only after long latency periods to
exposure: There is a general lack of data concern-
ing possible health impacts on humans exposed to
groundwater contamination. One systematic health
investigation that was specifically oriented to ground-
water suggested a relationship between high levels
of carbon tetrachloride and liver damage in Harde-
man County, TN (Clarke, et a., 1982, cited in
Harris, 1983); however, this study involved arela-
tively short latency period and was not a controlled
epidemiological study. Epidemiological studies
related to drinking water include a set of studies
that are inconclusive about an association between
cardiovascular disease and chlorinated drinking
water (see NAS, 1980) and studies suggesting an
association between chlorinated drinking water and
certain cancers (Crump, et al., 1980, cited in Har-
ris, 1983). A recent study linked rates of leukemia
and birth defects with the presence of chloroform
and TCE in two wells in Woburn, MA (Science
News, 1984).

® Difficulties in applying the epidemiological meth-
odology to newly introduced chemicals: Although
relatively few chemicals are widely used commer-
cially, approximately 1,000 new chemicals are in-
troduced into commercial production each year.

+ Dificulties in interpreting self-reported symptoms:
Self-reporting of symptoms is one of the earliest
clues to a possible relationship between exposure
and health impacts and can provide the basis for
the design of testable, controlled epidemiological
investigations. Evidence for a relationship is strong
if reported symptoms are highly specific and unusual
and appear to occur in ‘‘clusters. Even so, such
evidence does not constitute proof of a causal link
between exposure and reported symptoms. At best,
reported symptoms can be checked for consistency
with known hazards and serve to strengthen or
weaken inferences about suspected relationships.
If reported symptoms are vague and/or common
(e.g., headaches, nausea, and rashes), it is unlikely
that epidemiological studies will be of value (En-
viron Corp., 1983).

Because of the types of problems associated with epi-
demiological investigations, * ‘it is likely that most epi-
demiological investigations of populations exposed to
groundwater contaminants would lead to inconclusive
results, and there appears to be little prospect for im-
proving this situation; these problems are inherent to
methods of epidemiology’ (Environ Corp., 1983).
However, when populations have large exposures to
high concentrations of organic chemicals, such as in
Hardeman County, epidemiological investigations may
be able to document adverse health impacts. In addi-
tion, when epidemiological data are supplemented with
laboratory data, the likelihood of establishing cause-
effect relationships can increase (Harris, 1984).

In addition to epidemiological studies, a second ma-
jor source of information about toxicity is experimental
data. Toxicity data derived from laboratory experiments
on animals have several advantages over epidemiological
and clinical investigations. exposures can be controlled,
biological changes can be examined in detail, and causal
relationships between exposure and toxicity can be es-
tablished with high certainty.

The applicability of animal data to humans depends
on the assumption that biologica activity is similar
among various mammalian species. There appears to
be substantial evidence to support the inference of
human health effects based on results from animal
studies (Environ Corp., 1983); and consequently, ani-
mal data have historically been the principal sources of
toxicity data for assessing the risks of chemicals (e. g.,
pesticides, food and color additives, and drugs) prior
to their commercial introduction. Nevertheless, infer-
ences about human health effects from animal data are
gtill controversial. In addition, although efforts are
underway to develop toxicity data for various purposes
(e.g., toxicity data are available from the National Tox-
icology Program of the Department of Health and
Human Services), OTA’S analysis suggests that a com-
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plete, uniform data base for all potentia groundwater
contaminants is unlikely for many years (Environ
Corp., 1983).

Dose-Response Relationships

The second step in a predictive risk assessment is
describing dose-response relationships. These relation-
ships link known exposure characteristics with the fre-
guency at which toxic effects appear in exposed popula-
tions. In general, for a given duration of exposure, the
frequency at which toxic effects appear in an exposed
population increases with increasing dosage; in many
cases, the toxic effects will become more severe as ex-
posure increases (Environ Corp., 1983).

There are various ways to express dosage. The most
common is weight of the contaminant taken into the
body per unit of body weight of the exposed recipient
per unit of time (e.g., milligrams (mg) per kilogram (kg)
per day). Because epidemiological studies rarely pro-
vide the exposure data necessary for determining ex-
posure characteristics, experimental data are the pri-
mary source of dose-response information.

In practice, inferences must often be made about the
dose-response function for groundwater contaminants
because doses are often below the range at which ex-
perimental dose-response relationships can be observed.
Some cases of contamination, however, do involve ex-
posures in the range for which experimental dose-
response relationships have been determined (Harris,
1984). When the relationships can be determined, the
dose-response for non-carcinogens is described in terms
of the threshold dose at which no adverse response is
observed, the ‘‘no observed effect level’ (NOEL). For
carcinogens, which do not appear to act according to
athreshold concept, experimental data are used to estab-
lish a relationship between dose and carcinogenic risk
known as the * ‘unit risk, eg., the fraction of a group
of experimental animals exposed to carcinogens that de-
velop tumors during the experiment minus the fraction
of animals in the untreated (control) group that develop
the same types of tumors. In general, experimentally
derived measures of dose-response should be interpreted
with care in estimating human dose-response relation-
ships (Environ Corp. , 1983).

! For example, human thresholds are probably lower than experimentally
derived NOELS both because the human population is genetically more di-
verse and thus likely to have a broader range of susceptibilities than laboratory
animals, and because the human population 1s exposed to a broad range of
additional environmental agents. Further, because only relatively small num-
bers of animals can be used in carcinogenicity experiments, the experiments
often involve high doses of agents, extrapolatinithe results to human exposures
from environmental care inogens thus involves prediction of low dose risk frum
high dose/high risk data.

Exposure Assessment

Exposure assessment involves determining the mag-
nitude and duration of exposure to environmental
agents. It requires estimating the dosage of contami-
nants received by exposed populations, identifying the
exposed population, and identifying the body sites at
which toxic effects are produced.

The dosage of contaminants received by exposed
human populations can be estimated if information is
available about both concentration levels and the intake
(e.g., duration, frequency, and amount) of contami-
nants at given concentration levels. Determining the in-
take of groundwater contaminants, however, is difficult
because of the multiplicity of pathways along which the
contaminants can expose populations (see ch. 2).

In practice, information is most often not available
about the dosage received along these different path-
ways, and health scientists often assume standard aver-
age values when carrying out exposure assessments.
Only for the direct ingestion of contaminants via drink-
ing water are there standard approaches for estimating
dosage. Although there appears to have been little at-
tempt thus far to conduct comprehensive exposure anal-
ysis (Environ Corp., 1983), approaches for incorporat-
ing the different possible pathways of exposure have
been discussed within the scientific community.”

Table A. 1.1 lists the types of data and assumptions
that would be necessary to estimate dosage from each
possible route of exposure to groundwater contaminants.
Because many of the parameters shown in table A. 1.1
vary from site to site and thus cannot be readily stand-
ardized, exposure assessments will probably have to be
made at the site-specific level. Further, daily concen-
trations of organic chemicals in groundwater can fluc-
tuate by more than an order of magnitude. Accurate
average exposures can be calculated only if a monitor-
ing program is designed to account for this fluctuation;
most monitoring data currently available are not ade-
quate for calculation of accurate average exposure
(Harris, 1984). This difficulty argues for careful site
analysis of contaminant concentrations, soils, and the
habits of the exposed populations.

Identification of exposed populations is important be-
cause different people exhibit different susceptibilities
to a toxic agent. In most cases, the general population
would be exposed and would exhibit the full range of
susceptibilities. At some sites, however, principaly

‘For example, in the risk assessments conducted by the Safe Drinking Water
Committee of the National Research Council (NRC), safe drinking water ex-
posure limits were estimated onthe basis of an arbitrary assumption thatonly
20 percent of a person daily exposure to a contaminant would come from
the direct ingestion of water. (See also NAS, 1983a, NRC, 1980 )
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Table A-1.1 .—Data and Assumptions Necessary To
Estimate Human Dose of a Groundwater Contaminant
From Knowledge of its Concentration in Groundwate®

1. Direct ingestion through drinking:

.Amount of water consumed each day (generally as-
sumed to be 2 liters for adults and 1 liter for a 10 kg
child).

. Fraction of contaminant absorbed through wall of
gastrointestinal tract.

. Contaminant concentrations.

« Average human body weight.

2. Inhalation of contaminants:

e Air concentrations resulting from showering, bath-
ing, and other uses of water.

® Variation in air concentrations over time.

* Amount of contaminated air breathed during those
activities that may lead to volatilization.

e Fraction of inhaled contaminant absorbed through
lungs.

® Average human body weight.

3. Skin absorption from water:
« Period of time spent washing and bathing.
« Fraction of contaminant absorbed through skin
during washing and bathing.
« Average human body weight.

4. Skin absorption from contaminated soil:

. Concentrations of contaminant in soil that has been
exposed to contaminated groundwater.

« Amount of daily skin contact with soil.

« Amount of soil ingested per day (e.g., by children).

« Absorption rates (e.g., by skin and gastrointestinal
tract).

« Average human body weight.

5. Ingestion of contaminated food:

« Concentrations of contaminant in edible portions of
various plants and animals that have been exposed
to contaminated groundwater.

« Amount of contaminated food ingested each day.

. Fraction of contaminant absorbed through wall of
gastrointestinal tract.

« Average human body weight.

8The total dose is equal to the sum of the doses from the five routes.
SOURCE: Environ Corp., 1983.

subgroups will be exposed (e. g., children and the elder-
ly), and they may exhibit specific susceptibilities.
Another aspect of exposure assessment involves iden-
tifying the body site at which toxic effects are produced.
For example, some contaminants produce their toxic ef-
fects directly at the point of contact (e.g., the skin, lung,
and gastrointestinal tract). If contaminants are to pro-
duce effects at internal body sites (systemic effects), they
must first pass through physical barriers—i. e., the
gastrointestinal wall, the skin, or the lungs. The rate
and amount of absorption vary from contaminant to
contaminant; these data are most frequently not avail-
able. In the absence of data from human subjects, the
common practice among public health scientistsis either
to adopt absorption rate values from experimental stud-

ies of substances having similar chemical and physical
characteristics or to assume that absorption is complete
along every pathway (Environ Corp. , 1983).

Risk Characterization

The fourth and last step in the risk assessment proc-
essisrisk characterization. Once information is obtained
about contaminant toxicity, dose-response relationships,
and exposure, the risk faced by exposed populations can
be determined.

With respect to non-carcinogens, common practice
isto:

1. calculate an acceptable daily intake (ADI) level by

dividing the experimentally determined NOEL by
a safety factor (to account for uncertainties in the
measurements);

2. modify the ADI if exposure routes other than in-
gestion are to be considered; otherwise incorporate
additional safety factors; and

3. calculate the margin-of-safety (MOS) by dividing
the experimental-NOEL by” the actual” dose and
compare the MOS to the safety factors used in cal-
culating the ADI. (Note that the lower the value
of the MOS, the larger the risk to the exposed
population. )

For carcinogens, risk is characterized by multiplying
the actual daily lifetime dose by the unit risk. Although
an explicit estimate of risk is obtained, this estimate still
embodies uncertainty and is treated (e. g., by FDA and
EPA) as an upper limit of the true risk.

The ADI and the MOS for non-carcinogens and the
acceptable risk for carcinogens are designed to ensure
that exposed populations are not at significant risk. Al-
though the calculation of these values for any given con-
taminant involves many simplifying assumptions and
approximations, an additional limitation is that these
estimates treat contaminants individually and independ-
ently of each other. In most instances, however, popula-
tions are exposed not to individual contaminants but
to complex and possibly time-varying mixtures.

How and where contaminants interact with each other
to produce toxic effects are complicated and poorly un-
derstood; some evidence suggests that such interactions
are significant.* The health risks from exposure to com-
binations of contaminants may differ either qualitatively
or quantitatively from health risks from exposure to in-
dividual contaminants. Although such interactions are

SExamples include the marked synergism between cigarette smoking and
asbestos in the induction of lung cancer, the reaction of secondary amines and
nitrites in the stomach to form carcinogenic nitrosamines, and the synergist ic
effects between alcohol and halogenated hydrocarbons (e. g., carbon tetrachlor-
ide) to cause liver damage (see Environ Corp., 1983, for complete references).
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not unique to groundwater, they do pose a significant
impediment to reaching conclusions about acceptable
levels of exposure to groundwater contaminants (En-
viron Corp., 1983).

There are no generally applicable protocols for testing
the effects of contaminant interactions, and there are
few data to guide the development of such protocols.
For now, risk assessments that are to take into account
possible interactions must be based on considerations

other than empirical evidence. Although the potential
importance of interactions is recognized, especially with
respect to groundwater, there is no area of standard set-
ting that has taken interactions into account as a mat-
ter of course’

*E. PA has considered treaung carcinogenic risk as additive,1 e, that the total
carcinogenic risk is equal tothe sum of theriskof eac h of the individual ¢ on-
tamimnants (Environ Corp . 1983)
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A.3 FREQUENCY OF DETECTION OF SELECTED

CHEMICALS

IN GROUNDWATER

CHEMICAL

SAMPLING SCHEME

Random

Non-random

Not specified

A.l1. AROMATICHYDROCARBONS

A020

A.3.

262

Benzene 1.7-15
Ethylbenzene 0-6-44
Fluoranthene

Propylbenzene 0.2
Toluene 1 .0-5.2
Xylenes 1.7-2,1
OXYGENATED HYDROCARK)NS

Acetone 206
Butyl acetate

Di-n-butyl phthalate

Dichlorophenol

Diethyl phthalate

Methyl ethyl ketone

Phthalic acid

HYDROCARBONS WITH SPECIFIC ELEMENTS

Bromobenzene 0.4
Bromodichloromethane 50.9
Bromoform 30.9
Carbon tetrachloride 3.1-7.4
Chlorobenzene 0.2
Chloroform 11-53.2
Chloromethane (Methyl chloride) 3.7

6e9

<5.0

<5.0

28-6
17.2
14.3
( 5.0

21.4

70.3
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SAMPLING SCHEME

CHEMICAL Random Non-random Not specified
Chloroto luene 0.2
Dibromochlorcxnethane 46.3 64.5
Dibromochloropropane (DBCP) 2.6

Dichlorobenzene 0.8 12.9
Dichloroiodomethane 2.7 30.3
1,1-Dichloroethane 1.9-23.1 1-34
1,2-Dichloroethane 1.1-7.0 1 .5-17.1 2-73
1, 1-Dichloroethylene 3.1 7.1
1,2-Dichloroethylene 4.8-38.5 7.1-21.4
Dichloromethane 607
2,4-Dichlorophenol 17.2
1,2-Dichloropropane 1.5

Ethyl chloride 7.1
Malathion 7.1
Methyl parathion 7.1
Pentachlorophenol (PCP) 6.9
Polychlorinated biphenyls (PCB) 7.8
Tetrachloroethylene 2.1-9.4 2-34
Trichloroethanes (TCA) 4.3-8.1 8.1-15.8 2-66
T'richloroethylene (TCE) 1.7-11.3 3.6-50.1 2-79
Vinyl chloride 1.3 1-36

Source: Office of Technology Assessment; University of Oklahoma, 1983.



A.4 SUBSTANCES IN GROUNDWATER WHOSE
DETECTED CONCENTRATION HAS EXCEEDED
STANDARDS AND TYPES OF STANDARDS EXCEEDED

Ambient
Water
State State National D W Health Advisory Quality
SUBSTANCE DW GW  Primary Secondary |-Day lo-day Long-termControl
A.1. AROMATIC HYDROCARIXINS
Benzene X X X X X
Ethyl benzene X
To luene X X X X

A.2. OXYGENATED HYDROCARBONS

1 ,4-Dioxane X X X
Phenols X X
A .3. HYDROCARBONS WITH SPECIFIC
ELEMENTS
Alachlor X
Aldicarb X X
Bromacil X
Bromodichloromethane
Carbofuran X X X X
Carbon tetrachloride X X X X
Chloroform X
Dibromochloropropane
(DBCP) X X
Dibromoethane X
Dichlorobenzene (-p)
Dichlorodiphenyltri-
chloroethane (DDT) X
1,2-Dichloroethane X X
1,1-Dichloroethylene X X X X X
1,2-Dichloroethylene X X X X
Dichloromethane X X X X
(methylene chloride)
2,4-Dichlorophenoxy-
acetic acid (2,4-D) X X
Dichloropropane X
Dioxins X
Endosulfan X
@ -Hexachlorocyclohexane X
& -Hexachlorocyclohexane X
]-liexachlorocyclohexane
(F-BHC, or Lindane) X
Methyl parathion X

264
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SUBSTANCE

State State

DW GW

Ambient
Water
National D W Health Advisory Quality

Primary Secondary [-Day 10-day Long-termControl

A.3. HYDROCARBONS WITH SPECIFIC

A A4

B.1.

B .2

ELEMENTS (cent d)

Polychlorinated biphenyls

(PCBS)
RDX (Cyclonite)
Tetrachlorobenzene
Tetrachloroethane
Tetrachloroethylene
Toxaphene
1,1,1-Trichloroethane

Trichloroethylene (TCE)

Trinitrotoluene (TNT)
Vinyl chloride

OTHER HYDROCARBONS
Gasoline
METALS AND CATIONS

Aluminum
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
lron

Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Sodium
Vanadium
Zinc

NONMETALS AND ANIONS

Ammonia
Chlorides

39-702 0 - 84 3

>

>x<X X< X X

>x< X<

XX XX XX X X XX X X X X X

>
>
>
XX X XX X X X X X

>
>x< X
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Ambient
Water
State State Nationa DW Health Advisory Quality
SUBSTANCE DW GW  Primary Secondary |-Day 10-day Long-termControl
B.2. NONMETALS AND ANIONS ( cent d)
Cyanides X X X
Fluorides X X X
Nitrates X X
Sulfates X X
D. RADIONUCL IDES
Radium 226 X X X
Uranium 238 X X

Abbreviations: DW = drinking water; GW = ground water.

“X" in State DW or State GW column means that the standard set by at least one State has
been exceeded.

Source:  Ofice of Technol ogy Assessment.



A5 SOURCES OF GROUNDWATER CONTAMINATION

This appendix was compiled to supplement and/or
substantiate information summarized in chapter 2 (see
table 8). Although an extensive survey of sources was
attempted, time limitations precluded collecting some
data. Thus the information in this appendix is that
which was readily available to OTA,; it should not nec-
essarily be regarded as exhaustive or definitive.

When available and appropriate, this appendix con-
tains the following information for each source:

® general information regarding the definition, use,
and location of the source;

¢ details of the assumptions and calculations used in
estimating the numbers of facilities or activities of
a source type;

o details of the assumptions and calculations used in
estimating the amount of material flowing through
or stored in al facilities or activities of a source
type; and

¢ information regarding the potential of both indi-
vidual facilities or activities and all facilities or activ-
ities of a source type to contaminate groundwater.

Selected references on the potential of sources to con-
taminate groundwater are listed at the end of the ap-
pendix.

1. Subsurface Percolation:
Septic Tanks and Cesspools

Septic tank systems consist of a buried tank and drain-
age system designed to collect waterborne wastes, re-
move settleable solids from the liquid by gravity separa-
tion, and permit percolation into the soil of clarified
effluent. They are best suited for small volumes and
periodic flows.

The highest regional densities of use in the United
States occur in the eastern third of the country and along
portions of the west coast (USDA, 1981a). Septic tank
systems and cesspools serve more than 100,000 hous-
ing units in four counties (Nassau and Suffolk, NY;
Dade, FL; and Los Angeles, CA) and more than 50,000
housing units in 23 counties (EPA, 1977a).

Development of Estimates of
Numbers and Amounts

There were an estimated 19.5 million domestic on-
site disposal systems in the United States in the mid-
1970s, of which 16.6 million were septic tanks and cess-
pools (EPA, 1977a); presumably the remaining 2.9
million systems were privies or chemical toilets, Little
information is available regarding the number of com-
mercial and industrial septic tank systems. DeWalle, et
al. (1980, cited in DeWalle, et a., no date) estimated
that the State of Washington has at least 500 large on-

site systems serving restaurants, hospitals, and larger
industrial customers. Miller (1980) estimated that
25,000 industrial septic tanks are in operation in the
United States based on the number of industrial
establishments using water, but no documentation for the
figure was provided.

Estimates of annual flow to an individual septic tank
from an average household range from 49,275 gallons
per year per household (gyh) (Miller, 1980: 45 gallons
per person per day X 3 persons per household X 365
days per year) to approximately 75,000 gyh (derived
from information in Pye, et al., 1983: 3.5 billion gallons
per day X 365 days per year + 17 million tanks). Thus
a minimum estimate of the total annual flow to al do-
mestic systems would be approximately 820 billion
gallons per year (49,275 gyh X 16.6 million systems),
and a maximum estimate would be approximately 1,460
billion gallons per year (75,000 gyh X 19.5 million
systems).

Little direct information is available about flow rates
to and leakage from industrial septic tanks. Assuming
that the use of industrial septic tanks is comparable to
domestic systems, there could be an estimated annual
flow of approximately 1.2- 1.9 billion gallons (minimum
estimate: 49,275 gallons per year X 25,000 systems;
maximum estimate: 75,000 gallons per year X 25,000
systems).

The range of estimates for domestic systems is prob-
ably very near to the actual amount because the under-
lying assumptions and data are based on studies of do-
mestic systems (e. g., data are cited in: EPA, 19773
Miller, 1980; Pye, et a., 1983). The estimates for in-
dustrial systems could be incorrect by more than 100
percent because information is lacking on annual flow
to individual systems and no systematic surveys of
numbers have been conducted on a nationwide basis.

Potential for Groundwater Contamination

Of all the sources known to contribute to groundwater
contamination, septic tank systems and cesspools direct-
ly discharge the largest volume of wastewater into the
subsurface. They are aso the most frequently reported
source of contamination (EPA, 1977a), and they con-
tribute to both local and regional problems. Contami-
nants are principally from human wastes and household
piping systems and include: nitrate, chloride, and col-
iform bacteria (e. g., DeWalle, et a., 1980); various
metals (e. g., lead, zinc, copper, manganese, tin, and
iron; Miller, 1980); viruses (Hain, et al., 1979); and
others (e. g., see Miller, 1980).

The estimates of total annual discharge represent the
potential volume of leachate released from the source.
These figures are not equal to the volume of contami-
nated wastewater reaching groundwater because of ren-
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ovative capacities of the soil system and evaporative
losses from septic tank drain fluids (which occur even
though the tanks are located in the soil) (Canter, et a.,
1983).

Major factors affecting the potential of septic systems
to contaminate groundwater in general are the density
of systems per unit area and hydrogeological conditions.
Areas with adensity of more than 40 systems per square
mile are considered regions with potential for contam-
ination (EPA, 1977a); based on this criterion, portions
of the Eastern United States and California exhibit the
greatest potential for contamination. Local problems
with septic tank systems can occur when individua
systems are overloaded or when additives (e. g., TCE)
are used to clean and unclog septic lines. Experiments
conducted in Suffolk County, NY, confirm that organic
cleaning solvents can leach from cesspools into ground-
water (Andreoli, et al., 1980). Approximately 400,000
gallons of septic tank cleaning fluids (containing TCE,
benzene, and dichloromethane (methylene chloride))
were used by homeownersin 1979 on Long Island alone
(Burmaster, et al., 1982).

The design lives of septic tank systems are typically
20-40 years, after which time deterioration is likely.
Design considerations for the percolation of effluent
relate to the soil absorption system: the flow regime, the
storage and carrying capacity of the receiving soil, the
attenuation capacity of the biological mat in the leaching
field, the subsurface soil type, and depth to the water
table (Laak, et al,, 1974).

2. Injection Wells

Several types of injection wells are used to inject or
discharge wastes into or perform other functions in the
subsurface:

. hazardous waste wells;

. non-hazardous Waste wells (e. g., brine injection
wells, and agricultural, urban runoff, and sewage
disposal wells); and

. non-waste wells (e. g., wells for enhanced oil recov-
ery, artificial recharge, in-situ recovery, and solu-
tion mining).

Hazardous waste wells are highly localized but can
be expected to be regionally concentrated near indus-
trial generators of these wastes.

Among the non-hazardous waste wells, agricultural
wells are located in farming areas while urban runoff
and sewage disposal wells are located primarily in ur-
ban areas. Because brine is a byproduct of oil produc-
tion, brine injection wells are located primarily in areas
of oil and gas production (e. g., the Southwest, Louisi-
ana, Pennsylvania; University of Oklahoma, 1983).

Among the non-waste wells, enhanced oil recovery
(EOR, aso known as tertiary) wells follow a distribu-
tion pattern similar to that of oil production wells. Arti-
ficial recharge wells are usualy located in areas of
limited or vulnerable groundwater supplies; two major
areas are in the High Plains (Ogallala Aquifer) and in
coastal areas (e. g., to minimize salt-water intrusion).
In-situ recovery wells are generally located in the oil
shale regions of the Rocky Mountains. Solution min-
ing injection wells are generally associated with uranium
resources in the Southwest.

Development of Estimates of
Numbers and Amounts

Hazardous Waste Wells—Injection wells used pri-
marily for hazardous waste disposal numbered approx-
imately 280 in 1973 (Pye, et a., 1983). In 1981, 8.6
billion gallons of hazardous wastes were disposed of at
87 injection well sites (Dietz, et al., 1984).

The total number of injection wells is not known, and
the validity of extrapolating data from strictly hazard-
ous waste injection wells to all injection wells (even if
most of them are used for hazardous waste disposal) is
questionable. Other data indicate that as much as 11
percent of the Nation's liquid wastes may be disposed
of in underground injection wells (Feliciano, 1983).

Brine Injection Wells and Enhanced Oil Recovery
Wells—Brine injection wells and enhanced oil recovery
(EOR) wells are treated together here (and separately
from non-hazardous waste wells and non-waste wells,
respectively) for two reasons. First, more information
is available for these wells than for other non-hazardous
waste and non-waste wells. Second, EOR wells are in-
jection wells used in tertiary oil production, and brine
often is the injection fluid used in the EOR process.

In the early part of the century, most brine was
disposed of in simple pits and caused many groundwater
problems. Most States now ban the disposal of brine
in pits, so most brine is disposed of in injection wells;
illegal brine dumping into pits and streams and onto
roads is a problem in some areas (e. g., Ohio; Dalton,
1983)."In recent years, at least 17 States have reported
brine-related contamination incidents (Miller, 1980).
For example, in Texas in the 1960s, approximately 69
percent of brine was reinfected, 21 percent was disposed
of in pits, and 10 percent was discharged onto surface

! Illegal brine dumping may be prevalent in some areas of the country, For
example, Dalton (1983) states that excessive brine is often dumped on roads
for dust control, beyond legal limits, and that some companies have been
observed dumping brine directly into streams. However, the Ohio Oil & Gas
Association (cited by Abbott, 1983) contends that some brine is legally used
on roads for dust control and disputes the allegations of illegal dumping
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water; and approximately 23,000 contamination in-
cidents were reported (University of Oklahoma, 1983).

Miller (1980) estimated that 60,000 brine injection
wells were in operation in the 1970s. A recent report
indicated that 140,000 injection wells are used either for
disposal of brine fluids brought to the surface during
oil and gas production or for the injection of fluids in
EOR processes (Kaplan, et a., 1983). EPA (1983a)
listed over 119,000 EOR wells and an additional 37,000
injection and disposal wells (not all of which were used
for brine disposal or EOR processes) in its Federal
Underground Injection Control Reporting System
(EPA, 1983a). Given these figures, it seems reasonable
to conclude at this time that the number of brine disposal
and EOR wells totals approximately 140,000.

Miller (1980) also estimated that approximately 460
billion gallons of brine per year were disposed of in in-
jection wells. (Note that Miller indicated 260 bgy on p.
511 but 460 bgy p. 304; 460 bgy was the figure given
by Fairchild, et a., 1980, cited in University of Okla-
homa, 1983). The OTA updated estimate of the amount
of brine disposal is based on estimates of brine produc-
tion: although varying widely in different areas and
operations, approximately 4 barrels (bbls) of brine are
produced for every barrel of oil produced (Kaplan, et
al., 1983), and approximately 8.55 million bbls of crude
oil were produced per day in 1981 (CEQ 1982). Given
these figures, approximately 525 billion gallons of brine
would be produced annually (8.55 million bbls oil per
day X 4 bbls brine/bbl crude oil X 365 days per year
X 42 gallong/bbl), and most of the brine is injected into
wells.

The current level of oil produced from EOR proc-
esses is approximately 400,000 bbls/day (Kaplan, et al.,
1983). The number of barrels of water injected per bar-
rel of oil produced varies greatly depending on the par-
ticular EOR production process (Royce, et al., 1982).
Assuming that 4 bbls of water are injected per barrel
of oil produced (this figure is well within the range of
figures presented in Royce, et al., 1982), then approx-
imately 24.5 billion gallons of water per year would be
injected in EOR processes (400,000 bbl per day X 4
bbl water per bbl oil X 365 days per year X 42 gal-
ions/bhl).

Non-hazardous Waste Wells (excluding brine disposal
wells).— Miller (1980) stated that at least 40,000 agri-
cultural, urban runoff, and sewage disposal wells were
in operation but that this estimate was probably much
too low. For example, Miller cited 15,000 such wells
in Florida; information obtained for OTA’S study indi-
cates there may be as many as 10,000 runoff wells in
Phoenix, AZ (University of Oklahoma, 1983). Kaplan,
et al. (1983) estimated that approximately 500,000 in-
jection wells are in existence, of which approximately

140,000 are used in brine disposal or EOR processes,
thus there would be approximately 360,000 other dis-
posal wells in operation, presumably for agricultural,
urban runoff, and sewage disposal purposes. It is not
possible at this time to estimate the volumes of materials
flowing through these wells. An on-going EPA inven-
tory of Class V injection wells (e. g., surface water drain-
age, air-conditioning return, and other wells) will not
be completed at least until 1985 (Anzzolin, 1983).

Non-waste Wells (excluding EOR wells).—At least
12,000 solution mining wells (including sulfur mining
via the Freische method) are in operation (EPA, 1983a).
No information was available regarding the amounts
of materials involved in these operations.

Potential for Groundwater Contamination

EPA (1979) estimated that at least 21,000 injection
wells in the United States require corrective action. Al-
though injection wells can be constructed, operated, and
monitored properly, contamination of groundwater can
occur in a number of ways, primarily related to the con-
struction, operation, and eventual closing of the wells
(EPA, 1979):

1. faulty well construction (e. g., drilling and casing);

2. the forcing upward of pressurized fluids into near-
by wells and groundwater formations (see below);

3. the forcing upward of pressurized fluids into faults
or fractures in confining beds;

4. injection into or above usable aquifers (e. g., drink-
ing water supplies);

5. the migration of fluids into hydrologicaly con-
nected usable aquifers (e. g., drinking water sup-
plies); and

6. faulty well closing.

The second item on the EPA list above maybe of ma-
jor significance in regions where heavy oil and gas pro-
duction and associated brine wells are located because
it includes abandoned and poorly maintained produc-
tion wells. These wells are a potential source of con-
tamination because brines injected into disposal wells
can move laterally through the injection zone into
unplugged, uncapped, or abandoned wells and subse-
quently leak into groundwater formations (Burmaster,
et a., 1982; Kaplan, et a., 1983; Thornhill, 1975).
Kaplan, et al. (1983) estimated that there are approx-
imately 1.2 million abandoned wells (production wells,
and mineral exploration and testing wells; see also Gass,
et a., 1977) near areas of underground injection wells
and, further, that the location of many abandoned wells
is not known.

Depending primarily on the quality of recharge water,
artificial recharge systems can alter groundwater quality;
such alterations may also change the aguifer biologically
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(University of Oklahoma, 1983). Soils can be clogged
by suspended matter in the recharge water and by the
associated biological activity. Even the disposal of a sim-
ple waste such as air conditioning return water can
degrade groundwater by raising the temperature and
adding chemicals (e. g., heavy metals).

3. Land Application

Land application of treated wastewater and waste-
water byproducts (i. e., sewage sludge) is often used in
place of more costly disposal processes, Its primary goals
are the biodegradation, immobilization, and/or stabili-
zation of various chemicals, and the beneficial use of
nutrients contained in the wastewater or sludge. The
wastewater itself is applied primarily by spray irriga-
tion. Sludge is applied on agricultural or forest lands,
used as commercial compost, disposed of in landfills,
and applied in land reclamation projects (e. g., for strip
mine reclamation; Weiss, 1983). Sludge is also disposed
of by incineration and by ocean dumping (EPA, 1983 b).

Most of the information available concerns munici-
pal sludge characteristics and production. However, in-
dustrial sludge is sometimes disposed of in landfills.
Industrial sludge includes effluent treatment sludge,
stack scrubber residue, fly and bottom ash, slag, and
numerous other manufacturing residues. In general, the
production of sludge is concentrated around major in-
dustrial and population centers but land application is
generally practiced in less populous areas (e. g., crop-
land) (University of Oklahoma, 1983).

Development of Estimates of
Numbers and Amounts

The exact number and average size of sludge-spread-
ing operations for municipalities is not known, but at
least 2,463 publicly owned treatment facilities applying
liquid or thickened sludge on land and 485 using spray
irrigation were in operation or under construction in
1982 (EPA, 1983c).

About 6.8 million dry tons of sludge were produced
by municipalities in 1982 (EPA, 1983b). Between 24 and
29 percent of the sludge generated in the United States
is spread directly on crops (EPA, 1981b, 1983 b). An-
other 18-21 percent is distributed free or is marketed,
and most of it is subsequently deposited on cropland.
Thus 40-50 percent of the municipal sludge generated—
3-4 million dry tons per year—is used in some kind of
direct land application.

Data are lacking on the amounts of industrial sludge
produced annually and the number of sites involved but
most of it isthought to be disposed of in solid waste sites
and lagoons (Miller, 1980). During 1981, 70 hazardous

waste land treatment facilities (excluding landfills) reg-
ulated by EPA under RCRA regulations treated ap-
proximately 0.1 billion gallons of hazardous wastes
(Dietz, et a., 1984).

Potential for Groundwater Contamination

Groundwater contamination can occur when sub-
stances in sludge are leached by precipitation after the
dludge is applied to the land. The substances of most
concern include nitrogen, phosphorus, and heavy metals
(EPA, 1983 b); heavy metals also can limit the use of
sludge in agriculture because they can be absorbed into
the cover crop (Gurnham, et a., 1979).

The rate and duration of sludge application are deter-
mined by soil types, the nitrogen, phosphorus, and
heavy metal content of the wastes, length of the irriga-
tion season, and the nutrient uptake characteristics of
the cover crop (Knox, et a., 1980; Young, 1978). Most
States consider land application of municipal sludge at
an agronomic rate (i. e., annual rate at which the nitro-
gen and/or phosphorus available to the crop from sludge
does not exceed the annual nitrogen and/or phosphorus
requirements of the crop) to have little potentia for con-
tamination of groundwater (EPA, 1983 b). Reduction
of application rates before planting and addition of nu-
trients near crop roots during the growing season (*‘side-
dressing’ also may alleviate some problems (Swanson,
1983). Heavy metals in municipal sewage are contrib-
uted by industry (e. g., electroplating and metal -finishing
industries; other metal production, processing, and fab-
rication industries, and nominally non-metal industries),
commercial establishments, domestic water supplies,
and non-food household commodities (Gurnham, et al.,
1979). The potential for contamination by heavy metals
may be minimized if quality control procedures (e. g.,
industrial pretreatment and wastewater and sludge mon-
itoring) are followed.

4. Landfills

The solid wastes deposited in landfills are generally
classified as hazardous or non-hazardous. Hazardous
solid wastes are specifically defined under RCRA reg-
ulations (see OTA, 1983a); various waste products are
excluded from the definition: domestic sewage wastes,
irrigation return flows, radioactive wastes, and some in-
dustrial wastes. Non-hazardous solid wastes as defined
here encompass all solid wastes not included in the
RCRA definition of hazardous wastes.

Solid waste products (e.g., from residences, small in-
dustries, and commercial activities) are generally depos-
ited in municipal landfills; these wastes are usually, but
not always, non-hazardous. Sanitary municipa land-



App. A—Groundwater Contamination and Its Impacts ¢ 271

fills are landfills that are designed to minimize adverse
environmental impacts (Miller, 1980). Industrial land-
fills are used for the disposal of solid wastes from large
industries, the wastes are often hazardous.

The distribution of municipal landfills is assumed to
follow the general distribution of population and thus
should be concentrated around urban population cen-
ters. Most sanitary municipal landfills are small opera-
tions: about 80 percent of the sanitary landfills handle
less than 50 tons of waste per day, and approximately
1 percent handle amounts in excess of 1,000 tons per
day (Waste Age, 1981). Industrial landfills are proba-
bly concentrated near industrial facilities.

Development of Estimates of Numbers

The number of municipal solid waste land disposal
sites is not easily determined. EPA’s 1977 Report to
Congress (1977a; see also Miller, 1980) estimated the
number to be 18,500. This figure included not only
sanitary municipal landfills but also some industrial
landfills and open dumps; only about 5,600 were li-
censed sanitary landfills and most of the remaining sites
were open dumps (Petersen, 1983). A recent survey esti-
mated a total of 12,991 landfills in the United States
(Petersen, 1983). These estimates included primarily
sanitary municipa landfills but it also included non-
hazardous industria sites and 2,395 open dumps. Thus
fewer than 10,000 sanitary municipal operations are
known to be in operation (how many fewer than the
10,000 is not known because the number of industrial
sites was not specified). In addition, the number of aban-
doned or closed municipal landfills and open dumps
could be equal to the number of known sanitary mu-
nicipal landfills (Eldridge, 1978). Thus a first approx-
imation of the number of municipal landfills in the Na-
tion might be 15,000-20,000 (fewer than 10,000
municipal landfills X 2, to account for both operating
and abandoned or closed municipa landfills, see the
discussion on Open Dumps, below). Conservatively,
this estimate is probably correct within a range of 100
percent.

The exact number of industrial solid waste land dis-
posal sites is not known, but EPA has estimated that
there are 75,700 active landfill sites for industrial wastes
(CEQ 1981 b). About 199 hazardous waste landfill fa-
cilities are known (Dietz, et al., 1984). In addition, a
large portion of industrial solid wastes, including some
that are considered hazardous, are disposed of in mu-
nicipa landfills (Miller, 1980).

Development of Estimates of Amounts

Approximately 138 million tons of municipal solid
wastes were handled by municipal solid waste disposal

facilities during 1978 (CEQ 1982). This figure is prob-
ably arelatively accurate estimate of the amount of solid
wastes handled annually by sanitary landfill facilities
because it is based on relatively extensive nationwide
surveys.

Estimates of the amounts of non-hazardous industrial
solid wastes and of hazardous wastes disposed of in land-
fills are not as accurate. The range of estimates for non-
hazardous industrial solid wastes is 40-140 million wet
tons per year. The minimum estimate of 40 million wet
tons per year is derived as follows. Approximately 150
million tons of total solid wastes were generated by in-
dustry in 1980 (CEQ 1982), and approximately 45
million wet tons were hazardous (EPA, 1981 b); thus 105
million wet tons were non-hazardous industrial solid
wastes (150 mty — 45 mty). Assuming that the propor-
tion of solid wastes disposed of in landfills is the same
for industry’s non-hazardous solid wastes as it is for haz-
ardous solid wastes (40 percent), “then the minimum
amount disposed of is approximately 40 million wet tons
per year (0.40 X 105 mty).

The maximum estimate of the amount of non-hazard-
ous industrial solid waste disposal is approximately 140
million wet tons per year. This estimate is derived by
applying the 40 percent rate to the higher EPA estimate
of 342 million tons for non-hazardous industrial solid
waste production in 1980 (EPA, 1981 b) (40 percent X
342 mty = 140 mty).

At least 0.81 hillion gallons of hazardous wastes were
disposed of in 199 landfill facilities in 1981 (Dietz, et
al., 1984); this figure includes both liquid and solid
wastes.

Utilities generate approximately 77 million wet tons
of solid waste per year (EPA, 1981 b), most of which is
fly and bottom ash from the burning of fossil fuels (ap-
proximately 73 million tons of ash are generated an-
nually; OTA, 1983a). Assuming that 40 percent is dis-
posed of in landfills, an estimated 30 million tons of solid
wastes per year generated by utilities would be disposed
of in landfills; the applicability of the 40 percent disposal
rate assumption to utilities is not known.

Note that approximately 13-15 percent of municipal
sludge produced is disposed of at landfills (EPA, 1981b;
EPA, 1983 b), but this amount results in landfill disposal
of only about 1 million tons per year (15 percent of the
estimated 6.8 million tons of municipal sludge; see Land
Application, above). This amount is included within the
rounding errors in the above estimates.

‘Approximately 40 percent of industry’s hazardous solid wastes is disposed
of m landfills of some type (EPA, 1981 b) The remainder is disposed of by
¢ heroical, biolog-lea], or physical treatment, deep well injection; land treatment;
resource recovery; or incinerat ion
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Potential for Groundwater Contamination

Considerations in the design of municipal landfillsin-
clude the location, the area to be served, and plans for
different stages in the falling process (e. g., use upon com-
pletion of the fill). Provisions must be made for con-
trolling traffic, unloading and handling different types
of wastes, placement of cover materias, fire control,
control of salvage and scavenging, and monitoring. In-
dustrial landfills have similar design, operation, and
maintenance needs, although the nature of the wastes
disposed of may entail additional safety considerations
(hazardous waste landfills are included in this category).

Groundwater contamination can be minimized by
proper design, construction, and operation and main-
tenance of a facility (Brunner, et al., 1972). However,
facilities are not always maintained properly and some
landfills are allowed to deteriorate (University of Okla-
homa, 1983). Further, not all contamination controls
used in landfills are effective; for example, required
liners—of both natural and synthetic materials—have
cracked or deteriorated when exposed to certain chem-
icals (OTA, 1983a). Abandoned landfills (the locations
of which are not usually known to regulatory authorities)
often pose a threat to groundwater quality because
geologic and hydrologic characteristics were not consid-
ered in the original site selection; the same may be true
for some active landfills. Many abandoned landfills were
located in sand and gravel quarry pits or in environmen-
tally sensitive areas such as marsh lands, Only 1,609
of almost 13,000 landfills surveyed reported having
monitoring systems for groundwater, leachate, and/or
gas in 1983 (Petersen, 1983).

Leachate generation varies with time over a facility’s
life, so the age of facilities could affect the amount and
strength of the leachate. In addition, the amount of
leachate leaving the more recent facilities could be sig-
nificantly less than at older facilities. Many older land-
fills were not lined; and leachate collection and treat-
ment have become common practices at a number of
the more recent facilities (in the last 10 years).

Unless moisture can be totally prevented from enter-
ing a landfill, leachate will eventually be generated.
Once a landfill system reaches its disposal capacity,
leachate generation is directly related to the volume of
water added to the system (University of Oklahoma,
1983). Leachate generation also depends on the initial
moisture content of the wastes, the landfill density, the
rate of filling, and infiltration water quantities. Infiltra-
tion from the surface is not the only source of water com-
ing into a landfill; although undesirable, some landfills
intersect aquifers, thereby creating another source of
moisture for leachate generation.

Techniques for estimating the amount of leachate
generation from landfills vary widely in their results.

Assumptions that affect the estimates include the choice
of runoff coefficients, the moisture storage capacity of
the waste, and evapotranspiration rates. Lu, et al. (1981)
found that the error range of 25 different methods for
predicting leachate generation was 1.3-5,400 percent (as
reported in University of Oklahoma, 1983).

Even if the amount of leachate generated is known,
not all of it reaches the groundwater. Depending on soil
type and the position of the water table, the soil under-
lying the wastes will be able to attenuate or renovate
some leachate before it reaches the groundwater. In or-
der to develop accurate estimates of the potential for
leachate to contribute to groundwater contamination,
estimates must include a percentage reduction for ab-
sorption and attenuation.

5. Open Dumps

A dump is aland disposal site where solid wastes are
deposited indiscriminately, with little or no regard for
the design, operation, maintenance, or esthetics of the
site. In an ‘‘open’ dump, the wastes are aimost aways
left uncovered. Most often the open dump is not author-
ized and there is no supervision of dumping (Brunner,
et a., 1971, cited in University of Oklahoma, 1983).
Virtualy every type of solid waste has been deposited
in open dumps—abandoned tires and automobiles, old
furniture and kitchen appliances, industrial and com-
mercial wastes, agricultural byproducts, trees, vegeta-
tion, demolition and construction wastes, and various
household wastes—and virtually every type of topog-
raphy has been used for this dumping. Open dumps are
frequently burning dumps as well, whether resulting
from deposition of smoldering wastes, spontaneous ig-
nition, or intentional ignition to reduce volume.

