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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's Groundwater From Contamination presents in detail the infor­
mation and data on which the analyses and conclusions of volume I 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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A.1 AN APPROACH 	TO ASSESSING THE HEALTH 
RISKS OF CHEMICALS IN GROUNDWATER 

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, alternatively, 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., NAS, 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 

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, i.e., 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., translation 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 ofinforma­
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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: 

• 	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. 

• 	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 al., 1982, cited in 
Harris, 1983); however, this study involved a rela­
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 ofleukemia 
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. 

• 	Difficulties 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 biological 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 
still 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 potential 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
quency 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 
a threshold concept, experimental data are used to estab­
lish a relationship between dose and carcinogenic risk 
known as the "unit risk," e.g., 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
ships1 (Environ Corp., 1983). 

'For example, human thresholds are probably lower than experimentally 
denved NOELs both because the human population is genetically more di­
ve~se and thus likely to have a broader range of susceptibilities than laboratory 
an1mals, and because the human population is exposed to a broad range of 
addltlOnal_environmental agents . Further, because only relatively small num­
bers ~f ammal~ can be used in carcinogenicity experiments, the experiments 
often mv?lve h1gh doses of agents; extrapolating the results to human exposures 
from environmental carcmogens thus involves prediction of low dose risk from 
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. 2 

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, principally 

'For example, in the risk assessments conducted by the Safe Drinking Water 
Committee of the Nauonal Research Council ( RC) , safe drinking water ex· 
posure limits were estimated on the basis of an arbitrary assumption that only 
20 percent of a person 's daily exposure tO a contaminant would come from 
the direct ingestion of water. (See also NAS, 1983a; RC , 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 Groundwater• 

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: 
• 	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. 
• 	 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. 

"The 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 scientists is 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
ess is risk 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 
is 	to: 

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. 3 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 

'Examples 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 synergistic 
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. 4 

•EPA has considered treating carcinogenic risk as additive, i.e., that the total 
carcinogenic risk is equal to the sum of the risk of each of the individual con­
taminants (Environ Corp., 1983). 



A.2 SUMMARY OF TOXIC EFFECTS OF ORGANIC AND INORGANIC 

CHEMICALS KNOWN TO OCCUR IN GROUNDWATERab 


CONTAMINANT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

A.1. AROMATIC HYDROCARBONS 

1. Acetanilide 

2. Alkyl benzene sulfonates X X X X 

3. Aniline X X X 

4. Anthracene X X X 

*5. Benzene X X X X X X X X X 

6. Benzidine X 

7. Benzyl alcohol X 

a. Butoxymethylbenzene 

9. Chrysene X 

10. Creosote Mixture 

11. Dibenz (a.h.) anthracene X 

12. Di-t-butyl-p-benzoquinone 

13. Dihydrotrimethylquinoline 

14. 4,4-Dinitrosodiphenylamine X 

*15. Ethylbenzene X X X X X X 

16. Fluoranthene 

17. Fluorene 

18. Fluorescein dye 

19. Isopropyl benzene 
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20 . Methylthiobenzothiazole 

21. 	 4,4-Methylene-bis-2-chloroaniline 
(MOCA) 

22. Naphthalene 
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CX>NTAMINANT 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

A.2. OXYGENATED HYDROCARBONS 

1. Acetic acid X X X X 

2. Acetone X X X 

3. Benzophenone X 

4. Butyl acetate 

5. N-butyl-benzylphthalate 

6. Di-n-butyl phthalate X X X 

7. Diethyl ether X X X X 

8. Diethyl phthalate X X 

9. Diisopropyl ether 

10. 2,4- Dimethyl-3-hexanol 

11. 2,4-Dimethyl phenol 

12. Di-n-octyl phthalate 

*13. 1 ,4-Dioxane X X X X X 

14. Ethyl acrylate 

15. Formic acid X X X X 

16. Methanol X X X X 

17. Methyl alcohol 

18. Methylcyclohexanone 

19. Methyl ethyl ketone 

20. Methylphenyl acetamide 
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CONTAMINANT 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

A.2. OXYGENATED HYDROCARBONS (Continued) 

*21. Phenols (e.g., p-tert-Butyl X 
phenol) 

22. Phthalic acid 

23. 2-Propanol 

24. 2-Propyl-1-heptanol 

25. Tetrahydrofuran X X X X X 

26. Varsol 

A.3. HYDROCARBONS WITH SPECIFIC 
ELEMENTS 

1. Acetyl chloride 

*2. Alachlor (Lasso) 

*3. Aldicarb (sulfoxide and 

Temik)sulfone; X 

4. Aldrin X X X X X X 

5. Atrazine X X X X X X 

6. Benzoyl chloride X X 

7. Bromobenzene X X X X X X 

*8. Bromacil X X 

9. Bromo chloromethane X X X X 

*10. Bromodichloromethane 

11. Bromoform X X X X 

*12. Carbofuran X X 
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CONTAMINANT 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

A.3. HYDROCARBONS WITH SPECIFIC 
ELEMENTS (Continued) 

*13. Carbon tetrachloride 

14. Chlordane 

15. Chlorobenzene 

*16. Chloroform 

17. Chlorohexane 

18. ChlorclDle thane 

19. Chloromethyl sulfide 

20. 2-Chloronaphthalene 

21. Chlorpyrifos 

22. Chlorthal-methyl (DCPA, or 
Dacthal) 

23. o-Chlorotoluene 

24. p-chlorotoluene 

25. Dibromochloromethane 

*26. Dibromochloropropane (DBCP) 

27. Dibromodichloroethylene 

28. Dibromoethane 

29. Dibromomethane 

30. Dichlofenthion (DCFT) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 
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2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
CONTAMINANT 

A.3. 

31. 

*32. 

33. 

34. 

35. 

36. 

*37. 

3~. 

*39. 

*40. 

*41. 

42. 

43. 

44. 

*45. 

46. 

HYDROCARBONS WITH SPECIFIC 
ELEMENTS (Continued) 

a-Dichlorobenzene 

p-Dichlorobenzene 

Dichlorobenzidine 

Dichlorocyclooctadiene 

Dichlorodiphenyldichloroethane 
(DDD,TDE) 

Dichlorodiphenyldichloroethylene 

(DDE) 

Dichlorodiphenyltrichloroethane 
(DDT) 

1,1-Dichloroethane 

1,2-Dichloroethane 

1,1-Dichloroethylene 

(vinylidiene chloride) 

1,2-Dichloroethylene (cis and 
trans) 

Dichloroethyl ether 

Dichloroiodomethane 

Dichloroisopropylether 
(= bis-2-chloroisopropylether) 

Dichloromethane (methylene 
chloride) 

Dichloropentadiene 

X X X X X X X X 

X X X X X X X 

X X X X X 

X X 

X X X X X X X 

X X X X 

X X X X X X X X X X X X 

X X X X X X X X X X X X 

X X X X X X 
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CONTAMINANT 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

A.3. HYDROCARBONS WITH SPECIFIC 
ELEMENTS (Continued) 

47. 2,4-Dichlorophenol 

*48. 2,4-Dichlorophenoxyacetic X X X X 
acid (2,4-D) 

49. 1,2-Dichloropropane X X X 

so. Dieldrin X X X X 

51. Diiodomethane 

52. Diisopropylmethyl phosphonate 
(DIMP) 

53. Dimethyl disulfide X 

54. Dimethylformamide 

ss. 2,4-Dinotrophenol (Dinoseb, DNBP) X X X X X 

*56. DioXins (e.g., TCDD) X X X X X X X X 

57. Dodecyl mercaptan (lauryl 

mercaptan) X X X X X 

*58. Endosulfan X X X X X 

59. Endrin X X 

60. Ethyl chloride 

61. Bis-2-ethylhexylphthalate X X X X X X X 

62. Di-2-ethylhexylphthalate 
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CONTAMINANT 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

A.3. HYDROCARBONS WITH SPECIFIC 
ELEMENTS (Continued) 

63. Fluorobenzene 

64. Fluoroform X 

65. Heptachlor 

66. Heptachlorepoxide 

67. Hexachlorobicycloheptadiene 

68. Hexachlorobutadiene 

69. d-- Hexachlorocyclohexane 
(•Benzenehexachloride, or 
cJ..- BHC) 

70. ~ - Hexachlorocyclohexane 
(~ - BHC) 

71. ~ - Hexachlorocyclohexane 
( ~ -BHC, Lindane) 

72. Hexachlorocyclopentadiene X X X X X X X 

73. Hexachloroethane X X X X X 

74. Hexachloronorbornadiene 

75. Kepone X X X X X 

76. Malathion 
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CONTAMINANT 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

A.3. HYDROCARBONS WITH SPECIFIC 
ELEMENTS (Continued) 

77. Methoxychlor X X 

78. Methyl bromide 

*79. Methyl parathion 

so. Parathion X X X 

81. Pentachlorophenol (PCP) X X X X X X 

82. Phorate (Disulfoton) X 

83. Polybrominated biphenyls (PBBs) X X X X 

*84. Polychlorinated biphenyls (PCBs) X X X X X X X X X X 

85. Prometon 

*86. RDX (Cyclonite) X 

87. Simazine X 

*88. Tetrachlorobenzene 

*!19. Tetrachloroethane (1,1,1,2) X X X 

*90. Tetrachloroethane (1,1,2,2,) X X X X X X X X X 

*91. Tetrachloroethylene (1,1,2,2) X X X X X X X 
(perchloroethylene, PCE) 

*92. Toxaphene X X X X X X 

93. Triazine 

94. 1,2,4-Trichlorobenzene 
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CONTAMINANT 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

A.3. HYDROCARBONS WITH SPECIFIC ELEMENTS 
(Continued) 

*95. Trichloroethanes (1,1,1 & 1,1,2) X X X X X X X X X X 

96. 1,1,2-Trichloroethyelene (TCE) X X X X X X X X 

97. Trichlorofluoromethane (Freon 11) X X 

98. 2,4,6-Trichlorophenol X X X 

99. 2,4,5-Trichlorophenoxyacetic acid X X X X X 
(2,4,5-T) 

100. 2,4,5-Trichlorophenoxypropionic X X X 
acid (2,4,5-TP, or Silvex) 

101. Trichlorotrifluoroethane 

*102. Trinitrotoluene (TNT) 

103. Tris-(2,3-dibromopropyl) phosphate 

*104. Vinyl chloride X X X X X X X 

A.4. OTHER HYDROCARBONS 

1. Alkyl sulfonates X X X 

2. Cyclohexane X X X 

3. 1,3,5,7-cyclooctatetraene 

4. Dicyclopent~diene (DCPD) X X X X X X 

5. 2,3-Dimethylhexane 

6. Fuel oil X X X X X 
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CONTAMINANT 1 2 3 4 5 6 7 8 9 10 ll 12 13 14 15 16 17 18 19 20 21 22 23 24 

A.4. OTHER HYDROCARBONS (Continued) 

*7. Gasoline X X X X 

8. Jet fuels X X X X 

9. Kerosene 

10. Lignin 

11. Methylene Blue Activated 
Substances (MBAs) 

12. Propane X 

13. Tannin 

14. 4,6,8-Trimethyl-1-nonene 

15. Undecane 

B.1. METALS AND CATIONS 

*1. Aluminum X 

2. Antimony X X X X X X 

*3. Arsenic X X X X X X X X 

*4. Barium X X X X X X 

*5. Beryllium X X X X X X X 

*6. Cadmium X X X X X X X X 

7. Calcium 

*B. Chromium X X X X X X X x l X 

*9. Cobalt X X X X X X X: 
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CONTAMINANT 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

B.1. METALS AND CATIONS (Continued) 

10. Copper X X X 

*11. Iron X X X 

*12. Lead X X X 

13. Lithium X X X X 

14. Magnesium X X 

*15. Manganese X X X 

*16. Mercury X X X X 

*17. Molybdenum 

*18. Nickel X X X X X X X X 

19. Palladium X X 

20. Potassium 

*21. Selenium X X X X X X 

*22. Silver X X X X X X 

*23. Sodium 

24. Thallium X X X X X X X 

25. Titanium 

*26. Vanadium X X X X X X 

*27. Zinc X X X X X 
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CONTAMINANT 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

B.2. NONMETALS AND ANIONS 

*1. Ammonia 

2. Boron 

*3. Chlorides 

*4. Cyanides 

*5. Fluorides 

*6. Nitrates 

7. Nitrites 

a. Phosphates 

*9. Sulfates 

10. Sulfites 

TOTAL NUMBER OF CHEMICALS 

X X X X X X 

X X X X 

X 

43 46 13 38 37 62 53 2 

X 

X 

X 

67 6 17 4 16 18 6 5 3 4 7 21 20 14 31 38 
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Footnotes 
a Compiled from a partial survey of literature conducted by Environ Corp., 1983. 