EPA listed approximately 1,950 open dumps in its
inventory (EPA, 1982a); in a more recent survey by
Waste Age (Petersen, 1983) the figure is 2,396, Because
these two estimates include only the open dumps known
to regulatory authorities, they are minimum estimates.
It is not possible at this time to generate any reason-
able estimate of the amount of material disposed of in
open dumps annualy.

6. Residential (Local) Disposal

A variety of hazardous and toxic substances are com-
monly found in household wastes. These wastes often
are disposed of in specific facilities designed for waste
disposal or discharge (e. g., municipa landfills). How-
ever, they also are disposed of indiscriminately, with-
out supervision, in gutters, sewers, storm drains, and
backyard burning pits—these practices constitute resi-
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dential (or local) disposal. The pattern of residentia
disposal follows population density and distribution.

Household wastes are composed of a wide range of
product materials: pesticides; paint products (e. g., oil-
based paints, thinners, removers, and wood preserva-
tives); cleaners (e. g., drain cleaners, furniture polish,
air fresheners, floor wax, disinfectants, chlorine bleaches,
degreasers, nail polish removers, spot removers, oven
cleaners, drycleaning fluids, detergents, aerosol sprays,
rug cleaners, and shoe care products); automobile prod-
ucts (e. g., antifreeze, waste oil, and brake fluid); asphalt
and roofing tar; and batteries.

Development of Estimates of
Numbers and Amounts

Little quantitative information is available about
where most household substances are ultimately dis-
posed of, primarily because household wastes do not
usually come under Federal and State regulations and
are not investigated systematically. A few community
and government agencies have attempted to tackle this
problem; among the most noteworthy are efforts of the
Water Quality Division of Seattle (Ridgley, et a., 1982),
the Metropolitan Area Planning Council of Boston
(MAPC, 1982), and community grassroots collection
campaigns like the ones in Lexington, MA (Watson,
1983) and Seattle (Ridgley, et a., 1982).

Some quantitative information is available. Approx-
imately 30,000 tons of household cleaners were used by
the 1.2 million people in King County (Seattle Metro-
politan Area) in 1980 (Ridgley, et al., 1982). The city
of Tacoma, WA (population 150,000), uses 264 tons of
liquid household cleaners, 72 tons of toilet bowl cleaners,
and 66 tons of motor oil per year (based on Tacoma-
Pierce County Health Department, no date). If the rates
of use of household cleaners are extrapolated to the en-
tire United States, then approximately 0.4-5.6 million
tons of such cleaners are used annually.

Over 90 percent of households in the United States
use pesticides in the home, garden, and/or yard (Sav-
age, et a., 1980, cited in Ridgley, et al., 1982). It is
estimated that 5-10 percent of all pesticides used are ap-
plied in this manner (Seiber, 1981; EPA, 1980a). The
lower percentage (i. e., 5 percent) is derived as follows:
at least 80 million pounds of pesticides were used in
homes and gardens in 1980 (EPA, 1980b), and this fig-
ure is about 5 percent of the 1.5 billion pounds of
pesticides produced annually (see Pesticide Applications
below). The mean rate of pesticide applications by
households has been estimated to be 5.3-10.6 pounds
per acre, and urban soils often have higher levels of
pesticide residues than do croplands (vom Runker, et
al., cited in Grier, 1981-82).

Potential for Groundwater Contamination

Residential disposal has great potential for contam-
inating groundwater. Uncontrolled burning can cause
toxic fumes, and the hazardous materials concentrated
in ashes can be leached into groundwater. Spilled oil,
pesticides, and fertilizers are washed off driveways,
yards, and gardens into storm drains and local streams.
Toxic wastes are often poured down household drains;
the result is corroded pipes (which can cause higher
heavy-metal concentrations in sewage), septic tank mal-
functions, pipeline leakage (including from sewers), and
interference with the operation of municipal sewage
treatment facilities. All these negative impacts can lead
to groundwater contamination. In addition, household
hazardous wastes that are deposited in specific facilities
designed for waste disposal (e. g., landfills) have the po-
tential to contaminate groundwater.

7. Surface Impoundments

Surface impoundments are used by both industries
and municipalities for the retention, treatment, and/or
disposal of both hazardous and non-hazardous liquid
wastes. They can be either natural depressions or arti-
ficial holding areas (e. g., excavations or dikes); the term
«pie 1S commonly applied to a smal impoundment
used by industries, municipalities, agricultural opera-
tions, or households for special purposes (e. g., farm
waste storage, industrial wastewater storage, and sludge
disposal). The wastewater in impoundments is treated
by chemical coagulation and precipitation, pH adjust-
ment, biological oxidation, separation of suspended
solids from liquids, and reduction in water temperature.
Surface impoundments operate under one of two schemes:
discharging and non-discharging. Discharging im-
poundments are designed to release their liquid contents
either periodically or continuously into streams, lakes,
bays, or the ocean. Non-discharging impoundments lose
their liquid by evaporation and/or seepage. |mpound-
ments that rely on evaporation are usualy lined with
low-permesability materials to prevent seepage and are
most effective in arid areas.

Surface impoundments vary in shape, and they are
operated individually or as a series (EPA, 1982 b). They
range in depth from 2-3 feet (0.6-0.9 m) to more than
30 feet (9 m) below the land surface, and their surface
area varies from a few tenths of an acre to thousands
of acres. Agricultural, municipal, industrial, and oil and
gas production impoundments are generally small—90
percent or more are under 5 acres (EPA, 1982 b). The
largest impoundments reported to EPA for the agricul-
tural, municipal, and oil and gas production categories
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were 665, 850, and 79 acres, respectively. Industrial im-
poundments, in contrast, can be quite large—20 im-
poundments larger than 1,000 acres were reported to
EPA, with one covering 5,300 acres. The size of min-
ing impoundments depends on the type of mining.
Ninety percent of coal mine impoundments are less than
5 acres; the largest is 293 acres. However, the surface
impoundments of only 58 percent of metal mines and
48 percent of other non-metal mines are less than 5
acres, the largest in these categories are 1,990 and 1,229
acres, respectively.

Surface impoundments are located in proximity to the
activity creating the liquid wastes. Thus agricultural im-
poundments tend to be concentrated in the Central,
Midwestern, and Southeastern United States. Munici-
pal impoundments are associated with population
centers and are most common in the East. Industrial
impoundments are most common in the East and North-
east, and along the Great Lakes and the west coast. Oil
and gas impoundments are concentrated in Texas,
Oklahoma, and Louisiana. Mining impoundments are
concentrated in coal mining areas (e. g., Pennsylvania,
Ohio, and West Virginia).

Development of Estimates of Numbers

As part of implementing the Safe Drinking Water Act
(1442(a)(8)(C)), EPA initiated a nationwide Surface Im-
poundment Assessment in 1978 (EPA, 1978, 1982 b).
Most of the available information about surface im-
poundments is the result of these efforts. Unless other-
wise stated, the discussion that follows is based on the
report issued in 1982.

A total of 180,973 impoundments was located by
EPA: 27,912 industrial, 37,185 municipal, 19,437 agri-
cultural, 25,038 mining, 65,488 oil and gas brine pit,
and 5,913 other impoundments. The most important
industrial users of impoundments are the food process-
ing and chemical industries, each with more than 4,000
known impoundments. Other heavy industrial uses
(i-e., using more than 1,000 impoundments) are for pe-
troleum refineries; power plants; paper products; stone,
clay, and glass products; primary metals; and fabricated
metals. Municipal impoundments are located at land-
fills and water and waste trestment facilities, about
33,000 were at sewage treatment plants. Agricultural
impoundments are used in crop production, animal hus-
bandry, and other farming operations; most of them are
associated with feedlot waste operations. Mining im-
poundments are associated with ore extraction and treat-
ment, washing, and sorting processes. All of the numbers
cited are thought by EPA to be conservative, especially
for industry and for oil and gas brine pits—the estimate
for oil and gas impoundments does not include burn
pits, cuttings pits, or mud pits. Further, at least 1,078

impoundments regulated under RCRA were used for
the storage, treatment, or disposal of hazardous wastes
in 1981 (Dietz, et a., 1984). Whether these facilities
are included in the total of 180,973 is not known.

Development of Estimates of Amounts

The amount of liquid wastes disposed of in surface
impoundments can be estimated in a variety of ways.
Approximately 50 billion gallons of liquid wastes per
day are deposited in industrial surface impoundments
in the United States (EPA, 1980, cited in U.S. House
of Representatives, 1980), and approximately 82 billion
gallons per day are deposited in all types of impound-
ments (The Conservation Foundation, 1982). The
amount of wastes actually contributing to groundwater
contamination depends on leakage from the impound-
ments; the commonly used leakage rate of 6 percent
(Miller, 1980) is used here. Accordingly, approximately
1,095 billion gallons per year (bgy) and 1,800 bgy of
liquid waste leachate from industrial and from all types
of surface impoundments, respectively, are available for
entry into groundwater (i. e., 50 billion gallons per day
X 365 days per year X 0.06 for industry; 82 bhillion
galons per day X 365 days per year X 0.06 for all
types),

The amount of liquid wastes deposited in municipal
impoundments can also be estimated. EPA (1978) cal-
culated that 6,300 municipal impoundments had a total
flow of 4.2 hillion gallons per day. Using these figures
to obtain a flow rate per impoundment and applying
the 6 percent leakage rate yields an estimate of 540 bgy
for the 37,185 municipal impoundments found by EPA.
A second estimate, of 705 bgy for municipal impound-
ments, can be derived by subtracting the 1,095 indus-
trial bgy from the 1,800 total bgy; this figure is a max-
imum estimate because it includes al but industrial
impoundments.

Brine pits are amost universally banned in the United
States, but they were the major means of brine disposal
prior to the 1970s. Current disposal rates for brine pits
cannot be estimated because they are not monitored.

The metals mining industry puts approximately 250
million tons of tailings into ponds each year.

Thus estimates can be developed for the amount of
liquid wastes converted into potential leachate for in-
dustrial, municipal, and mining impoundments and for
all impoundments together. The latter figure, 1,800 bgy,
is in marked contrast with Miller's (1980) estimate of
161 bgy. Miller's estimate for liquid wastes consists of
separate estimates of 100 bgy from industrial treatment
lagoons, 43 bgy from brine pits and basins, and 18 bgy
from municipa treatment lagoons. Miller's estimate is
almost certainly much too low, but the accuracy of the
1,800 bgy estimate is difficult to evaluate.
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The above estimates refer to hazardous and non-haz-
ardous liquid wastes in all surface impoundments.
Quantitative information is also available regarding the
deposition of hazardous liquid wastes (which may in-
clude non-hazardous liquid wastes) into surface im-
poundments regulated under RCRA (Dietz, et al.,
1984). In 1981, 5.1 billion gallons of hazardous wastes
were disposed of, 16.6 billion gallons were treated, and
14.1 hillion gallons were stored in these surface im-
poundments (Dietz, et al., 1984).

Contamination

Potential for Groundwater

In terms of their numbers and the amounts of wastes
associated with them, waste impoundments (including
pits, ponds, and lagoons) may be one of the bi ggest
threats to groundwater. More than 23,000 cases of
groundwater contamination have been documented in
Texas alone, primarily resulting from brine pits (EPA,
19774). In Colorado, 37 percent of the known impound-
ments pose an ‘‘actual threat’ to groundwater and over
53 percent pose a* ‘potential threat’ (The Goundwater
Newsletter, 1983a). The potential for health effects is
highly variable and depends on public use of affected
aquifers; most mining, oil and gas, and agricultural sites
are located in remote areas and thus are likely to have
alow potential for affecting large numbers of people if
they should contaminate groundwater, relative to other
types of impoundments, However, many impound-
ments are located near concentrations of people, and
almost 87 percent are located over aquifers currently
used as a source of drinking water (EPA, 1982b). About
50 percent are located over unsaturated and very per-
meable zones (EPA, 1982 b).

Contamination of groundwater by a particular im-
poundment will depend on soil permeability, depth to
the water table, rates of evaporation and precipitation
(including potential for overflow), geochemical charac-
teristics of the soils (e. g., ion exchange and absorption),
chemical composition and volume of the wastes, and
other factors (EPA, 1978). For example, heavy metal
movement depends on incorporation of the metals into

the bottom of the impoundments, leakage rates, and in-
teractions of each metal with different underlying soils.

The contamination potential may be reduced if nat-
ural or artificial liners are located beneath the impound-
ment. The 1982 EPA survey indicated that only about
15-17 percent of all impoundments had liners, with a
range of 10 percent for oil and gas impoundments to
28 percent for industrial impoundments. More recent
data presented by EPA (Inside EPA, 1983d) indicate
that 62 percent of all impoundments have at least a
single liner; less than 22 percent have a double liner.
In some States (e. g., California, Idaho, lllinois, Ken-
tucky, Nevada, Oregon, and Pennsylvania) use of liners
in al impoundment categories is widespread; in other
States, use is widespread in only one or two impound-
ment categories.

EPA analyzed 416 case studies of groundwater con-
tamination from impoundments and found that in 78.7
percent of the cases the contamination was caused by
direct seepage, in 10.1 percent by dike failure or over-
flow, in 7.6 percent by liner failure, in 1.6 percent by
catastrophic collapse, and in 2.0 percent by other causes.
EPA also evaluated the impoundments’ potential to con-
taminate groundwater, water wells, and surface water
as shown in table A.5. 1. Overall, 93 percent were judged
to have intermediate or high potential for groundwater
contamination.

8. and 9. Waste Tailings and
Waste Piles

Mining operations generate two basic types of solid
wastes—spoil piles and tailings. Spoil piles are gener-
ally disturbed soil and overburden from surface min-
ing or waste rock from underground mining operations
(Miller, 1980). Tailings are the solid wastes from the
on-site operations of cleaning and extracting ores. Both
types of solid wastes are often piled on the land surface
or used as fill in topographic depressions confined by
earthen dams (University of Oklahoma, 1983). They

Tabpie A.5.1.—Contaminauon rotential or Surrace impounamenis®

High potential Potential Potential

to contaminate to contaminate to contaminate
Impoundment category groundwater water wells surface wells
MUNICIPal . .. e e 41 percent 27 percent 58 percent
Industrial ... ... .. . e 39 percent 29 percent 56 percent
Agricultural .. ... i 26 percent 28 percent 61 percent
MINING e e e 25 percent 17 percent 64 percent
Oiland gas . ... ...t i 8 percent 17 percent 68 percent

apata for “‘high potential to contaminate groundwater” are independent of data for other two columns.

SOURCE: EPA, 1982b.
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are discussed together in this section because it is not
always clear in the literature which source category is
being referred to.

Development of Estimates of
Numbers and Amounts

Metal and non-metal mines (excluding coal mines)
produced 1.5 billion tons of waste rock in 1972 (EPA,
19774); estimates of known amounts of tailings range
from 215 million tons at both inactive and active uranium
mining sites (Thomson, et al., 1983) to 250 million tons
deposited in ponds annualy by the metal mining in-
dustry (Miller, 1980). These figures total 1.72-1.75
billion tons, approximately 86 percent of which isin the
form of waste piles (i. e., 1.5 billion tons of waste rock
in 1.75 billion tons of waste material).

Approximately 2.3 billion tons of total waste mate-
rial, including radioactive tailings, are generated annual-
ly by mining operations (EPA, 1981b; OTA, 1983a); this
figure apparently includes both waste piles and tailings
(both radioactive and non-radioactive). If the 86 per-
cent figure is applied to the total of 2.3 billion tons, ap-
proximately 2.0 billion tons are in waste piles and 0.3
billion tons are in the form of tailings. The proportion
of tailings may increase in the future; for example, the
amount of active uranium mill tailings is projected to
increase to 1.0- 1.9 billion tons by the year 2000 (Landa,
1980; also see Radioactive Disposal Sites, below).

Hazardous waste piles may also be generated by in-
dustrial operations. Hazardous waste piles at 174 facil-
ities contained an estimated 0.39 hillion gallons in 1981
(Dietz, et al., 1984). In view of the fact that these waste
sites include only those regulated under Federal laws,
the number of sites and amount of material probably
represent the lower bounds.

Potential for Groundwater Contamination

In terms of their numbers, amounts of material, and
nature of their contents, waste piles and tailings are
among the major potential sources of groundwater con-
tamination, especially from uranium, copper, and coal
mining (Thomson, et al., 1983; Pye, et al., 1983; John-
son, 1983; Landa, 1980). Approximately one-third of
active tailings piles have contaminated nearby shallow
aquifers (EPA, 1983d).

Precipitation percolating through spoil piles and tail-
ings carries soluble substances (e. g., arsenic, sulfuric
acid, copper, selenium, and molybdenum) and radio-
active wastes (e. g., isotopes of uranium, thorium, and
radium, including radium-226 which has a haf-life of
1,620 years) to the underlying water table (University
of Oklahoma, 1983; Thomson, et al., 1983). Arsenic,
selenium, lead, manganese, molybdenum, and vanadi-

um have been found in groundwater in seven States at
distances of up to 1.5 miles from tailings piles and at
concentrations above Federal or State limits (EPA,
1983e).

The most serious side-effects are associated with sul-
fide minerals (Koch, et a., 1982). Sulfuric acid is often
generated from coal mining spoils by the oxidation of
the sulfides in the coal; subsequent percolation into the
water table results in acidic groundwater. Other miner-
as (e. g., lead, silver, zinc, molybdenum, nickel, and
copper) are commonly found as sulfide ores; mining
these minerals can also lead to the production of sulfuric
acid (Koch, et a., 1982). In addition, the acid can
dissolve other contaminants adsorbed on the soil into
groundwater.

Impacts on groundwater quality depend on several
factors: the location, size, and configuration of piles and
tailings; the composition of piles and tailings; the climate
(e. g., rate of precipitation); hydrogeological character-
istics; and the control technology employed. Ground-
water protection is not provided at many existing tail-
ings disposal sites (Thomson, et al., 1983).

In some cases, certain factors can reduce the poten-
tial for groundwater contamination or the numbers of
people affected. For example, many mining and smelt-
ing operations occur in arid or remote regions (e. g., for
copper and uranium; EPA 1983e; Koch, et al., 1982;
Thomson, et a., 1983). Low-grade ore piles (e.g., cop-
per) can be subjected to controlled leaching and the run-
off collected for reprocessing (Koch, et al., 1982). Fur-
ther, a low pH is often rapidly neutralized as the flow
leaves the tailings (Thomson, et al., 1983).

10. Materials Stockpiles

Development of Estimates of
Numbers and Amounts

Very little information has been obtained regarding
either the numbers or the amounts of materials in stock-
pilesin the United States. Approximately 3.4 billion tons
of various materias (e. g., coal, sand and gravel, crushed
stone, copper ore, iron ore, uranium ore, potash, titani-
um, phosphate rock, and gypsum) were produced in
1979 (Koch, et al., 1982). Stockpile size is probably pro-
portional to production in most cases; however, data
comparing production and stockpiles are available only
for coal, iron ore, phosphate rock, titanium, and gyp-
sum (Koch, et a., 1982). Stockpiles represent approx-
imately 20-25 percent of production for coal, iron ore,
and gypsum (annual production is more than 700
million tons of coal, more than 240 million tons of iron
ore, and about 15 million tons of gypsum) and approx-
imately 5-8 percent of production for phosphate rock
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and titanium (annual production is about 191 million
and 20 million tons, respectively).

For a preliminary estimate of the total volume held
by materials stockpiles, assume that 20 percent of total
materials production is stored in stockpiles. The choice
of this percentage is based on an aggregation of the
above percentages for the individual minerals and is
weighted toward the higher figures because of the larger
tonnages produced for those minerals. Given the total
annual materials production of 3.4 billion tons, approx-
imately 700 million tons per year are stockpiled. Reli-
ability of the estimate is low but should be within an
order of magnitude.

Some descriptive information is available for coa pro-
duction and stockpiling. Approximately 780 million tons
of coa were produced in 1979. Coal is stored outdoors
primarily by electric utilities, coke plants, and indus-
trial users; the average coal pile contained 95,000 metric
tons and was 5.8 meters high. Coal stockpiles at utilities
were estimated at 185 million tons in 1980 (Koch, et
a., 1982). Substances present in coal piles include
aluminum, iron, calcium, magnesium, sodium, potas-
sium, manganese, sulfur, and phosphate, with trace
amounts of arsenic, cadmium, mercury, lead, zinc,
uranium, copper, and cobalt (Koch, et a., 1982).

Potential for Grounclwater Contamination

Problems associated with materials stockpiles are
much the same as those associated with waste piles and
tailings (see Waste Tailings and Waste Piles, above);
the major difference is that materials stockpiles are not
wastes. But for al, the concern is the ultimate disposi-
tion of the soluble substances. Water percolating through
stockpiles can carr, soluble substances to the ground-
water. Chemical reactions within coal piles, in particu-
lar, can produce sulfuric acid and ferric sulfate, which
can then be carried down to the groundwater by pre-
cipitation percolating through the pile.

11. Graveyards

Decomposing bodies in graveyards produce fluids that
can leak to underlying groundwater, especialy if non-
leakproof caskets are used.

The potential for graveyards to contaminate ground-
water depends on several factors. Groundwater contam-
ination is primarily a function of soils and depth to
groundwater. Areas with high rainfall and high under-
lying water tables are most vulnerable to contamina-
tion from graveyards. Studies of individual cemeteries
indicate that, in all cases, soil contamination occurred
in immediate proximity to the graves but not all grave-
yards actually contaminated groundwater (Bouwer,

1978). Although the contamination potential cannot be
accurately quantified, the magnitude of contamination
appears to be highly localized and is probably much less
than that from other sources.

12. Animal Burial

Animal burial procedures have become increasingly
sophisticated. Mass burial —less common than individ-
ual burials-occurs near large concentrations of livestock
and in local landfills or open dumps. Individual burials
are most likely to take place within sections of munici-
pal landfills or in residential backyards.

There are no data to assess the potential contribu-
tion of this source to groundwater contamination. It is
highly site-specific and depends on disposal practices,
the surface and subsurface hydrology, the proximity of
the site to water sources, the nature and amount of the
disposed material, and the cause of death.

13. Aboveground Storage Tanks

Aboveground storage tanks are used in industrial,
commercial, and agricultural operations and at individ-
ual residences for a large variety of chemicals. No sys-
tematic information is available regarding numbers,
sizes, and locations of these tanks or of the chemicals
stored in them.

14. Underground Storage Tanks

Underground storage tanks are used by industries,
commercial establishments, and individual residences
for storage and treatment of products or raw materials,
waste storage and treatment, and piping systems (San
Francisco Bay Regional Water Quality Control Board,
1983; University of Oklahoma, 1983). Little informa-
tion is available regarding treatment tanks; unless other-
wise indicated, the discussion below refers to storage
tanks. In addition, information about steel and fiberglass
tanks will be distinguished whenever possible.

Industrial use is primarily for fuel storage but also
for storage of awide range of other substances including
acids, metals, industrial solvents, technical grade chemicals,
and chemical wastes (San Francisco Bay Regional Water
Quality Control Board, 1983; California Assembly Of-
fice of Research, 1983). Commercial businesses (e. g.,
airports, corporations with car fleets, recyclers, farmers,
and trucking industries) and individual homeowners use
underground storage almost exclusively for fuel storage.
Underground storage tanks are widespread throughout
the country; gasoline storage tanks are concentrated in
areas with high population density (and therefore with
high automobile usage).
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Development of Estimates of Numbers

The most numerous underground storage tanks are
those used for gasoline at service stations and for fuel
oil at residences. Based on the number of independent
and major service stations in the United States (Lund-
berg, 1982) and on the average number of underground
tanks per station, approximately 1.2 million steel under-
ground tanks are found at service stations alone (Rogers,
1983).° Approximately 100,000 fiberglass tanks aso are
used for underground storage of petroleum products and
severa thousand are used for non-petroleum products
(Hammond, 1983).

Many other underground storage tanks, both known
and unknown (and both active and abandoned), are
used for petroleum and non-petroleum products through-
out the country (Dalton, 1983; Rogers, 1983; White,
1983). The 1.2 million steel tanks at service stations may
represent only one-fourth to one-third of the under-
ground steel storage tanks for al products, the remain-
der being used by trucking companies, corporations,
farmers, government agencies, and others (Rogers,
1983; White, 1983). White (1983) estimates that about
25 percent of all steel storage tanks are used by the pe-
troleum industry (half of them by major producers and
half by independent retailers), 25 percent by farmers,
5-6 percent by government agencies, and the remainder
by various users. Note that the estimate that one-fourth
to one-third of all steel underground tanks are used for
petroleum may be too low for two major reasons. First,
it seems to be based on data from Santa Clara County,
CA, where the number of industrial chemical solvent
storage tanks may be higher, and the relative number
of tanks used for petroleum lower, than is typical of most
of the country because of the number of high-technology
industrial firms in Santa Clara County (Donovan,
1983). Second, approximately 60 percent of the 40,000
tanks produced annually for the last 5 years (28,000 steel
and 12,000 fiberglass) have been installed at service sta-
tions (Donovan, 1983).

OTA'’S study assumes that the number of steel tanks
at service stations represents about one-half of all steel
tanks. This figure is a compromise between the one-
fourth to one-third and the 60 percent, weighted toward
the latter because it is based on more reliable data
Using this assumption yields an estimate of 2.4 million
steel underground tanks in the United States. The ad-
ditional fiberglass tanks used for storing petroleum and
non-petroleum products bring the total estimate to 2.5
million underground storage tanks for all non-hazardous
products.

*This is a generally accepted figure and is cited by EPA (Inside EPA, 1983c)
and by the Steel Tank Institute both in publications (e. g., Steel Tank Institute,
1983) and personal communications. Feliciano (1984) estimated that approx-
imately 1.4 million underground tanks were used for storing gasoline.

There were at least 2,031 hazardous waste storage
tanks and treatment tanks regulated under RCRA in
1981 (Dietz, et al., 1984); this figure does not include
hazardous waste tanks operating under NPDES per-
mits. Just how many of these are underground or above-
-ground is not known, but they are considered as an
underground source in this analysis.

Development of Estimates of Amounts

It is very difficult to obtain an accurate estimate of
the amount of material stored in underground storage
tanks, but one approach involves using the average
capacity of known tanks. The average service station
underground steel tank held 4,000-6,000 gallons in the
1950s and now holds about 10,000 gallons; the largest
registered steel tank has a capacity of 50,000 gallons
(Donovan, 1983). The average capacity of fiberglass
tanks is also about 10,000 gallons (Steel Tank Institute,
1983). Assuming an average 10,000-gallon capacity for
underground tanks, the 2.5 million underground stor-
age tanks have an estimated capacity of 25 hillion
gallons. The hazardous waste storage tanks and treat-
ment tanks contain an estimated 13.8 billion gallons
(Dietz, et d., 1984); this figure does not include haz-
ardous wastewaters stored in tanks for less than 90 days
or in tanks operated under NPDES permits.

Design, Operation, and Maintenance
Characteristics

The installation and use of underground storage tanks
are often not regulated. Most often the only regulations
are local requirements for construction and installation,
but even in these cases follow-up or periodic checks are
rarely required to determine whether leaks have devel-
oped. Cathodic protection for steel tanks was seldom
provided until recently; most tanks more than 15 years
old are unprotected (Hammond, 1983).

There are no design requirements at the Federal level
or in many States for storage facilities that might pose
a threat to groundwater. At a minimum, design require-
ments should address (API, 1976): 1) tank construction—
e.g., to ensure conpatibility with stored substancesand
with local soil conditions; 2) reserve capacity; 3) safety
devices—e. g., cutoff devices; and 4) inspection. The
typical design life of tanks varies from 15-20 years for
unprotected steel tanks and is highly dependent on envi-
ronmental conditions. Leaks typically begin within 7
years of installation in humid areas or if tanks are in
contact with salt-water, but they may not occur for more
than 30 years in arid areas (Feliciano, 1984). No infor-
mation was available about the typical design life of pro-
tected steel tanks but presumably it is more than 20
years. The design life of fiberglass tanks is estimated
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at 40-50 years (Hammond, 1983); this figure is only a
prediction—fiberglass tanks have been used commonl,
only since 1970, and the oldest one that has been tested
for leaks is 13 years old.

The Pollution Liability Insurance Association no
longer insures steel tanks more than 20 years old unless
they meet stringent testing requirements (Morrison,
1983). Fiberglass tanks are warranted for up to 30 years
(Hammond, 1983), but the Underwriters Laboratories
insurance standards for fiberglass tanks do not cover
alcohol blends (e. g., ethanol; Steel Tank Institute,
1983).

Potential for Groundwater Contamination

Underground storage tanks are known to have caused
many cases of groundwater contamination (e. g., San
Francisco Bay Regional Water Quality Control Board,
1983). In particular, old corroded gasoline storage tanks
are frequently cited as sources of contamination (Uni-
versity of Oklahoma, 1983). As many as 77 percent of
underground steel tanks may be affected by point cor-
rosion (Rogers, no date). Such corrosion can be caused
by impurities in the backfill, faulty installation involv-
ing surface abrasions and failure to remove shoring, and
certain soil conditions (e. g., involving acidity, electrical
resistance, presence or absence of sulfides, or moisture
content).

Many companies have installed new tanks near old
ones. When they do, a new tank often actsasa‘* sacri-
ficial anode” (i. e., metallic ions flow from the new tank
to the old tank) and it rusts faster (Dalton, 1983). In
addition, dispensing pumps can develop leaks in coupl-
ings and hoses, and delivery lines can corrode or break
(Dalton, 1983). Although new underground tanks are
usually coated with a protective or corrosion-resistant
material if they are steel or are made from relatively
corrosion-resistant materials (e. g., fiberglass), they are
still subject to corrosion-induced leakage. Fiberglass
tanks can crack if installed incorrectly, and the polyester
resins in fiberglass may be weakened by some alcohol-
blend gasolines (Feliciano, 1984).

Tank age may be a principal factor in groundwater
contamination (Rogers, 1983). Leaks have been ob-
served in underground steel tanks aged 5-45 years but
about one-third occur in tanks aged 15 years or less
(Rogers, 1983). In New York, 60 percent of the leaks
are in tanks older than 16 years, and 86 percent are in
tanks more than 10 years old (New York State Depart-
ment of Environmental Conservation, 1982). Many
steel tanks in the United States are now in their mid-
teens or older; the National Oil Jobbers Council esti-
mates that nearly one-third are more than 16 years old
(cited in Larson, 1983). Rogers (1983) directed a study

of 46,000 steel tanks owned by major oil and gas pro-
ducers and found the following age composition: 4 per-
cent less than 5 years, 20-23 percent between 5 and 10
years, 27 percent between 10 and 15 years, 21 percent
between 15 and 20 years, and approximately 25 per-
cent over 20 years. The age structure of this sample is
probably younger than if a comparable sample had been
taken from independent retailers because the major pro-
ducers have recognized the potential for older tanks to
leak and in the 1970s began to replace their older tanks
(Donovan, 1983).

Rogers developed a model for predicting where leaks
will occur, based on tank age and local soil conditions;
it can also be used to estimate the number of leaking
tanks. The leakage rate is assumed to increase as the
tank population ages. Results from the model have been
tested for approximately 10,000 tanks. Based on the age
composition of the tanks and projected annual rates,
Rogers estimated that about 50,000 tanks were leaking
in 1982 and approximately 90,000-100,000 tanks would
leak in 1983. This figure could be low because Rogers
also estimated that approximately 25-30 percent of all
steel tanks probably leak. If so, up to 720,000 under-
ground steel tanks could be leaking (applying the upper
figure of 30 percent to the 2.4 million steel tanks). EPA
estimates that up to 240,000 tanks may be leaking and
that the figure may increase to 75 percent of the total
in the next 5 years (Inside EPA, 1983c).

Whether a leak contaminates groundwater is highly
dependent on site-specific conditions including the con-
centration of the contaminant and the flow rate of the
particular leak. For example, not all leaks at service sta
tions contaminate groundwater. In fact, Rogers (1983)
estimates that 85 percent of underground tank leaks at
service stations do not go beyond the station boundary
(because of the small amount of leakage or early detec-
tion) and do not contaminate groundwater; these inci-
dents have typically cost $20,000-$30,000 to clean up.
Another 10 percent of the leaks are estimated to travel
beyond service station boundaries but are detected
before they contaminate groundwater; typical costs of
these operations are $150,000. However, 5 percent of
the leaks do contaminate groundwater, with typical
cleanup costs of $2.5-$5 million and as high as $11
million.

15. Containers

Containers are storage barrels and drums for various
waste and non-waste products. They can be moved
around with relative ease, and athough they may be
buried, they are not specifically designed to be. Very
little information is available about containers because



280 . Protecting the Nation’s Groundwater From Contamination

they are not covered by any Federal water quality reg-
ulations. In 1981, about 3,577 facilities used containers
for the storage of 0.16 billion gallons of hazardous wastes
(Dietz, et a., 1984.) These figures are only for con-
tainers regulated under RCRA; actual numbers and
amounts could be considerably higher.

16. Open Burning and
Detonation Sites

Very little information is available on this source. Al-
though there are probably many cases of waste materials
burned in backyards or at landfills, these cases are clas-
sified here under the open dump, residential disposal,
or landfill sources. Detonation sites are more structured
(i.e., designed) operations; burning grounds could be
either structured or unstructured. In 1981, 240 facil-
ities regulated under RCRA incinerated 0.45 billion
galons of hazardous wastes (Dietz, et a., 1984).

The Department of Defense operates a number of
burning grounds and ammunition detonation sites.
Twelve such sites have been surveyed at Army installa-
tions, and TNT (and other hydrocarbons) and heavy”
metals (e. g., cadmium and chromium) have been de-
tected in soil and in groundwater (U.S. Army Toxic and
Hazardous Materials Agency, 1983). Several commer-
cia and industrial sites listed on the National Priorities
List by EPA (under CERCLA) have had fires or were
operated as burning sites, groundwater contamination
has been detected at all these sites.

17. Radioactive Disposal Sites

Radioactive materials arise from the nuclear fuel cy-
cle, commercial and industrial products and wastes, and
natural sources. They may have long half-lives, and they
can migrate with no visible evidence. Natural radiation
(e. g., radon-222) occurs throughout the United States,
with the highest concentrations in granite formations
(eg., in Maine) and gypsum (e.g., in Florida).

Five basic types of waste products are produced in
the development and generation of nuclear fuel and
radioactive materials (DOE, 1983):

1. Spent fuel is the discharged irradiated fuel resulting
from nuclear powerplant operations. It includes
cesium-137 (half-life 28 years), strontium-90 (half-
life 33 years), and cobalt-60 (haf-life 6 years).
Wastes containing these isotopes may need severa
hundred years or more to decay to low levels of
radioactivity, with some estimates ranging as high
as 100,000 years (University of Oklahoma, 1983).

2. High-level wastes are from the initial processing
of irradiated reactor fuels. They are extremely ra-

dioactive, must be stored in specially constructed
facilities, and eventually are either reprocessed or
transferred to the Federal Government for long-
term storage or permanent disposal (DOE, 1983).

3. Transuranic wastes, defined on the basis of specif-
ic radioactive criteria (DOE, 1983), result primar-
ily from fuel reprocessing and from the manufac-
ture of plutonium-containing products.

4. Low-level wastes are generated in liquid, gaseous,
and solid forms and consist of a wide range of ma-
terials having generally low but potentially hazard-
ous amounts of radiation (this category excludes
uranium mill tailings). Low-level radioactive
wastes are generated by nuclear reactors used for
power production, weapons production, research
(e.g., at universities and hospitals), and c,, -
mercial products or activities (e. g., a hospitals).
They can be in the form of discarded equipment,
assorted refuse, and materials from decontamina-
tion facilities. They are either diluted until no
longer classified as radioactive, disposed of indis-
criminately, or shipped to approved low-level dis-
posal sites.

5 Uranium mill tailings are the earthen residues left
after the uranium is extracted from ores. Uranium
refining also generates small amounts of solid, or
semi-solid, low-level radioactive waste. Although
the chemistry of the wastes varies among refineries,
radium-226, thorium-230, and uranium-238 are
usually present in small but significant concentra-
tions. Disposal has commonly occurred in shallow
burial grounds located near the refineries. (The
waste rock associated with these radionuclides is
discussed under Waste Tailings and Waste Piles,
above).

Development of Estimates of Numbers

Prior to the mid- 1970s, low-level radioactive wastes
were routinely packaged and shipped to commercial
shallow nuclear waste burial sites. Six commercial sites
were in operation, but three have been closed and two
are accepting severely reduced volumes; the major re-
maining site is in the State of Washington. The Depart-
ments of Energy and Defense also maintain 22 sites for
low-level waste disposal (DOE, 1983). High-level radio-
active wastes are deposited at four regulated sites (Han-
ford, WA; ldaho Falls, ID; Aiken, SC; West Valley,
NY) or are contained on-site at their place of genera-
tion (see OTA, 1982). Seven sites are used for tran-
suranic waste disposal. Commercia spent fuel is usu-
aly stored at reactor sites or at two specific disposal sites.

Because different types of wastes are sometimes sent
to the same site, the number of disposal sites is actually
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less than the total of 38 in the above figures. Although
recent legidation has called for State cooperation in site
development for low-level radioactive waste disposal,
commercial generators of low-level wastes are likely to
be faced with possession of these wastes for some time.
Remedial actions at inactive mill tailings sites are to be
conducted by DOE under the Uranium Mill Tailings
Radiation Control Act, but these actions have not yet
begun (DOE, 1983; see ch. 9).

Development of Estimates of
Radioactive Waste Production

A total of 4.80 million cubic yards of radioactive
wastes was contained at various storage sites as of
December 31, 1982 (DOE, 1983). This total was dis-
tributed as follows: 0.41 million cubic yards of high-level
wastes, 0.48 million cubic yards of transuranic wastes,
3.78 million cubic yards of low-level wastes, and approx-
imately 7,400 tons of spent fuel (the first three figures
are based on DOE, 1983; the last on Hileman, 1982).
Uranium mill tailings are discussed under Waste T ail-
ings and Waste Piles, above.

Potential for Groundwater Contamination

Radioactivity is a major threat to groundwater
because of the longevity of isotopes and their ability to
migrate unnoticed. Much debate centers on the efficacy
of waste disposal buria methods over time; for exam-
ple, disposal containers are often deposited in or above
shallow water tables. Some isotopes enter groundwater
from radioactive wastes, but other isotopes are present
because of the leaching of natural geologic substances
(e. g., gypsum). It is estimated that 10-30 square miles
of’ land are underlain by groundwater contaminated be-
yond potable use by radioactive wastes (USGS, 1983).

Numerous radionuclides have been detected in ground-
water as shown in table A.5. 2. These radionuclides emit
three types of radiation: alpha (a), beta (~), and gamma
(T) (League of Women voters Education Fund, 1980).
Alpha radiation has the least power to penetrate skin,
but it can cause severe tissue and organ damage if it
enters the body through ingestion of contaminated
drinking water or food or through inhalation. Beta ra-
diation is more penetrating, but it also is most serious
when ingested or inhaled. Gamma radiation has the
greatest power to penetrate skin and usually is associ-
ated with beta radiation; it too can damage critical
organs.

18. Pipelines
Pipelines are used to transport, collect, and/or dis-
tribute both wastes and non-waste products. The wastes
are primarily municipal sewage, most often located in
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Table A.5.2.—Categorization of Known and Potential
Radionuclides in Groundwater by Mode of Decay

@ andy,

Radio nuclide® ~ p combined

Antimony-125. . ................
Barium-140....................
Cesium-134 . ..................
® Cesium-137 ...................
e Chromium-51..................
® Cobalt-60.....................
iodine-129. . ...................

y

XX XXX XX XX

Lead-210......... ... ...
Phosphorus-32................. X
Plutonium-238................. X
Plutonium-243 . ................ X
Radium-226 . .................. X
Radium-228 ...................

Ruthenium-103 . ...............

e Ruthenium-106................

e Scandium-46..................
Strontium-89 ..................

e Strontium-90..................
Strontium-131 . ................ X

® Thorium-270................... X

o Tritium ... X
Uranium-230 . . ................. X

e Uranium-238................... X

® ZinC-65...... ... X

® Zirconium-95.................. X

ARadionuclides marked with an asterisk are known to have contaminated ground-
water and are documented by at least two of the listed sources

Alpha (a). beta ($), and gamma {4) radiation are discussed in the text

SOURCE Woodward-Clyde Consultants, Inc , 1983; University of Oklahoma, 1983,
Environ Corp , 1983

x> X X
>

densely populated areas. The primary non-wastes are
petroleum products and natural gas, but anmonia, coal,
sulfur, and anhydrous ammonia are also transported
(University of Oklahoma, 1983). Non-waste pipelines
are located throughout the Nation; maps of major
pipeline networks are available from the Federal Energy
Administration (University of Oklahoma, 1983).

Development of Estimates of
Numbers and Amounts

Approximately 175,000 miles of pipeline carrying
9.63 billion bbls of petroleum products per year were
in operation in the United States in 1976 (Pye, et d.,
1983). Information presented in Miller (1980) indicates
that approximately 700,000 miles of sewer pipeline were
inusein 1980. In 1978, 154 million people were served
by sewer pipelines (U.S. Department of Commerce,
1981). Assuming an average sewage flow of 100 gallons
per day per person (Miller, 1980), approximately 5.6
trillion galons of sewage were transported by sewer
pipelines in 1978.
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Potential for Groundwater Contamination Development of Estimates of

S . . . Numb d A t
Although pipelines are designed to retain their con- umbers an mounts

tents and thus pose no threat to groundwater, in reality Estimates of the number of spills vary. The National
they have a contamination potential through leakage. Academy of Sciences (NAS) estimated that approx-
The major causes of leaks are ruptures, external andimately 16,000 spills occur annually, involving a vari-
internal corrosion, incorrect operating procedures, and ety of substances such as paint products, battery fluids,
defective welds or pipes. In 1981, these causes accountedjasoline, corrosive compounds, flammable compounds,
for 41 percent, 22 percent, 7 percent, and 6 percent of various acids, and anhydrous ammonia (NAS, 1983 b).
all reported leaks, respectively (DOT, 1981). Other The Council on Environmental Quality (CEQ (1982)
causes were surges (e. g., floods) of fluid in pipelines, reported on 10,072 known spills of oil or hazardous
breakage or heaving of lines by tree roots, earthquakes,chemicals totaling 19.6 million galons in 1981; how-
loss of foundation support, and rupture due to other ever, these spills include leaks from storage pipelines and
loads. Miller (1980) estimated that leskage from sewer drains as well as from transportation facilities. DOT
pipelines was around 5 percent; if it is, approximately reported 9,063 incidents involving hazardous materials
280 billion gallons of sewage annually could be leaching in 1981 and 6,540 in 1982 (as of Apr. 30, 1983; Jossi,
into groundwater. This estimate of leakage is based on 1983). Almost 81 percent of the 1982 incidents involved
the unverified assumption of 5 percent leakage, commercial carriers on highways, another 5 percent in-
Because interstate pipelines are a major means ofvolved private carriers on highways, 13 percent involved
transporting materials, they are regulated by the De- railways, and the remainder involved other forms of
partment of Transportation (DOT); and any leaks and transportation.
spills must be reported to DOT (see ch. 3 and app. B. 1).  Very little information was available about the amount
However, collection and distribution systems, gas sta- of hazardous materials lost in spills, other than the CEQ
tions, residential users, and even relatively large in- figure cited above; and no information was available re-
trastate carriers are not required to report leaks and garding non-hazardous materials. NAS estimated that
spills. Collection and distribution pipelines are not reg- about one-half of the 4 billion tons of hazardous ma-
ulated other than during their initial installation to pre- terials transported annually in the United States is trans-
vent the escape of combustible, explosive, or toxic ported on highways (NAS, 1983 b). EPA (Inside EPA,
chemicals;, the potential for groundwater contamination 1983c) estimated that about 90 percent of all transpor-
is not a primary consideration. tation of hazardous wastes is by truck. Further, EPA
About 4,100 non-waste liquid pipeline leaks and ac- also estimated that when hazardous materials are trans-
cidents were reported from 1968 through 1981 (DOT, ported by truck, approximately 0.35 percent of the haz-
1981; the figure is not certain because information dif- ardous materials (slightly more than 38 gallons) are lost
fers on pp. 21 and 39). Of that number, 2,813 occurred during each shipment of 200 55-gallon drums. Assum-
from 1971-81, with 3.4 million bbls of material lost. In ing that the same 0.35 percent loss rate applies to the
1981, 239 pipeline failures were reported, with 214,384 entire 4 billion tons shipped annually in the United

bbls lost; various products were involved in the leaks: States, no matter how transported, approximately 14
crude oil was involved in 48.1 percent of the failures, million tons of hazardous materials are spilled during
gasoline in 19.3 percent, liquified petroleum gas (LPG) material transport and transfer operations. This estimate
in 14.6 percent, natural gas liquid (LNG) in 5.0 percent, is only a first approximation.

and f’uel oil i n 4.6 percent. The remaining materialsin-

volved were jet fuel, diesel fuel, anhydrous anmonia, Potential for Groundwater Contamination

kerosene, turbine fuel, oil and gas, and condensate.
Transport and transfer of materials have the poten-

tial to contaminate groundwater contamination through
spills and leaks. Spills are generally unintentional and

19. Material Transport and can occur at random at transport facilities and aong

Transfer Operations transportation corridors. Although an estimate can be

developed for the amount of material spilled annually

Material transport and transfer operations refer to the (see above), it is not possible to estimate the amount
movement of substances by vehicle (e. g., truck and rail- of spilled material that threatens groundwater.

road) along transportation corridors. Handling facilities Storage and transfer facilities for oil and hazardous

such as airports and loading docks are also included. chemicals must be designed and certified by a registered
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engineer if they pose a threat to surface water (Univer-
sity of Oklahoma, 1983). However, similar design re-
quirements do not exist at the Federal level or in many
States for groundwater (University of Oklahoma, 1983;
see app. H.3). Design procedures that would take into
account the potential for groundwater contamination
relate to (API, 1976): drainage systems at loading and
unloading areas, containment systems for possible spills,
security measures, and tanker/tank design and interface.

20. Irrigation Practices

Water used for irrigation tends to percolate into the
subsurface and move toward discharge points. As it
does, it carries with it substances applied to and associ-
ated with the soil (e. g., fertilizers, pesticides, and
sediment).

Development of Estimates of
Numbers and Amounts

About 14 percent of cropland in the United States is
irrigated; 58 million acres were irrigated in 1977 (USDA,
1981a), and 51 million acres were irrigated in 1978
(U.S. Department of Commerce, 1982). Irrigation is
most common in the West, the Central and Southern
Plains, Arkansas, and Florida (U.S. Department of
Commerce, 1982). Approximately 169 million acre-feet
of water were used for irrigation in 1980 (CEQ 1982;
the figure includes both surface water and groundwater).
About 68 percent of the total groundwater use in 1980
was for irrigation (USGS, 1984).

Potential for Groundwater Contamination

Although salts, pesticides, and fertilizers may be pres-
ent wherever crops are grown, irrigation return flows
tend to concentrate these chemicals (University of Okla-
homa, 1983) and can reduce agricultural productivity.
Groundwater salinity (i.e., dissolved salts) can increase
because of evaporation, transpiration, and subsequent
leaching of saline soils. Irrigation practices have in-
creased groundwater salinity in many parts of the West
and Southwest (Sheridan, 1981).

Data are lacking about the proportion of irrigation
water that is consumed by crops, percolates into the sub-
surface, and runs off the land. Salinity is difficult to re-
duce because the volume of irrigation water is difficult
to alter and because much of the salt in water occurs
naturally. However, various water conservation prac-
tices and the application of more efficient irrigation tech-
nology can decrease salinity significantly (USDA,
1981b; OTA, 1983 b).

21. Pesticide Applications

Pesticides are chemicals used for control of insects,
fungi, and other undesirable organisms and weeds. Ag-
ricultural operations (including but not limited to those
on irrigated lands) account for most pesticide use (69-
72 percent), government agencies and industrial/com-
mercial organizations account for 21 percent, and home
and garden uses account for the remainder (EPA,
1980a; Seiber, 1981).

Pesticide Production and Estimates of Use

Approximately 1.4- 1.5 billion pounds of pesticides are
produced in the United States each year (USDA, 1983a;
EPA, 1977b; Forest Pest Management Institute, 1982).
Production has doubled since the mid-1960s (EPA,
1980e) and is growing approximately 1.4 percent an-
nually (Forest Pest Management Institute, 1982). Pesti-
cides are composed of 1,200-1,400 active ingredients in
approximately 2,500 intermediate products; these prod-
ucts in turn are formulated into some 50,000 registered
end-use pesticide products (Roelofs, 1983; EPA, 1977 b).
Depending on the definition, there are approximately
30-80 major pesticide manufacturers, 100 smaller pro-
ducers, 3,300 formulators, and 29,000 distributors in
the United States (EPA, 1980a; USDA, 1983a).

Of the 1.43 billion pounds of end-use products man-
ufactured in 1981, 839 million pounds were herbicides,
448 million pounds were insecticides, and 143 million
pounds were fungicides. In 1982, it is estimated that
57.8 percent of the herbicides were amides and triazines
and that 69.9 percent of the insecticides were organo-
phosphates (Schaub, 1983).

Use of pesticides on cropland can be measured by the
pounds of active ingredients applied and by the number
of acre-treatments (i. e., the number of acres treated,
including acres treated more than once). Approximately
552 million pounds of active ingredients were applied
to major field crops in 1982 (USDA, 1983c)—451
million pounds of herbicides, 71 million pounds of in-
secticides, and 30 million pounds of fungicides, fumigants,
dessicants, defoliants, growth regulators, and miticides.
Pesticide applications may average as much as 2.6
pounds per acre (USDA, 19814a); in 1976, 2.2 pounds
of insecticides and 2.0 pounds of herbicides were ap-
plied per acre (CEQ 1982). However, new products
have been developed which require as little as 0.1 pound
of active ingredients per acre (Schaub, 1983); some new
chemicals may require even less (Kearney, 1983).

Approximately 280 million acre-treatments are con-
ducted annually (Schaub, 1983; USDA, 1978). The four
major crops—corn, cotton, soybeans, and wheat—
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account for 85 percent of al herbicide use and 70 per-
cent of al insecticide use (Eichers, 1981). Forty-seven
percent of all insecticides are applied to cotton (USDA,
19814). About 85-90 percent of the corn, cotton, soy-
bean, and rice acreage is treated with herbicides.

Airplane applications accounted for 65 percent of all
pesticide applications on agricultural and forest lands
in 1978 (USDA, 1978). These applications involved
some 10,000 aircraft treating more than 180 million
acres (Kearney, 1983).

Potential for Groundwater Contamination

Groundwater contamination from the use of pesticides
in agricultural operations has been found in at least 18
States (Cohen, et a,, 1984; Rothschild, et a., 1982;
Spalding, et al., 1980); at least 12 different pesticides
were involved (Cohen, et al., 1984). Contamination can
occur from common use practices, spills, accidents, dis-
posal of excess pesticides, disposal of wastewater from
equipment and from rinsing empty containers, and
other causes (Hall, 1983; Chemical and Engineering
News, 1983). Contamination potential can generally be
reduced through methods of use, storage, and disposal
(Chemical and Engineering News, 1983).

However, airplane applications pose special prob-
lems. The disposal of wastewater from airplanes (either
before or after landing) is often haphazard and may take
place in ditches, lagoons, streams, and sewers or on the
land (Seiber, 1981). It is estimated that the operation
of one plane results in approximately 10,000 gallons of
wastewater and 44 pounds of pesticides that must be
disposed of each year (Seiber, 1981). Given the 10,000
aircraft involved, approximately 100 million gallons of
wastewater and 440,000 pounds of pesticides must be
disposed of annually.

Movement of pesticides through soil and into ground-
water depends on a variety of pesticide-specific and site-
specific factors including water volubility, vapor pressure,
speciation, hydrolysis half-life, photolysis half-life, soil/
water adsorption coefficient, depth to the water table,
soil type, and rainfall (Cohen, et a., 1984; Severn, et
al., 1983). Severn, et a. (1983) list quantitative condi-
tions under which groundwater contamination can
occur.

Many compounds do not move much with actual
groundwater flow but adhere to and move with the soil
particles themselves (e. g., many hydrocarbons; Hall,
1983). Other compounds are more soluble and move
relatively rapidly (e. g., Temik or adicarb; Hall, 1983);
these compounds pose problems, especialy in areas with
high water tables (e. g., Florida). USDA is conducting
at least 37 projects on the movement and fate of pesti-
cides in the soil (Helling, 1983; also see ch. 3).

22. Fertilizer Applications

Farmers used 54.0 million tons of commercial fertiliz-
ers in 1980-81, 48.7 million tons in 1981-82, and 42.3
million tons in 1982-83 (USDA, 1983d). The areas cov-
ered are likely the same as those covered by pesticides
and are spread throughout much of the country (Univer-
sity of Oklahoma, 1983; USDA, 1982a); the five States
using the most fertilizer in both 1981-82 and 1982-83
were lllinois, lowa, California, Indiana, and Texas
(USDA, 1983d). Fertilizers used in 1981-82 contained
11.1 million tons of nitrogen (22.8 percent of the total
48.7 million tons), 4.8 million tons of phosphates (9.9
percent), and 5.6 million tons of potash (1 1.5 percent)
(USDA, 1983d). The USDA has estimated that nutrient
application rates range from 0.03-8.4 pounds per acre
for nitrogen and from 0.01-0.08 pounds per acre for
phosphorus (USDA, 1981 b). In 1978, approximately
229 million acres were treated with commercia fer-
tilizers and 17 million acres were treated with lime (U.S.
Department of Commerce, 1982).

The potential for fertilizers to contaminate ground-
water depends on the rate of application in relation to
crop uptake (University of Oklahoma, 1983). This rate
is often difficult to control because farmers generally
apply enough fertilizer for the entire growing season
prior to planting (Swanson, 1983).

23. Animal Feeding Operations

In the last two decades the number of animal feedlots
with more than 1,000 animals has increased rapidly
(Miller, 1980). In 1982, there were 1,935 cattle feedlots
in the United States marketing approximately 16.8
million cattle; 969 of the feedlots, with a capacity of more
than 2,000, marketed 15.3 million cattle (USDA,
1983 b). The feedlots are located primarily in the Corn
Belt and High Plains. Inventories of animals on farms
and feedlots during 1978 showed a total of 106 million
cattle and calves, 59 million hogs and pigs (USDA,
1982 b), 12 million sheep and lambs, 2.2 million horses
and ponies, more than 359 million chickens, and more
than 140 million turkeys (U.S. Department of Com-
merce, 1982). The principa rearing region is the South
for poultry, the West for sheep, and the Midwest for
hogs.

Estimates of Manure Production

Cattle are estimated to produce 0.5 tons of manure
during their 4-5 month stay in feedliots (Pye, et al.,
1983). Thus in the larger cattle feedlots (i.e., with more
than 1,000 animals), more than 8 million tons of manure
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are produced annually. The USDA has estimated that
all livestock on feedlots and farms produce 175 million
dry tons of manure annually, and 90 percent of it is re-
turned to the land (USDA, 1981a).

Potential for Groundwater Contamination

Animal feeding operations can adversely affect ground-
water if leachate enters the subsurface either directly
from the feedlots or from waste piles and wastewater
impoundments (see Surface Impoundments, above).
The most important potential contaminant in manure
is nitrogen, but bacteria, viruses, and phosphates are
also of concern (University of Oklahoma, 1983).

The potential for groundwater contamination is great-
est in areas with high densities of animals and a shallow
water table. Thus even small farms have the potential
to contaminate groundwater; large humbers of animals
in a smal area can stress the natural assimilative ca-
pacity of the soil (Pye, et a., 1983), Of the 718,000
farms with fewer than 300 animals, 25 percent are esti-
mated to have the potential to degrade water quality
(USDA, 1981 b). Data are insufficient to estimate the
volume of leachate and runoff that actually reaches the,
water table from large feedlots. In any case, because
manure piles and feedlots often are near rural homes,
domestic water supply wells are vulnerable.

24. De-Icing Salts Applications

Highway de-icing salts are applied to snow and ice-
covered roads to improve driving conditions. The salts
consist mostly of commercial rock and marine salt, with
the addition of ferric ferrocyanide and sodium ferrocy -
anide to minimize caking of the salts when stored; other
additives include chromate and phosphate, which reduce
the corrosiveness of the salts (Bouwer, 1978). Use of
highway de-icing saltsis confined primarily to the snow-
belt, especially the populous areas of the Northeast and
Mideast, and is dependent on weather conditions.

Development of Estimates of
Numbers and Amounts

During the winter of 1982-83, a minimum of 9.35
million tons of dry salts and abrasives and 1.78 million
gallons of liquid salts were applied to highways (Salt In-
stitute, 1983; data were for agencies using more than
10,000 tons of total materials annually). More than 12
million tons of salt were used in the 1978-79 winter (Pye,
et al., 1983).

Highway salting rates generally range from 355-1,065
pounds per mile (100-300 kilograms (kg) per kilome-
ter) per application. During the course of a winter

season, roads typically receive 17.6 tons (16,000 kg) of
salt per lane per mile, or approximately 88 tons (80,000
kg) per mile for a typical highway with four lanes and
shoulders (Bouwer, 1978); this figure varies geograph-
ically and from year to year. During the 1982-83 win-
ter, an average of 15.5 tons of dry salts and abrasives
and 2.9 gallons of liquid salts were applied per lane per
mile (based on Salt Ingtitute, 1983).

Potential for Groundwater Contamination

Estimates of the total use of de-icing salts should be
interpreted cautiously when attempting to assess their
contribution to groundwater contamination. Although
all salts used have the potential for reaching ground-
water, the amounts likely to reach groundwater are un-
known and depend on hydrogeological and other factors
(University of Oklahoma, 1983).

Many cases of contamination caused by highway de-
icing salts have been documented in snowbelt areas
(Bouwer, 1978; Dalton, 1983; Lord, 1983). The sources
are both the leachate from stockpiles of salt and the run-
off from the roads. Mgjor problems are primarily asso-
ciated with the storage of salt (Lord, 1983); salt stock-
piles are maintained year-round and are often entirely
exposed.

Chloride levels in road runoff during snowmelt have
been observed to range from 1,130-25,100 parts per
million (Bouwer, 1978); drinking water is generally con-
sidered contaminated when chloride levels exceed 250
parts per million (NAS, 1980). Sodium ferrocyanide is
soluble in water and, when exposed to sunlight, can gen-
erate cyanide in concentrations in excess of maximum
drinking water limits (see app. C.3). Chromate additives
can produce excessivre concentrations of hexavaent chro-
mium in meltwater (Bouwer, 1978).

Technology is now available to minimize leaching
from salt stockpiles, but most research is being focused
on what happens after application of de-icing salts
(Lord, 1983). For example, the potential for ground-
water contamination after application can be reduced
by designing roads that require less de-icing and by col-
lecting and disposing of the runoff, by developing
substitute highway materials for maintaining safe driv-
ing conditions, and by developing alternatives to the de-
icing salts now used.

25. Urban Runoff

Urbanization necessarily expands the areas that are
impervious to rainfall and thus increases the amount and
rate of surface runoff. The runoff, in turn, is channeled
by extensive drainage networks and carries with it the
contaminants associated with urban activities (e. g.,
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automobile emissions, litter, deposited atmospheric pol-
lutants, and sediments; University of Oklahoma, 1983).
Any stormwater that infiltrates the surface can also carry
these contaminants.

According to EPA (1983 c), over 21.2 million urban
acres contributed stormwater runoff in 1970, and this
figure is projected to increase to 32.6 million acres by
the year 2000. Data are insufficient to determine the
extent to which urban runoff and infiltrating stormwater
contribute to groundwater contamination.

Potential for Groundwater Contamination

Urban runoff is a primary cause of degraded surface
water quality in heavily populated areas. After flowing
into existing water bodies, contaminants originally car-
ried in runoff may accumulate in solution or in sedi-
ments (Owe, et al., 1982). The potential for ground-
water contamination from urban runoff will depend on
where the runoff is discharged, its proximity to aquifers,
and various hydrogeologic factors.

A major source of contaminants is automobile emis-
sions, which may contribute contaminants to surface
runoff in some areas. The contaminants of most con-
cern are suspended solids and toxic substances, espe-
cialy heavy metals and hydrocarbons. Runoff can also
contain bacteria, nutrients, and other oxygen-demand-
ing loads, and petroleum residues (USDA, 1981a; Owe,
et al., 1982). Contaminant levels in urban runoff are
often higher than established ambient levels for receiv-
ing waters (Owe, et a., 1982).

26. Percolation of Atmospheric
Pollutants

Many potential contaminants of groundwater are car-
ried in the atmosphere and eventually reach the land
surface through either dry deposition between storms
or transport in water and snow during storms (Owe,
et a., 1982). A number of sources of atmospheric pol-
lutants are known, among them automobile emissions
and various industrial processes. The major contami-
nants are sulfur and nitrogen compounds, asbestos, and
heavy metals (Owe, et al., 1982). Their ultimate dis-
tribution depends on their size when they are released
and on weather patterns while they are moving in the
atmosphere.

Percolation of atmospheric pollutants into ground-
water is greatest in areas of high air pollution. One of
the better-studied cases involves acid rain. Although
widely distributed, acid rain occurs predominantly
around the Great Lakes, the Northeast, and south-
central Canada (OTA, 1984).

27. Mining and Mine Drainage

Minerals are extracted by either underground min-
ing or surface mining. Underground mining is used to
extract deep, relatively high-grade ore from structurally
stable rock. The methods used (e. g., room-and-pillar,
block caving, and stoping; NAS, 1979) depend on to-
pography, geology, and characteristics of the ore (e. g.,
size, shape, depth, and ore grade). In surface mining,
pits are created when the overburden and topsoil are
removed to expose large, shallow deposits (generally
covered with less than 300 feet of loose soil; NRC, 1983);
operations include quarrying, open-pit, opencut, open-
cast, stripping, placering, and dredging (NAS, 1979).
Deep underground mines, especially for coal, are located
primarily in the Appalachian region; and surface mines
are primarily in the West and Midwest.

Development of Estimates of
Numbers and Amounts

More than 15,000 mines were in operation in 1976
(NAS, 1979). Wirries, et al. (1983) estimate that there
are also 67,000 inactive or abandoned mines in the con-
terminous United States, 49,000 of them in the Midwest
and Appalachia. The total land area that has been
disturbed has been estimated at 4 million acres; the rate
of disturbance may have been as high as 5,000 acres
per week in the early 1970s (NAS, 1979). Approximately
383,000 acres have been abandoned.

Miller (1980) estimated that 3.6 million tons of acid
were generated annually from the 200,000 acres used
for the disposal of coal mining wastes (27,000 of those
acres had been reclaimed). Depending on how many
of the approximately 383,000 abandoned acres are also
used for waste disposal, the amount of acid generated
annually could be as high as 10 million tons (the addi-
tional acreage triples the total acreage and presumably
the subsequent estimate). Miller (1980) aso estimated
that 10 percent of the acid generated enters ground-
water; thus 0.36- 1.0 million tons of acid could enter
groundwater each year.

Potential for Groundwater Contamination

Excavation and operation of both surface and under-
ground mines can disrupt the natural positioning of
aquifers and hence groundwater flow. As a consequence,
water can percolate through the fractured overburden
and mix with mine wastes and other materials that were
previously separated (NRC, 1983; EPA, 1981a). The
problem can be minimized by dewatering (e. g., pump-
ing water to the surface, possibly at rates of up to 200-
3,000 gallons per minute; NRC, 1983).
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The primary problem concerning groundwater relates
to the disposal of spent mill tailings, especialy in
underground mining. Underground mining introduces
oxygen and water, which can result in the oxidation of
pyrite and the subsequent formation of acid mine
drainage—an acidic mixture of iron salts, other sats,
and sulfuric acid (Thomson, et a. , 1983). Acid mine
drainage is a major problem in the East; in the West,
groundwater seldom becomes acidic, usually because
carbonates in the overburden help neutralize any acid
produced. However, sulfate concentrations are often
very hi gh in Western surface mined lands. Ar seni c,
molybdenum, vanadium, and other minerals also can
become soluble in the oxidizing conditions of mining
in general and can enter groundwater.

Wirries, et al. ( 1983) studied inactive deep under-
ground coal mines in Appalachia and the Midwest.
Drainage quality was highly variable, with most sites
exceeding Federa effluent guidelines. Trace metals
(e.g., cadmium, mer cury, zinc, and nickel) were pres-
ent in low concentrations. Calcareous material in the
overburden helped buffer acid drainage. The amount
and rate of acid formation and the chemica quality of
the drainage tend to be functions of the amount and type
of pyrite present, characteristics of the overburden, and
the amounts of air and water available for chemical re-
actions (EPA, 1981 a).

28. Production Wells

A variety of wells are included as production wells—
oil, geothermal and heat recovery, and water supply
wells. Oil wells are clustered in the Southwest, Alaska,
Louisiana, Wyoming, and the Midwest. Geothermal
activities are primarily in the West and in the heavily
populated northern States where the use of earth-
coupled heat pumps is increasing (University of Okla-
homa, 1983). No comprehensive information on the
location of water supply wells was collected as part of
this study, but they are likely to be most numerous in
areas with high groundwater withdrawals (the South-
west, the Central Plains, Idaho, and Florida; see Solley,
et al., 1983).

Approximately 548,000 oil wells produced an esti-
mated 3.1 hillion bbls of crude oil in 1980 (U.S. De-
partment of Commerce, 1981); the brine associated with
these wellsis discussed in Injection Wells, above. Aban-
doned production wells may number around 1.2 million
(Kaplan, et al., 1983).

More than 376,000 irrigation wells are used to supply
water for approximately 126,000 farms in the United
States (The Groundwater Newsletter, 1983 b).

All production wells share a similar potential to con-
taminate groundwater. It is related to installation and

operation methods (e. g., for oil wells, the use of treat-
ment chemicals, drilling fluids, and other chemicals),
incorrectly plugged or abandoned wells, cross-contam-
ination, and overdraft. Corrosion of screens and cas-
ings in unrepaired or abandoned wells can result in the
wells becoming conduits for the vertical migration of
contaminants (Gass, et al., 1977; see Injection Wells,
above, for discussion of groundwater contamination
problems associated with wells).

29. Other Wells

Other wells include those used in various monitoring
and exploration activities. No systematic information
is available regarding numbers and locations of these
wells,

30. Construction Excavation

Excavation at construction sites has many purposes
including: clearing, pest control, rough grading, facil-
ity construction, and the restoration of staging and
stockpile areas upon completion of a job (University of
Oklahoma, 1983). Construction excavation is intense
in areas experiencing growth, but it is usualy tem-
porary.

Almost no data are available on the amount of materi-
als that is excavated annually. It has been estimated that
45 million tons of junked auto, construction, and demo-
lition wastes are generated annually (EPA, 1981b) but
how much of these wastes results from construction ex-
cavation is not known.

Excavation at construction sites can produce poten-
tial groundwater contaminants in a variety of ways.
Clearing and grubbing and pest control practices can
produce contaminants from the use of pesticides and the
decay of cleared vegetation. Heavy construction equip-
ment used for rough grading can spill diesel fuel, oil,
and lubricants. Some construction activities can include
dust control in which oil, calcium chloride, and water
are used. The concrete used in construction is a source
of contaminants from washing, spills, and wastes (Uni-
versity of Oklahoma, 1983).

31. Groundwater—Surface
Water Interactions
When groundwater aquifers are hydrologically con-

nected with surface water, the aquifer can be partially
recharged by infiltration of the surface water.If the sur-

*Alternatively, groundwater may replenish surface water, e g., it may pro-
vide the baseflow for streams and rivers, In this case, contain inants in ground-
water could be transferred to surface water
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face water is contaminated, or if it reacts chemically with
the subsurface materials as it infiltrates downward, deg-
radation of groundwater quality can follow (Miller,
1980).

32. Natural Leaching

Natural leaching occurs on a local scale in aguifers,
or in portions of aguifers, whose geologic materials can
be dissolved into solution. No systematic information
is available about the significance of natural leaching
to groundwater contamination.

33. Salt-Water Intrusion/
Brackish Water Upconing

Approximately 21 billion gallons of groundwater per
day—26 percent of all groundwater withdrawn (USDA,
1981a)—are withdrawn in excess of recharge capabil-
ities (i. e., overdrafting, overpumping, or overmining).
Withdrawals significantly in excess of natural recharge
are located predominantly in coastal areas (e. g., Califor-
nia, Texas, Louisiana, Florida, and New York), the
Southwest, and the Central Plains (USDA, 1981 b).

Overdrafting can disrupt the natural hydrologic proc-
esses associated with groundwater; and subsequent im-
pacts on aquifers and groundwater quality include: salt-
water intrusion in coastal areas, brine-water intrusion
(or brackish water upconing) in inland areas, and in-
tensified natural leaching. Land subsidence may also
result; it disrupts the natural positioning of aquifers and
has additional surface impacts (e. g., subsidence). Salt-
water or brine-water intrusion is probably the major
problem associated with overdraft but it occurs only in
areas where freshwater aquifers are underlain by salt-
water or brine. At some coastal areas, injection of
freshwater into aquifers is used to prevent salt-water in-
trusion (University of Oklahoma, 1983).
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Appendix C
State Institutional Framework To

Protect Groundwater

C.1 AGENCIES THAT RESPONDED TO THE OTA STATE SURVEY (p. 304)

C.2 OTA STATE SURVEY (p. 307)

C.3 SUBSTANCES WITH STATE STANDARDS OR FEDERAL STANDARDS OR
GUIDELINES FOR WATER QUALITY THAT MAY BE APPLIED TO
GROUNDWATER (p, 333)

C.4 OTA STATE SURVEY RESPONSES: EXAMPLES OF STRENGTHS,
PROBLEMS, AND DESIRED FEDERAL ASSISTANCE FOR EACH STATE
(p. 349)

C.5 OTA STATE SURVEY RESPONSES: SELECTED STATE ISSUES (p. 387)
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C.1 AGENCIES THAT RESPONDED TO THE
OTA STATE SURVEY

Alabama Department of Environmental Management

Alaska Department of Environmental Conservation

Arizona Department of Health Services
Arizona Department of Water Resources

Arkansas Department of Pollution Control and Ecol ogy

California State Water Resources Control Board

California Department of Health Services
California Department of Water Resources

Colorado Department of Health

Connecticut Department of Environmental Protection

Del aware Department of Natural Resources and Environnental Control

Florida Department of Environmental Regulation

Georgia Department of Natural Resources -- Environmental Protection Division

Hawaii Department of Health
Hawaii Departnent of Land and Natural Resources
Hawaii Department of Agriculture

Idaho Department of Health and Welfare -- Division of Environment
Idaho Department of Water Resources

[llinois Environmental Protection Agency
[Ilinois State Water Survey

I ndiana State Board of Health -- Division of Water Pollution Control
| owa Departnent of Water, Air, and Waste Managenent
Kansas Bureau of O Field and Environnental Geol ogy

Kentucky Natural Resources and Environmental Protection Cabinet
Departnment of Environnental Protection
Departnment of Natural Resources
Department for Surface Mning Reclamation and Enforcenent
Kent ucky Conmmerce Cabi net
Departnent of Agriculture
Kent ucky Geol ogi cal Survey
Kent ucky Human Resources Cabi net
Department of Health Services
Kentucky Public Protection and Regul ation Cabi net
Department of Mnes and M nerals
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Loui si ana. ol lis Department of Natural Resources
Louisiana Department of Health and Human Services

Louisiana Department of Transportation and Development -- Di vi si on of \Water
Resour ces

Capital Area Groundwater Commissioner

Maine Department of Environmental Protection

Maryland Department of Health and Mental Hygiene

Massachusetts Department of Environmental Quality and Engineering
Michigan Department of Natural Resources

Minnesota Pollution Control Agency
Mississippi Department of Natural Resources

Mississippi State Board of Health
Mississippi Oil and Gas Board

Missouri Department of Natural Resources
Montana Department of Health and Environmental Sciences

Nebraska Department of Environmental Control
Nebraska Department of Health

Nevada Department of Conservation and Natural Resources
New Hampshire Water Supply and Pollution Control Commi ssi on
New Jersey Department of Environmental Protection

New Mexico Health and Environment Department

New Mexico Office of the State Engineer

New Mexico Department of Agriculture

New York Departnent of Environnmental Conservation

North Carolina Department of Natural and Conmunity Resources
North Dakota State Health Departnent

Ohio Envi ronmental Protection Agency

Gkl ahoma Departnent of Pollution Control
Gkl ahoma Departnent of M nes

Okl ahoma WAt er Resources Board

Gkl ahoma State Department of Health

Ckl ahoma  Cor poration Conm ssion
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Oregon Departnent of Environmental Quality
Pennsyl vani a Department of Environnental Resources
Rhode I|sland Departnent of Environmental Managenent

South Carolina Department of Health and Environmental Control
South Carolina Water Resources Commission

South Dakota Division of Water and Natural Resources Management
Tennessee Departnent of Health and Environment
Texas Department of Water Resources

Utah Department of Environnental Health
Ut ah Departnent of Natural Resources and Energy

Vernont Departnment of Water Resources and Environmental Engineering

Virginia State Water Control Board
Virginia State Departnent of Health

Washi ngt on Departnent of Ecol ogy
West Virginia Departnent of Natural Resources
W sconsin Departnent of Natural Resources

Wyoming Executive Department

source: O fice of Technol ogy Assessnent.



C.2 OTA STATE SURVEY

Pl ease return the following questionnaire on:

STATE ACTIVITIES ON GROUNDWATER CONTAM NATI ON

To the: Ofice of Technology Assessment
Groundwater Contamination Project
U.S. Congress
Washington, D.C. 20510

by: August 1, 1983

include: 0 State name:

o Nanme and title of principal contact

o Tel ephone number of contact:

Questions should be directed to: Joan Ham
202- 26- 2155
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STATE ACTIVITIES ON GROUNDWATER CONTAM NATI ON

Qbjective: To learn about state efforts to detect, correct and prevent

groundwat er contam nation and to inprove state capabilities to
deal with this problem

To learn about state priorities anmong these four categories.

To learn of the inpact of federal programs on state efforts to
deal with groundwater contam nation.

Introduction: Actions to deal with groundwater contamination include:

detection, correction, prevention, and inproving capabilities to deal
with problems. A mgjor policy issue for the U.S. Congress is to
determ ne how to allocate anpbng these 4 activities, scarce resources that
the federal government may expend on groundwater contamination. To
provide information to Congress that will help them to allocate federal
resources, OTA woul d |ike information fromthe states on their technical
know edge and experience with these four activities and the relative
importance the states give to each activity. Federal efforts to address
groundwat er contanmination to date have taken a variety of forns:
research, data collection, technical assistance, grants and cost-sharing
programs, and regulations. To evaluate options for future federal

i nvol venent related to groundwater contanmination, information fromthe
states on the value of these past federal efforts is also essential.

Instructions: This questionnaire on state activities related to groundwater

contanination is divided into eight sections: Sources, Detection,
Corrective Actions, Prevention, Inproving Capabilities, State Policies,
Federal -State Relations and Inpacts. To the extent possible, please
answer each of the questions in the space provided. Attach additional
sheets, as needed. |If you have trouble answering a particular question,
pl ease note why you are having difficulty and nove on to the next
question. A single coordinated response fromeach state is preferred,
however, if this is not possible, please give all appropriate agencies an
opportunity to respond directly to OTA.  The questionnaire should be
returned to OTA no later than AUGUST 1, 1983. Any questions should be
directed to Joan Ham (202] 226-2155.
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A. SOURCES OF GROUNDWATER CONTAM NATI ON

1.

For each of the sources of groundwater contanmination |isted bel ow,
note whether the state has a programto detect (D), correct (Q
prevent (P) and/or learn nmore about (L) groundwater contanination.
Note if the state has no prograns (N) for a Particular source

a.

S*

Landfills
i sanitary
ii. hazardous waste

Open dunps
Waste piles
Surface inpoundments

Subsurface percolation systens
(e.g., septic tanks, cesspools)

Injection wells

Di sposal of waste treatnent by-product
(e.g., sludge)

Di sposal of waste waters
(e.g., spray irrigation)

Agriculture

i Irrigation return flow

ii. Pesticides, herbicides

iii. Feedlots

iv. Fertilizers

V. Runof f

Salt-water intrusion brackish water upcom ng
Spills, accidents

Leaks from storage, pipelines, etc.
Transportation (e.g., airports, |oading docks)
Drai nage from active/ abandoned mnes *“
Infiltrating stormmater, urban runoff
Percol ati on of atnospheric contam nants

Aqui fer disruption due to construction/excavation
De-icing salts

Abandoned wel s

O her (specify)
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2*

3.

4*

For each of the sources that the state does not have any prograns, as
noted in #1, explain why the source is/is not considered to be a
problem  Possible reasons for a source not being considered to be a
probl em include: source does not occur in the state, status of the
source is unknown, the source is very unconmmon, no groundwater
contani nation probl ens have been detected fromthe source, etc. If
the sources without prograns are considered to be problenms, or there
is insufficient information to deternine whether or not there is a
problem explain why the state does not have any prograns.

Describe any strengths or weaknesses in state programs to deal with
different sour ces of goundwater contami nation.

Name and phone number of contacts to discuss sources of groundwat er
cont ani nat i on:
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B . DETECTI ON

5. What is the state doing to detect groundwater contamination
incidents ? Check the categories that apply to your state.

0 Inventories of potential sources of contamination (note sources
being inventoried)

0 Mnitoring programfor quality assurance at point of use (note
wat er uses being nonitored)

0 Systematic monitoring of potential sources (note sources being
moni t or ed)

0 Ceneral anbient quality nonitoring

o Routine conparison of nonitoring data with quality standards

0 Responding to conplaints of suspected contam nation

o No activity

0 Oher (specify)
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60

What priorities does the state have in detecting contanination?
Check the categories that apply to your state, and if possible,

their inportance (1 = highest priority)

o drinking water supplies

public - serving nore than 75,000 persons
serving 10,000 - 75,000 persons
serving 25-10,000 persons
serving less than 25 persons
other (specify)

private

0 other water supplies

industrial (self-supplied) - process water
- cooling water
ot her (specify)

agricultural - livestock watering
irrigation
ot her

0 particular sources of contanmination (specify)

0 particular types of contamnants (specify)

0 particular types of contamnants (specify)

0 no priorities

0o other (specify)

r ank
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39-702 0 -

84 -

Note which of the following techniques for the hydrogeologic
investigation of groundwater flow and contaminant behavior are used by
the state: Routi nel R\. in Special Situations (S). Never (N). wo

note which techniques are preferred (P).

A Surface GCeol ogical

Al. aerial photo

A2. satellite

A3. existing studies

Ad. mapping (soils, geology, topography)
A5. other (specify)

B. Subsurface GCeol ogi cal
Bl. test wells
B2. stratigraphy
B3. other (specify)
B4.

c. Surface Hydrol ogy
G . watershed analysis
C2. climte
C3. other (specify)
C4.

D.  Subsurface Hydrol ogy
D1. tracer tests
D2. aquifer tests
D3. nodeling -- groundwater flow
D4. nodeling -- contaminant transport
D5. other (specify)
D6

E. Surface Geophysical
El. surface potential
E2. electrical resistivity
E3. electromagnetic (surface penetrating radar)
E4. sniffers
E5. tenperature
E6. other (specify)

F. Subsurface Geophysi cal
F1. borehol e geophysics
F2. other (specify)

F3.
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8

90

10.

Wiy does the state prefer to use particular techniques for hydrogeol ogic
analysis ?

Describe any technical, legal, and institutional problenms the state has
in using particular hydrogeol ogi ¢ techniques (e.g., cost, data

requi rements, technical expertise, safety, manpower, ,accuracy
uncertainty of possible interpretations, manpower, accuracy, uncertainty
of possible interpretations, access to site, interference with water

rights, etc.).

Name, title, and phone nunber of contacts to discuss advantages
di sadvantages and problens of techniques for hydrogeol ogic analysis.
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11.

CORRECTI VE _ACTI ONS

What is the state doing to correct incidents of groundwater

contani nati on? Check the categories that apply to your state and note
the relative frequency of use (H gh, Mderate, Low, Never).

A, Contai nnent

Al.  slurry wall (conventional, continuous trencher, vibrating beam
A2.  grout curtain
A3. sheet piling
A4. surface sealing
A5. diversion ditches
A6. liners
A7. gas Migration control
A8. mathematical modeling-groundwater flow
A9. mathematical modeling-containment transport
A10. artificial recharge
All. natural containment
A12. other (specify)
Al3.
B. In-situ Rehabilitation
Bl. plume nmanagenent (pressure troughs, pressure ridges)
B2. groundwater punping/water table adjustnent
B3. chemical inmobilization
B4.  bioreclamation
B5. mathematical nodeling - groundwater flow
B6. mathematical nodeling-contaninant transport
B7. other (specify)
B8.

C. Wthdrawal /treatnent

cl.

Cc2.

wi thdrawal techniques

Cl.io punpi ng
Cl.iio suction
C1l.iiio gravity

Cl.iv. excavation
Clovo other (specify)
Clovi.

treat nent

c20i . ski mmi ng

c20ii. filtration
c20iii. incineration

C2.IVvO adsorption (GAC
C2*V0 airstripping

c2evi. ion exchange
c2.vii. ultrafiltration
c2.viii. reverse osnosis

c20ix. other (specify)
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c.  CORRECTIVE ACTIONS (Cont. )

D. Managenent Options

DL. terminate/limt aquifer use

2. develop alternative water supply sources

3. purchase alternative water supply

D4. treat at point of end-use (e.g., faucet filtering devices)

D5. restore via natural processes (not included under A, B, or C
above)

D60 nonitoring

D7. health advisories

D80 other (specify)

D9.

D10

12.  Discuss any technical, legal and institutional problens the state has had
in the use of any of these techniques (e.g., well closings resulting in
nore rapi d movenent or changed direction of contaninant transport,
difficulty with obtaining water rights, etc.).

13.  Wich techniques for corrective action are preferred? ly?
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14. Nane, title, and phone nunber of cent acts for discussing advantages,
di sadvant ages, and probl ems associated with these techniques for
correcting groundwater contanination.

15. How does state decide to address contamination at one site as opposed to

another? Check the categories that apply to your state, if possible
rank their importance.

o formal criteria (specify)

0 order in which contamnation is detected

0 public pressure

0 sites where a source and responsible party can be identified

0 sites qualified for special funding (e.g., Superfund)

o severity of problem (specify how deternined)

o other (specify)
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16.

PREVENTI ON

VWat is the state doing to prevent groundwate r contamination from
occurring? Check categories that apply to your state. Note whether the
category has been inplemented (1) or is in the process of being devel oped
(D . If programis in the process of being devel oped, note whether new
legislation (N) is required.

o pernits for discharges to groundwater based on technol ogy
requi renments

0 pernits for discharges to groundwater based on performance standards
0 voluntary best managenent practices

0 required best management practices

0 facility siting requirenents

0 public education

0 classification

0 groundwater quality standards other than drinking water standards
0 well construction standards

0 well closing standards

0 non-degradation policy

0 policy to protect public health

0 policy to balance resource protection with costs of contro

0 no action

0 other (specify)
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17.

18.

What priorities does the state have for prevention? Check categories
that apply to your state, if possible rank their relative importance.

0 protecting certain existing drinking water supplies (specify)

0 protecting certain aquifers (specify e.g., recharge areas, discharge
areas, potential future water supplies)

0 elimnating potential for groundwater contam nation fromparticular
sources (specify)

0 no priorities

0 other (specify)

Name, title, and phone number of contacts to discuss prevention
activities:
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E. | MPROVI NG _CAPABI LI TI ES

19. What is the state doing to inprove its capabilities to deal wth
groundwat er contani nati on?

0 Special studies (specify)

o Staff developnent and training

o Facility devel opnent (specify, e.g., laboratory certification)

0 Publ i ¢ education

0  Agency reorganization

0 Coordination programs (specify)

0 Oher (specify)

20. Name, title, and phone number of contacts to discuss inproving state
capabilities:
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21.

22.

STATE PQOLICES

Check the below listed activities for which the state has formal
policies, witten guidelines or procedures. Please send a copy, or
briefly describe these policies, guidelines or procedures.

0 Standard protocols for collecting groundwater quality sanples

0 Standard protocols for analyzing groundwater quality sanples

0 Goundwater nonitoring for drinking water supplies (if different than
federal Safe Drinking Water Act requirenents)

0 Goundwater nonitoring at waste sites (if different than federal RCRA
requi renments)

0 Responding to conplaints about possible groundwater contamni nation

0 Determining what groundwater paraneters to measure at a particular
| ocat on

0  Response when groundwater quality standards are violated

0 Response when there is no quality standard for a contam nant that is
found in groundwater

0 Setting priorities for correcting groundwater contam nation

0 Establishing the standard to which groundwater contamnation will be
cl eaned up

0 Confidentiality of certain groundwater information that is collected
by the state

0 Inplementing policies for groundwater protection (e.g.,
classification, non-degradation, discharges to groundwater, etc.)

In the absence of formal policies, witten guidelines or procedures for
the items listed in #21, how does-the state determine what to do?
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23. For which substances has the state established standards for groundwater
that are more stringent than federal primary or secondary drinking water

standards? What is the technical basis for t hese nmore stringent
standards (e.g., SNARL's, mininum detection levels)? Wy did the state

decide to develop these more stringent standards?

24, Nanme, title, and phone nunber of contacts to discuss inplenmentation of
formal policies on groundwater contanination:
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25,

Appr oxi mat el y how much money (i. e., order of magnitude) is the state

devoting to each of the following activities related to groundwater
contamination:

Det ect ion

Correct ion

Prevention

I nproving Capabilities

If you are unable to provide an estimte of funds expended on groundwat er
contam nation, please explain why.

26.

What is the relative inportance the state gives to each of the 4

categories listed below? (1 = highest) On what basis do you make this
ranki ng?

Detection
Correction
Prevention

| nprove capabilities
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27

28.

29.

What do you suspect will be the relative importance of each of the
categories listed below in ten years? ( 1 = highest) On what basis do
you make this ranking? |If you suspect a change from your answer, explain

why.

Detect ion
Correction
Prevent ion

| nprove capabilities

What are the major changes that the state would like to make in dealing
with groundwater contamination?

What factors linit the state from nmaking these changes?



App. C—State institutional Framework To Protect Groundwater .

325

300 Does the stat e consider groundwater to be a problem? If so, what is the
nature of the problem and under what circumstances would the state
consider the problem to be under control?

31e  \What types of information on groundwater contamination In other states
woul d be useful to your state?

32. Have you benefitted from other states’ information on groundwater
cont ani nati on? Through what mechani sns?

33. What changes would be required in your state’s information management
programs to make information listed in your response to #31 available to
other states.
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34.

35.

Ae

FEDERAL- STATE RELATI ONS

How could the federal government be of npDst assistance to the state on
groundwater contamination i ssues? Pleasebe specific about the
particular topics or issues where federal resources would be beneficial.

Expl ai n how each of the follow ng federal |aws and prograns have hel ped
or hindered the states’ efforts to address groundwater contam nation

issues? At a mininmum check the laws and programs the state has used to
address groundwater contanination.