"*" in1icates that the chemical is known to exceed at least one State or Federal standard 
(see chapter 2, the section on Adverse Impacts of Chemicals, and app. A.4). 

b Numerical key of toxic effects~ 

1. Eye irritation 13. Cardiovascular effects 

14. Gastrointestinal effects2. Skin irritation 

3. Allergic sensitization 15 Cholinesterase inhibition 

4. Upper respiratory tract irritation 16. Methemoglobinemia 

5. Lung/respiratory effects 17. Skin damage 

18. Visual damage6. Liver damage 
19. Endocrine effects7. Kidney damage 
20. Reproductive effects8. Pancreatic damage 

9. Central nervous system (CNS) effects 21. Embryotoxicity 

10. Peripheral nervous system effects 22. Teratogenicity 

11. Blood cell disorders 23. Mutagenicity 

24. Carcinogenicity12. Immunological effects 

Source: Office of Technology Assessment. 



A.3 FREQUENCY OF DETECTION OF SELECTED . 

CHEMICALS IN GROUNDWATER 


SAMPLING SCHEME 

CHEHICAL 	 Random Non-random Not specified 

A.1. 	AROMATIC HYDROCARBONS 

Benzene 1.7-15 8.5 

Ethylbenzene 0.6-44 

Fluoranthene 6.9 

Propyl benzene 0.2 

Toluene 1.0-5.2 <S .0 

Xylenes 1.7-2.1 <5.0 

A.2. 	OXYGENATED HYDROCARBONS 

Acetone 2.6 

Butyl acetate < 5.0 

Di-n-butyl phthalate 28.6 

Dichlorophenol 17.2 

Diethyl phthalate 14.3 

Methyl ethyl ketone < 5.0 

Phthalic acid 21.4 

A.3. 	HYDROCARBONS WITH SPECIFIC ELEMENTS 

Bromo benzene 0.4 

Bromodichloromethane 50.9 69.2 

Bromoform 30.9 36.3 

Carbon tetrachloride 3.1-7.4 5-50 

Chlorobenzene 	 0.2 7.1 

Chloroform 	 11-53.2 70.3 

Chl ororne thane (Methyl chloride) 3.7 
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SAMPLING SCHEME 

CHEMICAL Random Non-random Not specified 

Chlorotoluene 0.2 

Dibromochloromethane 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 

Dichlorome thane 6.7 

2,4-Dichlorophenol 17.2 

1,2-Dichloropropane 1.5 

Ethyl chloride 7. 1 

Halathion 7.1 

Methyl parathion 7 .1 

Pe ntachl orop henol (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 

Trichloroethylene (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 DW Health Ad visor;t Quality 

SUBSTANCE DW GW Primary Secondary 1-Day 10-day Long-tennControl 

A.l. AROMATIC HYDROCAROONS 

Benzene X X X X X 

Ethyl benzene X 


Toluene X X X X 


A.2. OXYGENATED HYDROCARBONS 

1,4-Dioxane X X X 

Phenols X X X 


A.3. 	HYDROCARBONS WITH SPECIFIC 
ELEMENTS 

Alachlor X 

Aldicarb X X 

Bromacil X 

Bromodichloromethane X 

Carbofuran X X X X 

Carbon tetrachloride X X X X X 

Chloroform X X 


Dibromo chloropropane 

(DBCP) X X 


Dichlorobenzene (-p) 

Dichlorodiphenyltri-


Dibromoethane X 


chloroethane (DDT) X X 

1,2-Dichloroethane X X X 

1,1-Dichloroethylene X X X X X X 

1,2-Dichloroethylene X X X X 


Dichloromethane X X X X X 

(methylene chloride) 


2,4-Dichlorophenoxy­
acetic acid (2,4-D) X X X 


Diehl oropropane X 

Dioxins X 


Endosulfan X 

\?-Hexachlorocyclohexane X 

o(-Hexachlorocyclohexane X 

'0 -Hexachlorocyclohexane 


( (f-BHC, or Lindane) X X 


Methyl parathion X 
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Ambient 
Water 

State State National DW Health Advisory Quality 
SUBSTANCE DW GW Primary Secondary 1-Day 10-day Long-termControl 

A.3. 	HYDROCARBONS WITH SPECIFIC 
ELEMENTS (cont'd) 

Polychlorinated biphenyls 
(PCBs) X X X X 


RDX (Cyclonite) X 

Te trachlorobenzene X 

Tetrachloroethane X 

Tetrachloroethylene X X X X X X 

Toxaphene X X X 

1,1,1-Trichloroethane X X X X 

Trichloroethylene (TCE) X X X X X X 

Trinitrotoluene (TNT) X 

Vinyl chloride X X X 


A.4. 	OTHER HYDROCARBONS 

Gasoline 	 X X 


B .1 • 	METALS AND CATIONS 

Aluminum X 

Arsenic X X X X 

Barium X X 

Beryllium X 

Cadmium X X X 

Chromium X X X 

Cobalt X 

Copper X X 

Iron X X X 

Lead X X X 

Manganese X X X 

Mercury X X X 

Molybdenum X 

Nickel X X 

Selenium X X X 

Silver X X X 

Sodium X X 

Vanadium X 

Zinc X X X 


B.2. 	NONMETALS AND ANIONS 

Ammonia X 

Chlorides X X 


39-702 0 - 84 - 3 
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Ambient 
Water 

State State National DW Health Advisory Quality 
SUBSTANCE ow GW Primary Secondary 1-Day 10-day Long-termContro1 

B.2. NONMETALS AND ANIONS (cont'd) 

Cyanides 
Fluorides 
Nitrates 
Sulfates 

X 
X 

X 
X 
X 
X 

X 
X 

X 

X 

D. RADIONUCLIDES 

Radium 226 
Uranium 238 

X X 
X 

X 
X 

Abbreviations: DW = drinking water; GW = groundwater. 

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

Source: Office of Technology Assessment. 



A.5 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; 

• 	 details of the assumptions and calculations used in 
estimating the amount of material flowing through 
or stored in all 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, 1981 a). 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 
a!. (1980, cited in DeWalle, et al., 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 all 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, 1977a; 
Miller, 1980; Pye, eta!., 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 also 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 al., 1980); various 
metals (e.g., lead , zinc, copper, manganese, tin, and 
iron; Miller, 1980); viruses (Hain, eta!., 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 a density 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 individual 
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 , eta!., 1980). Approximately 400,000 
gallons of septic tank cleaning fluids (containing TCE, 
benzene, and dichloromethane (methylene chloride)) 
were used by homeowners in 1979 on Long Island alone 
(Burmaster, eta!. , 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, eta!., 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, also known as tertiary) wells follow a distribu­
tion pattern similar to that of oil production wells . Arti­
ficial recharge wells are usually 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, eta!. , 1983). In 1981 , 8.6 
billion gallons of hazardous wastes were disposed of at 
87 injection well sites (Dietz , et a! ., 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).1 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 reinjected, 21 percent was disposed 
of in pits , and 10 percent was discharged onto surface 

'Illegal b rine dumping may be prevalent in some areas of the country. For 
example, Dal ton (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 tha t some brine is legally used 
on roads for d ust control and d isputes the al legat ions 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 additional37 ,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 al. , 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 gallons/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
lons/bbl). 

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 hydrologically con­

nected usable aquifers (e.g ., drinking water sup ­
plies); and 

6. faulty well closing. 
The second item on the EPA list above may be 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 a!. ( 1983) estimated that there are approx­
imately 1.2 million abandoned wells (production wells, 
and mineral exploration and testing wells; see also Gass, 
et al ., 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 aquifer 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, 1983b). 

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, 1983b). 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 is thought 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 al., 1984). 

Potential for Groundwater Contamination 

Groundwater contamination can occur when sub­
stances in sludge are leached by precipitation after the 
sludge is applied to the land. The substances of most 
concern include nitrogen, phosphorus, and heavy metals 
(EPA, 1983b ); heavy metals also can limit the use of 
sludge in agriculture because they can be absorbed into 
the cover crop (Gurnham, et al., 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 al., 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 potential for con­
tamination of groundwater (EPA, 1983b). 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 municipal land­
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ftlls 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 ( 1977 a ; 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 municipal landfills but it also included non­
hazardous industrial 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 
sit~s 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 municipal 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, 1981b). About 199 hazardous waste landflil 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
nicipal 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 a relatively 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, 1981b); 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), 2 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, 1981b) (40 percent X 
342 mty = 140 mty). 

At least 0.81 billion gallons of hazardous wastes were 
disposed of in 199 landfill facilities in 1981 (Dietz, et 
a!., 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, 1983b), 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 in landftlls of some type (EPA , 198 1b). The remainder is disposed of by 
chemical, biological , or physical treatment ; deep well injection; land treatment; 
resource recovery; or incineration. 
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Potential for Groundwater Contamination 

Considerations in the design of municipallandftlls in­
clude the location, the area to be served, and plans for 
different stages in the filling 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 materials, 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 landftlls are included in this category). 

Groundwater contamination can be minimized by 
proper design , construction, and operation and main­
tenance of a facility (Brunner, eta!., 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 landft.!ls. Many abandoned landft.!ls 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 a land 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 almost always 
left uncovered. Most often the open dump is not author­
ized and there is no supervision of dumping (Brunner, 
eta!., 1971, cited in University of Oklahoma, 1983). 
Virtually 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 annually. 

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., municipal 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 residential 
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 al., 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 al., 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 al. , 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. , landfllls) 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 
"pit" is commonly applied to a small 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 . Impound­
ments that rely on evaporation are usually lined with 
low-permeability 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, 1982b). 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, 1982b). 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, 1982b). 
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 treatment 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 al., 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 billion 
gallons 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 billion 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 all but industrial 
impoundments . 

Brine pits are almost 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 municipal 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 billion gallons were stored in these surface im­
poundments (Dietz, et al., 1984). 

Potential for Groundwater Contamination 

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 biggest 
threats to groundwater. More than 23,000 cases of 
groundwater contamination have been documented in 
Texas alone , primarily resulting from brine pits (EPA, 
1977a). In Colorado, 37 percent of the known impound­
ments pose an "actual threat" to groundwater and over 
53 percent pose a "potential threat" (The Groundwater 
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 
a low 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, 1982b). 