Laws

10 Environmental Protection Agency

0 Cean Water Act (CW)
Section 104 - [104(a)(5) - water quality surveillance systen
-- Research, Investigation, Training, and Information

Section 106 - Gants for Pollution Control

Section 201 -Gants for Construction of Treatnment Wrks

Section 205(j) - Gants for Water Quality Mnagement Planning
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Section 208- Areawi de Waste Treat nent

Section 303- Water Quality Standards and I nplementation Plans

Section 402 - National Pollutant Discharge Elimnation System

o Safe Drinking Water Act (SDWM)

Part B - Public Water Systems (Section 1412 - National Drinking
\Wter Regul ations)

Part C - Protection of Underground Sources of Drinking Water
Under ground | njection Control Program

Sol e Source Aquifer Program

Part E - General Provisions
Section 1442 -- technical assistance to states and
muni ci pal i ties

Section 1443 -- grants for state programs

0 Resource Conservation and Recovery Act (RCRA)
Subtitle C -- Hazardous Waste Managenent

Subtitle D -- State or Regional Solid Waste Plans
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0  Conprehensive Environmental Response, Conpensation and Liability
Act of 1980 (CERCLA/ Superfund)

Section 104(c)(3) -- Cooperative Agreenents or Contracts with
states for remedial actions

0  Toxic Substances Control Act (TSCA)

0 UaniumMIIl Tailings Radiation Control Act (UMIRCA)

0 Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
G oundwater monitoring studies

G oundwat er modeling -- testing and validation

0 Oher EPA Laws or Prograns (specify)

2.  Departnent of Conmerce

0 Coastal Zone Managenment Act of 1972

3. Departnent of Interior

0 Surface Mning Control and Reclamation Act of 1977

4. Oher Laws (specify)
0o  Appal achi an Regi onal Devel opment Act of 1975
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0  Water Resources Planning Act of 1965

B. Progr ans

20

39-7020-84-

Departnment of Agriculture

0 Soil Conservation Service Prograns

0 Agricultural Stabilization and Conservation Service Prograns

Departnent of Commerce

o Gants for public works

0 Nat i onal Bureau of Standards Reference Materials

Department _of Interior

7

0 Bureau of Indian Affairs Prograns

0 Bureau of Land Managenent Programs

0 Bureau of Reclamation Prograns

o US. Ceological Survey Prograns
Cooperative programs for Water Resources |nvestigations
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O her USGS prograns

0 \Water Resources Research Institute Cooperative Programs

4. COher (specify)
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360

IMPACTS

What types of econonmic and environmental inpacts of groundwater
contam nat ion have been docunented in the state? Check the categories
that apply, and if possible, quantify

A Econonmic |npacts

0 Decreased value of industrial production

0 Decreased value of agricultural production

0 Avoidance of inmpaired uses through relocation

0 Decreased values for industrial, agricultural, or residentia
| ands

0o Damage to materials

0 Costs of obtaining alternative water supplies

0 Legal/adninistrative expenses

0 Conpensation payments

0 Oher (specify)
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B. Environnental |npacts:
0 Surface water
o Land/ soil
0 Biota

0 Ar
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C.3 SUBSTANCES WITH STATE STANDARDS OR FEDERAL
STANDARDS OR GUIDELINES FOR WATER QUALITY THAT MAY
BE APPLIED TO GROUNDWATER

STATE STANDARDS®

FEDERAL STANDARDS AND GUIIELINES (mg/1)

Drinking Water Groundwater Qua]it{ National Drinki EPA Health Advisories Amhient Water
Ratgeb Rargei’ Total No. _Water Regulations One Ten Lorg Tem Quality Criteria
Chemical States (ag/l) States (mg/1 of States ﬁ_&mm Day Day (1-2 Yrs) for Humn Health
e VIFAC LDEmCALS
1. Acenaptnene 0.02¢
2. Acrylonitrile ™ VU310 day - N 2.035/10 day - 1 2.0000584
0.003/1 m. 0.003/1 m.
3. Alachlor N 04035 1
4. Aldicarb (Sulfoxide CA,NY 0,001-0.007 N 0.00035 2
and Sulfone)
S. Aldrin CAIL  Limit of quanti~ IL,NY,M),VA  None — U,0UL 5 0.0000000749
fication - 0.001
6. Amiben ¢ I8/ 1
7. Atrazine NY 1.0075 L
8. Baygon CA 0.009 1
9. Benefin N I3 L
10. Berzene A, FL,NH,NY 0.0007 - NNH,NY  vone detectable — 4 RMCLE — 023 0.7 7.00066¢
L0l s 0.1;S
ll. o = Berzene hexachloride CA 0.0007 L
(A -BiC)
12, @ - Berzene hexachloride cA 0.0003 !
(8 -mr)
(3.  Benzimne w one L

o.m1l2d
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STATE STANDARDS?

FEDERAL STANDARDS AND GUILELINES (rig/l)

EPA Heaith Advisories

Drinkirg VAL € Groundwater  Quayl National _ Drinking Amblent VMt er
Rarge;’ Rarge) Total No. _Water Regulations one Ten Lorg Term Quality Criteria
Chemical States (mg/1 States (mg/1 of statea PII MY Secondary Day Day (I-2 Yrs) for Huron Health
A. Organic  Chemicals (Continued)
28. Di-mhutyl phthalate N 0.770 1 34,00
29. Diazinon A 0.014 0.0007 2
30. Dibramochlorcpropane (DBCP) CA, N 0.001; 0,00005/ NH 0.00005/lifetime 2
lfetime
31. Dibramcethane (EDB) CA,FL Limt of quanti- 1
fication -0.03002
32. Dicamba N 0.00044 1
33. Dichlorobenzene (u-) cA 0.02-0.13 1 0040
34. Dichlorotenzene (o-) c 0.01 -0.13 1 0.400
35. Dichlorotenzene (p-) CA 00003 -0.13 N 0.0047 2 RS 0.400
36. Dichlorodiphenyltrichloro-
ethane  (DOT) L 0.05 IL M, VA None<0.05 4 0.0000000249
37. 1 ,2-Dichloroethane CA,FL 0.001-0,003 M, N 0.02 3 RCLE 0.000044
e

38, 1 ,1-Dichloroethylene N 1.0/1 day - 0,07/ MJ, N 0.005; 1.0/1day - 3 m 1.0 0.07 0.07 0.0000334

(Viny lidtene chloride) lifetime N 0.07 /11 fetime
39. 1,2-Dichloroetlylene CA,NH Limt of quanti- NH s 2 cs: 40 04 —

(da and tram fication; S trans: 2.7 0.27 —
40. Dichlorcmethane )

(Metty lene chloride) CA,NH 0,004;5 NH s 1 13.0 13 0.15 0. 000194, f
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STATE STANDARDS® FEDERAL STANDARDS AND -DES (mg/l)
Drinkirg wat er Groundwater Quai | tz National Drinking 12A Health Advisories ArKent Water
Rarg‘)’ ) Total No. Water Regulatiors One Ten Lorg Tem Quality Criteria
Chemi.cal States (mg/1 States (mg/1 of States Primary Secondary D a y  Day (1-2 Yms) for Huron Health
A. Organic Chemicals (Continued)
41, 2,4-Dichlorcphenol 3.098
42. 2,4 Dichlorophenoxyacetic IL 0.01 NY 0.0044 2 0.1
acid (2,4-D)
43.  1,2~Dichlorcpropane CA 0.01 1
44. Dicyclopentadiene (DCPD) 0.2t
45. Dieldrin CAIL  Limit of quarci- LM Nore - 0,001 5 0.0000000714
fication -0.001 NY,VA
46. Diethyl phthalate 350.08
47. Diiosopropylmethyl phosphonate 0.5t
OmMP)
48. Dimettoate CA 0.14 1
49. 2,4 Dimethylphenol c 0.4 1 0.40¢
50. 1,4Dicxane N 0.02/10 day N 0.02/10 day 1 5.68 0568 —
51. Dioxins ™) None 1
52. Diphenamide A 0.04 1
53. Diphenyl hydrazine NY None detectable 1 0.0000424

54.  Dithane NY 0.00175 1
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STATE STANDARDS?

FEDERAL STANDARDS AND GUIIELINES (al |)

Drinking Water Groundwater Qualit% Nat i onal Drinking EPA Heal th Advisories Amhient Water
Rarge Range Total No. Water Regulations one Ten Lorg Term Quality Criteria
Chemi cal States (mg/V States (ng/1) of States Primary  Secondary Day Day (I-2 Yrs) for Human Health
A. Organic Chemicals (Continued)
55. Endosulfan W 0.000003 1 0.0740
56. Endrin M), M,VA  None-0.000004 3 0.0002 oo01P
57. Ethion cA 0,035 1
58. Ethyl Benzene A
59. Ethylene glycol N 19.0/1 day 19.0/1 day 1 9.0 55 5.5
60. Ethylene thiourea (ETU) None detectable 1
61, Fertam 0.00418 1
62. Flwranthene 0.0420
63. Folpet N 0.056 1
64. Formaldehyde 0030 0030 —
65. Gasoline) N Nore NH None 1
66. Guthion MO,NY 0.00001-0.00044 2
67. Heptachlor calL 0.00002-0,001 IL,MD,NY VA None-0.001 5 0.000000284
68. Heptachlor epoxide CA,IL 0.0001 - 0.002 VA 0.001 3
69. Hexachlorobenzene (HCB) W 0.00235 1 0,000000724
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STATE STANDARDS®

FEDERAL STANDARDS AND GUIDELINES (mg/1)

Drinking Wt er Groundwater Qualit:{ National Drinking EPA Health Advisories Amhient Mt er
Rarge) Raxge) Total No. Water Regulations One Ten Long Tem Quality Criteria
Chemical States (mg/1 States (mg/1 of states Primary Secondary Day Day (12 Yrs) for Humn Health

A. Organic Chemicals (Continued)

96. Polymclear aramatic N 0.025/7 day M 0.025/7day 1 0.00000284
hydrocarbons (PAHs )

97.  Propachlor NY 0.035 1

98. Propanil NY 0.007 1

99. Propazine NY 0.016 1

100. Pthalate esters’ e None detectable 1 individuall

101. FX (Cyclonite) 0.033681

102. Simazine NY 0.07525 1

103. Styrene (vinyl berzene) N 0.931 1

104. 1,2 4,5- Tetrachlorobenzene 0.038h

105.  2,3,7,8~Tetrachlorodibenzo 11 0.000000035 1
p~dioxin (TCDD)

106. Tetrachlorcethane (1,1,1,2- @A 0.04 MY, N 0.02 3 0.000179(1,1 2,2)
ad 1,1,2,2)

107. Tetrachlorcettylene (or FL,N 0.003; s NN 0.0035-0.020 2 RCLE 2.3 0.175  0.020 0.00084
perchloroethylene, PCE)

106. Thiram N 0.00175 1
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STATE STANDARDSZ

FEDERAL STANDARDS AND QULIELINES (all)

Drinking Water b Groundwater Qua.thg National Drinking EPA Health Advisories Amhient Water
Raree) Rarge) Total No. Water Regulatiors one Ten Lorg Term Quality Criteria

Chemical States (mg/1 states (mg/1 of States Primary Secondary Day Day(l-2 Yrs) for Huron Health
B . Inorganic Chemicals (Continued)
148, 0y + N VAW 0.5+00 2
149. Phosphates) N Not specified
150, Selenium NN 0.02-0.05 2 0.01 0.0100
151. Silver IL,NM, N 0.005-0.05 3 0.05 0.0500
152, Sodium AK,FL M 20-250 VA 25-100 4
153. Sulfates’ MN, N, NY VA, WY 18600 5 250
15%. Vanadium VAWY 0.1 2
155. zinc MO, N, NY VA, WY 0.05-25 5 5.0 5.0¢
C . Biolggical Substances
156. Coliform bacteria WL None M 200 2 1/100 nd
D . Radionucleides
157, Beta particle .and photon 4 wrem

radioactivity

158. Gross alpha particle activit.yj 15 pCi/l
159. Grins betal PA 1000 pCi/l IN ILMVA  50-1000 pCi/l 5
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STATE STANDARDS®

FEDERAL STANDARDS AND GUILELINES (mg/1)

Drinking Water b Groundwater Quallt{ Nat i onal Drinki& EPA Heal th Advisories Amhient ‘t?terl
Rarge) Rarge) Total No. Water Regulatiers One Ten Lorng Tem Quality Criteria
Cherm cal States (mg/1 States (mg/1 of  States Primary Secondary Day Day (-2 Yrs) for Human Health
D. Radionucleides (Continued)
16U, Radium 226 PA,WI None -3.0 IN, IL,VA 1.0-3.0 5
161, Radium 226 and 228, combined) N 30 pCi/l 1 5.0 i/l
1 Q Radon 222 PA 10
163. Strontium %0 IN, IL,VA,WY 2.0-10.0 4
164. Tritium AK M 20,000 pCi/l
165. Urani um N4, WY VA 0.035.0 3 - —10. U pci/1
E. Ot her Measures
166.  Alkalinityd VA 10-500
167. ABS (alkyl b'mile sulfonate)) PA 0.5
168. O (Carbon chlorafom extract ) PA 0.2
169. @D (Chemical oxygen demandM W 10.0
170. DO (Dissolved axygen) ) 1 06,0
171, HO0® (Bicarbonate) M 5.0 meq/1
172. Residual carbonate &K 1.25
173.  RSC (Residual sodium carbonate) wY 1.25 meq/l
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STATE STANDARDS® FEDERAL STANDARDS AND GUIIELINES (mg/1)
Drinking Water Groundwater Quality Natjonal Drinking EPA Heal t h Advisories Ambient Water
Rarge')’ RaxguaﬁJ Total No. \Mit er_Regulations e Ten Lorg Tem Quality Criteria

Cherd cal States (mg/1 States (ng/l) of States Primery gecondary Day Day (1-2 Yrs) for Humn Health
E. Other Measures (Continued)
174, SAR (Sodium absorption ratio)d W 8.0 1
175. Specific conductancel MM <1000 - 15,000 2
176. s (Total dissolved solids)) MV, NJ N, VA 250-1000 3 500.0
177. Taal  narduess’ MV,MD,VA none=300 3
178. Turhidityd IN,VA 0.>2.0/2 day 2 S
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deposition, water well construction,
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Insufficient public understanding implementation
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a specific source

- Provide funding for dealing with nom
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Monitoring related to
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EXAVPLES OF PROBLEMS
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sources, pipelines, and fuel storage

tanks

Insufficient funding
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aqui fer characteristic
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Insufficient authority
Insufficient technical expertise
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Insufficient review of projected inpacts
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quality
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EXAMPLES OF DESIRED FEDERAL ASSI STANCE

Provi de technical
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C.50TA STATE SURVEY RESPONSES:
SELECTED STATE ISSUES

This appendix lists State contacts for obtaining information on various
topics that may be relevant to the devel opment of national policy initiatives
to protect groundwater from contanmination. Principal agency contacts nanmed in

survey responses are given

The issues presented for each State were sel ected

if the State appeared especially articulate or experienced with the subject,
based on its responses to the OTA survey

STATE/ CONTACT

ALABAMA

Department of Environmenta
Management

205-271- 7700

ALASKA

Department of Environmenta
Conservation, Environnenta
Sanitation Section

907- 465- 2640

ARl ZONA

Department of Health Services,
Water Qual ity Managenent
Section

602- 255- 1180

Departmt of Water Resources

602- 255- 1586

ARKANSAS

Department of Pollution
Control and Ecol ogy, Water
Di vi sion

501- 562- 7444

CALI FORNI A

State Water Resources Contro
Board, Toxics Specia
Proj ects

916- 322- 8401

Department of Health Services,
Sani tary Engineering Branch

916- 324- 2216

Department of Food and
Agriculture, Environnenta
Monitoring and Pest
Managenent

916- 322- 2395

EXAMPLES OF IssuEs

experienced with inplenmentation of
Under ground I njection Control Program

experienced with enforcenment issues related
to wastewater discharges, landfills, and
solid waste disposal sites

experienced with devel opment of integrated
program for groundwater quality and quantity
recogni zes need for Federal assistance on
establishing quality standards for

gr oundwat er

experienced with strong State support for
protecting groundwater resources and quality

experienced wth brine disposal prograns
experienced with enforcenment issues related
to solid waste

experienced with salt-water contam nation in
agricultural areas

experienced with devel opment of prograns for
pestici des and underground storage tanks
experienced with |aboratory certification

pr ogr am

experienced with confidentiality of well |og
daca

recogni zes technical inadequacies of RCRA
regul ations



388

. Protecting the Nation’s Groundwater From Contamination

STATE / cONTRACT

COLORADO
Department of Health,

Of ice of Health Protection
303-320- 8333

CONNECTI CUT

Department of Environnental
Protection, Water Conpliance
Uni t

203- 566- 2588

DELAWARE

Department of Natural
Resources and Environnent al
Control

302-736- 4793

FLORI DA

Department of Environnental
Regul ation, G oundwater
Section

904- 488- 3601

CGEORG A

Department of Natural
Resources, Environnental
Protection Division

404- 656- 4713

HAWAI |

Department of Health

808-548- 6767

Department of Agriculture

808-548- 7124

Department of Land and Natural
Resour ces

808- 548- 7643

| DAHO

Department of Health and
Wl fare, Division of the
Envi r onment

208- 334- 4250

EXAVPLES OF | SSUES

experienced with devel opnment of groundwat er
protection program

experienced with problens with uranium
facilities

experienced with State water quality
standards and classification system
experienced with devel opment of groundwat er
quality rmonitoring program

experienced with coordination with USGS

experienced with devel opment of groundwat er
protection program

experienced with professional staffing

probl ems

experienced with agricultural, septic system
and salt-water intrusion problens

experienced with devel opment of groundwat er
quality monitoring program

experienced with underground storage tank
probl ems

experienced with new State legislation to
protect groundwater quality

recogni zes need for toxicol ogy information
experienced w th karst environments

experienced with devel opnment of groundwat er
quality monitoring program

experienced with salt-water intrusion
experienced with devel opnent of groundwater
management pl an

experienced with pesticide problenms
recogni zes need for toxicol ogy information

experienced with devel opnent of groundwater
managenent pl an

recogni zes need for adequate and guaranteed
| ong-term funding

experienced with problems with irrigation
injection wells
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STATE/ CONTACT

[LLINO S

Envi ronnental Protection
Agency, Division of Public
Wter Supplies

217-782-9470

| NDI ANA

State Board of Health,
Division of Water
Pol [ uti on Control

317-862- 9360

| OMA

Department of Water, Air, and
Wast e Managenent

515- 281- 8692

KANSAS

Department of Health and
Envi ronment, Bureau of Ol
Field and Environmental
Geol ogy

913-862- 9360

KENTUCKY

Department for Environnental
Protection

502- 564- 2150

LOUI SI ANA
Department of Natural

Resources, O fice of
Environmental Affairs

504-342- 1265

MAI NE

Department of Environnental
Protection, Division of
Managenent Pl anni ng

207- 289- 2437

EXAVPLES OF | SSUES

experienced with statew de napping of
potential for contam nation of shallow
aquifers by waste-related sources
experienced wth use of 208 and 205] funds
for groundwater management issues

experienced with problens with |aboratory
anal ytical capabilities

experienced with problens frominsufficient
water use information

experienced wth non-point sources of

cont ani nati on

experienced with statewide inventory of
active and abandoned wells

experienced with eval uation of groundwater
contam nation in karst region of the State
experienced with use of 208 funds for
groundwat er issues

experienced with inplementation of brine
di sposal program

recogni zes technical inadequacies of RCRA
regul ations

experienced with problems with nining
activities

experienced with on-site sewage system
probl ens

experienced with State agency coordination
i ssues

recogni zes problems with Federal judicial
interpretations of SMCRA and CWA ( NPDES)
recogni zes conflicts and inconsistencies
anmong Federal statutes

experienced with karst environnents
experienced with State priorities for surface
wat er rather than groundwater problens

experienced with industrial sources of
contam nation

experienced w th recharge area mapping
recogni zes need for experienced staff

experienced with problenms with widespread
sources including agricultural practices and
underground gasoline storage tanks
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STATE/ CONTACT EXAMPLES OF | SSUES
MARYLAND experienced with mapping to assess potential
Department of Health and for groundwater contamination

Mental Hygiene, Of ice of
Environnental Prograns
301- 383- 7328

recogni zes that CWA transfers surface water
contanmi nation problens to groundwat er

MASSACHUSETTS experienced with salt-water intrusion

Of ice of Environnental experienced wi th mapping to assess potenti al
Affairs, Department of for groundwater contamination
Environnental Quality experienced with devel opnent of conprehensive
Engi neering moni toring program

617-292- 5529 experienced w th devel opnent of environnental

energency response plan

experienced with devel opnent and

i npl ementation of funding program for

nmuni ci palities to purchase |and for aquifer
protection

experienced with use of 208 and 205] funds
for groundwater protection

M CH GAN experienced with State priority systemto
Department of Natural rank sites requiring cleanup
Resour ces, G oundwat er experienced with assessing the magnitude of
Quality Division groundwat er contani nation
517-373- 1947 experienced with devel opnent of draft
response and incident tracking procedures
expressed interest in non-regulatory
approaches to prevention such as
environnmental inpairment liability insurance
experienced with use of 208 and 205j funds
for groundwater protection
recogni zes that CWA transfers surface water
cont ani nation problens to groundwat er
recogni zes linitations of Federal funding

sources
M NNESCOTA experienced with devel opnent and
Pol lution Control Agency i npl ementation of statew de groundwater

612- 296- 7339

M SSI SSI PPI

Department of Natural
Resources

601- 961- 5099

M SSOURI

Department of Natural
Resources

314-751- 3195

moni toring network
recogni zes need for national program and
national goals to assist States

experienced with use of groundwater ndeling
experienced with inplenentation of State
Underground Injection Control Program

experienced with karst environments
experienced with need for trained personnel
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STATE / CONTACT

MONTANA
Department of Health

and Envi ronnent
406- 449- 3948

NEBRASKA

Department of Environnental
Control

402- 471- 2186

NEVADA

Department of Conservation
and Natural Resources

702- 885- 4670

NEW HAMPSHI RE

Water Supply and Pol lution
Control Conmi ssion

603-271- 3503

NEW JERSEY

Department of Environnental
Protection

609- 292- 1185

EXAVPLES OF | SSUES

experienced with devel opnent of groundwater
permit regulations and quality standards
experienced with problems with dryland
farmng and saline seeps

experienced with problems wth agricultural
sources

experienced with problens over |lack of State
authority for groundwater quality and
quantity interactions

experienced with problems over linited scope
of groundwater protection prograns
experienced with use of 208 funds for
groundwat er protection

experienced with problems with septic tanks

experienced with the devel opnent and

i npl ementation of a groundwater pernit

pr ogr am

experienced with programfor annual sanpling
of water supplies for industrial contaninants
and pesticides

experienced with problems due to insufficient
per sonnel

experienced with use of health advisories as
drinking water and groundwater quality
standar ds

concerned about interstate groundwater
quality

recogni zes need for storage tank |egislation
experienced with use of State NPDES Program
for discharges to groundwater that are both
intentional (e.g., frominjection wells) and
unplanned (e.g., from landfills and |agoons)
experienced with aquifer mapping

experienced with use of more stringent
groundwat er standards for the ecologically
sensitive Pinelands

experienced with use of 208 funds to
establish State groundwater program
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STATE / cONTACT

NEW MEXI CO

Heal th and Environnent
Depart ment

505- 984- 0020

NEW YORK

Depart ment of Environnental
Control

518- 457- 3495

NORTH CARCLI NA
Department of Natural
Resour ces and Community

Devel opnent
919- 733- 5083

NORTH DAKCTA
State Health Departnent
701- 224- 2354

EXAVPLES OF | SSUES

experienced with devel opnent and

i mpl enentation of groundwater quality
protection program

experienced with problems with nining and
mlling facilities, hydrocarbon fuel
facilities, and dairies

experienced with use of a priority listing of
violations of groundwater quality standards
experienced with use of State groundwater
quality standards for selected substances
experienced with problems in obtaining water
rights for some corrective action

al ternatives

experienced with technical deficiencies of
l'iners

experienced with an inprovenent program for
State |aboratories

experienced with use of 208 funds for
groundwat er protection

experienced with problens of surface water
contanination being transferred to

gr oundwat er

experienced with devel opnment of bul k storage
pr ogr am

experienced with trying to target groundwater
program to protect key aquifers

experienced with problems with pesticides and
fertilizers

experienced with devel opment of groundwater
managenent program

experienced with devel opment of groundwater
quality standards for organic chenicals
experienced with use of 208 funds for
groundwat er protection

experienced with devel opment of groundwater
classification system

experienced with devel opnent of groundwater
protection program

experienced with devel opment of groundwater
classification system

experienced with problems with current
Federal approach to groundwater protection
experienced with conflicts between
groundwat er and surface water nanagenent

experienced with natural contam nation

probl ems

experienced with establishment of State task
force to devel op groundwater protection
strategy
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STATE | CONTACT

CH O

Envi ronmental Protection
Agency

6 14-455-83(-)7

OKLAHOVA

Department of Pollution
Control

405- 271- 4677

OREGON
Department of Environnental
Quality

503-229- 6065

PENNSYLVANI A
Department of Environnental

Resour ces
717-787- 2666

RHCODE | SLAND

Department of Environnental
Management

401- 277- 2234

SOQUTH CAROLI NA
Department of Health and

Environmental Control
803-758- 5213

39-702 0 - 84 - 11

EXAVPLES OF | SSUES

experienced with problems wth non-hazardous
industrial |agoons

recogni zes need for Federal funds
specifically designated for groundwater

pr ogr ans

experienced with devel opnent of programto
plug abandoned wells

experienced with problens with oil

devel opment and nitrate contam nation

recogni zes benefits of Underground Injection
Control Program

experienced with use of 208 funds for
groundwat er protection

experienced with devel opment and

i mpl enentation of on-site waste program
experienced with use of 205] and 208 funds
for groundwater protection

experienced with use of State NPDES Program
to protect groundwater

experienced with adverse effects of nitrate
cont ani nat ed groundwater on surface water

experienced with devel opnment of groundwat er
quality standards

experienced with devel opnment of groundwat er
quality nonitoring strategy

experienced with use of 208 funds for
groundwat er protection

experienced with problems of |osing trained
personnel to industry

experienced with use of State NPDES Program
to protect groundwater quality

recogni zes lack of applicability of Sole
Source Aquifer Programto State hydrogeol ogic
condi tions

experienced with problens with State agency
coordination

experienced with strong | aboratory anal ysis
pr ogr am

experienced with inplenmentation of analytical
assi stance programfor private well owners
experienced with use of 208 funds for
groundwat er protection

recogni zes need for a conprehensive national
policy to protect and inprove groundwater
quality

experienced with problens of surface water
contam nation being transferred to

groundwat er
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STATE / conTACT

SOUTH DAKOTA

Department of Water and
Nat ural Resources

605- 773- 3351

TENNESSEE

Department of Health and
Envi r onment

615- 741- 7206

TEXAS
Department of Water Resources
512-475- 2786

UTAH

Department of Natural
Resources and Energy

801-533-5771

VERMONT

Department of \Water Resources
and Environnent al
Engi neering

802- 828- 2761

VIRG N A
State Water Control Board
804- 257-6384

EXAVPLES OF | SSUES

experienced wth devel opment of State
groundwat er strategy

experienced with use of 208 funds for
groundwat er protection

experienced with septic tank problens
experienced with enforcement problens
experienced with use of 205] funds for
groundwat er protection

experienced with problems associated with
obtai ning water use information, water
rights, and site access

experienced with devel opnent and

i mpl enentati on of Underground Injection
Control Programfor Class I, 111, IV, and V
well's

experienced with devel opnent and

i mpl enentati on of programs for active and
abandoned mining operations

experienced with problems of coordinating
programs of nunerous State agencies

experienced with devel opnent of State
groundwat er protection strategy

experienced with devel opment of programto
protect recharge areas of comunity drinking
wat er supplies (Aquifer Protection Areas)
experienced with programto nonitor dairy
wat er supplies

experienced w th devel opnent of formal
procedures for reporting and handling of
groundwat er contamination incidents
experienced with use of 205 and 208 funds
for groundwater protection

experienced with inplementation of State and
Federal hazardous waste managenent prograns
experienced with evaluation of groundwater
quality of non-comunity water supplies

experienced wth program for 24-hour
energency response
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STATE/ CONTACT

WASHI NGTON
Departnent of Ecol ogy
206- 459- 6704

VEST VIRG N A

Department of Natural
Resour ces

304- 348- 5935

W SCONSI N
Departnent of Natural
Resources

608- 267- 9350

WYOM NG
Department of Environnental

Quality
307-777-7781

EXAVMPLES OF | SSUES

experienced with devel opnent of groundwater
protection strategy

experienced with use of 205 funds for
groundwat er

experienced with devel opnment of groundwat er
protection strategy

experienced with programto map recharge
areas

experienced with use of State NPDES Program
for groundwat er

experienced with devel opnent of State
groundwat er program and |egislation
experienced with problems of surface water
contam nation being transferred to

gr oundwat er

experienced with pesticide problens

experienced with devel opnent of State
groundwater quality standards

Source: Office of Technol ogy Assessnent.
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D.1 INFORMATION ON THE HYDROGEOLOGIC
ENVIRONMENT USED IN INVESTIGATIONS:
DEFINITION OF TERMS®

Term

TOPOGRAPHI C  DATA

VEGETATI VE DATA

CLI MATI C DATA

1. Precipitation

2. Evapotranspiration

3. Site tenperature

GEOLOE C DATA

1. Surficial deposits

2. Subsurface stratigraphy

3. Lithol ogy

4. Structural geol ogy

Definition

Data describing the relief and contour of the |and
surface.

Information about types and extent of vegetation
covering the land surface at and adjacent to the
site of interest.

Data concerning precipitation, evapotranspiration, and
temperature at the site of interest and surrounding
regi on.

Precipitation history including spatial distribu-
tion, tenporal variance, |ong-term averages, and
records of short-term events of great magnitude
(e.g.record rainfalls).

Movenent of water to the atnosphere by evaporation
from the soil surface, evaporation from open bodies
of water, and transpiration by plants.

Tenperature ranges for different periods of the
year as well as long-term averages.

Data concerning the rock and soil makeup of the
hydr ol ogi ¢ systemincluding information on the
thickness of different units and fracture patterns.

Unconsol i dat ed deposits resulting fromfluvial
(i.e., river), lacustrine (i.e. , lake), glacial,
deltaic, and aeolian (i.e. , wind) processes.

Describes the gectnetrical configuration of and
temporal relationships anong various |enses, beds,
and formations of sedimentary origin.

Describes the sediments or rocks that ccnprise the
hydr ogeol ogi ¢ system including nineralogy, grain
size, grain shape, and packing of sedinents and
rock grains.

Describes the features produced by rock movenent
after deposition (e.g., due to consolidation or
plate tectonics) including tension cracks (i.e. ,
joints), faults, and folds.

397
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Term Definition
SURFACE HYDROLOGY DATA Data concerning the properties, distribution, and
movenent of water o nt h e land surface.
1. Overland flow Downgr adi ent flow of surface water to an
established surface channel.
2.Stream discharge Quantity of water flowing through a stream
3. St age Hei ght of the water surface i n a stream above an

arbitrary zero point.

4. Recurrence interval Average time (e.g. , number of years) that
hydrol ogi ¢ events of a given or greater size wll
be equal led or exceeded.

5.Basef | ow di scharge G oundwat er di scharge contribution to streanflow,
also called dry weather flow.
UNSATURATED ZONE DATA Data concerning the properties, distribution, and
novenent of water in the unsaturated zone.
1. Unsaturated zone Zone between the land surface and the water
(or Vadose zone) table. Generally, any water contained in the void

spaces of this zone is under |ess than atnospheric
pressure; some of the voids contain air (at
atmospheric pressure).

2. \Wter table Surface separating the saturated and unsaturated
zones. At the water table, water pressure is equal
to atnospheric pressure. (See Unconfined aquifer,
GROUNDWATER HYDROLOGY DATA, bel ow.)

3. Georetry of the Describes the | ocation of the upper (land surface)
unsat urated zone and lower (water table) boundaries of the
unsaturated zone, the lateral extent of the zone,
and the upper, lower, and lateral bounds of
differing heterogeneities wthin the zone.

4. Hydraulic properties Properties that control the novenment of water
through the unsaturated zone.

a. Effective porosity Ratio of the volume of void space in a volune of
rock or soil to the total vol une.

b. Perneability Ease with which a porous mediumcan transnit a
fluid when saturated with that fluid. (It
shoul d be noted that perneability is a property
of the porous nediumand is independent of the
fluid characteristics.)
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C.

d. Relative permeability

e.

Term

Effective
perrneability

Specific storage

5. Flow paraneters

a.

b.

C.

Pressure head (or
Head )

Hydraulic gradient

Fluid saturation

6. Recharge/discharge

a.

b.

Surface water

Precipitation/

evapotranspiration

Definition

Ease with which a porous mediumcan transnit a
fluid under pressure (i.e., a hydraulic
gradient; see Hydraulic gradient, below) when
the pore spaces are also filled with other
fluids (e.g., oil or air).

Ratio of the perneability of a porous medium
with respect to the fluid phase when two or nore
phases are present (i.e. , solid, liquid, and/or
gas) to the permeability.

Vol ume of water released fromor taken into
storage per unit volume of porous medi um when
the pressure head (or head) is changed by one
unit (see Pressure head, below).

Measurenments used to define water novenent in the
unsat urated zone.

Hei ght of a colum of water that can be
supported by water pressure at the point of
measurenent. At the water table, the pressure
head is zero; below the watertable, the
pressure head is positive; and above the water
table, it is negative, reflecting the fact that
water in the unsaturated zone is held in the
pores by principally surface tension. Negative
pressure head is sonetimes referred to as
tension head or suction head.

Rate of change of pressure head (or head) per
unit distance of flow at a given point and in a
given direction. In an unconfined aquifer, the
hydraulic gradient is defined by the slope of
the water table.

Ratio of the volune of water to the volunme of
voids in the unsaturated zone. In the saturated
zone, the fluid saturation is always 1.0.

Inflow and outflow of water to and fromthe
unsat urated zone.

See SURFACE HYDROLOGY DATA, above.

See CLI MATI C DATA, above.
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Term Definition

GROUNDWATER HYDROLOGY DATA Data concerning the properties, distribution, and
nmovenment of water in the saturated zone.

1. Saturated zone A subsurface zone in which all the voids are filled
wi th water under pressure equal to or greater than
that of the atnosphere. Even if the zone contains
some gas-filled voids or voids filled with fluids
other than water, it is still considered
saturated. This zone is separated fromthe
unsaturated zone by the water table.

2. Aquifer characterization Describes the flow systemin terms of the nunber of
aquifers and their extent, depth, thickness, and
boundary type (i.e. , unconfined, confined, or |eaky
confined).

a. Aquifer CGeol ogi ¢ material containing sufficient

saturated permeable material to transmt and
yield significant quantities of water to wells
or springs.

b. Unconfined aquifer An aquifer that is not overlain by relatively
i mperneabl e or restricting material so that
groundwater levels are free to rise and fall.
The top of the aquifer is the water table (i.e.,
the level to which water will rise in a well
penetrating the unconfined aquifer).

c. Confined aquifer An aquifer that is bounded between relatively
inpermeable material. In the absence of a
freely noving water table, the pressure
condition of a confined aquifer is characterized
by the piezonetric surface (i.e. , the artesian
equival ent of the water table -- the level to
which water will rise in a well penetrating the
confining layer). The word confined is
synonynous with artesian.

d. Leaky confined A confined aquifer that receives or transnits
aquifer significant quantities of water fromto adjacent
formations.
3. Hydraulic parameters of Physi cal properties of aquifers that control

aquifers groundwat er novenent.
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Term Definition

4. Relative saturations Rel ative portions of the pore space filled by
water, air, and/or inmmscible fluid contanmi nants.

5. Cation exchange capacity Describes the excess of cations in solution
adj acent to a charged surface that replaces other
cations already absorbed onto that surface.

6. Subsurface mineral ogy Chem cal makeup of rocks and soils, which
influences the reactivity of contaninant s.

7. Anbient water chemstry Nat ural chem stry of water, which influences the
reactivity between water and contam nants.

8. M crobiol ogy Characteristics and distribution of nicro-organisns
in an aquifer.

GROUNDWATER USE Describes how groundwater at a site of investigation
is used.
1. Current usage Present uses of groundwater including where wells

are |located, how nuch water is punmped from each
wel |, what aquifers are being tapped, and what
quality of water is needed for each use (e.g.,
wat er quality needed for drinking water is higher
than for cooling at power plants).

2. Projected Usage Anticipated future uses of groundwater including
wel |l |ocations, future water needs fromwells, what
aquifers may be tapped, and what quality of water
will be needed for each use.

*The terminology of hydrogeol ogy has evolved and expanded with the devel opnent of the
science. Further, the field of hydrogeol ogy requires nultidisciplinary skills, and
terms tend to be used in slightly different ways by different disciplines (e.g. ,
hydrol ogi sts, geologists, soil scientists, and chenists). OTA notes that definitions
and usage have not yet been fully standardized.

Source;  CeoTrans, 1983; Office of Technology Assessment, 1983.
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E.1 MONITORING PROVISIONS FOR CATEGORY | SOURCES

Sour ce

St oatutory
Aut ho ity

Definition
of Source

Moni tori ng
bject ive

Desi gn of Mnitoring System

Paranet ers and
Sanpling Frequency

Subsurface
Percol ation

I'njection Vells
Hazardous Wast e

Safe Drirking
VWater Act - Under
gramd | nj ection
Control Program
40 CR 144 and
146)

Saf e Drinking
Vater Act - Under-
grand Injection
Control Program
(40 ax 144 amd
146)2

Canprehensive
Environmental
Resporse,
Campensation, and
Liability Act

(40 CRR 300)

Cesspools Or other Wast e receiv—
g devices Wi th open boctoms and

sometimes perforated sides (Cl ass
V wells), Applies only to units

serving 20 Or nore persons.

Wells that inject hazardous waste
(as defined by RCRA) beneath the
deepest formation containing,
within onequarter mle of the
well bore, an underground source
of drinking water (Class |
wells).

Vells that inject hazardous waste
(as def ined by RCRA) into or
above a formation containing,
within onequarter nle of the
wel | bore, an underground source
of drirking water (Cass IV
wells).

Wells that release any hazardous
substances, pollutants, or
contamnant (as defined by
CGERCLA).

Regulations have not been
pomlgated for Cass V

wells.

Determine whether there i S
any mgration of fluids
into underground sources of
drinking water.

Regulations have not been
promlgated for Class IV
wells.

0 To provide prelinmnary
assesstent of the nature
and extent of the release.

0 To determine the saurce
and dispersion Of the
hazardous substance.

Regulatiors have not been pramulgated for Class V
wells,

Monitoring program must include (at a minimum): (1)
analysis of injected fluid; (2) imstallat ion and use
of continuing recording devices t 0 monitor i njection
pressure, flow rate of fluid, volume of fluid and
pressure On annulus; (3) demorstration of mechanical
integrity every five years; and (4) wells {0 monitor
migration Of f luids into andpressure i N underground
sources of drinking wat er (location and mumber of
wells are not specified).

Regulations have not been pramilgated for Class |V
wells.

0 Collection of samples i s minimized except in
situations where there i S an gparent isk to the
public.

0 Not specified.
removal.

Monitoring is part of an immediate

Regulations have not been promul-
gted for Cdass V wells.

0 Mondtoring wel | parameters and
frequency of sampling are not
specified.

0 Injected f luids are to te

anal yzed at sufficient intervals to
yield representative data about
their characteristics.

Regulations have not teen

promlgated for Class |V wells.

0 Not specified .

0 Not specified.




Statutory Definition Moni toring Paraneters and
Sour ce Aut hority of Source hj ective Design of Monitoring System Sanpling Frequency
Injection Vells-  Comprehersive 0 To detemine the nanre 0 sufficient infomation iS to be collected to 0 Not Specified.
Hazardous Waste Environmental and extent of the problem. determine the necessity for and propesed extent of
(Continued) Response, remedial action.
Compensation, and
Liahility Act 0 To monitor effect iveness O Not specified. Assurance must be provided by the 0 Not specified.
(40 CFR 300) of remedial action. State to cover these activities.
(Continued)
Injection Wells — Safe Drirking Wells that inject waste_beneath  Same as objective for Same as requirements for hazardous waste injection Same as requirements for hazardous
NomrHazardous Water Act- the deepest formtion containing, hamrdaus taste injection wells that inject beneath the deepest underground waste i njection wells that inject
Wast e Underground Within onequarter nile of the wells that inject beneath  saurces Of drirking water. beneath the deepest underground
I'njection Control well bore, an underground source the deepest underground sources of drinking water.
Progran (40 CFR of drirkirg water (Class | wells) sawrces of drirking water.
164 and 146)
I'njection Wells - Safe Drirkirg Vel |'s used in comection with oil Same as objective for o Nbnitoring program mst include (at a minimm): o Nature o injected fluids is to
Non-wast e Vater Act- and gas production which inject  hasrdous waste injection (1) wonitoring of injected fluids; (2)_obeervation of be monitored at sufficient intends
Underground fluids (Oass 11 wells). Includes wells that inject beneath injection pressure, flav rate and amlative volume; to yield representative data about

I'nj ection Control
Program (40 CFR
144 and 146)

kens used for enhanced recovery,
for storage o |iquid hydro-
carbon, and for @a wuhere
injected fluids are braght to
the surface and may be combiined
with waste watems frcm gas
plants.

Wells used for extraction of win
erals (Class |11 wells). Includes
mining of sulfur by Frasch pro-
cess, irsitu production o ura
niwm and other metals, and solu-
tion minirg of salts or potash,

the deepest underground
sairces of drirkirg water.

Sare as objective for
hazardous waste injection
wells that inject beneath
t he deepest underground
sawces of drickirg water.

and (3) demnstration of mechanical integrity every 5

years.

0 Hydrocarbon storsge and erhanced recovery wells may
be mnitored on a field or project basis (rather than

individually).

0 Monitorirg pregram must include (at a minimm): (1)
mnitoring of injected fluids, (2) monitoring of in-
jection pressue and either flew rate or volume; and
(3) demonstration of mechanical integrity every 5
years.,

their caracteristics.

0 Observation freqencies are
specified for different typea of
wells (fluid disposal wells—weekly;
enhanced [ eCovery operations-
mont hly; 1injection of liquid
hydrocarbons—daily). Observations
are to be recorded at reasonsble
intervals of no greater than 30
days.

0 Nature of injected fluids is to
be mnitored at sufficient intervals
to yield representative data about
their caracteristics.
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Statutory Definition Moni toring Paranmeters and
Sour ce Aut hority of Source hj ective Design of Mnitoring System Sanpling Frequency
Injection Wells = Safe Drinking 0 Cass III wells may be monitored on a field or pro- O Provisions specify monitoring Of
Non-vst e Vater Act ject besis. injection pressure, flow, Or wlum
(Continued) Underground 0 Groundwater monitoring is required where injection o0n a sem-mnthly basis (or metering

l'and Application-
Wastewater

Land Application =
Was tewater

Byproducts

Injection Control
Prggram (40 CFR
144 and 146)
(Continued)

Wells not included in Catgpries
1, 11, II1, and IV (Class V

Regulations hawe net teen
promilgated for Class V

wells). Examples of Class V wells wells.

include artificial recharge
wells, and cooling water or air
conditioning return flow wells.

Wastewater | ard treatment
processes (includes slow rate,
rapid infiltration,and overland
flow methods).

Cl ean Water Act -
Section 201 (40
CFR 35; 41 R
619, 1/11/76)

Sewage sludge application (im

el udes agricultural, forest and
land reclamation utilization, and
dedicated lard di sposal).

Clean Water Act —
Section 405
(40 CFR 257)

Protect groundwater uaed as
drinking water supply
and/or Otter designated

uses as gppropriate and
prevent irrewvocabl e damage
t0 groundwater.

No monitoring requirements
are established by the

regulations.

is into a formtion containing water with less than
10,000 mg/1 MS. Monitoring Wel |s must be completed
into injection zone and any underground sources of
drirking water above injection zone that may be
effected. VI | s mist be loated to detect any excur—
sion of injection fluids, process byproducts, or for-
mation fluids ouwside the mining area.

0 I'n areas subject to subsidence or col | apse where
injection wells penetrate an underground souwrce Of
drirking Water, an adequate rumber Of wells must be
completed to detect any wovenent of injection fluids.

Regulations have not teen pramulgated for Class V
wells, .

Regulations specify that gromdwater monitoring
requirements will be established on a site-specific
basis. Requirements mst include provisiors for
mnitoring the effect on native groundwater.

No monitoring requirements are established by the
regulations. Groundwater monitoring MYy be reguired
on a site-specific basis by the regulatory authority
t0 emsure campliance with groundwater Criteria.

and daily recording of injected and
produced volumes as appropriate).
0 Groundwater monitoring and moni—
toring o fluid level in injection
zone are required semi-morthly
(water quality parameters are not
specified).

0 If wells are required in areass
subject to sutsidence or collapse,
monitoring i S required On a
quarterly besis (water quality para-
neters ar € not specified).

Regulations have not ken pramul-
gated foOr Clmss V wells.

Requirements are establisted On a
site-specific besis.