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, Illinois, Ken­
tucky, Nevada, Oregon, and Pennsylvania) use ofliners 
in all 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 

Table A.5.1.-Contamination Potential of Surface lmpoundments8 

High potential Potential Potential 
to contaminate to contaminate to contaminate 

Impoundment category groundwater water wells surface wells 

Municipal .. . . .... . .. . .. .. .... ... .... . ... . .. . ...... . . 41 percent 27 percent 58 percent 
Industrial . . .. . ........ . ............ ...... . ... .. . ... . 39 percent 29 percent 56 percent 
Agricultural ........ . .. . ..... . .. . .. . . .. ...... .. .. . .. . 26 percent 28 percent 61 percent 
Mining ... .. .......... . .. . ......... ... . .. ...... .. . . . 25 percent 17 percent 64 percent 
Oil and gas .. . .. . ..... . ..... . .. . ... ......... .... . .. . 8 percent 17 perc.ent 68 percent 
aoata 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, 
1977a); estimates of known amounts of tailings range 
from 215 million tons at both inactive and active uranium 
mining sites (Thomson, eta!., 1983) to 250 million tons 
deposited in ponds annually by the metal mining in­
dustry (Miller, 1980). These figures total 1.72-1.75 
billion tons, approximately 86 percent of which is in 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 billion gallons in 1981 
(Dietz, et a!., 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, eta!., 1983 ; Pye, eta!., 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 half-life of 
1,620 years) to the underlying water table (University 
of Oklahoma, 1983 ; Thomson, et a!., 1983). Arsenic, 
selenium, lead , manganese, molybdenum, and vanadi­

urn 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, eta!., 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
als (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 a!., 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, eta!., 1982; 
Thomson, eta!., 1983). Low-grade ore piles (e.g., cop­
per) can be subjected to controlled leaching and the run­
off collected for reprocessing (Koch, et a!., 1982). Fur­
ther, a low pH is often rapidly neutralized as the flow 
leaves the tailings (Thomson, et a!., 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
piles in the United States. Approximately 3. 4 billion tons 
of various materials (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, eta!., 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, eta!., 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 

http:1.72-1.75
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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 coal pro­
duction and stockpiling. Approximately 780 million tons 
of coal 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 , eta!., 1982) . 

Potential for Groundwater 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 all, the concern is the ultimate disposi­
tion of the soluble substances. Water percolating through 
stockpiles can carry 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, especially 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 oflivestock 
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 a wide 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) . 

L 
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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). 3 Approximately 100,000 fiberglass tanks also are 
used for underground storage of petroleum products and 
several 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 all 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 T ank 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 billion 
gallons. The hazardous waste storage tanks and treat­
ment tanks contain an estimated 13.8 billion gallons 
(Dietz, et al., 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 compatibility with stored substances and 
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 commonly 
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 acts as a "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 of30 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 although they may be 
buried, they are not specifically designed to be. Very 
little information is available about containers because 
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they are not covered by any Federal water quality reg­
ulations . In 1981, about 3,577 facilities used containers 
for the storage of0.16 billion gallons of hazardous wastes 
(Dietz, et al., 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 
gallons of hazardous wastes (Dietz, et al., 1984). 

The Department of Defense operates a number of 
burning grounds and ammunition detoi).ation 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
cial 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 
(e.g., 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 (half-life 6 years). 
Wastes containing these isotopes may need several 
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 rna­
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 com­
mercial products or activities (e.g., at 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 refmeries, 
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; Idaho 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. Commercial spent fuel is usu­
ally 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 legislation 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 Tail­
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 burial 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 ({3), and gamma 
('Y) (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 


{3 and-y, 
Radionuclidea a {3 combined "Y 

Antimony-125 .. ........ ....... . X 

Barium-140 ..... ... . . . ... . .... . X 

Cesium-134 .... .... . ......... . X 


*Cesium-137 . .. .. . . . .. ..... .. . . X 

*Chromium-51 ............. . ... . 

*Cobalt-60 .. . .... .. . . ........ . . X 

lodine-129 ... ...... . . .. . ...... . X 


* lodine-131 ...... . ............. . X 

* Iron-59 .................. . .... . X 

*Lead-210 ..................... . X 

*Phosphorus-32 . ......... . . . . .. . X 

• Plutonium-238 . . .......... .. .. . X 

*Piutonium-243 . ........ .. .. ... . X 

*Radium-226 .... . ....... . .. .. . . X 

*Radium-228 .... ...... ....... . . X 

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


*Ruthenium-106 .... . ... . ...... . X 

*Scandium-46 ..... . ....... . ... . X 

Strontium-89 .. . ........ . ..... . X 


*Strontium-90 ........... .. .... . X 

Strontium-131 . ...... . ........ . X 


*Thorium-270 ........ .. ........ . X 

*Tritium ... ...... ........ . .... . X 

Uranium-230 ... . ....... . ...... . X 


*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 (13), and gamma (y) radiation are discussed in the text. 

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

densely populated areas . The primary non-wastes are 
petroleum products and natural gas, but ammonia, 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 a!., 
1983). Information presented in Miller (1980) indicates 
that approximately 700 ,000 miles of sewer pipeline were 
in use in 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 gallons of sewage were transported by sewer 
pipelines in 1978. 
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Potential for Groundwater Contamination 

Although pipelines are designed to retain their con­
tents and thus pose no threat to groundwater, in reality 
they have a contamination potential through leakage . 
The major causes of leaks are ruptures , external and 
internal corrosion, incorrect operating procedures, and 
defective welds or pipes. In 1981, these causes accounted 
for 41 percent , 22 percent, 7 percent, and 6 percent of 
all reported leaks, respectively (DOT, 1981). Other 
causes were surges (e.g., floods) of fluid in pipelines, 
breakage or heaving oflines by tree roots, earthquakes, 
loss of foundation support, and rupture due to other 
loads . Miller ( 1980) estimated that leakage from sewer 
pipelines was around 5 percent; if it is, approximately 
280 billion gallons of sewage annually could be leaching 
into groundwater . This estimate of leakage is based on 
the unverified assumption of 5 percent leakage. 

Because interstate pipelines are a major means of 
transporting materials, they are regulated by the De­
partment of Transportation (DOT); and any leaks and 
spills must be reported to DOT (see ch. 3 and app. B.1). 
However, collection and distribution systems, gas sta­
tions, residential users, and even relatively large in­
trastate carriers are not required to report leaks and 
spills . Collection and distribution pipelines are not reg­
ulated other than during their initial installation to pre­
vent the escape of combustible, explosive, or toxic 
chemicals; the potential for groundwater contamination 
is not a primary consideration . 

About 4 ,100 non-waste liquid pipeline leaks and ac­
cidents were reported from 1968 through 1981 (DOT, 
!981; th e figure is not certain b ecause information dif­
fers on pp. 21 and 39). Of that number, 2,813 occurred 
from 1971-81, with 3.4 million bbls of material lost. In 
1981 , 239 pipeline failures were reported , with 214,384 
bbls lost ; various products were involved in · the leaks: 
crude oil was involved in 48.1 percent of the failures , 
gasoline in 19.3 percent, liquified petroleum gas (LPG) 
in 14.6 percent, natural gas liquid (LNG) in 5.0 percent , 
and fuel oil in 4.6 percent. The remaining materials in­
volved were jet fuel , diesel fuel, anhydrous ammonia, 
kerosene , turbine fuel , oil and gas , and condensate. 

19. Material Transport and 
Transfer Operations 

Material transport and transfer operations refer to the 
movement of substances by vehicle (e.g., truck and rail­
road) along transportation corridors . Handling facilities 
such as airports and loading docks are also included . 

Development of Estimates of 
Numbers and Amounts 

Estimates of the number of spills vary. The National 
Academy of Sciences (NAS) estimated that approx­
imately 16,000 spills occur annually, involving a vari­
ety of substances such as paint products , battery fluids, 
gasoline, corrosive compounds, flammable compounds, 
various acids, and anhydrous ammonia (NAS, 1983b). 
The Council on Environmental Quality (CEQ) (1982) 
reported on 10,072 known spills of oil or hazardous 
chemicals totaling 19.6 million gallons in 1981; how­
ever, these spills include leaks from storage pipelines and 
drains as well as from transportation facilities. DOT 
reported 9,063 incidents involving hazardous materials 
in 1981 and 6,540 in 1982 (as of Apr. 30, 1983; Jossi, 
1983). Almost 81 percent of the 1982 incidents involved 
commercial carriers on highways, another 5 percent in­
volved private carriers on highways, 13 percent involved 
railways, and the remainder involved other forms of 
transportation. 

Very little information was available about the amount 
of hazardous materials lost in spills, other than the CEQ 
figure cited above; and no information was available re­
garding non-hazardous materials. NAS estimated that 
about one-half of the 4 billion tons of hazardous ma­
terials transported annually in the United States is trans­
ported on highways (NAS, 1983b). EPA (Inside EPA, 
1983c) estimated that about 90 percent of all transpor­
tation of hazardous wastes is by truck. Further, EPA 
also estimated that when hazardous materials are trans­
ported by truck, approximately 0.35 percent of the haz­
ardous materials (slightly more than 38 gallons) are lost 
during each shipment of 200 55-gallon drums. Assum­
ing that the same 0.35 percent loss rate applies to the 
entire 4 billion tons shipped annually in the United 
States, no matter how transported, approximately 14 
million tons of hazardous materials are spilled during 
material transport and transfer operations. This estimate 
is only a first approximation . 

Potential for Groundwater Contamination 

Transport and transfer of materials have the poten­
tial to contaminate groundwater contamination through 
spills and leaks. Spills are generally unintentional and 
can occur at random at transport facilities and along 
transportation corridors . Although an estimate can be 
developed for the amount of material spilled annually 
(see above), it is not possible to estimate the amount 
of spilled material that threatens groundwater. 

Storage and transfer facilities for oil and hazardous 
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, 1983b). 

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 com posed 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, 1977b). 
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, 1981a); 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



284 • Protecting the Nation's Groundwater From Contamination 

account for 85 percent of all herbicide use and 70 per­
cent of all insecticide use (Eichers, 1981). Forty-seven 
percent of all insecticides are applied to cotton (USDA, 
1981a). 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 al., 1984; Rothschild, et al., 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 solubility, vapor pressure, 
speciation, hydrolysis half-life, photolysis half-life, soil/ 
water adsorption coefficient, depth to the water table, 
soil type, and rainfall (Cohen, et al., 1984; Severn, et 
al., 1983). Severn, et al. (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 aldicarb; Hall, 1983); 
these compounds pose problems, especially 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 Illinois, Iowa, 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 (11.5 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, 1981b). In 1978, approximately 
229 million acres were treated with commercial 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, 
1983b). 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, 
1982b), 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 principal 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 feedlots (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 numbers of animals 
in a small 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, 1981b). 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 salts is 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 ofliquid 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 a!., 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 ofliquid salts were applied per lane per 
mile (based on Salt Institute , 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 . Major 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 excessive concentrations of hexavalent 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 (1983c), 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 a!., 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
cially heavy metals and hydrocarbons. Runoff can also 
contain bacteria, nutrients , and other oxygen-demand­
ing loads, and petroleum residues (USDA, 1981a; Owe, 
et a!., 1982). Contaminant levels in urban runoff are 
often higher than established ambient levels for receiv­
ing waters (Owe, eta!., 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 a!., 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 ofloose 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) also 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, especially 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 salts, 
and sulfuric acid (Thomson, et al., 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 high in Western surface mined lands. Arsenic, 
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 Federal effluent guidelines. Trace metals 
(e.g., cadmium, mercury, 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 chemical 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, 1981a). 

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 billion bbls of crude oil in 1980 (U.S. De­
partment of Commerce, 1981); the brine associated with 
these wells is discussed in Injection Wells, above. Aban­
doned production wells may number around 1.2 million 
(Kaplan, eta!., 1983). 

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

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, eta!., 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 usually 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 inftltration of the surface water. 4 If the sur­

4Ahernatively, groundwater may replenish surface water, e.g., it may pro­
vide the basefl ow for streams and rivers . In this case, contaminants 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 aquifers , 
or in portions of aquifers, 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, 1981b). 

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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B.1 DESCRIPTION OF SOURCES ADDRESSED BY 

FEDERAL PROGRAMS a 


Provisions of Federal Progbams 
to Pr ot ect Groundwater 

Source Statute and Section Descript i on of Sourcesb Detection Correction Prevention 

CATEGORY I: 

Subsurface Percolation SDWA - Part C Cesspools (or similar devices) serving 20 or more persons (included 
in Class V well category).c 

CWA - Section 201 On-site septic systems serving one or more residences or small 
comme rcial establishments . 

Injection Wells SDWA - Part C Wells ar e divided into five categories : X X 
1 ) Class I -Wells used to dispose of hazardous , radioactive 
and othe r wastes below aquifers used for drinking water 
purposes . 
2) Class II -Wells used in association with oil and gas 
production (e . g ., enhanced recovery, or for storage of liquid 
hydrocarbons). 
3) Class Ill - Wells used for the extraction of minerals (e . g., 
in-situ and solution mining) . 
4) Class IV - Wells used to dispose of hazardous or radioactive 
wastes into or above drinking water sources . 
5) Class vc Other injection wells not specified above (e . g . , 
artificial recharge wells) . 

CERCLA Injection wells which release any hazardous substance , pollutant, X X 
or contaminant (as defined by CERCLA) . 

Land Application CWA - Section 201 Land trea t ment processes for wastewater from sewage treatment X X X 
plants . 

CWA - Section 405 Land treatment of sewage sludge . X X 

CWA - Sect i on 404 Land application of dredged material. X 

RCRA - Subtitle C Land treatment of hazardous wastes (as defined by RCRA).e X X X 

CERCLA Land applicatio ns that release any hazardous substance , pollutant, X X 
or co ntami nant (as defined by CERCLA) . 
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Provisions of Federal Programs 
to Protect Groundwater 

Source Statute and Section Description of Sources Detect ion Correct ion Prevent ion 

CATEGORY II: 

Landfills 

Open Dumps 

Residential (local) 
Disposal 

Surface Impoundments 

RCRA - Subtitle C 

TSCA - Section 6 

RCRA- SubtitleD 

CERCLA 

RCRA- Subtitle D 

FIFRA - Section 19 

RCRA - Subtitle C 

CERCLA 

SMCRA 

FLPMA and Associated 
Mining Laws 

Landfills used for the disposal of hazardous wastes (as defined by 
RCRA) . e 

Landfills used for the disposal of PCBs (at concentrations of 50 
ppm and above) . 

Sanitary landfills are facilities that pose no reasonable 
probability of adverse effects on health or the environment from 
disposal of solid wastes (as defined by RCRA) . 

Landfi l ls that release any hazardous substance, pollutant , or 
contaminant (as defined by CERCLA). 

Open dumps are defined as landfills that do not meet the specified 
criteria for san i tary landfills . 

Open dumps that release any hazardous substance, pollu t ant , o r 
contaminant (as defined by CERCLA). 

Burial of small quantities of pesticide con t ainers in open fields . 

Surface impoundments used for the treatment , ~;torage, or disposal 
of hazardous wastes (as defined by RCRA) . e 

Surface impoundments that release any hazardous substance, 
pollutant, or contaminant (as defined by CERCLI\.) . 

Temporary and permanent impoundments associated with surface and 
underground coal mining operations . 

Impoundments associated with mining operations for leasable mine­
rals (e . g . , phosphate , sand , and gravel), locatable minerals (e . g ., 
go ld , silver, and coppe r) and geo thermal steam production . Applies 
only to Federal lands. 
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Provisions of Fede r a l P r ograms 
to Protect Groundwater

Source StRtute and Section Description of Sources Detection Correction Prevention 

CATEGORY li (Cont 'd . ) 

Waste Tailings 

Was t e Piles 

Materials Stockpiles 

Graveyards 

Animal Burial 

Aboveground and 
Underground Storage 
Tanks 

UMTRCA 

UMTRCA 

FLPMA and Associated 
Mining Laws 

RCRA - Subti t le C 

CERCLA 

SMCRA 

FLPMA 

FIFRA --Section 19 

RCRA- Subtitle C 

CEKCI.A 

TSCA - Section 6 

Waste tailings disposal areas (active) from uranium processing 
activities . 

Waste tailing disposal areas (inactive) from uranium processing 
activit let;. 

Waste tailings associated with mining operation for leasable and 
locatable minerals . Applies only to Federal lands . 

Waste piles used for the s t o r age o r treatmen t of haza r dous wastes 
(as defined by RCRA) . e 

Waste piles that release any hazardous substance, pollutant , or 
contaminant (as defined by CERCLA) . 

Coal mine waste piles (e . g . , earth materials separated from the 
coal) associated with surface and underground mining operations . 

Mine waste piles associated with mineral mining operations . 
Applies only to Federal lands . 

Storage of pesticide packages and containers . 

Tanks used for the treatment or storage of hazardous wastes (as 
rlefined by RCRA) . e,f 

Tanks that rP.lease any hazardouo; substance, pollutant, or 
contaminant (as defined by C~RCLA). 

Tanks containing PCBs (at concentrations of JO ppm and ahove) . 

X X X 

X X 

X 

X X X 

X X 

X X 

X 

X 

X 

X X 

X 

• 




Source 

Aboveg round and 
Underg round Storage 
Tanks (Con t' d . ) 

Containers 

Open Burning 
and Detonation Sites 

Radioactive Disposal 
Sites 

Provisions of Federal Prog rams 
to Protect Groundw~ter 

Statute and Section Description of Sources Detection Correction Prevention 

CWA - Sect ion 3 11 

RCRA - Subtitle C 

TSCA - Section 6 

CERCLA 

FIFRA - Section 19 

RCRA- Subtitle C 

FIFRA - Sectio n 19 

CERCLA 

AEA 

AEA 

AEA 

UMrRCA 

Facilities with aboveground tank capacities equal to or greater 
than 1,32 0 gallons of oil (o r single tanks with capacities g reater 
than 660 gal lons) or facilities with underground tank capacit ies 
equal to or greater than 42,000 gallons of oil. 

Containers used to store hazardous wastes (as defined by RCRA) . 

Co nt ainers used to store PCBs (at concentrations of 50 ppm and 
above) . 

Containers that release any hazardous substance, pollutant, or 
contaminant (as defined by CERCLA) . 


Pesticide containers (see Ma terlals Stock piles, above) . 


Open burning and detonation of waste explosives (open burning of 
hazardous wastes is prohibited) , g 

Open burning of small quantities of combustible pesticide 
containers . 


Ope n bu rn ing and detonation sites that release any hazardous 

substance, pollutant, or contaminant (as defined by CERCLA) . 

Disposal sites for low- level radioactive wastes . 

Geologic repositories for high-level radioactive wastes . 

Facilities used to store and process nuclear mater i als . 

(See Waste Tailings , above . ) 

X 

X 
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X X 
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X X 

X X X 
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Provisions of Federal Programs 
to Protect Groundwater 

Source Sta tut e and Section Description of Sources Detection Correction Prevention 

CATEGORY II I: 

Pipelines 

Materials Transport and 
Transfer Operations 

CATEGORY IV: 

Irrigation Practices 

Pesticide Applications 

Fertilizer Applications 

Animal Feeding 
Operations 

De-icing Salts 
Applications 

Urban Runoff 

Percolation of 
Atmospheric Pollutants 

HLPSA Pipelines used to transport hazardous liquids (applies to X 
petroleum , petroleum products, and anhydrous ammonia) in interstate 
a nd foreign comrre rce. 

CERCLA Pipelines that release any hazardous substance , pollutant, or X X 
contaminant (as defined by CERCLA) . 

HMTA Transport of hazardous materials and hazardous wastes (as defined X 
by HMTA) by rail car, aircraft , vessel, and motor vehi c les used in 
interstate and foreign comrrerce, and by motor vehicles used to -
transport hazardous wastes in intrastate commerce . 

CERCLA Transport-related releases of any hazardous substance, pollutant, X X 
or contaminant (as defined by CERCLA) . 

CWA - Section 208 Return flows from irrigated agriculture . X 

CWA - Sect ion 208 Agriculturally related non-point sources of pollution . X 

FIFRA - Section 3 Application of certain pesticides which may cause unreasonable X 
adverse effects on the environment. 

CWA - Sect ion 208 Agriculturally related non-point sources of pollution . X 

CWA - Section 208 Manure disposal areas and land area used for livestock. X 

CWA - Section 208 Urban stotmwater runoff systens . X 



Provisions of Federal Programs 
to Protect Groundwater 

Source Statute and Section Description of Sources Detection Correction Prevention 

CATEGORY IV (Cont'd . ) : 

Mining and Mine Drainage 	 FLPMA and Associated 
Mining Laws 

SMCRA 

CWA - Section 208 

CATEGORY V: 

Production Wellsh FLPMA (and Geothermal 
Steam Act) 

Other Wells (Non- waste) FLPMA 

Construction Excavation 	 CWA - Section 208 

CATEGORY Vl: 

Groundwater - Surface CWA - Section 208 
Water Interactions 

Natural Leaching Reclamation Act 

Salt-water Intrusion 	 CWA - Section 208 

CZMA 

Surface and underground mining operations for leasable and 
locatable minerals . Applies only to Federal lands . 

Su rface and underground coal mining operations . X 

X 

Mine-related sources of pollution including runoff from 
active, and abandoned surface and underground mines . 

new, 

Wells used 
to Federal 

for the development 
lands . 

of geo thermal steam . Applies only X X 

Exploration wells used in mining operations 
minerals . Applies only to Federal lands . 

Construction activity related t o sources of 

for leasable 

pollution. X 

Intermixing of surface water and groundwater . 

Natural salt or other deposits affecting und e rg round water 
supplies . 

Sal t-water intrusion into surface water resulting from reduc tion of 
freshwater flow from any cause including g roundwa ter extraction. 

X X 

'( 

Salt-water intrusion . 



a 	 Additional information about the applicability of CERCLA to various sour ces is presented in the text . See footnote I I in ch . 3 . 

b 	 The descriptions listed are hased on Federal regulations or other documents issued by Federal agencies with respect to the implementation of 
statutory requirements. 

c 	 Regulations for Class V wells have not been prOfTiulgated . 

d 	 Corrective action provisions for land treatment of sewage sludge are included in Section 201 of t he Clean Water Act . 

e 	 Certain design and operation r equirements do not apply to facil i ties (or portions of facilities) that received waste prior to the effective 
date of the regulations (Jan . 26 , 1983) . The definition of hazardous waste is discussed in footnote 12 inch . 3 . 

As this report went to press , the Report of the Conference Committee, House Report No. 98-1133, had been adopted on a bill to 

reauthorize and amend RCRA and awaits enactment from the White House. Provisions of the bill (H.R . 2867) are not included in the 

OTA analysis of Federal laws and programs. Provisions of the bill are included for, among others, liquids in landfills, land dis­

posal, small-quantity generators, underground storage tanks, waste facility standards, and surface impoundments. Some provisions 

directly address groundwater, For example , EPA must issue regulations for detecting leaks from underground tanks used to store 

hazardous substances and petroleum products; all new or expanded land disposal facilities for hazardous wastes must have ground­

water monitoring; underground injection of hazardous wastes into or above any formation that contains, within one-quarter mile of 

the well, an underground source of drinking water is prohibited (variances are allowed); and~ National Groundwater Commission is 

established. The reader is referred to: Congressional Quarterly, "RCRA Rewrite Strengthens Hazardous t.Jaste Protections," Oct . 6, 

1984; and M. E. Reisch, "RCRA Reauthorization: A Section-by-Section Comparison of H.R. 2867, As Passed By the House, and As Passed, 

Amended (S. 757), by the Senate," Congressional Research Service, revised Aug. 6, 1984 . 


Regulations for underground tanks containing hazardous wastes have not been promulgated . 

g 	 Regulations for open burning and detonation sites have not heen promulgated . 

h 	 Injection wells used for the production of minerals are included in Category I (Injection Wells) above . 