No monitoring requirements are esta
blished.
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Sour ce

Definition
of Source

S tatu Lory
Aut ho ri ty

Moni toring

bj ect ive Design of Monitoring System

Paraneters and
Sanpling Frequency

Land Application —
Hazardaus Waste

Resource Comserva- Land treatment Of hazardous
tion and Recowery wastes (as defined by RCRA).
At - Subxitle C

40 R 264)°

A three part mwnitoring
program | S established:

0 Detect any contamination O Detection Monitoring Program = implemented when

of groundwater due t0 leak— permit i S issued and there i S Nno indication of

age fram a facility. ledkage. Pragram i S comtimued through post—clesure
period, Exemption may be granted if there is no
potential for mgration of liquid fram the facility to
the uppermst aqui fer through post-closwre period.
Background water quality levels for monitoring
parameters mst be based on data fram quarterly
sampling of wells ypgradient from the site fOr one
year.
- Mumber, | ocation, and depth of wells are specified
in the facility permit. Wells mst yield groundwater
samples from the uppermost aquifer that represent the
quality of background water not affected by the
facility and the quality of water at a specified
compliance point.
- |f monitoring indicates a statistically significant
increase Of any parameter over the background | evel, a
campliance monitoring program must be inpl ement ed
(e.g., all walls mst be sawled for 375 hazardous
costituents (Appendix VIII, 40 CFR 261) to determine
the concentrations of these comtitwents present i n
grandwater; SE€ below) Or it must be demorstrated
that the statistically sigificant increase i s the
result of an €rror or is due to anather source.

o Canpliance Monitoring Program - implemented when
groundwater prot ection hazardous corstituents are detected at a specified
standard specified in the  compliance point and foOr a specified campliance per-
permit | S being met. iod.

(continued ON next page) A groundwater protection standard must be specified
in the facility permit. Standard incl udes:

(i) list of hazardous comstituents t0 be wonitored;

0 Determne whether the

0 Parametes are specif ied in the
facility permit (include indicator
parameters, Wast € comstiments, Of
byproducts). Each monitoring wel | is
to be analyzed for specified
paraneters at | east semianmual ly.

0 Gramdwater flow rate and di-
rection in the uppermst auifer are
t0 be determined at |east anmually.

0 Paramters are specified in the
groundwater protection standard (in
the facility pemit). Each monitor-
irg vell is to te analyzed for
specified parameters at | east
quarterly.
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Design of Monitoring System

Paraneters and
Sanpling Frequency

St atutory Definition Moni tori ng
Sour ce Aut hority of Source j ective
| and Application -~
Hazardous Waste
(Contd.)
0 Demonstrate t he effec
tiveness of corrective
action masures taken ata
facility (see app. G.l for
corrective action require
ments wnder Subtitle C of
RCRA).
Comprehensive Land application facilities that Sane as requiraments for
Envi rormental rel ease any hazardous sutstance, hazardaus waste injection
Response, pollutant, OF contaninant (as wells under CERQA.
Compensation, and defined by CRRQA) .
Liability Act
(40 CFRr 300)

(i) concentration limts for each comstituent based
on: hackground | evel ; Madmm Contaninant Levels for
14 corstituents established by the National Interim
Drinking VAt er Regul ations (if higher than back-
gramd); or an alternative concentration limt (esta
blished on a site-specific basis); and

(iii) a specified point of conpliance and compliance
period (includes the active life of the facility and
the clesure Pried).

- |If monitorirg indicates that the gramndvater
protection standard is not being n-et, a corrective
act | ON program must be undertaken Or it must be
demonstrated that the protection standard is being
exceeded due tO an error or another source.

0 Corrective Action Monitori g Pr ogram - implemented
when compliance monitoring indicates that the ground-
wat er protection standard i S exceeded. Program i S tO
be contimued wuntil | evel s of hazardous constitvents in
groundwater are reduced belav the concentration linit
specified in the protection standard. Monitoring
pragran may be based on the requirements for a
compliance Mbnitoring program and must be as effeaive
as that program.

Same as requirements fOr hazardass waste injection
wells under (ERCLA.

0 Groupdwater flow rate and direc
tion in the uppermst aquifer are to
be demonstrated at | east annally.
0 Samples from each monitoring well
are to be analyzed for 375 hazardous
constituents (Appendix VIII, 40 CRR
261 ) at least annally.

0 Parameters and frequency may be
based on the requirenents for a
compliance monitoring program and
mst be as effective as that
progran.

Sare as requirements for hazardous
waste i nj ection wells under CERCLA.
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Statutory Definition Mbni t ori ng Paranmeters and
Sour ce Aut hority of Source oject ive Design of Monitoring System Sanpling Frequency
Land Application -~ Cl ean\Miter Act- Disposal sit= for dredged or No monitoring requirements No monitorirg requirements are established for No monitorirg requirements are
NorrHazardous Section 404 fill mterial. are established. groundwater. established for gromdwater.
Mat e (40 cr 30)

“RCRA and SOMA have overlappirg jurisdiction for imjection wells used to dispse of hzardais wastes. A pemmdt-by-rule approach has been imstituted t0 coordinate the requirements of both

PrOgrams. Under this approach, an guer or operator of such a well mst comply with all applicable SWA technical requirements pursuant to the Undergroud Injection Control Program and certain
RRA administrative reqdrements, See 40 CRR 144. 14

°The monitoring requirements presented in the table are for pemdtted facilities. EPA haa al so pramlgated interim status requirements for these facilities which mst be met until a final
permit i S issued. The interimstatus mnitoring requirements specify the installation of at least one upgradient well and three downgradient wells to determine initial background
concentrations of certain parameters and t0 detemine whether waste comstituents have entered the grandwater, Gramdwater monitorirg requirements can be Wai ved by an awmer or operator if
there is low potential for weste migration (EPA approval of the weiver is not required). See 40 CFR 265.

Source: Office of Technology Assessnent.
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E.2 MONITORING PROVISIONS FOR CATEGORY Il SOURCES

Statutory Def inition Moni{toring Paraneters and
Sour ce Aut hority of Source Obje ctive Design of Mnitoring System Sanpling Frequency
Landfills - Resource Conserva- Landfills used for the disposal  Three part monitorirg

Hazardous Waste

tion and Recovery of hazardais wastes (as defined
Act - Subtitle C by RCRY.
(40 cFr 264)2

progran {s establ i shed:

0 Detect ary contamination o Detection Monitoring Progran - implemented when

of gramdwater due to
ledkage fram a facility.

0 Determine whether t he
graindwater protection
atandard specified in the
pemit i S being met.

pernmit is issued and there is no indication of |eak
age. Program i S continued thraugh post—closure
period. Exemption may be granted if there is no

0 Parameters are specified in the
facility permit (Include indicator
parameters, waste corstituents, O
byproducts) . Each monitoring well

potential for mgration o liquid fram the facility to is to be analyzed for specified

the uppermst aquifer through pest-closure period or
if facilities use double liners and lesk detection
system

- Backgraund water quality |evels for monitoring
parameters trust be based on data from quarterly

sampli @ of wells ypgradient fron the site for one
year.

- MNumber, location, ard depth of wells are specified
inthe facility permit. Wells mat yield groundwater
samles fran the uppemost aquifer that represent the
quality of backgromd water not affected by the
facility and the quality Of water at a specified
compliance point.

- If nmonitoring indicates a statistically significant
increase of any parameter over the backgrond | evel, a
campliance monitoring program must be implemented
(e.g., all wells mat be sampled for 375 hazardous
comstitvents (Apperdix VI 11, 40 CFR 261) t0 detemine
the concentration of those constituents present in
graundwater; See belas) Or it must be demorstrated
that the statistically sigificant increase is the
result of an error or is due to another source.

0 Campliance Mbnitoring Program - implemented when
hazrdous constituents are detected at a specified
campliance point and for a specified campliance
period.

parameters at |east semannually.
0 Groundwater flow rate and
direction in the uppermst auifer
are to be detemined at |east
annually.




Statutory Definition Moni toring Paraneters and
Source Aut hority of Source bj ective Design of Monitoring System Sanpling Frequency
landfills — - A gramndwater protection standard must be specified o Paraneters are specified in the
Hazardous Waste in the facility permit. Standard includes: groundwater protection standard (in
(Continued) (i) lst & hzardus COMMI tMeNtS tO be monitored;  the facility pemit). Each moni-

Toxi C Substances  Chemical waste landfills used for

Control Act the disposal of PCBs at
Section 6 concentratiors of 50 ppm and
(40 CFR 761) above.

0 Demonstrate the ef-
fectiveness of coOrrective
action measure taken at a
facility (see app. G.2 for
corrective action
requirements n8r Subtitle
C of RCRA).

To determine tmseline
groundwater qual ity data.

(i) concentration |init for each corstituent based
on: backgrand | evel; Madmm Contaninant Levels for
14 constituents established by the National Interim
Drirkirg Water Regul ation (if higher than bade
ground); Oor an alternative concentration linit
(established on a sitespecific besis); and (iii) a
specified point of campliance and compliance period
(includes the active life o the facility and the
closure period).

- |f monitoring indicates that the graundwater
protection standard is not being met, a corrective
action program must he undertaen (See app. G.2) Or it
mst be demrstrated that the protection standard is
beirg exceeded duve t0 an error or ancther source.

0 Corrective Action Mbnitoring Pragram - implemented
when compliance monitoring indicates that the ground-
water protection standard i S exceeded. Program i S to
be continued until | evel s of hazardous constituents in
grandwater are reduced belaw the concentration limit
specified i n the protection standard. Monitoring
pragran may be tased On the requirements for a
compliance monitoring program and mist be as effective
as that pragram.

0 Gramdwater must be samwled prior to comencement
of operations, | f underlying earth materials are
hamwgeneass, impermeable, and uniformy slopirg in one
direction, only three wells are required.

0 No groundwater monitorirg i S required durirg active
life or after closure of facility (surface water
monitoring i S required),

toring well is to be analyzed for
specified parameters at least
quarterly.

0 Graundwater flow rate and
direction in the uppermst aquifer
are to be detemined at least
annually.

0 Samples fran each monitorirg wel |
are to be analyzed for 375 hazardaus
comstitvents (Appendix VIII, 40 CFR
261) at least anmually.

O Parameters and frequency nmay be
based On the requirenents for a
campliance monitoring program and
mst be as effective as that
progran.

0 Sampling frequency i S net
specified.

0 Parameters must include (at a
minimm) PCBs, pH, specific
conductance ard chlorinated

organics.
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Statutory Definition Mbni tori ng Paraneters and
Sour ce Aut hority of Source bj ect ive Design of Monitoring System Sanpling Frequency
Landfills - Camprehersive Landf ills that release any hee- 0 TO provide preliminary 0 Collection of samples i s to te minimized except in O Not specified.
Hazardous Waste Environmental , ardous substance, pollutant or assessment Of the nature situations where there i S an apparent i sk to the
(Continued) Resporse Compen—  contaminant (as def ined by ad extent of the release. public.
sation, and (ERCLA).
Liability Act
(40 crr 300) 0 To determine the source O Not specified. Monitoring may be part of an imme- 0 Not specified.
ard dispersion of the haz~ diate removal.
ardous substance.
0 To determine the nature 0 Sufficient information iS t0 be collected tO O Not specified .
and extent of the problems. determine the necessity for and proposed extent of
remedial action.
0 To monitor effectiveness 0 Not specified. Assurance must be provided by the 0 Not specified.
of the remedial action. State to cowr these activities.
Landf ills - Resource Comserva~ Sanitary landfills defined as No requirements 0 No monitorirg requirements are established. No requirements establ i shed.
Sand tary tion and Recowry facilities which pse no est abl i shed. 0 Groundwater NDNIitoring may be required by State
Act - Subtitle D  reasonable potability of adverse solid waste programs. Federal requirements for State
(40 CRR 257) effects on health or the programs recamend t he establishment of monitoring re-
ewviroment fran disposal of quirements (See 40 CRR 256.22).
sol i d waste (as defined by RCRA).
Camprehensive Sanitary landfills that release Sam as requirements for Sae as requirements for hazardaus waste lardfills Sae as repuirements for hazardous
Enviromental any hazardous substance, pollr-  hazardous waste landfills  under GERQA. waste landf illS under (ERCLA.
Response,Compensa— tant or contamnant (as def ined  under CERQLA.
tion, ard by C(ERCLA).
Liability Act
(40 cm 302)
Open Dumps Resource Comserva- Open durps def ined as facilities Sam as requirements for Sam as requirements for sanitary landfills under Sae as requirements for sanitary
(including illegal tion and Recovery which do not meet the criteria sanitary landfills under Subtitle D of RCRA. landf ills under Suttitle D of RCRA.
dumping) -Waste  Act - Subtitle o for sanitary landfills order Subtitle D of RRA.

(40 v 257)

RCRA.
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Statutory Definition Mbni t ori ng Paranmeters and

Source Aut hority of Source j ective Design of Mnitoring System Sanpling Frequency
Open Dumps (imr Canprehensive Emwir- Open dumps that release any Sae as requirements for Same as requirements fOr hazardous wast e lamifills under Sare as requirements for hazard~
cluding illegal ommental Response, hazardous substance, pollutant hazardous waste landfills CERCLA. M waste landfills under (ERCIA.
dmping) - Waste  Campensation, and or contaminant (as defined by under CERCLA.
(Continued) Liability Act (40 GFR GRRCLA).

300)
Residential Federal |nsecticide, Burial of smll quantities of No requirements No requirements established. No requi rements established.
Disposal Fungi cide, and pesticide containers i N open  established.

Rodenticide Act - fielda (containers which held

section 19 (40 GRR organic Of metallo-organic

165) pesticides except organic

mercury, lead, cadmium, Of
arsenic COmpounds).

Surface Resource Comservation Surface g used for Sam as requirements for Same as requirements for hazardous waste landfills under  Same as requirements for
Impoundments - and Recovery Act - the treatment, storage Or hazardous wast e landfills  RCRA. hazardaus waste landfills under
Hazardous Waste Subcitle C (40 CR disposal of hazardous waste under subtitle C of RCRA. RCRA.

264) (as defined by RCRA).

Comprehersive Envir  gipface impoundments that Same as requirenents for Same as requirements fOr hazardaus waste landfills under  Sawe as requirements for

omental Response, release any hazardous sub- hazardous wr ot e landfills  CERCLA. hazardous waste landfills under

Compereation, and stance, pollutant Of contami~ under CERQA. CERUA.

Liabdlity Aa Gsnt (as defined by GERCIA).

(40 ar 300)
Surface Surface Mining Com  Impoundments defined as al | To determine the impacts of 0 Groundwater monitorirg pl an must be included in a 0 Gromdwater monitoring plan
Impoundments ~ trol and Recl amation water, sediment, slurry, or the mining oreration on the permit aplication which provides for the mnitoring Of mst specify parameters and
NorrHazardous Aa (30 CRR 816 ard  otter liquid or send-liquid hydrologic balance within  parameters that relate to' the sudtability of the gramd-  sampling frequency.
Waste 817) holding Structures and depres- the permit and adjacent inter for awrent and approved post-mining land uses and 0 At a minimsm, total suspended

slons, either natural |y formed areas.

or artificially builte Struc
tures MY be temporary or
permanent. Applies to all
surface al -d underground coal
mining operations.

to objectives for protection of the hydrolegic balance.
Monitoring site locations mst be specified.

solids, pH, total iron, total
manganese, and water | evel s shall

0 Monitoring of a particul ar water-bearing stramum may be be wmonitored.

waived by the regulatory ashority if it can be demor
strated that it is not @ Stratum which serves as an

aqui fer which significantly emsures the hydrol ogi ¢ bal ance
of the cumilative impact area (the area, including the
permit area, within which impacts resulting fram the

proposed gperation M8y interact with the impacts of all
anticipated mining).

o Samples must be t&en and ana-
lyzed quarterly at each monitor-
irg location. Additional moni-
toring may be required by the
regul atory asttority.
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Statutory Definition Mbni tori ng Paraneters and
Sour ce Aut hority of Source bj ective Design of Monitoring System Sanpling Frequency
surface Federal Land Poli
Lmpoundments — and Manageent Act
NomrHazardous — Mineral Leasing Act Impoundments used for the No requd rements No requirements established.

Waste (Continued)

Vste Tailings

of 1920 and Materials treatmenr or control of runoff

Au of 1947 (43 CRR
23). Cowers minerals
such as coal, phos~
©at e, asphalt, sodi-
*  potassium, sand,
stone, gravel and
clay.

- US. Mining Las
(43 crr 3800).
Cover locatable
mnerals such as
#ld, silver, lead,
iron and copper.

— Geothermal sStem
Act (30 CRR 270 and
BM Operational O der
No. 4).

Federal Lard Policy
and Management Act

and drainage during mining
operations on Federal lands.

Not explicitly mentioned in
the regul ations. Howewr,
impoundments are part of
mining operations. Applies
only to Federal lands.

Pits and sumps used to retain
all mterials and fluids
necessary to drilling, produc-
tion, Or other operations on
Federal lands.

- Mineral Leasing Act Not explicitly mentioned in
of 1920 and Materials the regulations. However,

Acr of 1947 (43 @R
23)

waste tailings are part of
mining operations. Applies
only to Federal |ards.

established.

No requirements
established.

0 To determine existing
inter quality.

0 To enmsure that

operations are conducted in
capliance with regul ation
and orders.

NO requirements established. No requirements established.

0 No specific requirements are established for pita 0 Specified by the regulatory

and strops. Regulation state that wnitorirg of attority on a site-specific basis.
ervironmental i npacts may be corducted by the use of

aerial surveys, irspactions, periodic samplirgs,

contimious recordings, Or other mettods specified on a

sitespecific besis.

0 Data must be collected for a period of at least one

year prior to production.

Same as objective fOr nor Same as requirements f Or nomrhazardous waste surface Sare aa requirements for nom

hazardous waste surface
impoundments under these
laws.

{mpoundments under these lavs. hazardous waste surface impoundments
under these | aws.
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S tatuto ry Definition Moni tori ng Paraneters and
Source Aut hority of Source Obje ctive Design of Monitoring System Sanpling Frequency
Wast e Tailings - UsS. Mining Laws Not explicitly defined in the Sawe as objective for nor Sam as requiremnts for norhazardous waste surface — Sam as requirements for nor
(Continued. (43 CFR 300) regul ations, tut disposal of hazardous waste surface impoundments under these fawa. hazardous waste surface impoundrents
waste tailings i S mentioned as impoundments under these uder these | aws.
part of a mining operation. laws.
Uranium M1 Disposal areas covered by the Same as requirements fOr Sam as requirenents for haardous waste surface im  Sam as requirenents for hazardous
Tailings Radiation regulations containing waste hazardous waste Surface im poundments under RCRA except: waste surface impoundments under
Control Act® tailings fram Ur ani um processing poundments ynder Subtitle C - mlybderum and Urani um are added to the |ist of RCRA.
- Active Sites activities. Such areas include  Of RCRA. hazardous comstitwents in Appendix VIIT, 40 CFR 261;
(40 crr 192) the region within the perimeter - additional concentration |inmits for radioactivity
of an impoundment or pile. are specified as part of the groundwater protection
standard;
- detection monitoring program must be campleted
within one year; ad
- alternative concentration limits which are egta~
blished (as part of the groundwater protection Stan-
dard) are as low as reasonably achievable after comr
S idering pracricable corrective actions, and that, in
ary case, the concentration | evels for specified para
meters ar e specified at al | points at a greater dis-
tance than 500 metew fram the edge of the disposal
area and/or oaside the site boundary.
Uraniom M| Processing sites designated by O To establish backgramd O Monitoring program may be corducted. It stould be No requirements established.
Tailirgs Radiation DOE containing residual radio- grondaater quality. suffident tO meet the objetive through one or mre
Control  Act active materials at which al 1 or upgradient vells.
- Inactive Sites  substantially all of the uranium
(40 R 192) was produced fOr sale to a Fe- O TO identify the presence 0 Monitoring should assess the loaation of

eral agncy prior to Jan. 1,
1971,

and movement of contamd-
nation associated With the
tailings piles.

contaminants {n groundéater, the rate and direction of
moverent 0f contani nated gramdwater, and its relative
contamnation. Also, an assessment should identify
the atteruative capacity of the unsaturated and
saturated zones t O determine the extent Of contaminant
moverent .
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St atuto ry Def tnit ion Moni t ori ng Paranmeters and
Source Aut hority of Source Obj ect ive Design of Mnitoring System Sanpling Frequency
Graveyards - - - -
Animal Buri al - - - - -
Aboveground Resource Corserva~ Abovegramd tarks used for the To ensure the tark i S being 0 No requirements are established for gramdwater 0 No requirements are established
Storage Tarks - tion and Recovery treatment or Storage Of hazardous operated according to mni toring. for groundwater monitoring.

Hazardous \Mist e

Act - Subtitle C  wastes (as defined by RCRA).

(40 e 264)

Canprehensive
Envirommental
Response, Canpemr—
sation, and
Liability Act

(40 crR 300)

Toxic Substances
control Au
(40 arR 761)

design.

Storage tacks that release amy
contamnant (as defined by under CEROA.
CERCLA).

See TSCA requirements, below, for Same as objective for
hazardous waste containers.
under TSCA.

Sae as objective for
hazardous substance, pollutant or hazardaus waste | andfills

hazardous waste containers

0 Monitoring Of tark operation is required to meet
obj ective including data on pressure and temperature,
and observations of comstruction material and area
surrounding the tank.

0 Procedure fOr emptying and inspecting tank must be
established.

Same as requirements fOr hazardous waste landfills
under (ERCLA.

Same as requirements for hazardous waste containers
under TSCA.

0 Monitoring preaaure and tenpera-
ture at |east once each operting
day is requred (if tak is ur
covered, the | evel of waste irside
mist be inspected).

0 Comstruction materials of tark
mst be inspected at least weekly.

0 Area surrounding the tank mst be
imspected at least weekly to detect
obvicus signs of |eakage (e.g., dead
vegetation).

0 Frequency Of inspections irvolv-
ing ewtying of tark ia net speci~
fied (mst be based on the rote,
corstruction materials of tank, cor—
resion Or ercsion protection used,
and corrasion Or €rosi on observed).

Same as requirenents for hazardous
waste landfills under (ERCLA.

Sae ss requirements fOr hazardous
wast e containers under TSCA.
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St atut ory Definition Moni t ori ng Parameters and
Sour ce Aut hority of Source Ghject i ve Design of Monitoring System Sanpling Frequency
Aboveground - - —
Storage Tarks -
NomrHazardaus
Waste
Aboveground Oean Water AU - Onstore amd Off store facilities To emwure the integrity of 0 NO requirements are established for groundwater Not Sped fied.
Storage Tarks - section 311 with aboveground capacities of the tank. mont toring.
NomWaste (40 aw 112) greater than 1,320 gallos of 0il 0 The Spill Prevention Control and Countermeasure
(or single tarks with capacities (SPCC) Plan must discuss provisions for integrity
greater than 6@ gallom).d testing of the tark and for observatiors of the
facility operation for upsets in plant effluent
di scharges which could cause an oil spill.
Hazardous Liquid  Storage Of hazardous liquids (as To ersure the integrity of No requirements are established for groundwater Each tak must be inspected at least
Pipeline Saf ety defined by HLPSA) incidental to  the tank. mont toring. once a year.
Act (49 @ 195)  cheir movement by pipeline oOr
affecting interstate or foreign
comerce. Regulations explicitly
define aboveground “breakout
tarks” which are used t0 relieve
surgea in a hazardass |iquid
pipeline systemor to receive ad
store hazardaus lquid tramr
sported by a pipeline. Require~
rents do not apply to Federal
facilities.®
Underground Resource Comsetva— Covered underground tarks Used Regul ations have not teen  Regulations have not been pramilgated. Regulations have net teen
Storage Tarks - tion and Recovery for the treatment or storage of pronulgated. promlgated.

Hazardous Waste

Act - Subtitle C
(40 crr 264)

hazardous Waste as defined by
RCRA.
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Statutory Definition Mbni tori ng Paraneters and
Sour ce Aut hority of Source hj ective Design of Monitoring System Sanpling Frequency
Canprehensive Storage t* that release ary S-am as objective for Same as requirements fOr hazardous waste landfills Same as requirements fOr hazardous
Enviromental hazardaus substance, pollutant or hazardous waste |andfills  under CERCLA. waste landfills under (ERCLA.
Resporse, Camper- contaminant (SS defined by under (ERLA.
sation, and QERCIA).
Liability Act
(40 cRr 3a))
Underground —_ - — -
Storage Tarks -
NomrHazardous
wast e
Underground Clean \Mater Act - Onshore facilities with To emsure the integrity of O NO requirements are established for groundwater Not  specified.
Storage Tarks - section 311 underground storage Capaci ties the tank. moni toring.
Non- Vst e (40 cmr 112) equal to or greater than 42,000 0 The Spill Prevention Control and Countemeasure
gallons. (SPCC) Plan must discuss provisions for regul ar
pressure teat@ and for observations of the facility
operation for upsets in plant effluent discharges
which could cause an oil spill.
Containers ~ Resource Comserva~ Containers used for the storage 10 ensure containers are 0 No requirements are established for groundwater 0 No requirements are established

Hazardous WASt e

tion and Recowery
Act - Subtitle C
(40 cFr 264)

Toxi ¢ Substances
Control Act -
Section 6

(40 cm 761)

Canprehensive
Envirommental
Response, Cauperr—
sation, and
Liability Act
(40 R 300)

of hazardus wastes (as defined
by RCRA).

Containers used to store BCBs at
concentrations of 50 ppm and
above. Container means any pack—
age, can, bottle, bag, tarrel,
dmum, tark Of other device.

Containers that release amy
hazardaus substance, pollutant OfF
contaminant (as defined by
(ERCLA).

not leaking and Spill
contaimment system has net
deteriorated.

No requirements
established.

Same as objective for
hazardoaus waste landfills
under CEROA.

moni toring.
o Containers am storage areas mst be inspected.

0 NO requirements are established for groundwater
moai toring.
0 Containers must be inspected for leaks.

Same as requirements fOr hazardous waste lamfills
under CERCLA.

for groundwater monitoring.
0 Imspections must be comducted at
least weekly.

0 NO requirements are established.
0 Imspections must be conducted at
| east once every 30 days.

Same as requirements f or hazardous
waste |andfills under ERGA.
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St atut ory Definition Mbni tori ng Paraneters and

Sour ce Aut hority of Source Ghject i ve Desi gn of Monitoring System Sanpling Frequency
Containers - — — - -~ —
NomrHazardous

Waste

Containers - Federal Tnsecti~  Pesticide containers. See object ive for materials See rend rements for naterials stodpiles under FTFRA.  See requirements for materials
Non- Wast e cide, Fungi cide, stockpi |l es under FIFRA. stockpil es under FIFRA.

and Rodent icide
Act (40 CFR 165)

Open Burning and  Resource Comserva~ Open hurning and detonation of Regul ation hae not been  Regulations have net ken pramlgated. Regul ati on+ have net been
Detonation Sites  tion and Recowery waste explosives.t promul gated. promul gated.
Act - Subtitle ¢
(40 CFR 264)
Federal Insecti-  open turning of sl quantities Sae as objective for Same as requi rements for residential disposal same as requiments for residential
cide, Fungicide, oOf comtustible pesticide contaim residential disposal (burial) under FIFRA. [fisposal (burial) under FIFRA.

and Rodenticide ers which hel d omanic or metal- (burial) under FIFRA.
Act (40 crR 165) loorganic pesticides (except

organic Mercury, lead, cadmum or

arseni ¢ compounda) .

Comprehensive Si tea which release any haardus Same as objective for Same as requirements fOr hazardaus waste landfil ls Sare as reguirements for hazardaus
Envi ronnent al substance, pol lutant Of hazardoaus waste |andfills  under (ERCIA. waste landf ills under CERCLA.
Response, Compemr~  contaninant (as def ined by unde I CERQA.

sation, and CGERCLA).

Liability Act

(40 crr 300)
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Statutory Definition Moni toring Paraneters and
Sour ce Aut hority of Source bj ective Design of Monitoring System Sanpling Frequency
Radioactive Atomic E ACt Geologic repositories for highr  To emsure that geotechnical At a minimm, measurements shal | be made of rock & Not  speci fied.
Disposal Sites ( 1OCFR6 | evel radicactive wastes. design parameters are com formations and displacement, changes i N rock stress

Atomic Ene Act
(10 CFR 61)

posal sites for lowrlevel
Iradioactive wast es.

firmed and t0 ensure that
appropriate action is taken
to inform NRC of charges
needed in design to
acommdate actual field
conditions encoutered.

To provide basic (preqera
tional) enviromental data
on the site, to evaluate
the potential health and
ewiromental inpacts dur-
ing construction and opera—
tion, and t O evaluate the
lorgtem effects and need
for mitigative measures.

and strain, rate amd loation of water inflow into
subsurface areas, dungs in gomsater CONditiONS,
rock pore pressures including those alorg fractures
and joints, and the thermal and thermchemical re-
sporse of the rok mss as a result of development and
operations of the geologic repasitory.

0 Pregperational monitoring must provide information 0 Not specified.
about the ecology, meteorolagy, climate, hydrolegy,
geolgy, grochemistry, and seismlcgy of the disposal
site ower a twelve month period.

0 Monitorirg during comstruction and operation must
be capable of providing early wamirg of releases of
radiouclides fron the sites before they leave the
site boundary.

0 Post-operational mnitoring system must be besed on 0 Not specified.
the operating history and ths closure and stabiliza-

tion of the Site and mst be capable of providing ear-

ly wamning rel eases of radionuiclides from the site be-

fore they leave the Site boundary.

0 Not specified.
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The monitori ng requirements presented in the table are for permitted facilities. EPA hsa also pramlgated interim status requirements for these facilities which mst be met until a final
permit i S issued. The interim status monitorirg requi rents specify the instal lation of at least one umralient wel| and three dawngradient wells t0 detemmine initial background
concentrat | ONS of certain parameters and to determine whether waste constituents have entered the grondwater. Groundwater monitoring requirenents can be waived by an owner or operator if
there i S lav potential for waste migration (EPA approval of the waiver is net reuired). See 40 CFR 265.

b The Federal Land Policy and Management Act (FLPMA) of 1976 (P.L. 94-579) requires that public lands be managed in a wemer that will protect the quality of enviromental values. In addition,
there are a rumber o laws regulatirg certain activi ties on Federal lams. The minirg regul ati ons are authorized by both the FLPMA ard the specific mining laws and are thus presented toget her
in this table. Note that regulations for the Geothermal Steam Act were redesignated, With minor revisions, as 43 CFR 3260 on Sept. 30, 1983.

® The requirements presented in this table are the Realth and Environmental Protection Stamards pramlgated by EPA (40 CFR 192, 48 FR 45926, Oct. 7, 1983 and 48 FR 590, Jan. 5, 1983). The NRC
has al so promilgated licensing requirements for uranium mill tailings (10 CPR 30, 40, 70 and 150).

d Facilities include those engaged in dril ling, producing, gatherirg, storirg, processirg, refinirg, t ramsferrirg, distributirg or corsuming oil ard 0i | products. O | is def 1ined as oil of any
kind or in any fom, including but not limited t0 petroleum, fuel 0i |, sludge, 0il refuse, and oil mixed with wastes ot her than dredged spoil.

€ Hazardous I'iquids include petroleum, petrol eum products, and anhydrais amonia.

f Waste explosives include waste which has the potential t0 detonate and tulk military propellants which camnot safely be dispsed of thraugh other modes of treatment. Regulation for pemmtted
facilities have not been promlgated. |nterim status regulations for open buming and detomation do not establish grounduster monitoring requirements.

2 The requi rements presented are those established by NRC for high-level radioactive wastes; these requirements are proposed r egulations, See 46 FR 35280, July 8, 1981. EPA has also published
proposed heal th and enviromental standards. See 47 FR 58196, Decanter 29, 1982.

h

The requiraments presented are those established by NRC for lav-level ratfoactive waste sites. EPA is also required to establish health and ewiromental standards for such Sites; standards
have not yet ken promilgated by EPA.

Saurce: OfFfi ce of Technology Assessment.
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E.3 MONITORING PROVISIONS FOR CATEGORY Il SOURCES

Sour ce

Statutory
Aut hority

Definition
of Source

Moni toring
bj ect ive

Design of Monitoring System

Paraneters and
Sanpling Frequency

Pipelines —
Hazardous
Material s

Pi pelines
NorrHazardaus
Materials

Material s
Transport and
Transfer
Operations —
Hazardous
Materials and
Waste

Hazardaus Liquid
Pipeline Safety
Act (49 cm 195)

Comprehensive
Envi romental
Response, Comr
persation ard
Liability Act
(40 CrR 300)

Hazardous Ma—
terials Trans—
portation Act
(49 Ccrr171)

Pipelines used t 0 tramsport
hazardus liquids (i ncl udes
petroleum, petroleum products,
and anhydrous ammnia).

Pipelines that rel ease ay
hazardous substance, pollutant
or contaminant (as defined by
CERCLA).

The tramsportation of
hazardous materials and
hazardais vaste (SS defined by
HMIA) by rail car, aircraft,
vessel and mtor vehicles used
in interstate and foreign
comerce (and motor vehicles
used to transport hazardaus
waste in intrastate commerce),

To emswre the integrity of the
pi pel i ne.

0 To provide prelimnary
assesgment Of the nature
and extent o the release.

0 To determine the sarce and
dispersion o the hazardas
substance.

0 To detenmine the nature and

extent of the problem

0 To monitor effect iveness of
the remedial action.

No requirements establi shed
for groundwater.

0

No requirements established fOr grandwater
moni toring.

Al nes pipelines or relocated, replaced or
otherwise changed pipelines mist undergo
hydrostatic testing prior to use.

Col I ection o samles mnimzed except in
situations where there is an apparent risk to the
public.

Not specified. Mnitoring my be part of an
immediate removal.

collection o sufficient infomation t0 detemine

the necessity for and proposed extent of remedial
action.

Not specified. Assurance must be provided bty the
State to cover these activities.

No requirements established f Or groundwater.

NO requirements established
for groundwater monitoring.

0 Not specified.

o Not specified.

0 Not specified.

0 Not specified.

No requirements established
for groundwater.
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Definition
of Source

Moni toring
hj ective

Design of Monitoring System

Paraneters and
Sanpling Frequency

Statutory
Sour ce Aut hority
Material s Canprehersive
Trarsport and Enviromental,
Transfer Resporse, Camr
Operations — persation,and
Hazardous Liahility Act
Materials and (40 crr 300)

Waste (Continued)

source:

Office of Technology Assessment.

Trarsport-related accidents
that release any hazardous
substance, pollutant,or
contaminant (aa defined ty
CERA).

Same a objectives for
pi pel i nes under (ERCIA.

Same as requirements for pipelines under CERCLA.

Sare as requirements for
pi pel i nes under (ERCLA.
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Sour ce

Statutory
Aut hority

Definition
of Source

Moni toring
hj ective

Design of Monitoring System

Paraneters and
Sanpling Frequency

Percolation of
Atmospheric
Pol | utants

M ning and Mine
Drainsge -
Surface inning

Clean Water Act = Mine-related sources of pollution NO requirements

(Section 208(40  including mine runoff from new,
CFR 35, Subpart G) active, and abandoned surface and
underground mines.

Federal Land
Policy and Manage—
ment Act

- Mineral Leasing Mining of minerals such as coal ,
Act of 1920 and phesphate, asphalt, sodium,

Materials Act of potassium, sad,

1947 (43 crR 23) and clay (cm Federal lands).

= U.S. Mining Laws Mining of minerals such as gol d,

(43 CRR 23) silver, | ed, iron and copper (on
Federal lands).
surface Minirg surface minirg of Coal .
Control and
Reclamation Act
(30 crR 816)

established.

No requirements
established.

No requirements
established.

Determine the impacts of
the mining operation on t he
hydrol ogi ¢ balance within
the permit and adjacent
areas.

No requirements established.

NO requirements established.

NO requirements established.

0 Groundwater monitoring pl an must be included in a
permit application which provides for the monitoring
of perameters that relate to the suitability of the
groundwater f Or current and approved postmining land
uses and to objectives for protection of the hy-
drologic balance. Monitoring Site locatiors must be
specified. Monitoring i S conducted during operations
and reclamation activities (until performance bond
rel ease).

(Contirued next page)

No requirements established.

No requirements established.

NO requirements established.

0 Groundwater monitoring pl an must
specify parameters ard sampling
frequency.

0 At a minimm, total dissolved
solids or specified conductance
(corrected t o 25°C), pH, total irm
total manganese, and water |evels
shall be monitored.

(Continued next page)
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Statutory Definition Moni toring Parameters and
Sour ce Authority of Source hj ective Design of Mnitoring System Sanpling Frequency
Mining and M ne surface Mining 0 Monitoring of a particular water—bearing stratum 0 Samples must be taken ard
Drainage - Control and may be waived by the regulatory austhority if it can be analyzed quarterly at each
Surface M ning Reclamation Act demorstrated that it is not a stratum which serves AS monitoring location. Additional
(Cort.inued) (30 CFR 816) an aquifer which sigificantly ersures the hydrologic monitorirg may be required by the
(Cont inued) balance of the cumilative impact area (the area, im regulatory auttority.
cluding the permit area, within which impacts result-
irg fram the proposed cperation may interact with the
impact of al| anticipated mining).
Surface Mining Lands and water which WEI' € mined NO requirements NO requirements established. NO requirements estsblished.
Control and (COVErs coal mning amd mnirg of established.
Reclamtion Act minerals and materials other than
(40 CRR 874 and coal) or which wre affected by
875) such minirg, waste barks, proces—
sing Or other methods prior to
Aug. 3, 1977.
Mning and Mne Cean Mter Act - Mine-related sources of pol|ution No requirements No requirements establisheds No requirements established.
Drainage - section 208 (CRR  including mine rumncff from new, established.
Underground 35, Subpart Q active, ard abandoned surface and
Mining underground i nes.

Federal Land, Pol-
icy ard Management
Act

- Mneral Leasing Mining for minerals such as coal,
Act of 1920 and phosphate, asphalt, sodium,
Materials Act of potassium, sand, stone, gravel las.
19¢ (43 cmR 23) and clay (on Federal |ards).

Saue as objective for
surface mining under these

- U'S Mining Las Mining Of minemls such as gol d, Same as objective for
silver, lead, iron, and copper (On surface mining under these
Llaws

(43 cR 3800)

Federal lands).

Sare as requirements for surface mining under these Same as requi rements for surface
laws. mining under t hese | aws.

Same as requirenments for surface mining under these Same as requiremerts for surface
Laws. mining under these laws.
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Statutory Definition
Sour ce Aut hority of Source

Paraneters and

Monitoring System Sanpling Frequency

Mning and Mne  Surface Minirg Underground mining of coal.®
Drainage - Control and

Underground M ni ng Reclamation Act

(Continued) (30 CFR 817)

Sane as objective for
surface mining under SMCRA.

Same as requirements for surface mining under SMCRA. Same as requirements for surface
mining under SMCRA.

“40 CR 35, subpart G are the regulations for S- grants for Water Quality Planning, Managenent and Implementation. Although the Cean Water Act is directed at the protection of surface
waters, some states have chosen to include groundwater quality programs |n their water quality management plans. Such plans are required by the regulations t0 indicate recognition that

grandwater and surface water internix.
and
b g, Federal Land Policy

Management Act (FLPMA) of 1976 (P.L. 94-579) requires that public lands be managed in a menner that will protect the quality of emviromental values. |n addition,

there are a mumer of laws regulating certain mining activities on Federal |ards.

togetter in this table.
c

Applies tSUrf ax effects of undergramd mining.

Soaurce: O f ice of Technology Assessment.

The mining regul ations are authorized by both the FLPMA and the specific mining laws and are presented
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E.5 MONITORING PROVISIONS FOR CATEGORY V SOURCES

Statutory Def i nit fon Moni toring Paranmeters and
Sour ce Authority of Source bject ive Design of Monitoring System Sanpling Frequency
Production Wells ~ Federal Land wells used for the development of o Determine existing water 0 Data must be collected for a period of at least one 0 Specified by the regulatory
Geothemmal and Policy and geothermal steam (on Federal quality. year prior to production.’ authority on a site-specific
Heat Recovery Manggement Act - lands) 0 Ensure that cperations 0 No specific requirements for pita and sumps. Regur basis.

Geothernal stem
Act (30cFR270
and BIM Opera-
tional Order
No.4)2

Production Wells - —

Water supply
Other Wells -
Monitorirg Wells,
NomrWaste
Cther Wells - Federal Land Pol-
Exploration Wells, icy and Management
NomrWaste Act - Mineral
Leasing Act of
1920 and Materials
Act of 1947
(40 CFR 23)
Construction O eanvaterAct -
Excavation Section 208 (40

CIR 35 Subpart G)b

are conducted in com-
pliance with regul ation
and orders.

Exploration wells used in minirg No requirements
operations f or wminerals such ag  established.
coal, phosphate, asphalt, sodium,

potassium, sand, stone, gravel,

and clay.

Construction activity related to 0 Determine the impact of
sources Of pollution. the source.

No requirements established.

0 No spedfic requirements established.
0 Groundwater monitoring can be undertaken by a State

lations state that monitoring Of enviromment al
impacts may be conducted by the use o aerial su-
veys, inspections, periodic samplings, continuous
recordings or other methods specified on a site-
specific basis.

No requirements established.

0 No requirements established.

if established as a priority in the State's anmal
work program submitted t 0 EPA.

“Note that regul ations for the Geothemal Stean Act Were redesignated, with minor revisions, as 43 CRR 3260 on Sept. 30, 1983.

40 cFR 35, Subpart Gare the regulations for State grants for Water Quality Plamning,

and

Tranl

?

Imp ation. Although the Clean Water Act la directed at the protection of surface

waters, some States have chosen to include gramndwater quality program in their water quality management plans, Such plans are required by the regul ations to indicate recognition that
groundwaters and surface water intermix.

Source:

Office of Technolggy Assessment.
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E.6 MONITORING PROVISIONS FOR CATEGORY VI SOURCES

Statutory Definition Moni tori ng Paraneters and
Sour ce Aut hority of Source Cbj ect ive Design of Monitoring System Sanpling Frequency
Groundwater — COean Wter Act — Intemixing of graundwater and Determine the impact of the 0 No specific requrements established. NO requirements established.
Surface \ter Section 208 (40 surface water. source.
I nteractions CFR 35, Subpart 0 Groundwater monitoring can be undertaken by a
G2 State 1if established as a priority in the State’s
anmual work program submitted to EPA.
Natural Leaching Reclamation Act Natural salt deposits No requirements established. No requirements established. NO requirements established.

Salt-water
I'ntrusion

O eanWater Act
Section 208 (40
CFR 35, Subpart
62

Coastal Zone
Manggemeat Act

affecting undergound water
suppl i es.

Salt~water intmsion into
rivers, lakes, and estuaries
resultirg fron reduction o
freshuater f| ow from any camse
inchudirg gramndwater

extraction.

Salt—~water intrusion

Same as objective for grand-
water-surface water inter—
au iors under CWA.

No requirements established.

Same as requirements fOr groundwater-surface water Sane as requirements for
interactions under CWA. groundwater-surface i nter
interaction under CWA.

No requirements established. No requirements established.

“40 crR 35, s&part G are the regulatiors for State grants for Water Quality Plannirg, Management, and Implementation. Although the Clean WAter Act is directed at the protection of surface
waters, some States have chosen to include gromdwater quality program in their inter quality panagement plans.

Saurce: Offi ce of Technology Assessment.
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Corrective Action:
Technologies and Other Alternatives
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F.1 TECHNICAL CONDITIONS DETERMINING THE APPLICABILITY
OF CORRECTIVE ACTION ALTERNATIVES®

Condition Contairment Withdraval Treatment In-situ Rehabilitation Management Options
Aquifer Type
Unconfined/perched  All contaiment nmeasures designed to lmit or halt Ef fectiveness of methods Indirect. Conditions de- Aquifer type may be major Umitirg factor Poses NO constraint

Partially confined
Conf ined

Homogenecus
Nornhomogeneaus

Saturation Conditions
Unsaturate zone
Saturated zone

the lateral nmigration of contaminants (e.g.,

slurry walls, sheet pile, ge anemembrane astof f, clay
autoff ) must be tied into a naturally occurring
horizontal stranm of lav perneability to be
effective, Eaae of construction/excavation will
deperd ON auifer type and geologic settirg.

Hydraulic tarriem are oot applicable i n unsaturated
zone, Cl ay cutoffs are not commwnly applied in satu-
rated zone because de-watering Woul d be required
during installation. Otherwise, saturation condi-
tions are not limiting for the use of contain

ment methods.

depends On degree of nom
hamogenelty, camplexity,
and in particular,

waradic CONtiguity of
the aufer.

Pumpirg and gravity draim | ndirect.
age are not applicable in temine applicability
the wnsatrated zone. Gas imsofar as before treat-
witing is not applicable ment can be applied,

in the satrated zone.

termine applicability
imsofar as before treat-
ment can be applied,
groundwater must be with-
dram and transported t o
a surface treatment wnit.
(see Withdrawal).

if not reconfined/ perched and homogeneous.
Effectiveness Of biological and chemical
degradation is dependent On ability to in-
ject, control, and withdrav resgents, which
may be difficult or impractical in nom
homogeneaus aqui f ers. Effectiveness of nat-
ural process restoration and inter table
adjustment i S constrained in confined, par-

tially confined, and nonhomogenaus aquifers.