Source: Office of Technology Assessment. 
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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 Ecology 

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 

Delaware Department of Natural Resources and Environmental Control 

Florida Department of Environmental Regulation 

Georgia Department of Natural Resources -- Environmental Protection Division 

Hawaii Department of Health 

Hawaii Department of Land and Natural Resources 

Hawaii Department of Agriculture 


Idaho Department of Health and Welfare -- Division of Environment 

Idaho Department of Water Resources 


Illinois Environmental Protection Agency 

Illinois State Water Survey 


Indiana State Board of Health -- Division of Water Pollution Control 

Iowa Department of Water, Air, and Waste Management 

Kansas Bureau of Oil Field and Environmental Geology 

Kentucky Natural Resources and Environmental Protection Cabinet 
Department of Environmental Protection 
Department of Natural Resources 
Department for Surface Mining Reclamation and Enforcement 

Kentucky Commerce Cabinet 
Department of Agriculture 

Kentucky Geological Survey 
Kentucky Human Resources Cabinet 

Department of Health Services 
Kentucky Public Protection and Regulation Cabinet 

Department of Mines and Minerals 
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Louisiana Department of Natural Resources 
Louisiana Department of Health and Human Services 
Louisiana Department of Transportation and Development -- Division of Water 

Resources 
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 Hoard 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 Commission 

Ne\Y Jet"sey Department of Environmental Protection 

New Mexico Health and Environment Department 
New Mexico Office of the State Engineer 
New Mexico Department of Agriculture 

New York Department of Environmental Conservation 

North Carolina Department of Natural and Community Resources 

North Dakota State Health Department 

Ohio Environmental Protection Agency 

Oklahoma Department of Pollution Control 
Oklahoma Department of Mines 
Oklahoma Water Resources Board 
Oklahoma State Department of Health 
Oklahoma Corporation Commission 
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Oregon Department of Environmental Quality 

Pennsylvania Department of Environmental Resources 

Rhode Island Department of Environmental Management 

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

South Dakota Division of Water and Natural Resources Management 

Tennessee Department of Health and Environment 

Texas Department of Water Resources 

Utah Department of Environmental Health 
Utah Department of Natural Resources and Energy 

Vermont Department of Water Resources and Environmental Engineering 

Virginia State Water Control Board 
Virginia State Department of Health 

Washington Department of Ecology 

West Virginia Department of Natural Resot~rces 

Wisconsin Department of Natural Resources 

T.ryomi ng Execnt i ve Department 

Source: Office of Technology Assessment. 



C.2 OTA STATE SURVEY 

Please return the following questionnaire on: 

To the: 

by: 

include: 

STATE ACTIVITIES ON GROUNDWATER CONTAMINATION 

Office of Technology Assessment 
Groundwater Contamination Project 
U.s. Congress 

Washington, D.C. 20510 


August 1, 1983 

o State name:_________________________________________ 

o Name and title of principal contact:---------------­

o Telephone number of contact:_________________________ 

Questions should be directed to: 	 Joan Harn 
202-26-2155 
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STATE ACTIVITIES ON GROUNDWATER CONTAMINATION 

Objective: 	 To learn about state efforts to detect, correct and prevent 
groundwater contamination and to improve state capabilities to 
deal with this problem. 

To learn about state priorities among these four categories. 

To learn of the impact of federal programs on state efforts to 
deal with groundwater contamination. 

Introduction: Actions to deal with groundwater contamination include: 
detection, correction, prevention, and improving capabilities to deal 
with problems. A major policy issue for the u.s. Congress is to 
determine how to allocate among 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 would like information from the states on their technical 
knowledge and experience with these four activities and the relative 
importance the states give to each activity. Federal efforts to address 
groundwater contamination to date have taken a variety of forms: 
research, data collection, technical assistance, grants and cost-sharing 
programs, and regulations. To evaluate options for future federal 
involvement related to groundwater contamination, information from the 
states on the value of these past federal efforts is also essential. 

Instructions: This questionnaire on state activities related to groundwater 
contamination is divided into eight sections: Sources, Detection, 
Corrective Actions, Prevention, Improving Capabilities, State Policies, 
Federal-State Relations and Impacts. 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, 
please note 	why you are having difficulty and move on to the next 
question. A single coordinated response from each 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 Harn (202) 226-2155. 
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A. SOURCES OF GROUNDWATER CONTAMINATION 

1. 	 For each of the sources of groundwater contamination listed below, 
note whether the state has a program to detect (D), correct (C), 
prevent (P) and/or learn more about (L) groundwater contamination. 
Note if the state has no programs (N) for a particular source. 

a. 	 Landfills 
i. sanitary 
ii. hazardous waste 

b. 	 Open dumps 

c. 	 Waste piles 

d. 	 Surface impoundments 

e. 	 Subsurface percolation systems 

(e.g., septic tanks, cesspools) 


f. 	 Injection wells 

g. 	 Disposal of waste treatment by-product 

(e.g., sludge) 


h. 	 Disposal of waste waters 

(e.g., spray irrigation) 


i. 	 Agriculture 
i. Irrigation return flow 
ii. Pesticides, herbicides 
iii. Feedlots 
i v. Fertilizers 
v. Runoff 

j. 	 Salt-water intrusion brackish water upcoming 

k. 	 Spills, accidents 

1. 	 Leaks from storage, pipelines, etc. 

m. 	 Transportation (e.g., airports, loading docks) 

n. 	 Drainage from active/abandoned mines 

o. 	 Infiltrating _stormwater, urban runoff 

p. 	 Percolation of atmospheric contaminants 

q. 	 Aquifer disruption due to construction/excavation 

r. 	 De-icing salts 

s. 	 Abandoned wells 

t. 	 Other (specify) 
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2. 	 For each of the sources that the state does not have any programs, 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 
problem include: source does not occur in the state, status of the 
source is unknown, the source is very uncommon, no groundwater 
contamination problems have been detected from the source, etc. If 
the sources without programs are considered to be problems, or there 
is insufficient information to determine whether or not there is a 
problem, explain why the state does not have any programs. 

3. 	 Describe any strengths or weaknesses in state programs to deal with 
different sources of goundwater contamination. 

4. Name and phone number of contacts to discuss sources of groundwater 
contamination: 
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B. DETECTION 

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

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

o 	 Monitoring program for quality assurance at point of use (note 
water uses being monitored) 

o 	 Systematic monitoring of potential sources (note sources being 
monitored) 

o 	 General ambient quality monitoring 

o 	 Routine comparison of monitoring data with quality standards 

o 	 Responding to complaints of suspected contamination 

o 	 No activity 

o 	 Other (specify) 
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6. 	 What priorities does the state have in detecting contamination? 
Check the categories that apply to your state, and if possible, rank 
their importance (1 = highest priority) 

o drinking 	water supplies 

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

private 

o other water supplies 

industrial (self-supplied) 	- process water 
- cooling water 
- other (specify) 

agricultural 	- livestock watering 

- irrigation 

- other 


o particular sources of contamination (specify) 

o particular types of contaminants (specify) 

o particular types of contaminants (specify) 

o no priorities 

o other (specify) 
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7. Note which of the following techniques for the hydrogeologic 
investigation of groundwater flow and contaminant behavior are used by 

(S) Never (N). Alsothe state: Routinel (R) inS ecial Situations 

A. 	 Surface Geological 
Al. aerial photo 
A2. satellite 
A3. existing studies 
A4. mapping (soils, geology, topography) 
AS. other (specify) 
A6. 

B. 	 Subsurface Geological 
Bl. test wells 
B2. stratigraphy 
B3. other (specify) 
B4. 

c. 	 Surface Hydrology 
Cl. watershed analysis 
C2. climate 
C3. other (specify) 

C4. 


D. 	 Subsurface Hydrology 
Dl. tracer tests 
D2. aquifer tests 
D3. modeling -- groundwater flow 
D4. modeling -- contaminant transport 
DS. other (specify) 
D6. 

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

F. 	 Subsurface Geophysical 
Fl. borehole geophysics 
F2. other (specify) 
F3. 
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8. Why does the state prefer to use particular techniques for hydrogeologic 
analysis? 

9. 	 Describe any technical, legal, and institutional problems the state has 
in using particular hydrogeologic techniques (e.g., cost, data 
requirements, technical expertise, safety, manpower, accuracy, 
uncertainty of possible interpretations, manpower, accuracy, uncertainty 
of possible interpretations, access to site, interference with water 
rights, etc.). 

10. 	 Name, title, and phone number of contacts to discuss advantages, 
disadvantages and problems of techniques for hydrogeologic analysis. 
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C. 	 CORRECTIVE ACTIONS 

11. 	 What is the state doing to correct incidents of groundwater 
contamination? Check the categories that apply to your state and note 
the relative frequency of use (High, Moderate, Low, Never). 

A. Containment 

AI. 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 
AlO. artificial recharge 
All. natural containment 
Al2. other (specify) 
Al3. 

B. In-situ Rehabilitation 

Bl. plume management (pressure troughs, pressure ridges) 
B2. groundwater pumping/water table adjustment 
B3. chemical immobilization 
B4. bioreclamation 
BS. mathematical modeling - groundwater flow 
B6. mathematical modeling-contaminant transport 
B7. other (specify) 
B8. 

C. Withdrawal/treatment 

Cl. 	 withdrawal techniques 

Cl.i. pumping 
Cl.ii. suction 
Cl .iii. gravity 
Cl.iv. excavation 
Cl.v. other (specify) 
Cl. vi. 

C2. 	 treatment 

C2.i. skimming 
C2 .ii. filtration 
C2 .iii. incineration 
C2.iv. adsorption (GAC) 
C2.v. airs tripping 
C2.vi. ion exchange 
C2 .vii. ultrafiltration 
C2. viii. reverse osmosis 
C2.ix. other (specify) 
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C. 	 CORRECTIVE ACTIONS (Cont.) 

D. Management Options 

D1. terminate/limit aquifer use 
D2. develop alternative water supply sources 
D3. purchase alternative water supply 
D4. treat at point of end-use (e.g., faucet filtering devices) 
DS. restore via natural processes (not included under A, B, or C 

above) 
D6. monitoring 

D7. health advisories 

DB. other (specify) 

D9. 

D10. 


12. 	 Discuss any technical, legal and institutional problems the state has had 
in the use of any of these techniques (e.g., well closings resulting in 
more rapid movement or changed direction of contaminant transport, 
difficulty with obtaining water rights, etc.). 

13. Which techniques for corrective action are preferred? Why? 
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14. 	 Name, title, and phone number of contacts for discussing advantages, 
disadvantages, and problems associated with these techniques for 
correcting groundwater contamination. 