Conditions de- Saturation conditions are unlikely t0 pose
major constraint on applicability of
methods. Ef f ect iveness of degradation
methods may be restricted to use in the

graundwater NMUSt be with- unsaturated zone (e.g. , if deperdent on

Ctherwi se, saturation con- drawn and transported t0 aerobic coalitions).

ditions are not limiting
for methods.

a surface treatment unit
(see Wthdrawal).
Although removal of un-
saturated zone water is
not practical by pumping
or gravity drainage,

soi | and unsaturated
zone water could be ex
cavated and treated by
techniques not requiring
the water to be entirely
in the liquid phaae
(e.g., air and steam
stripping, chemcal and
bological detoxification).

on applicability of
methods .

Poses NO constraint
on applicability of
methods.




Condi tion

Cont ai nnent

Wi thdrasal

Treat nent

I n-situ Rehabdlitation

Management Options

Flaw System

Recharge
Scorage
Discharge

Depth

up to 20m
Over 20m

P

up to 0.1
up to 10
Over 10

Nature of flew system is inportant in colice o

Fl ew system generally

technologies. Use of methods in recharge areas may poses no major technical

require some fom of surface water control
the contained area frcmfilling and overflowdng with
recharge Wat er. | n discharge areas, underdrainge
May be required below lners to dissipate uplift
uplift pressures.

Depth is maj or lmiting factor for methods, in |arge
part arising from equipment limitations. Practical
depthe for material tarriers will wary aworg indivi-
dual technologles tut are generally in the vicinity
of 20m. While technically feasible. generally little
experience has been @i at depths greater than 20m

t0 prevent corstraints On methods.

However , water-level
fluctuatims (e.g., due
t 0 seasonal variations)
that can carge the rate
or direction of flew,
ledkage amorg layers in
multi-layer flow system
and dowsard ni grating
flow system pose addi-
tional uncertainties.

Depth mses no major tedr

nical constraints unless
excavation is requlred
(e.g., gty Oralnage,
excavati on). Excavatl on
casts i ncrease rapidy at

Indirect. Condition &~ Flew systemis net a major comstraint. How-

termines applicability
insofar as before treat-
Uent can be applied,
groundwater must be with-
drawn and transported to
a surface t reatment wnit
(see withirawal).

Indirect. Condition de—
termnes applicability
imsofar as before treat-
ment can be applied,
graundwater must be with-
drawn and transported to

(one exception i s sheet piles which appear practical depths greater than abat a surface treatment u-lit
Sm and very rapidly great- (see wWithdraal).

to depths of 40m).

While areal extent in itself poses no technical

unitatims, the use of mterial barriers tends
,Fﬁically restricted t 0 arem I ess than

; exceptions include sl (up to

10 kn?)aniune:s (up o 0. 1“;3) Experience
Wi th onier methods tends to be limited t 0 upwards
of O IImt{ t for natural contaiment which
can exceed 10 dependirg ON S|t € conditions.

er than abat 20m. Appli-

cability of gravity drainage

is lmted t0 abaut 37 m

While areal extent i n it- Indirect.

sel f poses no tednical
limtation,

Condition &
termines applicability

little exper- imsofar as before treat-

fence has been gained with ment can be applied,

methods
as 1

areas as large graundwater must be withe 10

dram and transported to
a surface wnit (see
Withdrawal).

ever, in recharge areas, degradation
resgents may be difficult to control after
injection; this is of particular concern if
resgents are in themselves contawinants. | n
discharge areas, water table adjustment is
typically more difficult; natural processes
may bring contamnants to surface water
bodies.

Depth i s likely t0 constrain applicability
of degradation techniques; there is limited
experience Wi th degradation belaw abaut 5m
and it 1s not likely to be practical below
20n because of controllabdlity problem

Areal extent i S |ikely to constrain appli=
cability of all methods becasse of con
trollahility factors (except natural pro-
cess bilitaton) t0 areas less than
but [ittle experience available.

General |y poses no

constraint On appli-
cability of methods.
May be important for
monitorirg options.

Poses no constraint
on applcability of
methods.

Poses m technical

constraint on appli-

cability of methods

but Iarge ar eas

( eater than
Iclrl2 ) may practi-

cally restrict use.
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Condi tion

Contaiment

Withdraval

Treatment Imsitu Rehabilitation

Managgement Options

Vo
<35m

up to 1 w
e

While volume of contaminated groundwater i n itself
poses nNO technical |inmitations, the use of methods
is practically restricted to volumes | ess than

I3 becase Of COSt considerations. Exception
include slurry walls, gemembranes, and liners for
which experience has been gained upwards to 1P,
Volumes naturally contained will depend On site
conditions.

While vohme of contami-
nated gr oundwater in it
sel f poses N0 major tedr
nical |inmitations, little
experience has been gained
with methods for vols
greater than aat 1:2?.
An exception is withiraal
evhancarent which appears
practically applicable
for volumes only up to
abaut 1000w,

Indirect. Condition d- \While volme of contamnated groundwater
termines applicability initself should pose no major technical
imsofar as before treat 1imitations, there is |ittle experience
ment can be applied, deaugg,ith volumes | n excess of about
groundwater nust be with- | (except for natural process re
dram and transported t 0 storation), Higher volumes could | ead to
a surface treament wit controllability problems.

(see wWithdrawal). Feasi-

bility of methods is di-

rectly related to design

flow rates rather than

volumes.

Posea no technical
constraint On ap~
plicatlity of

met hods but | arge
velures (e.g. ,
greater than

1 ) may prac-
tically restrict
use.

%)




Condi tion

Withdrasal

Imrsitu Rehabilitation

Management Options

Predominant
Geologic Setting

Crystalline
Coarse-grained

Geology 18 major Hmitirg factor If rocks are sedi-
mentary Ol crystalline. The presence of rocks,
buldes, €1 C., POSES diffialt excavation @ ea
for most methods (exceptions include hydraulic
barriers and grautirg, the latter al so beirg
dependent on fracture ad/or adsorptive characteris-
tics of the rok). Coarse-grainad materials
generally pose no limitations, except for natural
contaiment. Finegrained materials restrict

use of grouting, hydraulic barriers, and sheet pilea.

Geology is a nmajor Mmit- Indirect. Condition de- Effectiveness of methods in general Wil |
ing factor for certain termines applicability depend On Site conditions. Fine-grained

Poses N0 constraint
on applicability of

methods. | n general, imsofar as bef ore treat- materials which comstrain flaw control and methods.

areas of high transms-  ment can be applied,

(1) only graity

drainage and gas Witing

are generally uncon

strained by the presence

of sedimentary or crystal-
|'ine rock; applicability

of other methods depends

on nature of fracture
system and other features

of the geologic formtion.
Excawation | a not gener—

al |y applicsble in sedi~
mentary or crystalline

rock. (ii) OCoarse~grained
materials generally pose no
lintations except for with
drawal ehancement, which
depends on features of the
geologic formation. (1ii) Um
consolidated, fine-grained
mterials of low permeability
restrict effectiveness of
puping and gravity drainage;
only excawtion can proceed
withoaut major constraint i n
fine-grained mterials.

areas of por drainage or heterogeneity may
sivity may render with- graundwater must be with- adversely affect Nomrhomogeneau
drawal options imprac— dran and tramsported to areas may not allow for sufficient contact
tical dve t0 high fluid a surface treatment unit between reagents and contaminated materials.
handling requirements. (see Withdrasal).
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Condi tion

Withdraval

Treatment Imrsitu Rehabilitation

Management Options

Climate

Air  temperature Methods requirirg comstruction/excavation camnot
Below freezing be performed efficiently during periods when the
0° to 20°C grand i S frazen.

Above 20°C

Rainfal |

Evapotrarspiration Methods requirirg comstruction ad/or excavation re

greater than pre-
cipitation
Predpitation
greater than evapo- wall.

quire surface water controls if precipitation
exceads evapotramspiration, Rumon and runof f

transpiration
speci al Emplacement of tarriers (e.g., membranes and liners)
Construction has risks assoclated with barrier demage durirg hard-
Considerations ling and installation. Specially designed equipment

i'S needed for slurry wall comstruction usirg a
vibrating bean. There i s difficulty i n obtaining
water-tight interloks with sheet pilea.

control s and surface seals are essential for slurry

Under frazen conditions,
purping and gravity drain-
age require special sur—
face hsl'riling procedures
for fluids in certain
cases* Excawtion is
often not practical.

Rairfall is general |y net
a major limting factor
for mettods. Excavation
my require surface water
controls if precipitation
exceeds evapotranspira—
tion.

Specially designed equip-
ment and mterials are
required for withdrawal
erhancement.

Al treatment facilities Temperatures below freezirg require special Poses NO constraint

mist be protected (i.e.,
heated) in temperatures
below freezing. | n
addition, low tempera-
tures (e.g., 0°-20°C)
sericusly impair air and
st em stripping (vola-
tility reduced) and bo-
logical transformtions
(rate reduced) if water
is also allowed t0 de-
crease i N temperature.

handling procedures f or injectants end for
the protection of pipirg; water table
adjustment may be feasible, depending on
aite conditions. Low temperatures reduce
rates Of chemcal and Hological trane

formation.

Indirect. Condition de= Rainfall i S probably not a comstraint in
termines applicability general but could be depending on site
imsofar as bhefore tree& conditions. Applicabtlity of natural. re
ment can be applied, habilitation may be lmited if natural re-
groundwater must be with- charge i S limited.

dram and transported t o

a surface treastment wnit

(see Withirawml).

Equipment size i s deter- Means to inject reagents into the soil
mined by flow rate and i required.

nature and amount of

contaminants to be re-

moved. Sophisticated

controls are reqdred for

ultrafiltration. Sem-

permanent equipment i S

required for air and

steam stripping.

on applicability of
methods.

Poges NO constraint

on applicability of
methods.

Construction cur
siderations vary de-
pending on such
factors as availabil-
ity of alternative
sources of tinter,
availability of
transportation/dis—
tribution/delivery
system, and nature

of the soaurce of
contamination.
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Cordition Cont ainment Withdrawal Treatment Imsitu Rehabilitation Management Options
Cont aminant
Type and
Castration Contaminant cat egory poses major comstraint On Limitations posed by oContaminant  category Limitatiors posed contaminant cat egor \Generally poses no
applicability of some methods. Contami tamd category vary poses major comstraint on vary amwng specific methods. All methodcopstraint 00

speci fic evaluations will be required t 0 assureamng specific methods.applicability Of mechods generally applicable to organics. applicabdlity of
campatibility of contamifemt hi gh concentra~ Geochemistry and other ~ any method tends ivegesof hinter table adjustment and namethods. Applica
tions) and physical barrder materials.

hydrocarborg and other wolatiles (e.g.,

halogers) are | east amenablecontainment
Generally, if contaminamtise of loconcentration, SOil, rock, and water |f mixtwes of contami- srste flui d phases). Degradation methodaboutethe natuwre and

the type of contaminant may not be critical.
Hydrodynamic control s & not deperd on contami-

nant type,assuming NO contacti S made. The

handling and disposal of excavated materials

caild influence the use of this Option.

Based on Woodward-Clyde Consultants, Inc. |,

Corversion factors:
.30S x feet to obtain metems (m
4047 X acres to obtaln squre meters (i)
2.S90 X square miles to otain squranitdm  (kof)
.02a x cublc feet to obtain cubic méters ( )

Source: Office of TechnologAssessment

1983.

Aramatassociated factors that t o address specific con- ural proeess rel axation is very chilitywof metiods
wlatile affect partitioning of taminant categories. specific and could be limited (e.g., if i sondependent on
methodcontaminants between thireatment S also limited tamipsresstrorgly adsorbed Or in sepubl i c perception

may affect efficiency nants are present and |f best sdted when siontaminants are severity of the
of both excavation concentrations ar e chang- resent. Bj ol 0ogi cal degradation appeaproblem.
ad pumping methods. irg rapidly (discontinapplicable only tO0 certain categories of
Handling and di sposal ofously) over time. No organics and typically is pet effident for
excavated materals amd metinds are available lov concentratioms. NO  degradation method
assoclated contaminants fOr some patiovlogicals appears spplicable to @@ No metlod

cauld corstrain the use (viruses) amd rzxMXU- 1s applicable to ratioruclides.

of this option. With- clides (little experience

drawal enhancement S W th treatment). Treat~

applicable only to or- ment costs are al so semr

ganics. Rel atively sitive t0 mass and volume

dilute  concentrations of material to be treated.

became increasingly Rate of process is lmited
less cnF fective tO0 by low concentrations.
pump.

UONBUIWRIUOD WOI- J9JEMPUNOIE) S,UOIEN 8yl Bujjo8]0id o 8EY



6ev

F.2 NON-TECHNICAL CONDITIONS DETERMINING THE
APPLICABILITY OF CORRECTIVE ACTION ALTERNATIVES®

Condition

Enviromental/social
side-effects

Labor
corsiderations

Containment

Maj or potential side-effects
are assoclated With the
continued presence and
passible leakage of
cortamnants. Charges t o
groundwater flow patterns
could also have disruptive
effets on the emviroment and
other users. Surface disor
tances would be caused by
methods requiring corstruc—
tion. Noise, air pollution,
traffic, etc., my ocar
during comstruction/opera—
tion. I n some cases, effects
assoclated with disposal of
excavated materlals may be
significant.

The construction/installation
o mterial tarriers tends to
require Skilled professionals;
operational requirements are
minimal (and would relate to
performance monitoring).
CGtter methods require minimal
| abor, and skill requirements
are variable. Only hydrody-
nanic barriers in this
category generally have | abor
requirements during operation
that are in addition t0 nomr

| abor intersive monitoring and
supervision.

Withdrawal

The Purpose of wicvrad | S
t0 reduce contaminant
concentrations | n the
subsurface but there could be
mjor potential aide-effects
assoclated Wi th the surface
di sposal of withiran com
taminants (Or treated resid-
vals). Additional impacts
possible fran pumping and
gravity drainage are related
to alteration of gromdwmter
flow patterms (e.q., lowering
of the water table and

sal twater intrusion). Noise,
air pollution, traffic, etc.,
may ocauwr during comstruction/
operation.

Mettods are general |y labor-
intersive and require skilled
professionals during construc
tion/installation; operational
requirements tend t O be nom
labor intensive but still
require skilled professionals.

Treatment

Possible side-effects are
related t 0 the tramsferral of
contaminants t O the atmo—
sphere. Di sposal of treatment
bypraducts ( including solu-
tions from regeneration) could
also have adwerse effects
depending on disposal methods
chosen.

Methods are generally labor-
intersive and require skilled
professionals during construc
tion/installation. Opera
tional requirements are
generally non-| abor intemsive,
tut skilled professionals are
still required. One exception
i s blolcgical detoxification
which has labor-intersive
operational requlrements.

Insitu Rehabilitation

Major side-effeas are asso-
dated with the potential for
reactions between reagents
used i N degradation methods
and the hydrogeologic ervirom
ment (e. §., resulting in
contamnant residues). For
water tabl e adjustment, side-
effects my result fran both
raising the water table (e.g.,
flooding of sewers, leach
fields, or basements) and
laerieg the water table
(e.g., kee flow alterations
ad effects on wells).

Nat ural processes are slow,
and the ride exists that
contamination Wil| spread
further.

Degradation methods are
generally nomrlabor intersive
but speclally trained techni~
cal persomel Al € required  OF
construction/installation.
Vater cae adljuscment I's
labor imemte [N IS
corstructfon/imstallation hut
norlabor intersiwe in | 1S
operation; skilled persomel
al € required.

Management Options

Mpj or potential enviroamental
and soclal side-effects
irclude di sruption of normal
use patterns, di sruption of
econamic activity, public
concern, continued presence of
and potential spreading Of
contamnants, and health risks
(e.g., if contamnants are not
removed ad/ or treated). Pos—
sible erwiromental ard social
disruption accompany source
removal.

Labor requirements vary by
method. Methods are generally
nar-labor intersive during
construct ion/irstal lation;
skilled persomel are often
net essential. Operational
requirements are often
minimal



Condition

Saf ety comsiderations
for workers

Time requirements

Containment

Processes requiring the
removal Of contaminated
material (e.g., construction
activities) require special
handling and safety pre—
cautions.

unforeseen geotechnical
conditions, complex hydro-
geology, and extent Of
contamnation are major

f actors in detemining tine
for comtruction/installe
tion. Time for design is
grerally less than two months
(grauting and hydraulic bar-
riers may require upéards of
Si X months). Time for comr
struction i S generally two tO
six months for tarrier methods
and under two wonths for otter
methods. There are minimal
time requirements during
operation.

Withdrawal

Drilling activities produce
contamnated materials and
require special handling
precautiors. The handling of
contaminated excavated
materials poses a serious
limitation on the use oOf
excavation. Labor require~
ments generally increasse as
the dangers posed by contami-
narts incresse.

Hydrogeology and extent and
nature Of contamination are
mjor factos. Tine for
design and comstruction/
installation are each
typleally less than six
monthe. Excavation may t ske
as long as one year depending
on areal extent amd depth of
excawation and existence of
structures, €.(., utilities.
operation of pumping may take
many years, depending on the
extent of contamination,
hydrogeology, and degree of
cleanup t 0 be achieved.

Treatiment

E:qm:.re. t 0 contaminants can
remt from residuals
handling, wolatization, and
other factors. For example,
in ar stripping, volatiles
could te introduced into the
atmsphere.

Time for design | a typically
less than six months. Tine
for comstruction/installation
is typically less than six
months. Design and vendor
delivery are @r time
corsideratioms. Ti ne
requireents f Or operating the
system depend ON contaminant
types, concentration levels,
and performance goals.

Imrsim Rehabilitation

Saf ety corsiderations could be
significant i f the handling of
materials that are potentially
reactive i S required.

Degradation wethods are
passible either t 0 design or
construct /install within about
one mwnth if contamnants are
fauliar; otherwise, time
requirements could be

lorger. Water table
adjustrent design and
construction/ingtallation are
each on the or& of six
months, but maintenance of the
system ower the longtem |a
required.

Management Optiors

Safety corsiderations vary
among options. FOr example,
they could be important for
mnitoring activities.
Concern about workers is
usual |y overshadowed by
concemn t0 protect the public
mre generally.

Time requirements vary by
option; they are generally
less than six wonths each for
design and comstruction/
imstallation. Lorg lead times
my be required in safe cases,
e.g., for developirg
alternative supplies and
implementing health
advisories. Termination/
limitation of aquifer use amd
purchase of altemative
supplies are often used for a
rapld emergency response.
Imstitutional comsiderations
could comstrain timely
implementation of memy
methods.
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Condition

Cost comsiderations

Performance vis—a—vis
the contirnued presence
O contamnants

Contairment.

Principal factors determining
costs include depth t 0 ground—
wat er contamination, areal
extent Of contamination tO be
contained, geotechnical comr
ditions, and type of contami~
nants. Containmert methods
are generally capital
intersive during construc-
tion/installation; operational
costs are general |y minimal
except for natural containment
(e.g., analysis) and hydraulic
tarrier options. Repl acement
costs are likely to be
inarred. The cost Of maim
taining surface seals used in
conjunction With slurry walls
is significant.

Containment results i n the
continued presence Of contami~
nants in the subsurface with
the potential for further
migration (€.g., via leakage).

Withdrawal

Principal factors determiming
costs include depth to ground
water contamination, volume of
contam nated groundwater to be
punped, geotechnical condi~
tions, availability of dispos=
al ard/or treatment
facilities, and

hydrogeology. Gererally,
these methods are capital
intersive during construc-
tion/irstallation. System

components my need to be
selectively replaced depending
on lemgth of time of system
operation; otherwise, opera~
tional costs are generally
minimal.

Withdrawal per se results in
the cotinued presence of
contaminants Which are
transferred to oter
emwiromental media; however,
withdrawal methods are
typically used in conjunction
With treatment.

Treatment

Principal factors determining
costs Include flew rates and
system capacity, concentration
and types of contaminants, and
plant design. Coats are
highly vari abl e amorg treat-
ment options; the most costly
methods include reverse
osmsis, lon excharge, and
electrodialysis. Home
treatment units (at point—of-
end use) are also costly.

Treatment haa t he potential to
result In the contimed
presence Of contaminants
through their pessible trans—
fer to other envirommental
media (e.g., air); alditional
contamnarts may al SO be
introduced (e.g., treatment
byproducts). Removal
efficlencles of methods are
variable.

I n-situ Rehabilitation

Principal factors determining
costs include: the size o
sites and type and concentra-
tion of contamnancs for
degradation methods, and the
extent Of the system and
duration Of operation for
water table adjustment.

These mettods result in the
presence of transformed
contaminants | N the subsurface
together Wi th (spent) trans-
fomation agents.

Management Options

cats vary amorg options; they
could include components
related t 0 enforcement, pro-
viding public information, and

emergency resporses.

These mettods often result in
the continued presence of
contamnants | N the subsurface
Wi th the petential for further
migration.
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Condition Contairment
Design |ife and
operational
requirements

Design |ife of material
harrier containment systems i S
f inite but as yet unknown.
Long records of experience are
general |y lacking tut design
life tends to be 2040 years
for applications not irwolvirg
contaminants. Replacement may
be eventually required unless
tarriers are cawpled With
withdrawal/treatment. Hydro-
- C techniques must
operate perpetually to isolate
contaminants, requiring
periodic V@l |/pul p replace-
ment. Techniques f Or managing
surface runoff can require
tore frequent maintenance than
undergrasd Structure.

Institutional
cons iderations

Institutional comsiderations
include the ease of land
across and the presence of
facilities and Structures at
the comstruction Site.

a
Based on Wodward-C yde Consultants, Inc. |,

Source: Offi ce of Technolegy Assessment.

Withdrawal

only excavation is permanent.
Design | ife of other methods
Will vary and a contimous
maintenance/replacement gghed—
ule wauld be required. Fluid
withdrawal methods could have
| ag operation and maintenance
periods (e.g., for highly
attemated contaminants).

Water @m issues may
restrict the use of pmping.
Other comsiderations include
the availability of disposal
alternatives fOr withdram
contamnarts and the ease of
lard access.

1983.

Treatment Imrsitn Rehabilitation
Typically, design life is
15-30 years for equipment
other than membranes (which |s
less than 5 years). Excep-
tions include filtration ard
ion exchange which hawe a
design life o 15 yearn but
which al so require mre
frequent filter regeneration.
Hare units are prone to
bacterial grosth and require
careful maintenance. Data are
not available to evaluate
ultrafiltration since this
method has been operational
only about 4-8 years. In
general, replacement j]] be
required at the end of design
life if contaminants remain.

Design |ife 18 nat typically a
Ymitation. (use of machinery
Or semi-permanent corstruction
materials are not gererally
required.)

A ngj or consideration i nvol ves
the availability of alterna—
tives for the disposal of
treatment residues.

Regulatory gpproval may be
required for the injection of
degradati on reagents.

Maregenent Optiors

Design |ife is not always a
limitation. Exceptions
include purchasirg of
alternative supplies and
point-of-end use treatment
vhich bath tend t0 k short—
term (less than 5 years). I n
addition, the performance of
point-of-end yse treatment
udts has teen known to shift
dramatically over time.
Developing alternative
supplies may have a design
life upsards of 50 years. ‘|’ he
design |ife of municipal
treatment facilities | a
generally on the order of
20-30 years.

A wide range of imstitutional
comsiderations may arise
depending on the option and
includesenforcenent, competing
uses, access t0 alternative
supplies (e.g., purchasing
alternative supplies), ard
public acceptance.
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F.3 APPLICATION OF CORRECTIVE ACTION ALTERNATIVES
TO SOURCES

Source
Category Containment Withdrawal Treatment Imrsitu Rehabilitation Management Options

Category | (Designed to discharge)

Most containment methods® are All withdrawal methods are applicabl e N.R.b While all in-situ rehabilitation Most management options® are
gmevally spplicable to al| Category tO almost al | Category I sources. methods ar e generally applicable to generally applicable to all
| sources except injection wells The exception 1s injection wells most Category I sources, site~ Category | sources. | n
becamse of their depth. Only natural which are typically too deep for specific factors (e. g., &olay, practice, corrective actions
containment appears applicable t o gravity drainage, gas venting, or hydrology, and contaminarts) must be are general |y limited to
injection wells. excavation methods; i n practice, evalated to determine method managenent optiors for sub-

mechanical integrity testing and feasibility, One exception may be surface percolation.

annular pressure tests are used to injection wells which are typically

detect problems fram injection wells too deep for degradation mettods.

in Heu of corrective actions.

Category 11 (Designed to swine, treat, and/or dispose)

Most cotaiment methods? are Al withdraml mettods are general |y N.R.° Applicahility of imrsitu Most management options® are
gererally applicsble to all Category applicable to al | Category || rehabilitation methods to mmst @rerally applicable t 0 all
|| sources. Contaminant—specific sources. Withdrawmal ephancement is Category 11 sources deperds on site- Category II sources.
evaluations are typically required to nOt generally applicable to specific factors. In particular,

assure compatibility of radiomiclides radioactive disposal sites. terdency for mettods to be

and any material tarrier. contaminant-specific may limit use

for multiple~cont aminant
situations. | n addition, in-situ
rehabilitation methods would
generally be |napplicable to
radioactive wastes; natural
restoration would be inapplicable to
sources containirg some typea of
hazardous wastes; and degradation
would be ingpplicable t 0 dredging
conditions.




Source
Categry

Container

Category III (Designed t O tramsport Of tramsmit)

Mast contalment methods® are
generally applicable to all Category
Il sources.

Most contaiment pethnds® are
tecnically applicable t0 au
Category IV sources. However,
experience t0 date la linited in
terns of the areal extent ard wolumes
handled; t hese factors could
effectively preclude metlods fram
addressing some Category | v sources.

Withdrawal

Al withdrawal methods are generally
applicable t0 al |l Category Il
SOUrces.

Category IV (Discharge as a comsequence of other activities)

A| withdrawal methods are tech—
nically applicable t 0 almst au Ca
tegory |V sources. Exceptions im
clude deicing salts application,
which is not amensble {0 withdrawal
erhancement methods, and mining and
mne drainage which, |f the mine is
too deep, Will not k amenable to
gravity drainage or excavation.
Volumes and areal extent could effec
tively preclude We of these methods,
howewer, f or practical reasons.

Treatment

NR.D

Imrsitu Rehabilitation

Degradation mettods are generally
applicable t 0 Category 111 sources,
especially i f the contaminants
inwlved are petrolemmrbased. | N
other cases, site—specific factors
mst be evaluated t 0 determine feasi—
bility of imsiwu rehabilitation
methods.

While imrsitu rehabilitation methods
are generally applicsble t 0 most
category IV sources, site-specific
factors mst be evaluated to
determine feasibility. Degradation
methods, however, are typically not
used for deicirg salts.

Manggement Options

Most managment options€ are
generally applicable to all
Category III sources.

Most managenent q)tmc are
gererally applicable to all
Category IV sources. Due t o
the dispersed nature of
contamnating activities, and
w the high volumes and large
areal extent of groundwater
affected, corrective actions
my be lmited t 0 management
options in practice.
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Source

Category

Containment

Withdrawal

Category V (Provide cordult Or induce discharge via altered flow patterts)

Category VI

The applicabdlity of most containment
mettods® t0 met category Vv sources
depends On well depth. For example,
oil wells, geothermal wells, erhanced
recowery Wells, and solution mining
are @lly too deep for amy of

t hese methods. Only natural com
taimment would not generally be re-
stricted by depth; limited experience
is avail abl e using hydraulic barriers
for these deep sources. | n general,
application of any corrective action
alternative t 0 Category V sources
depends on mechanical condition of
wells. Most methods are applicable
t 0 comstruction excavation.

(Naturally-occurt i ng)

Mcst methods? are general |y
applicable to all Category VI
sources.

The applicability of some withdrawal
methods (€. §., gravity drainage, ex-
cavation, and gas ventirg) t0 mst
Catepry V sarces depends on wel |
depth. For example, 0i | wells,
geothermal wel |'s, erhanced recovery
wells, and sol ution minirg are
typically t 00 deep for these meth
* . Withdrawal echancement i S not
applicable t 0 geothermal Or water
supply wells. only pumpirg is
general |y unconstrained in its appli-
cation to Category V sources. All
methods ar e applicable to
canstruction excavation.

Most methods generally are applicable
to all Category VI sources.
Corstraining factors include depth of
the source and areal extent and
volure of groundwater affected.

Treatment

N.R.D

N.R. °

Im-situ Rehahilitation

The applicability of different
in-situ rehabilitation methods varles
by source. Site-specific factors
mst be evaluated t 0 determine the
feasibility of natural process
restoration. Wth respect to
degradation methods, Oi | wells and
erhanced recovery wells are tYspl cally
too deep, and geochermal wel

an unfawrable temperature (hi gh) and
chemical mekeup (brine). Lowering of
the water table may be inappropriate
for water supply wells.

Water table adjustment i s likely to

k applicable to al | Category VI
sources. Natural process restoration
is unlikely to be applicable.
Degradation methods are typically nat
used for asks.

“Neither sheet piles nor cement grout cutof fs have generally perfommed well in practice for these sources. Performance of all

methods inwlving mte
The source, PEr

contamination |a generally not rel evant
indi cates shich specific contamnants may be present, cent amnant concentration,

&al tarriers are dependent on compatibility with contaminant s present and geologic conditions.
to the choice of treatment technologies except insofar as it
or the degree of contaminant removal desired.

“Source substitution Or source removal may not be econamically feasible or politically viable fOr some sources in this category.

Source: OFf ice of Tecnology Assessment

Managerent Options

Most management options® are
@nerally applicable to all
Category v sources.

Most  ~* tios® 8re
generally applicable to all
category VI sources.
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Appendix G
Federal EffortsTo Correct
Groundwater Contamination



Va4

G.1 CORRECTIVE ACTION PROVISIONS FOR
CATEGORY | SOURCES

St atut ory Definition ) ) o
Sour ce Aut hority of Source Cl eanup Standard Corrective Action Provisions
Subsurface Saf e Drinking  Cesspools Or other waste receivdevices Not  specified. NoO  specific corrective action requirements.
Percolation Water Act with open bottoms and -tires perforated
Underground sides (class v wells). Applies only to units I'f there may te a violation of primary drinking water
Injection Controlserving 20 or more persors. regulations or if the presence of a contani nant may be adversely
Program (40 CFR affecting the health of persors, enforcenent or administrative
144 and 146) actiors can be taken to prevent the violation or adverse effect.
Injection Wells -Safe Drinking V|| s that inject hazardous waste (as  Not specified. Aqui fer cleanp shal| te prescribed by the regul atory authority

Hazardous waste Water Act ~Underdefined by RCRA) teneath the deepest
gromd | nj ection formation containing, W thin onequarter
Control Programmile of the well tore, an underground source

(40 CFR 144 ad
146)2

of drinking water (Class | wells).

Wells that inject hazardous waste (as  Not
defined by RCGRA) into or__above a formmation
containing, within onequarter nmile o the
wel |l bore, an undergraund source of drirking
water (Class |V wells).

specified.

if it is deemeriecessary and feasible t 0 emsure adequate
protection Of all underground sources of drinking wat er.

If there may be a violation of primary drinking water

regulatiors or if the presence Of a comaminant nmay be adversely
affecing the health of persons, enforcement Or administratiwe
actions can te taen tO prevent the violation or adverse ef feet.

NoO  specific corrective action requirements.

If there may bte a violation o primary drinking water

regulatiors or if the presence Of a contaminant may be adversely
af fecting t he health of persoms, enforcenent or administrative
actions can k taen tO prevent the violation Or adwerse effect.




Statutory Definition
Sour ce Aut hority of Source C eanup Standard Corrective Action Provisions
Injection Wells - Comprehensive Wells that rel ease any hazardous substance, Not  speci fied. Resporses ran be “remwval” (slnt-term emergency) actiors Or
Hazardass W ot e Enviromental pollutant, Or contamnant (as defined by “remedial” (longer term comsistent With permment remedy) actions.
(Continued) Resporse, CERA). Remedial actiors can be taken only at sites on the National
Compensation, and Priorties Li St and mmst be comsistent with requirements specified
Liability Act in National Contirgency Pl an. Selection of a remedy i S based on a
(40 cFr 300) determination of cost-effectiveness (| owest cost alternative that
i s technologically feasible and reliable and which effectively
mitigates amd nininizes dsmage t 0 and provides adequate pratection
of public health, welfare, or the emviromment)
Injection Vlls - Safe Drirking Wells that inject waste beneath the deepest Not specified. Same as requirements for hazardous waste disposal wells that inject
NomrHazardous Water Act - formation containdng, Wit hi n onequarter nile teneath the deepest source of drinking water under SDWA.
Wote Underground of the well bore, an undergromd source Of
Injection Control drinking water (C&s | wells).
Program (40 CR
144 and 146)
Injection Wlls ~Safe Drinking Wells used | N comection With oi| amd gas Not specified. Same as requirement s fOr hazardous waste disposal wells that inject
NorrWaste Water Act pmoduction which inject fluids (Class II teneath the deepest saurces of drink@ water under SDWA.
Underground wells). Includes wells used for erhanced
Injection Control recowery, for storage of liquid hydro-
Pregram (40 CRR carbore, and fOr wells where injected fl uids
144 and 146) are brought to the surface and nay be
contdned With waste waters from gas planta.
Vel ls used for extraction Of minerals (Class Not specified. Same as requirements f Or hazardous waste disposal wells that inject

111 wel|'s). Includes mining of Sul fur by
Frasch process, imrsit production of uranium
and other metals, and solution minirg of
salts or potashe

teneath the deepest sawce of drinking water under SDWA.
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Statutory Definition
Sour ce Aut hority of Scarce C eanup Standard Corrective Action Provisions
Injection Wells - Safe Drirkirg vells not included in Categortes |, 11, 111, Not specified. 0 No specific corrective action requirements.
NomrWaste Viater Act and V (Class V wells). Examples of Class V
(Continued) Unde rground wells include artificial rechage wells, 0 If there may te a viol ati on o primery drinking water

Land Application -
Wastewater

Injection Control
Prgram (40 CRR
144 and 146)
(continued)

COean Vater Act
Section 201
(40 R 35;

41 m 6190,

2/ 11/ 76)

Land Application - Cean Mter Act

Wastewater
Byproducts

Land Application -
Hazardous wast e

Section 405 (40
CR 257)

Resource Corser—
vation and
Recovery Act
Suttitle c

(40 cm 264)

cooling water, Or SirT conditioning retwrn
flow wells.

Wastewater | ar d treatment processes (includes Not specified.
slowrate, rapid infiltration, and overland
fl ew methods).

Sewage sludge @plication (includes Not specified.
agricultural, forest and land reclamation

utilization, and dedicated land disposal).

Lard treatent of hazardous wastes (as
defined by RCRA).

Corrective action program must
mevent specified hazardous
corstituents fram exceeding their
respective limits established in the
gramdwater protection stardard.
(See app. E.1 on Monttoring

regulations or |f the presence of a contaminant may be adwermsely
affecting the health of persons, enforcement Or administrative
actiors can be tdken to prevent the violation or alverse effect.

o

No specific corrective action requirements.

0 However, |f project is funded as Innovative and Alternative
Technology, grant assistance may be auarded for the modification
or replacement of projects that have not met design performance
specifications (wnless failure is due to negligence), correction
of failure requires significantly increased capital Or operating
and maintenance expenditures, and failure ocours Wi thin the w
year period following final imspection.

Sare a8 requirements for land application of wastewater under WA
Section 201.

0 Corrective action program nat be corducted at the campliance
poi nt and tetween the complance paint and the downgradient
fadlity property baundary, as necessary t 0 meet the cleanup
standard. Corrective actions are net rejuired beyond the
domgradient facility property boundary.

Provisions for a description of the o Hazardous corstituents mst be removed Or treated in place.

gromndwater pratection standard.)

Facility permit will specify the corrective action measures to
be taken.
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Statutory Definition
Sour ce Aut hority of Source

C eanup Standard

Corrective Action Provisions

Land Application = Resource
Hazardous Waste Corservation and
(Contirued) Recovery Act -
Subtitle C
(40 CFR 264)

Comprehensive Lard application facilities that release any Not specified.

Enviromental hazardous substance, pollutant, Or
Resporse, contaminant (as defined by CEROA).

Canpensation, and
liabilicy Act
(40 cm 300)

Land Application  Clesn Wter Act - Disposal sites for dredged or fill

NorrHazardous Seal on 404
waste (740 CR 2%)

a

material, Not specified fOr groamdwater.

Corrective action must begin within a reasonable tine period
after groundwater protecrion standard 18 exceeded (time period
specified in facility pernmit).

Corrective action measures must be contimued during and beyond
the compliance period to the extent necessary t 0 emsure that the
groundwater protection standand | a not exceeded. corrective
action measures contimued beyond the campliance period ny be
terminated i f corrective action monitorirg (See app. El)
indicates t hat the groundwater protection standard has net been
exceaded fOr three comsecutive years.

The effectiveness Of corrective action measuwes mst be repored
to the regulatory authority. |f a corrective action pregram no
longer satisfies the regulatory requirements, appropriate
cherges must be sutmitted within 90 days.

Enforcement action an also be taken under Section 7003 -
Imminent and Substantial Endarngemment

Same as (ERCLA provisions for hazardous wast e disposal wells.

No corrective action requirements specified for groundwater.

RCRA and SWDA have overlapping jurisdiction for injection wells wsed to di Spose of hezardous wastes. A permit-by-rule approach hsa ken imstituted t 0 coomdinate the requl rements of
both programs. An ower or operator of such a well mst comply with al | spplicable SMA tecnical requirements purswant t o0 the Underground Injection Control Program and certain RCRA

administrative requirements. (See 40 CR 144.14.)

Sowce: OFf |ce of Tedmology Assessment.
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G.2 CORRECTIVE ACTION PROVISIONS FOR
CATEGORY Il SOURCES

Sour ce

Statutory Definition
Aut hority of Source

C eanup Standard Corrective Action Provisions

Landfills
Hazardous Waste

Resource Corserva~ Lardfills used for the disposal of hazaiCorrective action program must pre- Omrestive action pregram must be comducted at the campliance

tion and Recovery waste (as defined by RCRA).
Act - Subtitle C
(40 cFR 264)

vent specified hazardous comstitpoi Nt and between the compliance paint and the downgradient

vents franexceeding their respec- facility property boundary, &fecessary tO meet the cleamp

tive limts established in the standard. Corrective acions are not requindd thepo

grondwater protection standard (downgradient facility propboundary.

app. E.2 ONn nmonitoring provisiors - Hazardous comstituents mmst be removed or treated in place.

for a description of the groundwaterFaci ity permit will specify the corrective mezsures to be

protection standard). taken.
Corrective acti on measures must be continsed during and beyord
the compliance period to the extent necessary to ersure that the
gramdwater protection standard | S not  exceeded. Corrective
action measures continued beyond the compliance period may be
temminated if corrective action wonitoring (See app. E.2)
indicates that the groundwater protection standard has not ken
exceaded f Or Icomsecutive years.
The effectiveness of corrective acti on measures mst be reported
t 0 the regulatory authorityl a corrective acti on prggram no
longer satisfies the regulatory requirements, sppropriate changes
mst be submitted within 9 days.

0 Enforcement action can be taken under Section 7003 - Imminent and
Substantial Endargemment.

Toxic  Sulstances Chemical waste lardfills used for the disNot specified. 0 Explicit corrective acti on requirements are not specified in the

Control Act - posal of PCBe atconcentrations of 50 ppm and regul ations.

Section 6 above. 0 PCB facilities determined t0 k in violation of the di sposal

(40 CR 761) regulations are subject to civil penalty and enforcement provisions
of TSCA.

Camprehens ive Lamifills that release any hazardous Not  specified. Resporses can be “remval” (short-term, emergency) actiors oOr

Emvironmental substance, pol | ut ant contaminant (as “remedial” (longer term, consistent with nomremedy)

Resporse,  Comperr defined b(EROA). actions. Remedial actioms can be taken only at sites on the

sation, and National Priorities List and mst k comsistent with requirements

Wability Act specified in National Contingency Plan. Selection of a remedy is

(40 aR 300) based ONn a determination Of cost-effectiveness (lowest CO3t

alternative that technolagically feasible ard reliable and which
effectively mtigates and nini m zes damage to and provides adequate
protection of public health, welfare, or the emwiromeent).




Statutory Definition
Sour ce Aut hority of Source O eanup Standard Corrective Action Provisions
Lardfills — Resource Corserva~ sanitary landfills defined as facilities Not specified. No specific corrective action requirements.
Sanitary tion and Recovery  which pose no reasonable probability of
Act = Subtitle D adverse effects on health or the erwiromment
(40 CFR 257) from di sposal of solid waste (Ss defined by
RCRA).
Comprehersive Samtary landfills t hat release any hazardous Same as requirements for hazardous Same as requirements for hazardous waste landfills under CERCIA.
Emviromental substance, pol | utant or contamnant (as waste landfills under CERCLA.
Response, Compem  defined by CERCIA).
sation, and
Liability Act
(40 CR 300)
Open Dumps Resource Corserva~ Open dumps defined as facilities whi ch & not  Not specified. No specific corrective action requirements. Facilities must close
(including il egal tion and Recovery  meet the criteria for sanitary landfills or be upgraded to meet criteria for sanitary landfills under Sub-
&M@) - Waste Act ~ Subtitle D under RCRA. title D of RCRA.
(40 CFR 257)
Comprehersive Open dumps that release ary hazardaus Sare as requirements for hazardous Same as requirements for hazardous waste landfills under CERCIA.
Envi ronnent al substance, pollutant Or contamnant (SS waste landfills under (ERCLA.
Resporse Campersa~ defined by CEROA).
tion, and
Liability Act
(40 CRR 300)
Residential Federal Insecti- Burial of smll quantities of pesticide No requirements established. No requirementS established.
Disposal cide, Fungicide, containers in open fielda ( containers shich

ard Rodenticide hel d organic or metallo-organic pesticides
Act - Section 19 except organic mercury, lead, cadmium, or
(40 CR 165) arsenic compounds).
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Sour ce

Statutory
Aut hority

Definition
of Source

O eanup Standard

Corrective Action Provisions

surface

Impoundments
Hazardous wast e

Surface
Impoundments
Nomr-Hazardaus
wast e

Resource Conserva-
tion and Recovery
Act - Subtitle C
(40 CFR 204)

Comprehensive
Enviromental
Response, Comperr
sation, and
Liabilicy Act
(40 CRR 300)

Surface Mining
Control and
Reclamation Act
(30 CFR 816 and
817)

Surface impoundments used for the treatment,
storage, or disposal of hazardous waste (as
defined by RCRA).

Surface impoundments that release any haz—
ardous substance, pollutant or contaminant
(as defined by CEROA).

Impoundments defined as al | water, sediment,
slurry Or other liquid or semi-liquid tolding
structures and depressions, either naturally
formed Or artificially bullt. Structures may
be temporary or pemanent. Applies to all
surface and underground coal mining
operations.

Saue a requremeats for hazardous
wast e landfills under RCRA.

Same as requirements fOr hazardous
wast e landfills under CERCLA.

Not specified.

Same @ requirements fOr hazardous waste landfills under RCRA.

Sare as requirements for hazardous waste landfills under CERCA.

All possible steps must be taken t 0 minimize any adverse jmpact t O

t & enviroment or public health and safety resulting from nom

campliance With arny permit comdition including, tut not limited to:

(1) sny accelerated or additional monitoring necessary t0 determine
the nature and extent of noncawpliance and the results of such
act fons;

(ii) imediate implementation of measures necessary t0 camply with
perit conditions (e.(. hydrologic reclamtion pl an, aa described
in app. H.4); and

(iii) warning, aa soon as possible after learnirg of such nom
compliance, any person whose health and Safety is in imminent
darger due to the noncampliance.
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Statutory Definition
Sour ce Aut hority of Source O eanup Standard Corrective Action Provisions
Surface Federal Land
Impoundmert s Policy and Manage~
NomHazardous ment Act?
Wote
(continued)

—~ Mineral Leasing
Act of 1920 and
Materials Act of
1947 (43 CR 23).
Covers minerals
such as coal,
ptosphates, as—
m, sodium,
potassium, gand,
stone, gravel, and
clay.