15. 	 How does state decide to address contamination at one site as oppos·ed to 
another? Check the categories that apply to your state, if ~ossible 
rank their importance. 

o formal criteria (specify) 

o order in which contamination is detected 

o public pressure 

o sites where a source and responsible party can be identified 

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

o severity of problem (specify how determined) 

o other (specify) 
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D. 	 PREVENTION 

16. 	 What is the state doing to prevent groundwater contamination from 
occurring? Check categories that apply to your state. Note whether the 
category has been implemented (I) or is in the process of being developed 
(D). If program is in the process of being developed, note whether new 
legislation (N) is required. 

o 	 permits for discharges to groundwater based on technology 

requirements 


o 	 permits for discharges to groundwater based on performance standards 

o 	 voluntary best management practices 

o 	 required best management practices 

o 	 facility siting requirements 

o 	 public education 

o 	 classification 

o 	 groundwater quality standards other than drinking water standards 

o 	 well construction standards 

o 	 well closing standards 

o 	 non-degradation policy 

o 	 policy to protect public health 

o 	 policy to balance resource protection with costs of control 

o no action 


o other (specify) 
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17. 	 What priorities does the state have for prevention? Check categories 
that apply to your state, if possible rank their relative importance. 

o 	 protecting certain existing drinking water supplies (specify) 

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

o 	 eliminating potential for groundwater contamination from particular 
sources (specify) 

o 	 no priorities 

o 	 other (specify) 

18. 	 Name, title, and phone number of contacts to discuss prevention 
activities: 
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E. 	 IMPROVING CAPABILITIES 

19. 	 What is the state doing to improve its capabilities to deal with 
groundwater contamination? 

o Special studies (specify) 

o Staff development and training 

o Facility development (specify, e.g., laboratory certification) 

o Public education 

o Agency reorganization 

o Coordination programs (specify) 

o Other (specify) 

20. 	 Name, title, and phone number of contacts to discuss improving state 
capabilities: 
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F. 	 STATE POLICIES 

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

o 	 Standard protocols for collecting groundwater quality samples 

o 	 Standard protocols for analyzing groundwater quality samples 

o 	 Groundwater monitoring for drinking water supplies (if different than 
federal Safe Drinking Water Act requirements) 

o 	 Groundwater monitoring at waste sites (if different than federal RCRA 
requirements) 

o 	 Responding to complaints about possible groundwater contamination 

o 	 Determining what groundwater parameters to measure at a particular 
locaton 

o 	 Response when groundwater quality standards are violated 

o 	 Response when there is no quality standard for a contaminant that is 
found in groundwater 

o 	 Setting priorities for correcting groundwater contamination 

o 	 Establishing the standard to which groundwater contamination will be 
cleaned up 

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

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

22. 	 In the absence of formal policies, written 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 these more stringent 
standards (e.g., SNARL's, minimum detection levels)? Why did the state 
decide to develop these more stringent standards? 

24. Name, title, and phone number of contacts to discuss implementation of 
formal policies on groundwater contamination: 
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25. 	 Approximately how much money (i.e., order of magnitude) is the state 
devoting to each of the following activities related to groundwater 
contamination: 

Detection 

Correction 

Prevention 

Improving Capabilities 

If you are unable to provide an estimate of funds expended on groundwater 
contamination, please explain why. 

26. 	 What is the relative importance the state gives to each of the 4 
categories listed below? (1 = highest) On what basis do you make this 
ranking? 

Detection 


Correction 


Prevention 


Improve capabilities 
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27. 	 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. 

Detection 

Correction 

Prevention 

Improve capabilities 

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

29. 	 What factors limit the state from making these changes? 
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30. Does the state 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? 

31. 	 What types of information on groundwater contamination in other states 
would be useful to your state? 

32. 	 Have you benefitted from other states' information on groundwater 
contamination? Through what mechanisms? 

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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G. 	 FEDERAL-STATE RELATIONS 

34. 	 How could the federal government be of most assistance to the state on 
groundwater contamination issues? Please be specific about the 
particular topics or issues where federal resources would be beneficial. 

35. 	 Explain how each of the following federal laws and programs have helped 
or hindered the states' efforts to address groundwater contamination 
issues? At a minimum, check the laws and programs the state has used to 
address groundwater contamination. 

A. 	 Laws 

1. Environmental Protection Agency 

o Clean Water Act (CWA) 
Section 	104 - [104(a)(5) - water quality surveillance system] 

-- Research, Investigation, Training, and Information 

Section 106 - Grants for Pollution Control 

Section 201 - Grants for Construction of Treatment Works 

Section 205(j) -Grants for Water Quality Management Planning 
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Section 208 - Areawide Waste Treatment 

Section 303 - Water Quality Standards and Implementation Plans 

Section 402 - National Pollutant Discharge Elimination System 

o Safe Drinking Water Act (SDWA) 

Part B - Public Water Systems (Section 1412 - National Drinking 
Water Regulations) 

Part C - Protection of Underground Sources of Drinking Water 
Underground Injection Control Program 

Sole Source Aquifer Program 

Part E - General Provisions 

Section 1442 -- technical assistance to states and 

municipalities 


Section 1443 -- grants for state programs 

o 	 Resource Conservation and Recovery Act (RCRA) 
Subtitle C -- Hazardous Waste Management 

Subtitle D -- State or Regional Solid Waste Plans 
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o Comprehensive Environmental Response, Compensation and Liability 
Act of 1980 (CERCLA/Superfund) 

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

o Toxic Substances Control Act (TSCA) 

o Uranium Mill Tailings Radiation Control Act (UMTRCA) 

o Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) 
Groundwater monitoring studies 

Groundwater modeling -- testing and validation 

o Other EPA Laws or Programs (specify) 

2. Department of Commerce 

o Coastal Zone Management Act of 1972 

3. Department of Interior 

o Surface Mining Control and Reclamation Act of 1977 

4. Other Laws (specify) 
o Appalachian Regional Development Act of 1975 
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o Water Resources Planning Act of 1965 

B. Programs 

1. Department of Agriculture 

o Soil Conservation Service Programs 

o Agricultural Stabilization and Conservation Service Programs 

2. Department of Commerce 

o Grants for public works 

o National Bureau of Standards Reference Materials 

3. Department of Interior 

o Bureau of Indian Affairs Programs 

o Bureau of Land Management Programs 

o Bureau of Reclamation Programs 

o U.S. Geological Survey Programs 
Cooperative programs for Water Resources Investigations 
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Other USGS programs 

o Water Resources Research Institute Cooperative Programs 

4. Other (specify) 
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H. 	 IMPACTS 

36. 	 What types of economic and environmental impacts of groundwater 
contamination have been documented in the state? Check the categories 
that apply, and if possible, quantify. 

A. 	 Economic Impacts 

o 	 Decreased value of industrial production 

o 	 Decreased value of agricultural production 

o 	 Avoidance of impaired uses through relocation 

o 	 Decreased values for industrial, agricultural, or residential 
lands 

o 	 Damage to materials 

o 	 Costs of obtaining alternative water supplies 

o 	 Legal/administrative expenses 

o 	 Compensation payments 

o 	 Other (specify) 
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B. Environmental Impacts: 

o Surface water 

o Land/soil 

o Biota 

o Air 



- - - - - ----------

C.3 SUBSTANCES WITH STATE STANDARDS OR FEDERAL 

STANDARDS OR GUIDELINES FOR WATER QUALITY THAT MAY 


BE APPLIED TO GROUNDWATER 

S1ATE~a 

Driddq: Water National Drinki!Jl EPA Health Advia:>ries Am1:1_ent Water 
Raq:eb Total No. Water Regulation; O:le Ten Lorg Term Q.Jality Criteria 

Chemical States ("l!!'l) of States Primuy Serotrluy Day Day (1-2 Yrs) for lhmm Health 

A. 0!)1t!lic Chemicals 

1. ~t!Ene o.ozc 

2. Acry1onitr1le ttl 0.035/10 <II¥ ­
0.003/1 DD. 

ttl 0.035/10 <II¥ ­
0.003/1 no. 

o.oooossd 

3. Alachlor ~ 0.035 

4. Al.d!.carb (Sulfoxide 
am sulfooe) 

CA,~ o.om-o.oo7 ~ 0.00035 2 

5. Aldrin CA,IL L1m1t of quanti­
fimtion ­ 0.001 

IL,~,Ml,VA None- 0.001 5 0.000000074 d 

6. Amllen ~ 0.0075 

7. Atrazine ~ 0.0075 

CA 0.001 

9. Benefin ~ 0.035 

10. Bemene CA,FL,NH,~ 0.0007 -
.001 s 

~,tti.,Ni None detectable -
0.1;S 

4 IHLe - 0.23 0.07 0.00066d 

ll. o( -Benzene hexachloride 
(o( -!liC) 

12. (3- Bemene hexachloride 
(" -JH:) 

13. Bemidine 

CA 

CA 

0.0007 

0.0003 

Ml None 0.00000012d 



• 

S'll\1E STAN!lAIU)a FE!ERAL S'fANilAID) AND miiEL:OOS (II¥dl) 
Drinkirg Water Groordolater Quail~ National Drinki!E EPA &.alth AdvisoriES Amlient Water 

Rargeb Rarge Total No. Water RerulatiDns One Ten Lorg Term ~ty Criteria 

<llemical StatES (ug,/1) States (ug,/1) of States Prinmy Secondary Day Day (1-2 Yrs) for lhmm &.alth 

A. Orl'a!lic Chsuicals (Contirued) 

14. 	 Bemo (a) pyrene Nl' Nor>:! detectable 0.1 0.1 0.025 


O.lXXXl3d
15. Bis (2-chl.oroethyl) ether 	 Nl' 0.001 

16. 	 Bronacil (a ura::il) Nl' 0.0044 


0.0001gd,f
17. Brooodichl.or(]]Eiliar>:! 

Nl' 0.003518. Buta:hlor 

19. c,.,tan 	 CA 0.35 Nl' 0.0175 2 

20. Carbltyl 	 Nl' 0.0287 

Ni 0.015 	 0.100 0.100 0.00521. Carlxfuran 

22. 	 Carbon tetrachloride CA,FL,!ti 0.003- r-fl,f:lll, 0.005- 0.01; s 5 !Kl.e 0.2 0.02 0.0004d 

0.005; s !ti,Ni 


23. 	 Chlonlane CA,IL,!ti 0.000055; s IL,Ml Nor>:!- 0.01; s 6 0.063 0.063 0.008 O.Q0000046d 


!ti,NI',VA 


o.48BS 

0.00019d 

24. Chlorotenzene 

25. Chlorofonn 	 Ml,Ni 0.1 - 0.2 2 

26. Demiton 	 Ml 0.0001 

27. 	 Di (2-ethyl hexyl) fhthalate Nl' O.Q042 lS.oh 

(JEHp) 


http:Nor>:!-0.01
http:0.005-0.01


-- - - - --- --- - - ----- -

~'TATE STANllt\m:6a FEDERAL STANllt\m:6 AND GUIIELII€5 (I!J'.!1) 
Drinkirg Water Groun:tw.ter Qual1% National Drinki!Jl EPA Health Advisories Amlient Water 

Rargeb Rarge Total No. Water ~tiorn One Ten Lorg Tenn Quail ty Criteria 
Chanical States (mg/1) States (mg/1) of States Pr:lmaiy Se::ondaty Day Day (1-2 Yxs) for HUIIBil Health 

A. Or!:l:!!!!c Chanicals (Contirued) 

28. Di--rr-llltyl phthalate N'i 0 . 770 34.oh 

29 . Diaz!non CA 0 .014 N'i OJXXJ7 2 

30. Dibr01Dchlorq>r<~Jane (lllO') CA,tfl 0 .001; O. OCXXJS/ 
lifet:ine 

NH O. CXXXJS/lifetine 2 

31. Dibraooethane (IDB) CA,FL Wmit of quanti­
fication --{) .00002 

32. DicantJa N'i 0.00044 

33. llichlorobenzene (m-) CA 0.02 - 0.13 o.04h 

34. Dichlorobenzene ( o-) CA 0 .01 - 0. 13 0.40h 

35. Dichlorobenzene (p-) CA OJXXJ3 - 0 . 13 N'i 0 .0047 2 R-0-.e 0.40h 

36. Dichloro:liphenyltrichloro­
ethane (oor) n. 0.05 TI.,I1l,N'i ,VA None-{) .05 4 0.CXXXJ00024d 

37 . 1, 2-Dichloroet:hane CA,FL 0 .001--{).003 1-N ,tfl 0 .02 3 R-0-.e o.oow.d 

38. 1 , 1-Dichloroet~lene 

(Vinylidlene chloride) 
l'i! 1.0/1 day - 0 .07/ 

lifet:ine 
r-N,NH, 

tfl 
0 .005; 1 .0/1 day -

0 .07/lifet:ine 
3 IM:Le 1.0 0 .07 0 .07 O. CXXXJ33d 

39 . 1,2-Didl1oroet~ lene 
(cis and trans) 