- U.S. Minig
Laws (43 GR 3800)
Cover locatable
minerals such as
@, silwer,
lead, iron, amd
coppere.

- Geothermal Steam
Act (30 CR 270
and BIM
Operational Order
No. 4)

Impoundments used for the treatment or com
trol of runoff and drainage during mindrg
operations on Federal lands.

Not explicitly mentioned in the regula-
tions. However, impoundrents are part of
minirg operations. Applies only to oper—
ations On Federal lands.

Pita and sumps used to reta.in all materials

and fluids necessary t 0 drilling, production,
Or other operations on Federal lands.

Mot speci fied.

Not specified.

Not specified.

Mindng plan submitted to the regulatory authority mst include
provisions f Or reclamation of disturbed areas. Regulations specify
that adequate measures Nt be taken to correct damege t 0 the
environment and tO public health and safety.

Plan of operatiorns submitted to the regulatory authority must
include provisions for reclamtion of disturbed areas.

Adwerse erwirommental impacts from geothermal-related activity must
k prevented or mitigated through enforcement of gpplicable
standards and the application of existing technolcgy.
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Statutory Definition
Sour ce Authority of Source C eanup Standard Corrective Action Provisions
Waste Tallirgs Federal Lard

Policy and Manage~
ment Act

- Mineral Leasing
Act of 1920 and
Materials Act of
1947 (43 CFR 23)

-U. S Mniglas
(43 CER 3800)

Urandum Mi11
Tailirgs Ragiadon
Control Act

= Active Sites

(40 CFR 192)

Uranfum Mi11
Tailings Radiation
Control Act

— Inactive Sites
(40 CFR 192)

Not explicitly mentioned in the regula—
tions. For the purposes Of this table,
however, waste tailings are corsidered part
of minirg operations on Federal |ands.

Not explicitly definad in the regulatioms,
but disposal of waste tailings is mentioned
as part of a mining operation.

Disposal areas covered by the regulations
containing waste tailings from uranium
processing activities. Such areas include
the region within the perimeter of an
impoundment or pile.

Processing sites designated by DOE containing
residual radioactive materials at which all
or substantially all of the urandum was

produced for sale to a Federal agency prior
to Jan. 1, 1971

Not spect fied.

Not specified.

Same ag stamdard for hazardous waste
surface impoundments under RCRA.

Not specified.

Saf e a8 requrements for nomhazardous waste surface impoundments
under these laws.

Sare as requirements for nomrhazardous wote Surface {mpoundments
under these | am

Same as requirements for hazardous waste surface impoundments under
RCRA.

0 Decision on whether t0 institute remedial action, what specific
action t0 take, and cleanip levels should be made on a site-
specific basis.

0 Factors o comsider include technical feasibility of improving
the aquifer in its hydrogeologic setting, the cost of restracive
or protective programs, the present amd future val ue of the aquifer
a8 a water resowoe, the availability of alternative water
supplies, and the degree to which humn exposure is likely to
OCQuUr.
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456 . Protecting the Nation's Groundwater From Contamination
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Statutory Definition
Source Aut hority of Source C eanup Standard Corrective Action Provisions
Mterials Federal Insecti- Storage of packages and containers of No requirements established. 0 No requirements established.
Stockpiles cide, Fungicide, pesticides. 0 It 1s recomended that materials such as adsorptiwe cl ay,
and Rodenticide hydrated lime, and sodium hypochlorite be obtained for emergency
Act (40 CFR 165) treatment OF detoxification of spllls or leaks.
Graveyards - - - -
Animal Burial -
Aboveground Resource Corserva- Aboveground tarks used for the treatment or Not specified. 0 No requirements are established for gramdwater contamnation
Storage Tarks — tion and Recowery  storage of hazardaus wastes (as defined by per se.

Hazardous Waste

Aboveground
Storage Tarks -
NomrHazardous
wast e

Act - Subtitle C
(40 CFR 264)

Conprehensive
Emvironmental
Regporse, Comperr
sation, and
Liability Act

(40 CFR 300)

Toxic Substances
Control Act
(40 CFR 761)

RGRA).

Storage tarks that rel ease any hazardous
substance, pollutant Or contaminant (SS
defined by CEROA).

See TSCA requirements, below, for hazardous
waste containers.

Sare as standard fOr hazardous waste
landfills under CERCLA.

0 Contingency pl an must specify procedures to be used to respond to
tark spilla or |ea@, including proceduwres and timing for
expeditious removal of lesked or spilled waste and repalr of the
tank.

Same as requirements fOr hazardaus waste landf ills under CERCLA.
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Statutory Definition
Sour ce Aut hority of Source C eanup Standard Corrective Action Provisiona
Abovegr ound Cean Water Act - Onstore and of fstore facilities With above— Not specified. 0 No requirements are established for gramdwater contam nation
Storage Tarks - Section 311 gromd capacities Of greater than 1,320 gal- pr Se.
NomWaste (40 cw 112) loiB of 0il (or sirgle tarks with capacities 0 The Spill Prevention Control and Camteneasure (SPCC) Plan
greater than 660 gallons).© should provide for prampt correction of visible | eaks. In thse
imstances where a facility has experienced spill events, the SPCC
Pl an mst include a descripcion of the spill, corrective actions
t&en, and plain for preventing a recurrence (if experience
indicates a reasonable potential for equipment failure, the plan
stould al SO include a prediction of the direction, rate of flow,
and total quantity Of oil which could k discharged).
Hazardous Li qui d storage of hazardous |iquids (as defined by ot speci fied. No requirements established.
Pipeline Safety HLPSA) incidental t O their movement by
Act (49 CR 195) pipeline jn or affecting interstate or
foreign commerce. Regulations explicitly
define abovegromd “breskout tarks™ whi ch are
used to reliewe surges in a hazardous liquid
pipeline systemor to receive and store
hazardous liquid tramsported by @ pipeline.
Require:enzg‘ do not apply CO Federal
facilities.
Underground Resource Comserva~ Covered undergromd tarks used for the Regulations for underground tarks Regulations for undemground tarks have not been pramilgated.
Storage Tarks - tion and Recovery treatment O storage Of hazardous waste as have not ken pramlgated.

Hazardous Waste

Act - Subtitle C
(40 R %4)

defined by RCRA.
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Statutory Definition
Sour ce Aut hority of Source C eanup Standard Correct ive Action Provisions
Unde rground Camprehersive Storage tarks that release ary hazardous Sam as standard fOr hazardous Waste  Sam as requlrements fOr hazardous waste landf ills under CEROA.
Storage Tanks Envi ronment al substance, pol | utant or cent amnant (as landfills under (ERCLA.
Hazardous \NASt e Resporse, Comperr defined by CERQA).
(continued) sation, and
Lisbility Act
(40 CFR 300)
Underground - — — —
Storage Tarks -
NorrHazardous
wast e
Underground Cean Water Act - Onstore facilities with undergraund storage Not specified. No requirements are established fOr groundwater contamination
Storage Tarks - section 311 capacities equal to or greater than 42, @ per se.
NorrWaste (40 ar 112) gallors.
Containers - Resource Comserva~ Containers uwsed for the storage of hazardous Not specified. 0 No requirements are established for groundwater contamination
Hazardaus wast e tion and Recovery  wastes (SS defined by RRA). per Se.
Act - Subtitle C 0 Spilled or leked waste and accumilated precipitation mst be
(40 CFR 264) remwved from collection Or comtaiment system in as timely a manner
as necessary to prevent owerflow of the system.
Toxic Substances Containers used t 0 store PCBs at Not specified. 0 No requirements are established fOr groundwater contamination

Control Act
Section 6
(40 cr 761)

concentrations 0f 50 ppm and above.

Container mears ary package, can, bettle,
beg, tarrel, drum, tank, Or other device.

per Se.
0 Spilled or lesked materials must be immediately cleansd UpP, usirg
solvents Of other adequate means.
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Statutory Definition
Sour ce Aut hority of Source C eanup Standard Corrective Action Provisions
Containers Canprehens ive Containers that release any hazardous Sare as stardard for hazardous waste Same as requirements for hazardous waste landfills under CERCLA.
Hazardous Waste Envirommental substance, pollutant Of contaminant (SS landfills under CERCLA.
(contirued) Resporse, Camperr  defined by CEROA).
sation, and
Liability Act
(40 CrR 300)
Containers - —
Norrtlazardaus
Waste
Containers Federal Insecti- Pesticide containers. See standard for materials See requiremerts for materials stocpiles under FIFRA.
NomrWaste cide, Fungicide, stockpiles under FIFRA.
and Rodenticide
Act (40 cFr 165)
Open Burning and Resource Comserva- Open hxmi:g and detonation of waste Regulations have not been Regulatiors have mt teen pramlgated.

Detonation Sites

tion and Recovery
Au - subtitle ¢
(40 CFR 264)

explosives.

promulgated.
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Sour ce

St atutory
Aut hority

Def init ion
of Source

C eanup Standard

Correct ive Action Provisiona

Open Burnirg ard
Derogation sites
(continued)

Radicactive
Disposal Sifea

Source: Ofice of Tednology Assessments

Federal Insecti-

Comprehensive
Environmental
Resporse, Comperr
sation, and
Liability Aet
(40 CR 3w0)

Atomic Enes Act
(10 CFR 60)

Atomc Energy Act
(10 cre 61 )8

Atal;l‘ic Energy

Qpen burnirg of smll quantities of
combustible pesticide containers shich held
oganic Or metallo-organic pesticides (except
organic mercury, lead, cadmium, O arsenic
campounds ).

sttes Wi Ch release
pollutant OF  cont aminant
CERCLA).

hazardous  substance,
aS  defined bty

Gealogic repositories for high-1evel
radioactive wastes.

Disposal sites for |a-level radioactive
waste.

Sites identified by DOE that were used for
the storage and mrocessirg of muclear
materials.

Sare as stadard for residential
disposal (burial) under FIFRA.

Sare as requirements for residential disposal (turial) under FIFRA,

Same @ standard for hazardous waste Same as requirements for hazardous waste landfills under (ERGA.

landfills under (ERCLA.

NO requirements established.

No requirements established.

No requirements established.

No requirements established.

The licersee must have plans for teaking corrective measures if
migration Of radiomxclides would indicate that specified pa_

formance objectives msy not be met (See app. H 2, for performance
objectives).

No requirements established.
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The Federal Land Policy and Management Act (FLPMA) of 1976 (P.L. 94479) requires that public lands be managed in a menner that will pratect the quality of enviromental values. |n addition,
there are a number of laws regulating certain minirg activities on Federal lands. The mining regulations are authorized by both the FLPMA and the specific minirg laws and are thus presented
together in this table. Note that regulations for the Geothermal Stem Act were redesighated, with minor revisions, as 43 CRR 320 on Sept. 30, 1983.

The requirements presented in this table are the Wealth and “nviromental Protection Standards pramilgated by EPA (40 CRR 192, 48 FR 45926, Oct. 7, 198 ). MC has al SO promilgated lcersirg
requirements (|0 G 30, 4070 and 150).

Facilities include those ergaged i n drilling, producing, gathering, storing, processing, refining, tramsferring, distributing, or corsuming Oi | and 0i | products. O | i S defined as ail of any
kind or in any fom, including but not limted to petroleum, fuel oi |, sludge, oil r&use, and 0i| mixed with wastes other than dredged spoil.

Hazardaus liquids inclade petroleum, petroleum products, amd arhydrous ammonia. Although the regulations only mention “breskout tarks,” tamks used fOr storage purposes are al SO covered by the
statuces. Regulations for such storage tanks have not teen established by DOT.

Waste explosives include waste which has the potential to detonate and bulk military propellants which camot safely be disposed of through other mal es of treatment. Regulations for permitted
facilities hawe not ken pramlgated. | nterim stams regul ations for open buming and detomation do not establish corrective action requirements.

The requlrements presented ar e those established by NRC for highrlevel radioactive wastes; these requirements ar e proposed regulations. See 46 FR 35280, July 8, 1981. EPA has al SO published
proposed health and environmental standards. See 47 FR S8196, Dec. 29, 1982,

The requirements presented are three established by MRC for lovlevel radioactive waste sires. EPA is also required t0 establish health amd erwiroment al stamands for such sites; stamdards
have not yet been pramlgated by EPA.

The cleaup of these sites is not explicitly -- by legislation. Howeve r, two program have ken imstitted by DCE under the general auttorization of the Atamic Energy Act. The Formerly
Uttlizd S| { €S Remedial Action Program was established in 1974 for identifying and decammissioning former muclear materials storage and processing facilities (and vidni ty properries). TITs
Surplus Facilities Management Prgram was established in 1978 for decomdssioning DOE cwmed Or operated radioactive contaminated facilities. Decommissionirg standards have net yet been
established by ~&

Source: Of ice of Technol ogy Assessnent.
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G.3 CORRECTIVE ACTION PROVISIONS FOR
CATEGORY IIl SOURCES

St atut ory Definition
Sour ce Aut hority of Source C eanup Standard Correct ive Action Provisions
Pipelines — Hazardous Liqui d Pipelines used tO tramsport hazardous | i quNds specified. No requirenents estsblished.
Hazardous Pipeline safety (includpetrolesm, petrolam producand
Material s Act (49 crR 195) anhydraus ammnia).
Comprehersive pielines T hat el €ASE ay heamas Not  specified. Resporses can be “removal” (StDrt-term emergency) actions or
Ewviromental substance, - 0or cent amnant (as “remedial” (longer temm, comsistent Wi th mumaneedy)
Resporse, Comr def {ned by CERQA). actiors. Remedial actioms can be tsken only at sites on the
persation, and National Priorities List and mst be comsistent with rejuirements
Liability Act specified i N National Contirgency Pl ain Selection Of a remedy |s
(40 CRR 300) tesed On a determination Of cost-effectiveness (lint cast
altermative that i S technolqgically feasible ad reliable amd which
effectively mitigates and minirdamage to and provides adequate
pratection of public health, welfare, or the emwiroment).
Pipelines — - - -
NomrHazamdous
Materials
Materials Hazardous Ma- The tramsportation bazardous materials al - 80 requirenestestablisted. NO requirements established.
Transport and terials Trans- hazardous waste (as defined by WMIA) by rail
Transfer portation Act car, aircraftyvessel, and motor vehicles
Operations — (49 crr 171) used in interstate and folcod@erce (and
Hazardous motor vehicles used tO tramsport hazardous
Materials ard waste in intrastat canmerce).
Waste
Comprehensive Trasport—telated accldents that release alSame as stardard for pipelinSae as requirements for pipelines under (EROA.
Emwvirommental hazardous substance, pollutant O contaminunder (ERCLA.
Resporse, cal | - (as defined by CERGA).
persation, and
Liability Act
(40 CRR 300)

Source: Office of

Technology Assessment.
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G.4 CORRECTIVE ACTION PROVISIONS FOR
CATEGORY IV SOURCES

Statutory Definition

Sour ce Aut hority of Source Cl eanup Standard Correct ive Action Provisions
Irrigation Cean Water Au - Return f lows fram irrigated agriculture.NO requirements established. NO requirements established.
Pracrices Section 208

(40 R 35,

Subpart G °
Pesticide Qean vater ACt - Agriculturally related nompoint sources of Sam as standard fOr irrigation Same as requirements for irrigation practices under Gé.
Applications Section 208 pollution. practices under CWA.

(40 CR 35,

Subpart G

Federal Imeecti- Application of certain pestiwhichmay NO requirements establighed. No requirements estsblished.

cide, Fungicide, cause unreasonable adverse effects on the

and Rodenticide emviroment.

Act
Fertilizer Cean Water Act -Agriculturally related nompoint sources of Same as standardf Or irrigation Same as requirements for irrigation practices under QWA.
Application Section 2@ pollution. practices under OdA.

(40 CR 35,

Subpart Q@
Animal Feedirg Cean Water Act -Runoff framerure di Sposal aress and fromSame as standard Or irrigation Same as requirements for irrigation practices under GiA.
Operations section 208 land area used for |ivestock. practices under CWA.

(40 CR 35, “

Subpart §

De-icing Salts
Application
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App. G—Federal Efforts To Correct Groundwater Contamination
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Statutory Definition
Sour ce Aut hority of Source C eanup Standard Corrective Action Provisions
Minirg ard Mine Surface Mining (1) any accelerated or additional monitoring necessary to deteruine
~ - -l ard the nature and extent Of noncampliance and the results of such
Surface Minirg Reclamation Act actions;
(continued) (30 CFR 816) (11) immediate implementation of measures necessary to camply with
(cont frued) permit conditions (€.J. hydrologic reclamtion plan, as described
In app. Ha); srd
(iii) warning, as soon as possible after learning of such
noncampliance, any person whose health and safety is In imminent
darger due t O the noncampliance.
Surface Mining Lads and water which were mined (covers coal Not specified. 0 NO requirements estsblished.
control and mining and mining of minerals and materials
Reclamation Act other than coal) or which were affected by 0 Grants are available to the States for reclamation activities.
(30 GR 874 and such mining, wastebtarnks, processing OI other
876) metiods @r to Auwg. 3, 1977.
Clean Water Act - Mne-related sources of pollution including NO requirements established. NO requirements established.
Section 208 runcff from new, active, and abandoned
(40 cR 35, Surf me and underground mines.
Subpart Q)
Underground Federal Land
Mining Policy and
Managemerne Act®
Mneral leasing Mining for minerals such as coal, plosphate, Same as standard for surface mining Same as requirements f or surface mining under these laws.
At of 1920 and asphalt, sodium, potassium, sand, stone, under these laws.

Miterials Act of
1947 (43 am 23)

- US. Mining Laws
(43 CR 3800)

gravel and clay (on Federal lands).

Minirg for minerals such as gold, silver,
lead, i ron and copper (ON Federal lands).

Same as stardard for surface mining Sae as requirements for surface mining under these |aws.

under these las

99
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Statutory Definition

Sour ce Aut hority of Source O eanup Standard Corrective Action Provisions
Minirg ard Mine Surface Mining Underground coal m{mrg.c Same as stardard for surface mining Same as requirements for surface mining under SMCRA.
Drainage - Control and under SMCRA.

Unde igraund Reclamation Act

Mindrg (30 CFR 817)

(continued)

840 CR 35, Subpart G are the regulations for State grants for VAter Quality Planning, Management, and Implementation. Although the Clean VMiter Act iS directed at the pratection of surface
waters, sane states hawe chosen to |nclude gromdwater quality programin their water quality management plans. Such plans are required by the regulations t 0 indicate recognition that
groudater ad SuLface upier are interrelated.

b Tre Federal Land Policy Management AU (FLPMA) of 1976 (P.L. % 579) requires that public lands be managed in @ manner that will protect the quality of emvironmental values. | n addition,
there are a mmber of laws regulating certain mining activities on Federal |ads. The mining regulations are asthorized by both the FIPMA and the specific mining laws and are pregented
tegether In this table.

“Applies o surface effects of underground mining.

Source: Office of Tednology Assessment.

/9b e UOHEBUIWEIUOD IBJEMPUNOIY) 1081100 O] S10443F [elepa{—D “ddy




G.5 CORRECTIVE ACTION PROVISIONS FOR
CATEGORY V SOURCES

Statutory Definition
Sour ce Aut hority of Source Cleanup St andard Corrective Action Provisions
Praduction  WellsTederal Land Wells used for the development of geothermNot  specified. Adverse erviromental impacts from geothermal-related activity must
Geothermal and Policy and Manage steam on Federal lands. k prevented or mitigated through enforcement of applicable
Heat Recovery et Act® - stardards and the application of existing technolegy.

Geothermal  Steam
Act (30 CR 270

and BIM Opera-
tional Order No.4)

Production wells -
Wat er Supply

Other Wells (nom —
waste)-
Monitoring wel | s

Other wel|ls (nomrfederal Land Expl oration wells used in rei n@ operatith® requirements established. No requirements established.
waste ) Policy and for minerals such as coal, phosphate, as—
Exploration WellManagement Act - phalt, sodium, potassium, samd, Stem,

Mineral Leasing gravel, and C@ (ONn Federal lands).

Act of 1920 ard

Materials Act of

1947 (43 G 23)

Comstruction Clean ter Act - Corstruction activity related to sources Nof requirements established. No requirements estsblished.
Excavation Section 208 (40 pollution,

CFR 35, Subpart

G’

a

The Federal Lamd Policy aManagement Act (FLPMA) of 1976 (P.L. 94~57Y) requires that public lands be managed i hhat memnbd protect the quality of emwiadomevalues. | n addition,
there are a mmber Of las regulating certain mining activities On Federal lands. The mining regulations are auttorized by both the FLPMA and té& specific mining laws and are this e
together in this table. Note that regulation for the Geothermal & fam Alr;f uer e redesignated, Wi th mnor revisiors, as 43 CFR 3260 on Sept. 30, 1983.

b 4 crr 35, Subpart Gare the regulations Tor State grants for Water ent, and Implementation. Although the Clean Water AcCt is directed at the pratection of surface
waters, some Statea havwe chosen tO incgroundwater quality programs in their water quality mplans.enSuch pl ans are required by the regulations to indicate recognition thst
groundwater and surface water intermx

Saurce: Office of Tedmology Assessmert,
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G.6 CORRECTIVE ACTION PROVISIONS FOR
CATEGORY VI SOURCES

St atut ory Definition
Sour ce Aut hority of Source Cl eanup Standard Corrective Action Provisions
Gromdwater — (Clean Water Act —Intermixing O f grofrekmand Surfacewater. NO  requirements established.NO requirements established.
Surface Nt er section 2C43 (40
Interact iors CRR 35, Subpart

Nat ural leaching

Salt-water
Intrusion

a
40 CRR 35, Subpart G are the regul ation for State grants for Water QualityManagement

G2

Recl amation Act  Natural salt depositsaffecting undergromnd No  requirements establishede0 NO requirements established.
wat er supplies. 0 Water development projects undertszken by the BIM hawe i nvol ved

corrective actions due t0 saline conditions of groundwater.

Clean Water Act —Salt-water intrusion into rivers, |akes, Sate as stamdard for Sare as requirements f or amdwatersurface water interactioms
Sections 208 (40 estuaries resulting from reduction of fregroundwater—surface m&r CWA.

CFR 35, Subpart water f low fran any cause, including interactions under GdA.

6)® gomdater  extracrion.

Coastal  Zone Salt-water i ntrusion. NO requirements establisheddNO requirements established.

Manggement Act

and Implementation. Although the Cl ean Water Act is directed at the protection of surface

>
P4

waters, som States have chosen tO incOWarer quality programs i N their water Qualmghigenent pl ans.

Source: OFfice of TechnolAggessment.
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Groundwater Contamination
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H.1 DESIGN AND OPERATING PROVISIONS FOR CATEGORY | SOURCES
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H.6 IE)pESEEGz\I AND OPERATING PROVISIONS FOR CATEGORY VI SOURCES
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H.1 DESIGN AND OPERATING PROVISIONS FOR
CATEGORY | SOURCES

Pos t-C 10s ure

St atut ory Definition Pe rfo rmance Design and Operating Cl osure Care
Sour ce Aut hority of Source Objective/Criteria Requi renent s Requirements Requirenents
Subsurface CeanWater Act Individual systems defined Achieve established water O NO specific design reguirements. Not applicable. Not applicable.
Percol ation Section 201 privately owned alternativequality goals of the act. O States are required t0 comsider the costeffective
(40 crr 35, wastewater  treatment  works use o individual systens as part of owverall systems
Subpart E) serving one or more princi pal or part Of owverall planning efforta for construction
residences Or smacamercial of municipal Waste treatment systems.

establishments which are
neither connected into nor

part of any conventional
treatment works (€.g. , oOn-site
systemwith localized treat-
ment and disposal o waste-

inter).
Safe Drinkng  Cesspools or ether waste re Demorstrate that activity will 0 Regulations specifying design and cperatRegulations have NO  requirements
Water Act - ceivirg &Vi C€S with open botnot be conducted in a mamerequirements for C ass V wells have not been not teen proml- established under
Underground toms and sometimes perforatédat allows movement of corpramlgated. gated for Class V the U C Program.
Injection Controlsides (included in Class V taminants inNto undergroundO Owners amd operators are Only required tO submit wells.
Program well category). Applies only saurces of drirking water sinventory information (e.g., location, type and
(460CFR 144 and to units servirg 20 or more that there may not be cor operatirg status of the well).
146) persons. pldance With National Interim

Drinking Water Regulations Ofr
SO that the heal th of persors

may Not be ot herw se alversely
effected.




Pos t-C osure

Statutory Def i nit ion Per f or mance Design and Operating Closure Care
Sour ce Aut hority of Source Obj ect ive/Crit eria Requi rement a Requi rement s Requi rement s
Injection Wells-  Safe Drirking Vel |s that inject hazardous  Demorstrate that activity will 0 Locationmust be identified of all knam wells Certification by  No requirements
Hazardous Waste  Vter Act waste (as defined by RCRA) not be conducted in a namer  within the injection zone, and measures mst be an independent established under
Underground beneath the deepest formation that allows movement o com undertaken for wells which are impreperly sealed, can- registered profes- the UIC Program.
Injection control containing, within one-quarter taminants into underground pleted, Or abandoned tO0 prevent any movement of f|uid sional engineer
Progran® Mle o the vell bore, an sawrces of drirkirg water. into undergroaund sources Of drirkirg water. mst be submitted
(40 cR 144 and underground souwrce Of drinking 0 well |ocation and comstnxtion requirements (well  to regulatory
146) inter (class 1 wells) casing, cementirg, and Use of packers tO prevent car authority (pur-

wells that inject hazardaus
wastes (as defined by RCRA)
into or_above a formtion
containirg, within cm quarter
mle of the wll bore, an ur
dergramnd sources Of drirk
it-g wter (class |V wells)

Regulations have nat been

promilgated for Class |V
wells.

tamnant nigration) mst be complied with. suant t0 RCRA).
0 Appropriate tests and lggs must be conducted during
drilling and comstruction.

0 Information On fluld presmre, tenperature,
fracture presswe and other data on the physical and
chemical characteristics of injection matrix amd
formation fluids nat be collected.

0 Durirg operation, injection pressure must not ex-
ceed a maximm cal cul ated level to assure that new
fractures are nct initiated, that edsting fractures
are not propagated, and that injection fluids do not
move i Nt 0 underground sources of drirking wat er.
Injection between outermost Wel | casing and
undergraind source of drirkirg water 1is prohibited.
Pressure mst be maintained on anmulus between well
tubirg and casirg and it must be find with fluid.

(Any failurea associated with a wel| during operation
mst be corrected. )

Regulations prohibit permitting of new Class IV wells Regulations have  Regulations have
shich i nj ect hazardous weste i nto an underground not been promul~ not been promil-
saurce o drirkirg Water and require suwch existing gated for Class |V gated for Class |V
wells to be prohibited over a period of 6 mwonths di a. wells.

follosirg approval of a State UIC Program. Regulatiors

specifying design and operating requirements f Or Class

IV wells have not been pramlgated.
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Pos t-Cosure

Stat utoory Definition Per f or mance Design and Operating Cosure Care
Sour ce Aut hority of Source ojective/Criteria Requi rement s Requi rement s Requi rement s
I'njectionVells- safe Drirkirg Wells that inject waste Sae as objective for haard- Same as requirements foOr hazardous waste wells that  wells must be Sae as require
NorrHazardous Vter Act - beneath the deepest formation us waste injection wells that inject beneath the deepest underground sources of plugged with ments for hazard-
wast e Unde iground containirg, within one-quarter inject beneath the deepest drirkirng water. ceent in accord- ous waste injec~

Injection Control
Program (40 CFR
144 and 146)

mle of the well hore, an
undergraund source of drirkirg
water (Class | wells)

Vlls used in comection with
oi | and gas production which
inject fluids (Cass 11
wells), | ncl udes wells used
for enhanced recovery, for
storgge of |iquid hydrocarbors
and for wells where injected
fluids are braght to the
surface and may combine with
waste waters fram gas plants,

undergromnd sources Of
dricking water.

Same as objective for
hazardaus waste injection
wells that inject beneath the
deepest underground sources Of
drirking Water.

0 Compliance i S required With siting and construction
(casing and cementing requirements). Exemption fran
casirg and cementirg requirements f or exdstirg wells
is allowed if earlier regulations and any State
regulations were net aml injected fluid will not
mgrate into underground sources of drinking water and
create a significant ride to the health of persons,

0 Appropriate teats and | 0gS mst be conducted during
drilling and construction.

0 Infomation on fluid pressure, estimated fracture
pressure, and physical and chemcal characteristics of
the injection zone must be collected.

0 Operating requirements are the sameas fOr
hazardaus waste Wel |'s that inject beneath the deepest
underground saurces of drinking water.

ance with speci-
f ied methods
(unless an alter-
native method is
approved by regu-
latory authority)
So that movements
of fluids into or
between under-
gramd sources of
drinking water are
net allowed.

Sare as
requirements for
class | wells
(nomhazardous
waste).

tion wells that
inject beneath the
deepest under-
ground sources Of
drinking water.

Same as require
rents for hazard
ous Waste injec
tion wells that
inject beneath the
deepest under-
grond sources of
drinking water.
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Statutory
Aut hority

Definition
of Source

Per f or mance
bject ive/ Criteria

Design and Operating
Req ui rements

Cosure
Requi rement s

Pos t-Closure
Care
Requi rement s

Lard

Application
Wastewater

Saf e Drirkirg
Water Act -
Underground
Injection Control
Program (40 CRR
144 and 146)
(Cont inued)

Clean Water Act -
Section 201
(40 cm 35)

Wells used for extraction of

minerals (Class |11

wells).

Inchudes mining of sulfur by
Frasch process, imsitu pro-
duction of wranfum and other
metals, and solution mining of

salts O potash,

Wells not included in

Categorfes |, 11,

and |V

(i.e., class V wells).
Examples Of Class v wells

include artificial

recharge

wells, and coolirg water or
air conditioning return flow

wells.

Wastewater land treatment pro-

cesses (includes slow rate,
rapid infiltration and over-
land f| ew methods). May be
funded under Innovative and
Alternative Technologies

Progran.

Sare as objective for hazard-
s waste injecrion wells that
inject beneath the deepest
underground sources of
drirkirng water.

Demonstrate that activity will
net be conducted in a naner
that allows movement of
contaminants | Nt 0 underground
sarces of drirking water so
that there may not be
campliance With National
Interim Drinking Water
Regulations Or SO that the
heal th of persons may not be
otherwise adwemely affected.

1f gramndwater is a potential
supply of drinking water, t he
National Interim Drirkirg
water Regulations gt not be
exceeded. | f badkgramd levels
are higher than the NIDWRs,
there should not be an

increase in that |evel.
(Contined next pege)

0 Campliance | 3 required with comstruction (casirg
and cementing) requirements. Exenption from
requirements is allowed where there | a substantial
evidence that N0 contamination Oor underground source
of drirkirg water would result.

o Appropriate tests end | oge mst be Considered
durirg drillirg and comstruction.

o Information on fluid pressure, estimated fracture
pressure, and physical and chemical characteristics of
the injection zme mst be collected.

° Operatirg requirements are the game as for
hazardous waste wells that inject beneath the deepest
undergraund sources of drirking water.

o - - specifying design and operating
requi rements for Class V wells have not been
pramlgated.

0 Owners and operators are only required to submit
imventory informtion (e.g., location, type, and
operating status of the well).

o Criteria for best macticable waste treatnent
technology must be ret. Design and operating
requirements are not specified.

0 Tedwical @ ance memal contains i nformation on
site plamirg (includes selection o site), imves
tigations (pre-design), process design, and operation

and maintenance.

Same as
requirements for
Class | wells
(non-hazardous
waste).

Regulations have
not teen proml-
gated for Class V
wells.

No requirements
established.

Same as require-
ments for hazard-
ous waste injec
tion wells that
inject beneath the
deepest under—
graund sources of
drinking water.

No requi rements
established under
the UIC Program.

No requirements
established (see
discussion al cor~
rective actions,
app. G.l).
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Sour ce

Statutory Definition
Aut hority of Source

Per f or mance
hjective/Criteria

Post - O osure
Care
Requi rement s

Application —
Wastewater
(Cont irued)

Application -
Wastesater

Cl ean Water Act”
Section 201 (40
CFR 35)
(Cont1inued)

Clean Water Act - Sewage sludge application (im

Section 201 and cludes agricultural, forest

405(40 CFR 257) and land reclamation utiliza—
tion and dedicated land dispo-
sal). May be funded under
Innovative and Al ternative
Technologies Program.

If grandwater is used SS
drinking water supply, condi-
tions above should be net (le-
vels for Hlological contamd-
nants should not be exceeded
were water i S USed without
disirfection),

If groundwater i s used for
purposes other than drirking
water, Criteria established on
a case-by-case basis based oOn

present or potential yge of
the gramndwater,

For undergramd drirkirg wat er
sources, background | evel s or
National | nterim Primary
Drinking Water Regulations (if
higher than tadgramd |evel)
mst not be exceeded beyond
the application bamndary Or an
alternative boundary esta
blished on a site-specific
besis,

Deaign and Operating C osure
Requirements Requi rement s
0 In aldition t 0 the performance stardard for No requirements

groundwater, performance Criteria are al so established established.
for floodplairs, surface water, application to land

used for flood-chain crops, disease, air and safety.

Design and operatirg requirements not specified.

0 Technical guidance manual contains information on

aite plannng, fiel d imestigations, process design

and operation and maintenance.

No requirements
established ( See
discussion on
corrective action,

app. G.l).
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Post - O osure

Statutory Definition Per f or mance Design and Operating Cl_ osure Care
Sour ce Authority of Source St andard Requi rement s Requi rement s Requi rements
Land Resource Lard treatment o hazardeus Hazardaus comstituents enter- 0 Site requirements |imited to floodplain and geismic 0 Design and 0 Pest closure
Application - Corservation and  waste (as defined by RCRA). ing the gromdwater mst not  considerations. operating condi~  care period is 30
Hazardous Waste Recovery Act - Requirements do not apply to  exceed backgraund | evels, the 0 Prior to application of hazardaus waste, it must be tios mat be met yeam (unless per

Subtitle C (40 cr land treatment facilities (or

264)

portions of facilities) that
recei ved waste prior to the
effective date of the RCRA

regulations (Jan. 28, 1983).

Maximm Cootaminant Leek for demonstrated (by fixed tests, |aboratory analyses, through closure
14 constituents specified by available data) that haardus waste constituents can peri od.

the National |nterim Drinking be completely degraded, transformed or immbilized in 0 Vegetative
Vter Regulations (if higher the treatment zone. cover mst be

than backgroud) or alterna~ 0 Design amd cperating conditions will be specified  established On
tive concentration limts (es in permit based on denmonstration conditions. portion oOf facil-
tablished On a sitespecific O Runoff must be minimized; run-on controls and ity being closed

basis) beyond a specified car runoff management systems must be installed. (so that cover
pliance point. 0 Wind dispersal of particulates must be comtrolled. Will net substar
Growth Of food~chain crops may he allowed i f it can be tially impede de-
demorstrated that it will not cause substantial risk gradation, trans—
to humn heal th. formation, or im
mohilization of
hazardous consti-
tuents i N treat-
ment zone). Cover
should net require
extersive mainten
ance.

O Exemption fram

iod 1is reduced or
extended by regu-
latory authority).
0 All design,
operating, moni-
torirg (See app.
El'), and cover
requi rements must
be met through
post—closure
period.

0 Exemption from
post—closure re—
quirements S
allowed i f
treatment zone
goil does not ex—
cead badkgraund
values by a sta
tistically signi-

cover requirement ficant amount.

is allowed | f
treatment zone
sall does net ex-
ceed background
val ues by a sta
tistically signi-
ficant amount.

0 Monitoring (See
app. El) is to be
continued through
closure period
(unsaturated zone
monitorirg may be
terminated after
90 days).
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Sour ce

Statutory
Aut hority

Definition
of Source

Per f or mance
ojective/Criteria

Design and Operating
Requi rement s

Cosure
Requi rement s

Post-C osure
Care
Requi rement s

Application -
NormrHazardous
wast e

“RCRA and SWA have overlappirg jurisdiction for imjection wells used to dispose o hazardais wastes.

C ean Wt erAct
Section 404 (40
CFR 230)

Disposal sitea for dredged OF
fill material

Rest ore and mintain the chem 0 No specific design reguirements.
ical, physical, and biological 0 Quidelines include actions that can be undertaken

integrity of satems of the
United statea.

to mininize the alweme effects of discharge or

dredged or fill mterial. One such action (specified
in the regulatioss) i s selecting discharge methods and
disposal Sites where the potential for erosion, slump-
irg or leachirg Of material into the surrandirg aque
tic ecosystem will be reduced. Another action is to
sel ect the disposal site, the discharge point, and t he
method of discharge to mininize the extent of any
plum

No requirements
established under
the 404 program.

NO requirements
established under
the 404 program

A pemit-by-rule approach has been irstituted t0 coordinate the requirements of both

programs. An ower Or operator of such a well must comply with all applicable SWA tedwical requirements pursuant to the Underground Injection Control Program and certain RCRA
administrative requirements.

Saurce: OFfice of Technology Assessment.
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H.2 DESIGN AND OPERATING PROVISIONS FOR

CATEGORY Il SOURCES

Definition

Post - Cl osure

St atut ory Per f or mance Design and Operating Cl osure Care
Sour ce Aut hority of Source Obj ect tve/Criteria Requi renent s Requi renent s Requi rement s
Landfills - Resource Conserva~ Landfills used for

Hazardous  Waste
Act - Subtitle C
(40 am 264)

Toxi C Substances Chemical waste lamifills used Not

Control Act -
section 6
(40 cm 761)

1983).

the dis- Hazardaus
conditions.

portions of facili14 comstituents specified beifications are established
received weste the National |nterDmnking O Ruron controls and runmahagement systems mwsmotes drainage,
highetbe  installed.
alterna©® Wind dispersal of particulates must be contxilidebion,
tive concenfit i On limits 0 Special requiremerapply to ignitable,
(established on a sitespeci incompatible wastes and tO containers in ovewubsidence,
fic besis) beyond a specifiednams. Bulk |iquids may only be disposed | n ]amd:ﬂit.y
compliance point. With liners and leachacollection systems.

requirements rosy be granted |f the location and subsoils.

native design and (Operating provisions prevent migra-

tion of hazardous comstituents.

o Exemption from allgromdweter monitoring require-

ments (Seewp. E. 2) mey be granted i f regulatory

asthority finds there i s no potential for nigration of

liquid fram the facility to the uppermost aquifer

through t he post—closure peri od.

0 Exemption from detection monitorirg program (see
E.2) may be granted for facilities with double

liners and lesk detection systems between the

liners. Liners mwt be repaired or replaced if a

failure is detected.

specified. O Disposal facility shall k | ocat ed in ek v No requi rements
for the dispsal of PCBs at t O mderate relfef, F| 00 plains, shorelands, and established.
concentrations of 50 pm and ter areas net be avoided, and there

above.

shal | not be a hydracoonection between the
facility and surface water.

0 Diversion dike are required to divert surface
water nmoff.

(Continued next page)

constituents entero Sitirg requirements are limited t0 floodplain aibtablish cover o
tion and Recovery posal Of hazardaus westes (a@3 the gromxkster mst not  selsmic
defined by RCRA). Require-exceed backgramd levels,
ments do not apply t 0 faciliModmm Contaminant Level s folection and
tiee (or
ties) t hat
prior to the effective datewWater Regulations (if
the RCRA regulations (Jan, 2than background), or

resists ercsion 00 All

Post-closure

that minimdzes lieare period la 30
the All landfills must hae a liner and leachate oquid  migration, yearn (nlees per
remval system. Design and operstirrequires minimaliod | s reduced or
in the facility pemaintenance, pro- extended by regu-

latory  authority).
desfgn and

acccmmoperating,

react i vedates settling amonitorirg, and
Percover requirements

should net be met

be less thsn or

0 Exemption from liner and leachate collection equlto lner or closure

through  post—
period.
0 Leachate col -
lection system
mst be operated
until leachate is
no longer
detected.

Surface water

anal ysi s reports
(see monitoring
requirements,

app. E. 2)
operating records
rel et be retained
for at least 20
years.



Pos t-Clos ure

Statutory Def i nit ion Perf ormance Design and Operating Cosure Care
Sour ce Aut hority of Source Cbject ive /Criteria Requi rement s Requirenent a  Requi rements
Landfills - Taxic Substances 0 Bottom of lamdfill |iner or soils mst be 50 feet
Hazardous Waste Control Act - fran historical high water table.
(Continued) Section 6 0 Landfill mst be underlain by soils or synthetic
ﬁ(ﬁtmg) m?ﬂ vith permeablity equal to or less than
0 Led-late collection gystem mst be installed.
0 Site mst be operated and maintained in 3 memer tO
prevent safety problems or hazardous conditions re-
sulting from Spilled liquids and windblown material.
0 Bulk |iquids exceeding 500 ppm may be disposed of
provided such wrote la pretreated and/or stabilized.
0 A waiver fram any requirement may be approved by
the regulatory auttority if it can be demorstrated
that operation of the landfill will meet the perfor-
mnce St andar d.
Landfills - Resource Comser-  Sanitary landfills defined @8 For underground drirking water 0 Design and operating requirements are net No requirements No requirements
Sand tary vation and facilities which pose no sources, background levels or  specified. established. established.
Recovery Act - reasonable potability of National | nteri m Primary 0 In aldition t0 gromdwater performance criteria,
Sutcitle D adverse effects on health or  Drinking Mt er Regulations (if performence criteria are established for floodpl ain,
(40 e 257) the ewiroment fram disposal higher than background) et surface water, application to land used for food-chain
of solid waste (SS defined by nOt be exceeded beyond the crops, disease, air, and safety.
RCRA). application baundary or an
alternative boundary esta—
blished on a site~specific
besis.
Open Dumps Resource Corser—  Open dumps defined as Sae a8 objective for sanitary Open dumps must be clmsed or upgraded to net the cri- No requirments No requi rements
(including vation and facilities which & not meet  landfills under Subtitle D of teria established for sanitary landfills under established. established.
I1l1egal dmping) - Recovery Act - the criteria for sanitary RCRA. Subtitle D of RCRA.
Waste Subtitle D (40 CFR landfills under RCRA.

257)
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Post - O osure

Statutory Definition Per f or mance Design and Operating Closure Care
Sour ce Aut hority of Source ojective/Criteria Requi rement s Requi rement s Requi rement s
Residential Federal Inseti~ Burial of small quantities of Show due regard for protection 0 Requirements are nat specified. No requirements No requi rements
Disposal cide, Fungicide, pesticide containers in open Of surface and subsurface 0 Containers shauld be rimsed prior to disposal. est abl i shed. established.
and Rodenticide  fields (containers which held water. (Rirse water and pestici de residues should be added to
Act ~ Section 19  organic or metallo-organic spray mixtures jn the field or incinerated, disposed
(40 CRR 165) pesticides except organic of In specially designated landfills, or chemically
organi ¢ mercury, Lead, deactivated. Other disposal methods such as soil
cadmium, OF arsenic injection or chemcal degradation should be undertaken
campounds ) .8 with EPA gui dance).
0 State and Federal pol | ution control standards
shoul d not be violated,
Surface Resource Comser-  Surface nts used for Sae as objective for hmar o Siting requirements are [iMited to floodplaine and o For storsge or Same as require
Impoundments ~ vation and the treatnent, storage, or daus weste landfills under seismc¢ conditions. treatment impound- ments for hazar
Hazardous Waste Recovery Act - disposal of hmzardaus waste RCRA. 0 All swurface impoundments must have a liner. Design ments: wastes and dous waste land-

Subtitle C (40 CFR
264)

(ss defined by RCRA). Re-
quirerents do not apply tO
facilities (or portions of
facilities) that received
waste prior to the effective
date o the RGRA regul ation
(Jan. 26, 1983).

and operating specifications are established in the residue must be
facility peomit. removed and sent
0 All swuface fmpoundments must be designed and to a permitted
operated to prevent overtopping and mst have dikes to facility, am
prevent massive failure. equipment must be
0 Special contirgency plain to aldress lesks or decontam nated.
spills mst be prepared (including provisions for 0 For disposal
immediate shut-down and emptying of the impoundment). { dments:

fills.

0 Special requirelents apply to ignitable, reactive elimnate free
or incompatible wast e. l'iquids and/or
o Exemptions from certain design and monitoring solidify westes

requirements are the same as those fOr hazardaus waste and residues, and

landfills. stabilize remaim
irg waste tO
support COVer.
0 Cover require-
ments are the same
as those for
hazardaus weste
landfills.
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Post - O osure

Statutory Definition Per f or mance Design and Operating Cosure Care
Source Authority of Source ojective/Criteria Requi rement s Requi rement s Requi rement s
surface Surface Mining Impoundments defined as all Gramndwater quality shal|l be 0 All impoundments must meet requirements fOr stabil- 0 Temporary im o A hydrologic
Impoundments — Control and wat er, sediment, slurry, or motected by ha-riling earth ity, prevention of overtopping and provision of spill poundrents mst be reclanmation plan
NomHazardous Reclamation Act other liquid Or semi-liquid mterials and runof f in a mar ways, and protection agaimst surface ersion. Instal- remved and re~ mst be submitted
Vst e (30 c¥FR 816 and tolding structuwres and depres— ner that minimizes acidic, lation of a liner is not a mandatory requirement but c m. with a permit ap-

817)

sions, either natural ly formed
or artifically built. Struc-
tures my be temporary or
permenent. Applies to all
surface and underground coal

mining operations.

taxic, or other harnful

and by managing excavatiors
and ocher disturbtences toO

prevent or control

charge of pollutants into the

groundwater.

the dis~

infil- may be required by the regulatory auttority on a site- 0 pe rmanent im-
tration t 0 gromdwater systems specific besis t0 meet the performance standard.

l;l)]ldmnts mst

0 Pemmanert impoundments must not result in the dimi- weet al | design
nution of the quality of water urilized by adjacent or and operating re-

surrainding lamdowners for agricultural, imdustrial,
recreational Or domestic use. The quality of water in mintained proper-

quirements, be

the impoundment must be suitable on a permanent btasis |y, weet the re-

for its imended use, and after reclamtion,

all

applicable State amd Federal stardards.

mist neet quirements of the

reclamation plan
and the require-
ments of the
groundwater moni—
torirg pl an.

plication which
specifics the mea
surea to be taen
during the wining
amd reclamation
operations t0 pro~
tect gramdwater
(omrsite and off—
site) fram adverse
effects (e.gy acid
or toxic draim
SUB) .

0 A performance
bond mst be filed
covering the &ra-
tion of mining and
reclamation acti—
vities.

0 Monitoring must
be continued until
bond release.
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Pos t-Closure

Statutory Def inf tion Per f or mance Design and Operating O osure Care
Sour ce Aut hority of Source Cbj ect ive/Criteria Requi rement s Requi rement s Requi rement s
Surface Federal Land
Impoundments - Policy and Menage~
Noo-Hazardous ment Act?
wast e (Continued) = Mineral Lessirg Impoundnents ueed for the Take alequate measures to 0 A minirg pl an must be sumitted to the regulatory 0 No specific 0 No specific
Act of 1920and  treatment or control of runcff avoid, minimize, or correct  aithority which includes a description Of messures tO requirements, requi renents.

Materials ACt of and drainsge durirg mining qp- damege to the enviroment and

1947 (43 CR
23). Covers minm
erals such as
coal, phosphate,
asphalt, sodium,
potassium, sem,
stooe, gravel and

clay.

= U S Mning Las Not erplicitly mentioned in
the regulations. However,

(43 G 3800).

erations on Federal |ands.

to pablic health and safety
whi | e encouragirg develcpment
of mineral resouces.

Prevent wnnecesary O/ undue
degradation Of Federal | ands

Cover locatable impoundments ar e considered which may result from minirg
mining operations. operations.

mnerals swch Se  part of
Applies only t0 Federal lands.

gol d, silver,
| ead, iron and

copper.

be tden to prevent Or control groundwater pollution. 0 Minirg plan
0 Operations may be prohibdted or restricted in arose mst include pro-
if 1t i s detemmined by the regulatory authority that  visioms for re-
be lowered below State standards or clamtion of die-
levels set by the Department of Interior (unless it |a turbed areas.

water quality will

found that the lowering of water quality 18 necessary

to econamc and soclal develapment and Wi l| mnot pre-

clude any assigned user of the water; EPA mst be com
sulted t 0 emsure that the Clean Water Act woul d net be

Violated).

O A plan o operations must be submitted CO the regr O No specific
latory authority which includes a description of mea~ requirenents.
sures t 0 be tsken to neet the perfomance standard.

0 Plan of @ra-
tions must include
provigions for re-
clamation of die-
turbed areas.

0 Perfomance
bond mmst be filed
in en amount suf-
ficlent to satisfy
the reclamation
requirementsof an
approved mining
plan (at least
$2000) .

0 No specific
requirements.

0 Performance
bond must be filed
in an amount besed
on the estimated
cost of reasonable
stabilization and
reclamation of
disturbed areas.
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Post - O osure

Statutory Def 4nit |on Per f or mance Design and Operating Cosure Care
Sour ce Aut hority of Source (bj ect ive/Criteria Requi renment s Requi rement s Requi renment s
surf & Federal Land
Impoundments = Policy end
NorrHazardous Mansgement Act
Waste (Continued) (continued)
- Geothermal Pits andsumps used t0 retain Groundwaters muwst not be Sources must be lined with impervious material. 0 No requirements

Waste Tailings

Stream Act (30 GR
270 ard HM Opera-
tional Order No.4)

Federal Land
Policy and Manage
ment Au

- Mineral Leasirg
Au of 1920 and
Materials Au of
1947 (43 (R 23)

- Us. Mining Las
(43 R 3800)

au wmaterials and fluilds as

necessary t{ O drilling produc-

tion or other operations on

Federal lands.

Not explicitly mentioned i n

the regul ations. Howewer,
they are part of minirg op~

eratiors. Applies only to
Federal | ards.

contaminated (specifies
campliance with all Federal
and State water quality
standards).

Same as objective for nomr
hazardaus waste surface

impoundments under these laws.

Not explictitly defined in the Sae as objective for nor

regulations, tut disposal

part of a mining operation.

Same as requirements for nomrhazardaus wast e surface
impoundments under these laws.

Same a6 requirements for nomhazardous waste surface

of hazardous weste surface imr impoundments under t hese laws.
waste tailings is mentioned a8 poundments under these laws.

0 Impoundments
mst ke filled,
covered, and re-
turned to a near
natural state.

o Impoundments
mst be purged of
enviromentally
harmful chendcals
and precipitates
before backfil~
ling.

established.
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Sour ce

Statutory
Aut hority

Def 1nit ion
of Source

Per f or mance
bj ect ive/Criteria

Design and Operating
Requi rement s

Cosure
Requi rement s

Pos t=Clos ure
Care
Requi rement s

Wast e Tailirgs
(Continued)

Uranium M || Tail- Disposal areas covered by t he

ings Radiation
Control Act=
- Aaie S| teS
(40 cR 192)

regulations containing waste

tailings fram Urani um proces-
sing activities. Such areas

include the region within the
perimeter of an impoundment OF
pile.

Same a6 objective fOr hazard- Same as requirenents for hazardaus waste surface im

M weste surface impoundments poundments under RCRA except that the exemption from
under RCRA except that comr groundwater wonitoring requirements for double-lined

pm with the standard is
required at all points at a
greater di stance than 500 me-
ters from the edge of the dis—
posal area and/or outside the

site

facilities with leak detection systems does Not applys

0 with respect t
nomr-radiological
hazards, Site mst
be closed in a
manner that:

- mninizes t he
need for further
maintenance; and
- controls, mni-
mzes, or elimi-
nates, t0 the ex-
tent necessary to
prevent threats to
bumn health and
the erviromment,
pastclosure €S-
cape o hazardous
waste, hazardous
waste corstinr

fall, or wote de-
camposition pro-
ducts to the

graand O surface
waters Of tO the
atmosphere.

0 Wth respect to
radiolggical
hazards, site mst
be designed to te
effective for 1000

0 See closure
requirmerts.

0 No specific
requirements
established by
EPA. NRC may re—
quire long term
surveillance of
the Site as part
of the lcense re-
quirement.
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Sour ce

Stat utory
Aut hority

Definition
of Source

Per f or mance
ojective/Criteria

Design and Operating
Requi rement s

Cosure
Requi rement s

Pos t-Cosure
Care
Requi rement s

Waste Tailings
(Continued)

Waste Piles -
Hazardous Waste

Urandum M| Tail-
ings Radiation
Control Act®
-Active Sites
40 CRR 192)
(Continued)

Resource Corser-
vation and
Recovery Act -
Subtitle C

(40 CFR 264)

waste piles used for the
treatment or Storage of as taste landfills under
hazardus wastes (as de fined RCRA.

by RCRA). Requirements do not

apply to facilities (or por

tions of facilities) that re

ceived waste prior to the ef-

fective date of the RCRA regr

latiors (Jan. 26, 1983).

Same as objective for hzard

0 Siting requirements are limited to floodplain and
seismic conditions.

0 All waste piles must have a liner and leachate col -
| ection and removal system. Desi gn and operating spe-
cifications are established i n the facility permit.

0 Rumon controls and noff mnagement systems must
be irstalled.

0 Wrd dispersal of particulates must be controlled.
0 Special requirements apply to ignitable, reactive
or incampatible wast es.

0 Exenption fron liner and leachate col | ection system
requirements msy be granted if:

- the waste pile i s located irside Or under a struc
ture that provides protection from precipitation to
prevent unof f generation of leachate; and

- the location and al ternative design and operating
provisions prevent mgration o hazardaus comsti-
tuents.

0 Exemption fram all graindwater monitoring require-
ments (see app. E.2) may be granted if the regulatory
authority finds there i S no potential for migration of
liquid from the facility to the uppermst aquifer
through the post-closure pried.

years, t0 the ex
tent reasonably
achievable, and,
in any case, for
at |east 200 years
(limts for atmo-
spheric releases
are al so speci-
fied),

\Mistea, waste
resi dues, contami-
nated structures
and equipment, and
contaminated sub-
soi |'s mst be re-
mwved and Sent to
permitted fa-
cility.

If all contam~
nated subsoils are
not removed, the
post~closure
requirements for
hazardous waste
landfills apply.
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Poet - O osure

Statutory Definition Per f or mance Design and Operating Cosure Care
Sour ce Aut hority of Source Objective/Criteria Requi rement s Requi rements  Requirenents
Resource Conser- 0 Exemption fran detection monitorirg program (see
Weste Piles - vation and app. E.2) nay be granted for:
Hazardaus Waste Recovery Act - - facilities with dauble liners and lesk detection
(Continued) Subtitle C systems between t he liners (liners must be repaired or
(40 CFR 264) replaced if a failure is detected);
(Continued) - facilities | ocated inside Or under a structure t hat
provides protection fram precipitation to prevent rumr
off generation of leachate; and
- facilities with sirgle liners and leachate collec-
tion systems | ocated above the seasonal high inter
table (a liner imspection system mist al SO be imple-
mented).
Waste Piles - surface Minirg Refuse piles containing coal  Gramdwater quality shall be 0 Al waste nat be placed in disposal aress certi~ o Disposal area Same as require-
NorHazardous Control and mne weste (includes coal pro~ protected by handling earth fied by registered professional e?!.nearandap— mBt be graded and ments for noor
Waste Reclamation Act cessirg waste and undergrand materials and mndff in a mamr proved by the regulatory authority.’ Waste must be covered. hazardous waste
(30 CPR 816 and developrent waste).® Applies  ner thst minimizes acidic, controlled t0: minimize adverse ef fects of leachate o No permanent surface fmpound~

817) to all surface and undergraund
coal mining operations except
those on Federal lands (leased
coal).

taxic, Or other hamful infil- and surface water nmoff On surface and gramdwater

tration t0 groundwater systems ensure mess stability and prevent msss movement; em

and by mensgirg excavations swre that the final disposal facility is suitable for

and other disturbances t 0 pre~ reclamation; net create a public hazard; and prevent

vent Or control the discharge cambustion,

of pollutants into the gromd o |f dispsal area contairs springs, natural or wan

water, made i nter courses, Or wet weather Seeps, design mst
inchude diversions and underdraine as necessary to
ocontrol ercsion, prevent water infiltration, and
emsure Stability.

8 0ld 98y

eNoe b

B We} 0D Woi{ © EMp 019



Post - O osure

Statutory Definition Per f or mance Design and Cperating Cosure Care
Sour ce Aut hority of Source hjective/Criteria Requi rement s Requi r ement Requi rement s
Waste Piles - Pederal Land
NorrHazardous Policy and Man—
Waste agement Act
- Mineral leasing Not explicitly mentioned in Same as objective for nom Same as requirements f Or norhazardous waste swface Same a8 requires  Same as require-
Act of 1920 and the regulations. However, hazardous wmste surface impoundrents under these laws. gents for nom ments for nomr
Materials Act of they are considered part of impoundments under these laws. hazardous waste hazardous waste
1947 mining operatioms. Applies surface impound~ surface impound—
(43 CR 23) only to Federal |ards. ments under these ments under these
las. 1o«
- U.S. Mining Laws Mot explicitly deffned in the Same as objective for nor Same as requirements for norhazardous waste surface  Same as require-  Same as require-
(43 CFR 3800) regulations, but wmste piles hazardous waste surface impoundrents under t hese laws. ments for nom ments for nom—
are mentionad as part dP a impoundments under these laws. hazardous waste hazardous waste
mining operation. surface impound- surface impound-
ments under these ments under these
1aws. las.
Materials Pederal Insecti~ Storsge of packages and Provide for the safe storge 0 No mendatory requirenents are established. No requirements No requi rements
Stodqpiles cide, Pugicide, containers of pesticides. of pesticides. o Storage sites should DE located: established. established.
and Rodenticide - where flooding i S wlikely and where soil

Act (40 CFR 165)

texture/structure and hydrogeologic characteristics
Will prevent contamination of any water system by
runoff Or percolation; and

- With due regard to the amunt, toxicity, and
enviromental hazard of pesticides, and tNE nmber and
sizes of containers.

0 Draingge fram the Site stould k contained (e.g.
rndff or washaater from the decontamination of
persomel and equipment) ard i f contaminated, disposed
of in accordnce with regulations (sSee Residential
Disposal under FIFRA above).

O Pesticides should be labeled and segregated by
formulation as appropriate.

0 State and Federal pollution control
should nat he violated.

standards

/8 e UOIJBUIWEIUOD 18]RMPUNOIE) JUBABIY Of SLIOjT [eiepef—iH ‘ddy




Sour ce

statutory
Aut hority

Definition
of Source

Performance
hjective/Criteria

Design and Operating
Requirements

Cosure
Requi rement s

Post - O osure
Care
Requi rement s

Graveyards

Animal Buri al

Aboveground
Storage Tarks ~
Hazardous Waste

Above- ground
Storage Tarks —
NomrWaste

Resource Corser-
vation and
Recovery Act -
Subtitle C

(40 CFR 264)

Toxic Substances
Control Act (40
(FR 761)

O eanWaterAct -
Section 311
(40 cm 112)

Abovegraind tarks used f or the Prevent spills or ledage.
treatment or Storage of hazar-

daus wastes (Ss defined by

RCRA).

See TSCA requirenents, belaw,
for hazardas waste
cont ai ners.

Onshore facilities with above Prevent discharged oil fran
grand capacities equal to or  reaching a navigable wter
greater than 1,320 gallos of caursel

oil (or single tarks with

capadtiesgqreater than 660

gallons).

0 Tark shell mst have sufficlent strength tO prevert

rupture or collapse. Design specifications are

established in the facility pemit for the tak shell

and for the foundation, structural
pressure controls of tark,

support, seas and

0 Tank or liner mist be cowpatible With wastes.
0 Controls to prevent overfilling mst be used.

0 Special requiremnts are established for ignitable,

reactive, and incompatible wast ea.

0 No specific requirements are established.

0 A 3pill Prevention Control and Contermeasure
(SPCC) Plan oust be sumitted to the regulatory ar
thority. The pl an mst disass provisions for the
campatibility of the tark With stored material,
contaioment of spills, installation of engineering
devices that provide warnirgs of tark failures, and

other saf eguards.

leakage due t0 defective intermal

heating C0ilS should be controlled. Portable or
mbile tarks should be | ocated to prevent discharge

into navigable waters.

Wastes and waste
residues mst be
removed and sent
to a permtted
facility.

No requirements
established.

No requirements
established.

No requirements
established,
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Pos t-C 10s ure

Statutory Definition Per f or mance Design and Operating Cosure Care
Sour ce Aut hority of Source Ghject ive /Criteria Req uil rements Req ui rements Requi rement s

Abovegr aund Hazardous Liquld  Storage of hazardous |iquids — Contain hazardous |iquids in  Tark area must be adequately protected against NO requirements No requi rements
Storage Tanks - Pipeline Safety (as defined by HLPSA) inciden— the ewent of a Spill oOr leak. unauttorized entry and relief venting mist k provided established. established.
Nomr¥aste Act (49 CRR 195) tal t0 their movement by pipe- for eah tark.
(Conrinued) line in or affecing inter-

state or foreign comerce.

Regulations explicitly define

aboveground “breakout tarks”

which are used to relieve

surges i N a hazardaus |iquid

pipeline system or to receive

ard store hazardous liquid

transported by a pipeline.

Requirements do net apply to

Federal facilities.®
Unde rground Resource Comer  Covered underground tanks used Regulations have not teen Regulations have ot been pramilgated. Regulatiors have  Regulations have
Storage Tarks — vation and for the treatment Or storage  pramlgated. not ken not ken
Hazardous Waste Recovery Act of hazardous waste as defined pranulgated. promlgated.

Suteitle C by RCRA.
(40 CFR 264)

Underground - - —_— - -
Storage Tarks -
NorrHazardaus
wast e
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Post - O osure

Statutory Definition Per f or mance Design and Operating O osure Care
Sour ce Aut hority of Source Objective/Criteria Requirements Requi rement s Requi rement s
Undergraund Clean Water Act - Omslore facilities with wder Prevent discharged oil from 0 No specific requirements are established. No requi rements No requirements
Storage Tanks - Section 311 ground storage capacities reaching a navigable water 0 A Spill Prevention Control and Countermsasure est abl i shed. established.
NomWaste 0 mn2 equal t0o Or greater than caurse. (SPCC) Plan Dust be submitted to the regul atory
42,000 gallons. authority, The pl an mmst disaws provisions for the
compatitdlity of the tark with stored material,
protection fram corrceion by coatings, cathodic pro-
tection Or other effective methods compatible with lo-
| A soil conditions, and t he installation of engi-
neerirg devices that provide warmirgs of tark fafl-
ures, and Otter safeguards., Leakage due t 0 defective
internal heatirg coils should be controlled.
Containers - Resource Comser-  Containers used for the Prevent spills or ledkage. 0 Container or limer nat be compatible with wastes. o Wastes and No requirements
Hazardous Waste vation and storage of hazardous westes 0 Storsge area for containers mst have an impervious waste residues est abl i shed.
Recovery Act - (ss defined ty RCRA). base, controls and collection system fOr the control  must be removed

Subtitle C (40 CFR
264)

and removal of liquids, spills, and ruron (unless and sent to a per
containers are elevated Or protected from contact With mitted facility.
liquid). spill containment system is not required if O Containers, li-

containers do not contain |iquids. ners, bases and
0 speci al requirements are established for ignitable, soi| contaminated
reactive, and incawpatible wastes. Wth waste must be

decontaminated or
removed.
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Source

Statutory
Aut hority

Definition
of Source

Per f or mance
ojective/Criteria

Design and Operating
Requi rement s

Cosure
Requi rement s

Post - O osure
Care
Requi rement s

Hazardous Weste
(Contirued)

Containers -
Non- Vst e

Open Burning and
Detonation Sites

Toxi C Substances  Containers used to store PCBs Not specified.

Control Act -
Section 6 (40 CFR
761)

Federal Insecti~
cide, Fungicide
and Rodenticide
Act (40 CFR 165)

at concentrations of 50 ppm
and above.

Pesticide containers

See objective for Mater-|ab
Stockpi | es under FIFRA

Resource Comser~ Open turning and detonation of Regulations have not been

vation and
Recovery Act -
Subtitle c (40 GR
264)

waste explosi:

promulgated.

0 Storage facilities for containers may net be
located belaw the 100-year f| ood water elevation.

0 Storage facilities must provide adequate roofing,
walls, floors ANC0 arbing { O prevent raimmter fram
r*@catainem and 1O contain ary sptlls OF
leaks

0 Temoray storgge in af e?s that do net ueet tse
requi rements myn%ee allowd fOr Certaln contaiers.
O Containers must meet specified DOT regulations for
shipping containers.

O Containers above Q specified size OUST meet SPCC
requirements under Section 311 of the O ean Wter Act
and specified OSHA standards.

No requirements
established.

See requlrements for Materials Stockpiles under FIFRA., See requirements

- - have not been promlgated.

for Materials
Stodkpiles under
FIFRA.

Regulations have
not been
promlgated.

NO requirements
est abl i shed.

see requirements

for Materials
Stockpdles under
FIFRA.

Regulations have
not been

pramlgated.
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Sour ce

Statutory
Aut hority

Definition
of Source

Per f or mance

hjective/Criteria

Design and Operating
Requi rement s

Cosure

Requi rement s

Post - O osure
Care
Requi rement s

Open Burning and
Detonation Sites
(Continued)

Radiocactive
Disposal Sites

Federal Insecti-
cide, Fungicide,
and Rodenticide
Act (40 CFR 165)

Atamic - Act
(40 CcFR 191)

Open turnirg of small quanti-
ties of comustible pesticide
containers which hold organic
or metalloorganic pesticides
(except omganic merairy, lead,
cadmium, OF arsenic

canpounds ) .

Geologic repositories for
high-lewel radioactive
wastes,

Same as standard for

residen

tial disposal (burial) under

FIFRA.

Disposal systems must be de—

signed to provide a reasonable

expectation that for 10,000

years after

disposal, reasomr

ably foreseeabl e releases of
waste into the accessible er

viroment are projected to be

| ess than specified amunts
(very wnlikely releases are
projected to be less than ten
tires specified amounts).

Sam as requirements for
under FIFRA.

residential

disposal (burial)

0 Disposal systems must net be located where there
has been mining for resources or where there is a
reasonsble expectation of exploration in the future.

o Disposal

systems mst be selected and designed to

keep releases as small as reasonably achievable (tae—
ing technical, social and economic comsiderations i nto
acount) and SO that remval of mst wastes 1is not

precluded for a reasonable pried of time after dis-

pal .
0 Disposal system must use several

types of barriers

(engineered and natural) to isolate wastes.

Same as require- Same as reguire-

ments fOr resider ments for

tial disposal
(b-u-id) under
FIFRA.

sites mst be
identified by
markers and re~
cords.

resi den-
tial disposal
(burial) under
FIFRA.

Di sposal systems
mst not rely on
active imstitr
tional controls
(e.g. controlling
or ocontaining r-
leases, maintem
Snce operations,
Oor remedial ac
tions) to isolate
wastes beyond a
reasonable time
period (e.g. a few
hundred years) a&
ter disposal.
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App. H—Federal Efforts To Prevent Groundwater Contamination
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*afarmer disposing of pesticides from his own use, Which are hazardous wastes, is exenpt from RCRA requirenments, provided each enptied pesticide con-
tainer is triple rinsed in accordance with EPA regul ations and pesticide residues are disposed of on his own farmin a manner consistent with the dis-'
posal instructions on the pesticide |abel (40 CFR 262.51).

The Federal Land Policy and Management Act (FLPMA) of 1976 (P.L. 94-579) requires that public lands be managed in a memner that will protect the quality of envirommental values. In addition,
there are a nmber of laws regulatirg certain minirg activities on Federal lards. The minirg regulations are authorized by both the FLPMA and the specific mining laws and are thus presented
together in this table. Note that regulations for the Geothermal Steam Act were redesignated, with minor revisions, as 43 CFR 3260 on Sept. 30, 1983.

The requirements resented in this tsble are the Nealth ard £rwiromental Protection Standards pramilgated by EPA. The NRC also has pramilgated licensing requirements for uranium mdll
tailings (see 10 CFR 30, 40, 70, and 150).

Concentration limts for combined radium?2 and ratumr228 (5 PC/liter) and gress alphaparticle activity (15 PC/liter excludirg radon and uranium) are aided t 0 the standard.

€ Coal processing waste means earth materials which are separated and Wned from the product coal during clesning, concentrating, Or other processing or preparation of coal. Underground
development WAST € means waste-rock mixtures of cal , shale, claystone, siltstone, sandstone, limestone, Of related materials that are excavated, moved, and di sposed of fran undergraund
workings in connection with underground mining activities (30 CRR 701 .5).

"Coal mine waste may be disposed of in undergramd mine workirgs i f approved by the regulatory authority and the Mine Safety and Health Administration.

& Facilities jinclude those engaged in drillirg, producing, gathering, storing, processing, refining, tramsferring, distributing, Or consuming oil and ofl p’dicta. 0il is defined as oil of any
kind Or in ary fore, includirg tut net limited t 0 petrolem, fwel 0il, sludge, 0i| refuse, and 0i | mxed With wastes other than dredged spoil,

P e provisions of Section 311 of the Cean Water Act are directed towmrds surface water, However, the design and operating requf rements seine to protect against the discharge of oil that may
also impact groundwater.

1 wszardous liquids include petroleum, petroleum products, and arhydrais amonia.

J waste explosives include waste which has the potential to detonate and hulk military propellants which camnct safely he disposed of throsgh other modes of treatment. Regulstions for pemmdtted
facilities have not been promulgated. |nterim status regulations for open burming and detonation establish minimm distance requiremente for such activities from the property of others (See
40 CR 265).

i i wi
K e requirenents rresentet iN this table are the heslth & el L ctamdards propsed by EPA (see 47 FR 58196, Dec. 29, 1982). NRC has al SO published proposed regulations
for geologic repositories. (See 46 FR 35280, July 8, 1981.)

1 e repuirements in this table sre the NRC licensirg requirements, FPA has net promilgated health and envi rommental protection standards.
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H.3 DESIGN AND OPERATING PROVISIONS FOR
CATEGORY |1l SOURCES

Post - Cl osure

St atut ory Def init ion Per f or mance Design and Operating Cl osure Care
Sour ce Aut hority of Source Obj ect 1ive/Criteria Requi renent s Requi renent a Requirenents
Pipelines - Hazardous Li qui d pipelines used to transport To prevent leskage of 0 Pipelines mst be chemically campatible with thhlo requirements NO requirements
Hazardous pi pel i ne Safety hazardous |iquids (includes hazardous liquids. hazardous | i qui ds. established. established.
Materials Act (49 CRR 195) petraleum, petrol eum products
and  anhydrouammnia). 0 Design requiresercover corsiderations of
temperature, pressure (imernal md €Xfernal to
pipeline), walves and other appurtenances connected
o d pipe, and pumping wits (and fabricated
assemblies).
0 New pipelines must be comstructed of steel.
0 Pipelines mst be procected agaimst corrosion.
0 safety devices and spill Or lesk contaimment
systems ar € required.
Pipelines - — _ -
NorrHazardous
Wast e
Materials Hazardous Mat~ The tramsportation of To protect against theRegulations gspecify ul rementregarding the No requirements NO requirements
Trare port erials Trans— hazardous material s and risks to life and preparation Of materials for tramsport (e.g., established. established,
Transfer portation Act hazardous waste (as defined by property which are  packaging and container specifications); handling and
Operations - (49 CPR 171) BMIA) by rail car, aircraft, icherent in the loading; and labeling.
Hazardous vessel and notor vehicles uweedtransportation of

Materials and
Waste

in interstate and foreign hazardous materials in
commerce (and rotor vehicles commerce.

used tO tramsport hazardous

waste | n intrastatcommerce).

Sane: O f 1ce of Technology Assessment.




H.4 DESIGN AND OPERATING PROVISIONS FOR
CATEGORY IV SOURCES

Post - Cl osure

Statutory Def init ion Per f or mance Design and Qperating Cl osure Care
Sour ce Aut hority of Source Objective/Criteria Requi renent s Requi rements Requirenents
Irrigation C eanVat er Act  -Return flows fram irrigateAchieve established water O No specific requirements are established. No requirements No requirements
Practices Section 208 agriculture. quality goals othe act. 0 Statea are required tO submt water qual ity mmnage- establishestablished.
(40 CFR 35é ment pl ai n which must describe the regul atory and nom
Subpart G) regulatory act 1ivities and Best Mantggheactices
(BMPs) gelected to meetomrpoint source control
needa.
O BMPs are methods, measuwres, Or practices to prevent
or reduce water pollution (they include bt are not
limited to structural am nonstructural controls, ard
operation and nmai nt enamrocedures). BMPs can be
appl i ed before, during, amd after pollutiorproducing
activities t 0 reduce Or elinminate the introduction of
pollutants into receiving waters. Economic, insti-
tutional, and technical factors mmst be considered.
Pesticide Clean Water Act - Agriculturally related norSame aa standaflor irri-  Same as requirements for irrigation practices wSae as require Smea [E€QUITE
Applications Section 208 point sources of pollution. gation practicemder G#. OHA. ments for irriga- ments for {rriga-
(40 CRR 35, tion practices tion practices
Subpart G) under CWA. under (WA,
Federal Insecti~ Application of certain Prevent unrenable adwerse 0 NO specific requirements. No requirements No requirements
cide, Rngicide, pesticides whi ch may case effects on the emironment.0 A pesticide can be classified for “restricted use.”’ establisheestablished.
and Rodenticide unreasonable adverse effects (Restricted use Classification= require that
Act - Section 3 on the environrent. pesticides be applied by certified applicators.
(40 cFr 162) Restricted use is not explicitly defined to include
geographic restrictions. )
Fertilizer Clean Wter Act - Agriculturally rel ated nonSame aa requirements for irri~ Same as requirements for irrigation practicSamende? require- Same as require-
Applicatiors Section 208 point sources of Dilution. gation practices wunder WA. GWA. rents for irriga-ments for irriga
(40 crr 35, tion practices tion practices

Subpart G under ( X4. under CWA.




App. H—Federal Efforts To Prevent Groundwater Contamination ® 497

WO I3pun

8307 e1d UOT]
~e31137 103 SIU=Aw
-2ambsa se awmes

*¥MO 13pun
saopIead uof3
~E3[aIT 103 SIUSm
21mbs1 se ames

‘WO 13pun
sady0ead UOT]
—eB1aaT 203 Ssuw
[ambea se ameg

VMO 23pun
soor30ead uoy3
-e8y1aT 103 suan
-21mbex se ameg

W™D *¥MD 18pun saoypexd uorId
19pun seorIoead uOFIESMIIT 10J sUABIPbel SB WBS -JlIT 10 SUNBIMILI se ks

MO *VMO aspun saorpex uoried

*SOU puroaiapun
pUB 30BIINS pIUOPUEE
pue ‘eArPE ‘MU unaj

330Una 3upaTOUT UoFIN Tod
JO SI0INOS PAIBRI-BUTH

awIsAs

(o \edqns ‘gg WD
0%) 807 UOTP3
- WY 183BM UBID

(9 Hedqng ‘GE WD
0Of) 80T UO¥I3G

Bupuyy asezang
- adeute1q
Uy pue BuTuTH

SIUBINT[04
opaayd sy
3O UOTIETO0I8g

Zapun s30T 30e1d uOYIEATLIT 10] sJuaBIPbel SB aeg -[IT 10§ sUaBIMbel se AwS jpum I21eMmOIS UBQI] - IOV I93BM UBSD JJouy ueqan
suopIeoTTddy
— - s3rEs upr-ag
WO Iapun “YMO J3pun (9 3aedqns
sa51308d uoTy sooread uora *3poIsantT ‘G€ WD O%)
~e87137 103 squam  -pBYaIT 103 Sjuam WM *yMD I3pun s30TPRX UOFIES 10 POSN PUBT WOIJ pUB SEATR 807 UoIIAG suoyaeaadg
2ambe1 se aes -aambea se ameg J9pun seo73oead uorleBLIay 10) sJuAWBIMbLI SB awe§ -[II] 1Q) SIJUABIMIEI Se es Tesods p axnuaw Wiy 3 Puny PV 1278 UBATD Tpedy Tewfuy
sjuauwalnbay sjuamaxfnbay sjuawdxnbay BT1931T1D/3A1303(q0 adanog jo L3Taoy3ny 3d>1nog
ai1e)d 3ansoT) 2 :3eaadp pue u8ysaqg adouBwWi10Ji13g uor3yuIIaqQ A1o3njeag

31N80T)~3S0(4




Pos t-Closure

Stat ut ory Def init ion Per f or mance Design and Qperating Cdosure Care
Sour ce Aut hority of Source Obj ect ive/Criteria Requi rement s Requirements  Requirenents
Minirg and Mine Federal Land
Drainage ~ Policy and
Surface Mining Management Actd
(Continued) - Mineral Leasing Mining of minerals such ag Take adequate measures to

Au of 1920 and coal, phosphate, asphalt,

Materials Act of godium, potasshum, sand,
1947 (43 aR 23)  stone, gravel and clay (on
Federal lands).

= U.S. Mining Laws Minirg of minerals such as
(43 @& 3800) ®ld, silver, | ead, iro and
copper (on Federal lands),

awid, minimize, Or correct
damage to the enviroment and
t0 public health and safety
while encouraging development

of mineral resources.

Prevent unnecessary Of
degradation Of Federal lands
whi ch may result from minirg

operations.

0 Mining pl an must be submitted to the regulatory

athority which includes . _ of measures

be tdken to prevemt Of control groundwater pollution.
0 Operations may be prchibdted or restricted | n areas

to

if it |a determined by the regulatory authority that

levels set by DOI (unless it |a fond that the

lowering of water quality is necessary to econamic and
social developrernt am ! will not preclude any assigned

water quality will be lowered below St ate standards or

uses of the water. EPA mst k comsulted to emsure

that the Clean \iter Act would not te violated. )

0 Plan of operations mst be submitted t 0 the regu—

latory athority which includes a description of meas—
ures t 0 be taken t 0 meet the performance stamiard.

0 No specific re
quirements.

0 Mining plan
mst include pro-
visions for re-
clamation of dis-
turbed aress.

o No specific re-

quirements.

0 Plan of opera
tions mst include
provisiors for re
clamtion of dis—
turbed aress.

0 No spedfic re-
quirements.

0 Performance
bond met be filed
in an amount suf—
fident to Satisfy
the reclamation
requirements of an
approved mining
plan (at lesst
$2000).

O No specific re-
quirements.

0 Performance
bord must be filed
in an amount based
on the estimted
cot of reasonsble
stabilization and
reclamation of
disturbed areas.
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Sour ce

Per f or mance
(bj ect ive /Cri teria

Def init ion
of Source

Statutory
Aut hority

Design and Operating
Requi rement s

Cosure
Requi rement s

Post - O osure
Care
Requi rement s

Mining and Mine
Drainage -
surface Minirg
(Continued)

Mining and Mine
Drai nage -
Underground
Mining

surface Minirg surfacenini.lg o cd. Cramdwster quality shal|l be o Regulatoty authorityis required M assess the

Control and protected by handling earth amulative hydrologic impacts Of the mining operation

Reclamation Au materials and runcff in a mam prior to pemit approval.

(30 ar 816) ner that minimizes acidic, O Pemmit application must contain a determination of
todic, Or other harmful infil- the probable hydrologic corsequences on the quality
tration to r systems and quantity of grand and surface water under
and by managing excavations seasonal flow conditions for the proposed permit and
and other disturbances t 0 pre~ adjacent areas.
vent Or control the discharge o Hydrologic reclamation plan mst be submitted Wth
of pollutants | nto the ground~ the permit application. It mst contain steps t O be
water. taken during mining and reclamation through bond re—

lease period t0: minimize disturbences t 0 the hydro-
logic talance Wthin the pernmit and adjacent areas;
prevent material damage outside the permit are& meet
Federal amd State water quality regulations; and prw
tect the rights of present users. Specific measures
to avoid acid or toxic draingge and to provide water
treatment facilities, as necessary must be included in
the plan.

Federal Land

Policy and

Manggement Act

- Mineral leasing Minirg of minerals such as Sawe s standard for surface  Same as requirements for surface minirg under these

AU G 1920 and coal, phosphate, asphalt, mining under these laws. laws.

Materials Act of  sodium, potassium, sand,

199 (43 CR 23)  stone, gravel and clay (oOn

Federal lands),

Campliance With
the hydrologic re-
clamation pl an.

Sae as require
ments foOr surface
minirg under these
laws.

o A hydrolegic
reclamation plan
mst be submiteed
with a permit ap~
plication which
specifies the mea—
sures to be taken
during mining and
reclamation opera—
tions tO protect

ter (Cﬂ‘
site and off-site)
from adverse ef -

fects (e.g. acid
or toxic drainr
age). A perfor-
mance bond mst be
f 1iled covering the
duration of mining
and reclamation
activities.

0 Monitorirg mst
be continued until
bond release.

Same as require-

ments for surface
mning under these
Laws .
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Per f or mance Design and Operating
hjective/Criteria Requi rement s

Pos t-Closure
C osure Care
Requi rement s Requi rement s

Statutory Definition
Sour ce Aut hority of Source
Mining and Mine - U.S. Minirg Laws Minirg of minerals such as
Drainage - (43 CFR 3800) gold, silver, lead, iron and
Undexgraund copper (on Federal lands).
Mining
(Contirued)
Surface Mining Undergramnd coal minirg®
Control and
Recl amation Act
(30 CR 816)

?mas regui rerents foﬁ su- Same dS requirements for suface minirg under these
aCe uning wder {NESE lae. las.

Same as standard f or swface Same as requirerents fOr suface mining under SMCRA,
mining under SMCRA.

Same as require Sare aS require-

rents for surface ments for surface
minirg under these mining under these
laws. W .

Same as require  Same as require
wents for surface rents for surface
mining under minirg under
SMCRA. STRA.

"40 CRR 35, Subpart G are the regulation for State grams for Wter Quality Plannrg, Management, and |nplenentation. Although the Clean Water Act |s directed at the protection of surface
waters, some States have chosen t 0 include groundwater quality programs in their water qual ity mnsgement plana. Such plans are required by the regulations to indicate recognition that

gramdwaters and surface water intermix,

°The Federal Land Policy and Mansgement Act (FLBMA) Act o 1976 (P.L. 94-579) requres that @ie lands he mansged in a reamer that will protect the quality of emwi rommental dues. In
addition, there are a mumber Of laws regulating certain mining activities on Federal lands, The mining regulations are authorized by both the FLPMA and the specific mining laws and are thus

presented together in this table.

€ Applies to surface effects of undergroud mining.

Saurce: Of fi ce of Technology Assesament,
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H.5 DESIGN AND OPERATING PROVISIONS FOR
CATEGORY V SOURCES

Pos t-C osure

St atut ory Definition Per f or mance Design and Qperating Cl osure Care
Sour ce Aut hority of Source Ghject ive /Crit eria Requi renment s Requi rements Requirenments

Production || S Federal Lard Pol- Wells used for the development Must net contaminate Ogréhddnecessary precautioms must be taen to keepwel |s mist be NOo  requirements
Geothermal and icCy and Management Of geothermal stem (on waters (compliance with al | wells under control, utilize trained and competeplugged and abem- est ablished.

Heat Recovery  Act - Geothemal Federal lands) Federal ad State water qual- personnel, utilize properly maintained eqdopedninasd manner
Steam Act (30 CFR ity  standards) materials, and USE operating practi ces which i nsappeoved by the
270 and BIM Opera- the safety and |ife and property. regulatory
tional Order 0o A plan of operation must be approved (prior toauthority.
No.4)? camencirg operations) by the regulatory authority

which describes the proposed measures t0 be taken for
the protection of the emviroment, includirg the
prevention or control of pollution of surface and
graundwater.

production Wells - — _—
Wat er  Supply

Q her wWells (nom — -—_ J—
waste) -
Monitoring wells

Q her wells (nomrFederal Land Expl oration wells used in Take alequate measwres t0 o Exploration plan must be filed with the regul atory no requiremits requirements
waste) - Policy and mining operations for mnerals avoid, minimize, Or COf lauthority including a description of masures to dsdablished. establ i shed.
Exploration WellMangement Act® such as cod, phosphate, danage to the emwiroment afdaken to0 prevent or control pollution of surface and

M neral Leasing asphalt, sodium, potassiumt,0 public health and safetygromndwater.

Act of 1920 and sand, stone, gravel, ard clay whiencoursging  development

Materials Act of (on Federal |ands). of mineral resources.

1949 (43 CcR 23)

Los




Post - O osure

Statutory Definition Per f or mance Design and Operating Cosure Care
Source Authority of Source Objective/Criteria Requi rement s Requi rement s Requi rement s
Construction Clean Water Act — Comstruction activity related Achieve established water o No specific requirements established. No requirements No requirements
Excavation Section 208 to sources of pollution. quality goals of the act. o States are required to submit water quality established, established.
{40 CFR 35) management plans which must describe the regulatory and
Subpart G) nofrregulatory activities and Best Management Practices
(DALY cnlacdnd sn s d ks o em e memteann]

{BPs) selectal to et norpoik source cONTol nE&ds.
(BMPs are methods, measures, or practices to prevent or
reduce water pollution. They include but are not limited
to structural and nomstructural controls, and operation
and mintenance procedures). BWPs can be applied before,
during, and after pollutiomproducing activities to
reduce or eliminate the introduction of pollutants into
receiving waters. Economic, imstitutional, and technical
factors must be considered.

“The Federal Land Policy and Mansgement Act (FLPMA) of 1976 (P.L. 94-579) requires that pblic lands be mansged in a reaner that will protect the quality of emwi rommental values. | n addition,
there are a nmber Of las regularing certaln mining activities on Federal lands, ‘|’ he mining regulations are authorized by both the FLPMA and the specific minimm laws and thus presented
together in this table. Note that regulations fOr the Geothemmal Steam Act were redesignated, with minor revisioms, as 43 CFR 3260 on Sept. 30, 1983.

b 40 @ 35, Subpart G are the rennorioes for State Grants for Water Quality Planmrng, Management,and Impl ementation. Although the Clean Water Act is directed at the protection of surface
waters, same Stalin have chosen to inchude graundwater qual ity pragrams in their water quality mansgement plain. such plars are required by the regulations to indicate recognition that
groundwaters and surface water intermix.

Source: Office of Technolegy Assesament.
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H.6 DESIGN AND OPERATING PROVISIONS FOR
CATEGORY VI SOURCES

Pos t-Cosure

Statutory Def f nit ion Per f or mance Design and Operating Cl osure Care
Sour ce Aut hority of Source Objective/Criteria Requi rement s Requi rement Requirements
Groumndwater — Clean Water Act — Intemxing Of gramdwater amAchieve established O No specific requirements established. No requrements No requirements
Surface Water Section 208 (40 surface water. water quality goalf o0 Statea are required to submit water quality established. established.
Interactions CRR 35, Subpart the act. mansgement plars which must indicate recognition that
6? grouxhaters and surface water intermix.

Natural leaching Reclamation Act Natural salt deposits No objective 0 No specific requrements established. No requirements MNo requirements

affecting underground water specified. 0 Reclanation Act ashorizes the Federal Governmestablished. established.

Salt—water

Cl ean Water Act —Salt=amter intrusion Into

Section 208 (40
CFR 35, subpart
c)?

Coastal Zone
Management Act

supplies.

Achieve  established

rivers, |akes, and estumrieswater quality goalef

resulting from reduction of the act.

freshwater flow from any

case, includirg goundwater

extraction.

Salt-water intrusion. Minimize the lmss of
property - by
sal twater intrusion.

to develop water supplies for damwmmicipal,
industrial, amd other purposes.

0 No specific requirdswmestablished . No requi rements
0 States are required to submit water qual ity mnegtablished.
ment plans which must describe the regulatory amd noo-

regulatory activities and Best MankgemPractices

(BMPs) selected t 9 meenNon-point source control

needs. (MPs are methods, measwes, Or practices to

prevent Or reduce water pollution. They include bhut

are not lmited tO structural and nomstructural

controls, amd operation anl mainterrocedures).

BMPs can be applied before, during, and after

pollutiomproducing activities to retuce or eliminate
the introduction of pollutants |into receiving
waters. Econamlc, institutional, and tecmnical

factors must be comsidered.

o No specific requirements.

o States may include mrovisions in their Coastal Zone
Management Plare to address salt-water intrusion as
appropriate.

No  requirements
established.

°40 CRR 35. Suboart G are the regulations for State grants for Water Oualitv Mapagement. and Implementation. Altloush tte Clean Water Act is
directed at the protection Of surface watsome States have chosen ‘'t 0 include groundwater qual ity programs in their watemmnagewnt pl ain.

Source:

Ofice of

Technology Assessment,

No  requirements
establ i shed.

No requirements
established.
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