CA,l'il Limit of quanti­
fication; S 

NH s 2 cis: 4 .0 0 .4 
trans: 2.7 0 . 27 

40. Dichloranethane 
CMet~ lene chloride) CA,NH 0 .004;S NH s 13.0 1.3 0.15 0.00019d,f 
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STATE STAN!lt\IDSa FElERAL STANllAIDS HID GUIIELW:S (m,v/1) 
Drinld.rg Water Granlwlter QuaJi ~ National Drinki!J! ll'A Health Advis:>ries Amlient Witer 

Rargeb Rarge Total No. Water R$Jlatiors One Ten Lorg Term Qua11ty Criteria 
Chanica! States (mg/1) States (mg/1) of States Pr:lmuy Secondaty Day Day (1-2 Yts) for Humm Health 

A. OIJI)3!lic Chenicals (Contirued) 

41. 	 2,"""D:Idllorq>heno1 3.CJ.J& 

42 . 	 2,"""D:Ichlorq>henoxyaret:lc n. 0 .01 O.D044 2 0.1 
acid (2,"""D) 

43. 	 1,2-ili.chlorq>rq>ane CA 0.01 

44. 	 Dicyclopentadiene (DCPD) 0.1121 

45. 	 Dieldrin CA,TI. Limit of quanti- IL,Ml None- 0.001 5 O.O<XXXXXJ71d 

fication- 0.001 NI,VA 


46. 	 Dietl:y 1 phthalate 350.o& 

47. 	 Dli060Jrq>ylm>thy1 phcsptooate 0.451 

(DIMP) 

48. 	 D:lm!thoate CA 0.14 

49. 	 2,~:1m!tl:ylphero1 CA 0.4 0.40c 

so. 	 1 , """Dioxane Nil 0.02/10 day Nil 0 .02/10 day 5.68 0.568 

51. 	 D:lox!.~ M) None 

52. 	 Diphenaiii.de CA 0.04 

53. 	 Dipheny1 hydraz!ne Nl: None detectable O.D00042d 

54. 	 D:lt:hane Nl: 0.00175 

http:Diphenaiii.de
http:Drinld.rg


STATE S'll\NilAIDSa FEDERAL S1l\NilAIDS AND GUIIEL!tES (mg/1) 
Diinld.rg Water Grourrlwiter Qual1 ~ National Diinki!J! EPA Health Adviootles Amli.ent Water 

Rargeb Rarge Total No. Water ~tiom One Ten Lorg Tenn Quality Ciiteiia 
Chan!.cal States (mg/1) States (mg/1) of States Primary Secondary Day Day (1-2 Yrs) for Humm Health 

A. O!Ff!!!!c Chanicals (Contirued) 

55. Enlosulfan M) O.OCXXJ03 0.074h 

56. Erw:IIin Ml,NY,VA tble-{) .<XXXXl4 3 O.<XXY2 0.001 h 

57. Eth1on CA 0.035 

58. Ethyl Benzene 1.4h 

59. Etlylene glycol 19.0/1 day lfl 19.0/1 day 19.0 5.5 5.5 

60. Ethylene thirurea (EW) NY l'ble detectable 

61 . FerlBm NY 0. 00418 

62. Flll)rar«:hene 0.042h 

63. Folpet NY 0 .056 

64. Fonnaldehyde 0.030 0.030 

65. Gaoolinel None Nil None 

66. Guth1on Ml,NY 0 .ocoo1-Q.00044 2 

67. Heptachlor CA,lL O.OOCXJ2-Q .001 lL,Ml,NY,VA None-0.001 5 O.OOXXXJ28d 

68. Heptachlor epoxide CA,lL 0 .0001 - O.D02 VA 0.001 3 

b'J. Hexachlorobenzene (Ill!) NY 0.00035 o.oooooond 

http:Diinld.rg
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STATE S'll\NllAID)a EEDERAL S'll\NilAID) AND GUIIEUI>ES (mp/1) 
Dd.nld.rg Water Grourxlwater Quail~ Nat1Dnal Dd.nki!Jl EPA Health Advi!llries Amlient Water 

Rargeb Rarge Total No. Water Remllatiorn One Ten Lorg Tenn Q.Ja1i t:y Cd.ted.a 
Chemical States (mg/1) States (mg/1) of Stat es Prtnmy Secondary Day Day (1-2 Yrs) for Ht.mlm Health 

A. Or~c Chemicals (Contiruecl) 

70. 	 llexachlorq>hene Nl' 0.007 

71 . 	 Hexane (rr) 13.0 4.0 

72. 	 Isopropyl N (3-chlorophenyl) CA 0. 35 

carta:nat es (CIPC) 


73. 	 ~ne Nl' None detectable 

74 . 	 lindane (/5 -BOC) n.,m, ~boo- 0 .001 4 0 .004 

r:rt,VA 


75 . MBAs (Foanlng agmts)j !tl,r:rt,VA 0 .05 - 0.5 3 0 .5 


lb. Malathion CA 0.16 MJ,r:rf. 0.0001 - 0. 007 3 


77 . 	 Maneb Nl' 0 .00175 

78. 	 Methoxychlor r:rf.,VA 0 .00003 - 0. 35 2 0. 1 

79 . 	 2-Methyl - 4 chloroprenoxr Nl' 0 .00044 

acetic acid (lfl'A) 


80. 	 Methyl ethyl ketone 1.0/lO day Nl 1.0/lO day 7. 5 0 . 75 

81 . Methy 1 rethocxylate Nl' 0 .007 


!l2. Methy 1 parathion CA 0.03 IL,r:rf. 0.0015 - 0 . 1 3 


http:Dd.nld.rg


r---------------- - --- - · - ---

S'll\TE Sll\N!lAIDSa FElERAL STANJlo\lm AND <mJELit£S (my/1) 
Dridclrg Water Nat:lmal Drinld:rg EPA Health Advis:>ries Amlient Water 

Rargeb Total No. Water RegulatiotB One Ten Lorg Tem Q.Jality Criteria 
States (.Wl) cf States Pr1mary Se:xmdaty Day Day (1-2 Yrs) for llooBn Health 

A. Orl!ailic Chemicals (Conrirued) 

83. Mirex. Ml None 

84. Nitralin !« 0.035 

85. Naphthalene N.\k 

80. on am Greas.J ll.,Mr,NC Virtually free - 10.0 5 
VA,'rli 

87. Other ~drocarbor&l Prdlilited Nil Prdtilited 

88. Para:j\Bt !« 0.00298 

89. Parathion CA 0.03 Ml 0.()()004 2 

90. Pentachlorooitrolenrene (P(NB) CA O.OOC9 !« None detectable 2 

91. Pentachlorqlhenol (l'Q') CA 0.03 !« 0.021 2 1.01g 

92. Petroleum hydr0<>1rborsj VA 1.0 

93. Phenola:l CA,PA 0.001 n.,Ml,t« 0.0001-Q.100 9 3.~ 

NC,lti,VA,'rli 

94. Prorate (alao Disulfoton) !« None detectable 

95. Polychlorinated biphenyls
(l'c&).1 

W,t« 0.0001; 0.001/1 DDOCh­
0.0003/lifetine 

Ml,Mi,W 
ltl,t«,NC 

None- 0.001 6 0.125 0.0125 0.0000007~ 
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STATE S'll\NDAIU)a FEIERAL S'll\NilAROO AND QJIIEL:rn;;S (D¥dl) 
National Drinki!!l EPA l:leal.th .Advisories Amblent Water Drinld.rg Water Grourn...terQuali~ 

Rargeb Rarge Total No. Water Re!ulatiom !Ale Ten Lorg Tenn Q.Jality Criteria 

(mg/1) States (mg/1) of States Pr1Dmy Secondary Day Day (1-2 Yrs) for lhmm l:leal.th
Chemical States 

A. Ommic Chemicals (Cootirued) 

96. 	 Polyruclear aranatic 

hydrocarbon; (PAIIs).l 


97. Prcpachlor 

98. Propanil 

99. Prq>azine 

100. 	 Prhalate este~ 

101. 	 IDl{ (Cyclonite) 

102. 	 S:lmazlne 

103. 	 Styrene (vinyl l:enrene) 

104. 	 1,2,4,5- Tetrachl.orot:enzene 

lOS. 	 2 ,3,7 ,8-'retrachlorodibenzo 
p-d1ox1n (1Ulll) 

106. 	 Tetrachloroethane (1,1,1,2­
and 1,1,2,2) 

107. 	 Tetrachloroethylene (or 

perchloroethylene, Prn) 


1(6. 	 Thiram 

0.025/7 day tfl 0.025/lday 0.0000028d 

NY 0.035 

NY 

NY 

IC 

0.007 

0.016 

lbne dete~able 1n:lividual1 

0.033681 

NY 

NY 

0.07525 

0.931 

0.038h 

NY O.OOO:XXXl35 

CA 0.04 ltl,l'M 0.02 3 0.00017d(l,l,2 ,2) 

FL,lti 0.003; s tfl,l'M 0.0035 - 0.020 2 JM:Le 2.3 0.175 0.020 o.cro>d 

N'i 0.00175 

http:l:leal.th
http:Drinld.rg
http:l:leal.th


FEIERAL STANllAROO i\ND QJIIELIN!:S (ug/1)STATE STAN!lAROOa 
National Drinld!Jl El'A Health J\dvisoriea Amlient water

Drinkitll water Groon:lwater Quail~ 

Rargeb Rarge 
 Total No. Water Regulati.orB <ru. Ten Lorg Tem ~ty Criteria 

oc Statea Primary Secondary Day Day (l-2 Yrs) for lhmm Health 
Chanica! Statea {.Wl) Statea {.Wl) 

A. Organic Olanicals (Cottirued) 

100. Toluene 

llO. To~ 

1ll. Trichloroethane 
(1,1,1 and 1,1,2) 

112. 1 ,1,2-'frichloroetly lene (ra;:) 

CA,lti 

CA,FL,ti! 

CA,lti 

0.1; 1.0/10 day 

0.2-{).3 
(1,1,1); s 

0.005- 0.075 

!ti,tt!,MN 15.0; 1.0/10 day 

Kl,NY None - none <k!tettable 

lti s 

MI,NH 0.0045- 0.1; s 
tt!,NY 

4 

2 

2 

5 

0.005 

IKLe (1,1,1) 

IKLe 

21.5 

2.0 

2.2 

0.2 

0.34 

1.0 (1,1,1) 

0.735 

14.3h 

o.oooooond 

18.4h ~1,1,1) 
0.0006 (1,1,2) 

0.0027d 

113. 2,4,5-'rrichlorcpteoacyacetic 
acid (2,4,5-1:) 

NY 0.03' 

114. 2,4 ,5-'rrichlorcplEnacyprcpionic 
acid (2,4,~'1P, or Silvex) 

N'l O.(XX)26 0.01 

115. Trifluralin N'l 0.035 

116. TrihalCII2~ ('IT!t!s) 
0.10 

117. Trinitrotoll.ene (TNf) 

118. 

119. 

120. 

Trithim 

Vinyl chloride 

Xy~ 

C\ 

CA,FL,NY 

CA,lti 

0.007 

0.001 - 0.005 

0.62; s Nil 

0.005 

s 

2 IKLe 

12.0 1.4 0.62 

0.002d 



FEOORAL STANiloOC6 AND <m!ELit€5 (mg/1) 

Chemical 

Drinki'l! Water 
Rargeb 

States (mg/1) 

Grrum.ater Quail~ 
Rarge 

States (mg/1) 
Total No. 
<X States 

Nat:lonal Drinld.rg 
Water RegulatioM 

Pr1maiy Secondary 

EPA Health Advisories 
One Ten Loll! Teon 
Day Day (1-2 Ym) 

Amblent Water 
Q.Ja1i ty Criteria 
for Humn Health 

A. Oryenic ChEmicals (Cootirued) 

121. Zineb 

122. Ziran 

B. Inog>.ani.c Chenl.cals 

123. Aluml.rum 

124. Allllonia 

125. Almonia nitr~n 

126. Amenic 

1'lJ. Barium 

128. Bet:y11111n 

129. Boren 

130. Calml.um 

131. Chlori~ 

132. Chlorine 

133. Chrcmium 

PA 0.01 

Ni 0.00175 


NY O.oo418 


Ml,IM,WY 0.1-5.0 

WY 0.02-<>.5 

VA 0.025 

Ml,IM,Ni O.OHl.1 

IM,Ni 1.0 

WY o.on-1.1 

AK,IL,MN 0.3-5.0 
IM,WY 

IL,IM,Ni ,VA,WY 0.0004-1.0 

Ml,IM,NY,VA,WY 2~250 

AK,M) Not specifie:l ­
0.01 

IM,NY 0.05 

3 

4 

2 

5 

5 

5 

2 

2 

0.05 0 .lXXXl022d 

1.0 

0.0000037d 

0.010 o.01oh 

250 

0.05 o.osoh (hexavalent) 
170.oh (trivalent) 
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http:Calml.um


S'IATE~a FEDERAL ~ .AND GUIIELII€S (!l!ilf1) 
Drinki'l! Water Grourd.ater Qual1~ National Drinki!}l EPA Health Advi!Od.es Amlient Water 

Rargeb Rarge Total No. Water Remlatiofll One Ten Loil! Tenn ~cy Criteria 
Chemical States (mg/1) States (mg/1) of States Pritmry Secondary Day Day (l-2 Yrs) for Htmm Health 

B. lm!!l!!!!c Chemicals (Contirued) 

134. ColBlt 1{),1-ti,l'M,WY O.O'H.O 4 

135. CopP'r IL 5.0 IL,M),NY ,l'M,tM,WY 0.01-1.0 5 1.0c 

136. Cyanidesj IL,PA 0.01- 0.2 ){) ,l'M,NY,VA 0.00:;.{).025 8 o.2ocP 
IL,~,WY 

137. Floori~ ll..,KY,M>,NI::l 1.0- 2.2 IL,l'M,NY,VA 1.4-1.6 10 1.4- 2.4 
PA,TN,Wl 

1ll. Heavy netalsj /¥.. Not S!l'cifis:i 

139. I roo IL 1.0 l'M,NY,VA 0.01-10 4 0.3 

140. l..ea1 I'M,NY O.OZS...0.05 2 0.05 o.osoh 

141. IJ.thlun VA,WY 2.5 2 

142. Marganese IL 0.15 l'M,NY,VA o.o1-o.5 4 0.05 

143. Mercury IL,l'M,NY,VA 0.0000:;.{).002 4 0.002 0.000144h 

144. Mo1ytn.rum ~.I'M 1.0 2 

145. Nickel IL,~,!M 0.0.>-1.0 5 0.0134h 
VA,WY 

146. Nittat~ NJ,l'M,NY Not S!l'cifis:i-10.0 3 10.0 (as N) 

147. Nitritesj Jt:,VA,WY 0.02.>-10.0 3 

http:Advi!Od.es
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SWE STANil!\lrna FEDERAL S'll\NilAIDS AND QJIIELIJt:S (aWl) 
Drinldrg Water Groo.m...ter Quail~ National Drinldg: EPA Health Advia:>ries Amli.ent Water 

Rargeb Rarge Total No. Water Rel?.ulatiooo One Ten Lorg TeDII Quality Criteria 
Chemical States (mg/1) States (mg/1) of States Pritmry Secondary D~ D~ (l-2 Ym) for llumm Health 

B. Ino9lf!!!!c Chemicals (Cootirued) 

148. 	 (IDJ + IDz)-tfi VA,W'l 0.5-100 2 

149. 	 Phcsphat.,.._j NJ Not S!Ecif1ed 

150. 	 Selenium ~.NY 0.02-{).05 0.01 o.moh 

151. 	 Silver IL,~,N'i 0.005-0.05 3 0.05 o.osoh 

152. 	 Sodium AK,FL,I£ ~250 VA 25-100 4 

153. 	 Sulfat.,.._j t111,~,NY,VA,W'l 1(}-600 5 250 

154. 	 Vanalium VA,W'l 0.1 2 

155. 	 Zinc M),l'M,N'i 'VA,W'l 0.05-25 5 5.0 s.oc 

c. B1ol~cal Sul:staln!S 

M)156. 	 Colifonn oocteria WI None 200 2 1/100 ml. 

D. Radlon.de1des 

157. 	 Beta JBrticle. ard proton 4 urem 
radl.oatt1vicyl 

158. 	 Gress alpha f6rticle act1v1tyj 15 ~1/l 

159. 	 Gress reta:i PA 1000 ~1/l IN ,IL,Ml', VA so-woo ~111 5 

http:0.005-0.05
http:0.02-{).05
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STATE STANDARJSa FrnERAL S1l\NJlo\RlS AND QJIIEL:OOS (my/1) 
Drink1'1!: Water 

Rargeb 
Groun:t.ater Qual1~ 

Rarge Total No. 
National Drinld.rg 
Water Regulat:lorB 

EPA Health Advis:>ries 
One Ten Lorg Teilll 

Amlient W.ter 
Quality Criteria 

Chauical States (mg/1) States (mg/1) of States Pr:!IJBry Secondary Day Day (l-2 Yrs) for Humm Health 

D. Radiorucleides (Contirued) 

160. Ra:lium 226 PA,WI None- 3.0 IN,IL,VA 

161. Radium 226 and 228, c~ 1M 

102. Ralon 222 PA 10 

163. SttonUum 'll IN,IL,VA,WY 

164. Tritium AK,Mr 20,000 p:;i/1 

165. Uranium IM,WY,VA 

E. Ot:her Measures 

166. Alkalinityj VA 

167. ARS (alkyl tenzene sulfroate>J PA 

168. aE (Carbon dllor<foilll excract)J PA 

169. <DD (Chauical oxy!!l'n demml)J I{) 

170. 00 (Diss:>lved oxy!!l'n~ 1-N,Ml 

171. 1m3 (Bicarbonate) "" 
172 • Residual carbonate AK 

173. RSC (Residual sodium carbonate) WY 

1.o-3.0 

30 p:;i/1 

2.o-w.o 

0.03-5.0 

1D-500 

0.5 

0.2 

10.0 

1.o-6.0 

5.0 meq/1 

1.25 

1.25 meq/1 

5 

5.0 P::i/1 

4 

3 

2 

10.0 p:;i/1 
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Drinkirg water Grrurmater Quali~ National DrinkilJl EPA Health Adviwries Amlient Water 
Rargeb Rarge Total No. Water Regulatioffi One Ten Lorg Tenn ~cy Criteria 

Chemical States (.Wl) States (.Wl) of States Prltmry Secondary Day Day (1-2 Yrs) for 11umm Health 

E. Other Measures (Contirued) 

174. SAR (Sodium atsorption ratio).i Wi 8.0 

175. Specific ~ l'fl,Mr (1000 - >15 ,000 2 

17b. IDl (Total diswlved solids)j l'fl,NJ,tM,VA 250-1000 3 500.0 

177. Tocal harmes~ l'fl,Kl,VA nooe-300 3 

178. Turbldicyj 'IN,VA o.::r-2.012 c1ay 2 1-5 w 



a. 	 State standards are listed only if they are more stringent or cover additional substances than standards established by the Federal Safe Drinking 
Water Act. 

Sources of information on State standards are (API, 1983) and the OTA State survey. All Federal standards were established by EPA unless 
otherwise indicated. 

b. 	 All standards are in milligrams per liter (mg/1, equivalent to parts per million) unless otherwise indicated. Other units used include mrem 
(millirem), pCi/1 (picocuries per liter), meq/1 (milliequivalents per liter), and TU (turbidity units). 

The entries in the range column are of three types. 

1) 	 Some entries provide information on the lowest and highest concentrations that the States use as standards. If States use the same standard 
for a substance, a single value is given. Note that the entries do not distinguish among the different ways that a standard might be applied 
(e.g., different standards may be applied to different classifications of groundwater). 

2) 	 Some entries, such as Federal health advisories (SNARLs), are time-dependent and are expressed in terms of concentration per unit time. "S" 
represents a State standard that is the same as the SNARL. 

3) 	 "Not specified" indicates that a State has a standard but the value was not contained in the information sources. 

c. 	 Ambient water quality criteria for human health are theoretically derived based on organoleptic effects (i.e., unpleasant taste and odor; see also 
footnote g), carcinogenicity (see footnote d), or toxicity (i.e., adverse effects other than cancers, see footnotes g and h). In this case, the 
value indicated is based on controlling unpleasant taste or odor either of water consumed directly or of water consumed indirectly via aquatic 
organisms found in ambient waters. Note that there is no demonstrated relationship between unpleasant taste or odor and adverse health effects. 

d. 	 The value indicated is b<(sed on an increased risk of one additional cancer in one mi·llion people exposed (lo-6 risk level) through ingestion of 
0-5 0-1contaminated water~ contaminated aquatic organisms. The water quality criteria document values for 1 and 1 risk levels are generally ten

6times higher and lower than the 10- risk level, respectively. 

According to the EPA Notice of Water Quality Criteria Documents (45 FR 79318, Nov. 28, 1980), for the maximum protection of human health from 
potential carcinogenic effects due to exposure to this chemical through ingestion of contaminated water and contaminated aquatic organisms, the 
ambient water concentration should be zero (assuming that the chemical's behavior is consistent with the non-threshold concept for carcinogens, 
see app. H. 1). The notice further states that: 

0 	 zero concentration may not be attainable at the present time; 

0 	 concentrations are thus estimated that may result in an incremental increase of cancer over a lifetime at the 10-5 , 10-6 , and 10-7 risk 
levels; and 
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o the estimated risk range is presented for information purposes and does not represent an EPA judgment on an "acceptable" risk level. 

Recommended Maximum Contaminant Levels (RMCLs) were proposed on June 12, 1984 (49 FR 24330). Proposed values would result in no known or 
anticipated adverse health effects with an adequate margin of safety and serve as non-enforceable health goals for public water systems. 

The value indicated is for the category halomethanes, not for the individual chemical. 

Different criteria are available for~ toxicity and organoleptic effects from ingestion of contaminated water~ contaminated aquatic 

organisms. The value indicated is derived from available toxicity data for the protection of public health. Criteria based on taste and odor 

data are more stringent than the toxicity level; however, there is no demonstrated relationship between unpleasant tastes and odors and adverse 

health effects. 


The criterion indicated is for the protection of human health from the toxic properties (i.e., all adverse effects other than cancers) of the 

substance through ingestion of contaminated water and contaminated aquatic organisms. 


Criteria levels shown were established by the Army Medical Bioengineering Research and Development Laboratory. 

Standard is for a group of chemicals or ·an indicator of water quality, not a single chemical. 

"Not available" indicates that a criterion for human health has not been published due to the insufficiency of available data. However, criteria 

are available for aquatic life. 


A level is not established for the protection of human health from total phthalate esters. Levels to protect human health from toxic properties 
of the following individual phthalate esters have been set for ingestion of water and contaminated aquatic organisms: 

dimethylphthalate -- 313.0 mg/1 
diethylphthalate -- 350.0 mg/1 
dibutyl-phthalate -- 34.0 mg/1 
di-2-ethylhexyl-phthalate -- 15.0 mg/1 

Source: Office of Technology Assessment. 



------------------------------------------------------------------------------------------------------------------------------------------------------------

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

Appendix c.4 documents information summarized in State Strengths and Problems in Programs to Deal With Groundwater Contamination and Desired Federal 
Assistance, chapter 4. The States' responses to open-ended survey questions about groundwater program strengths and problems, and desired Federal 
assistance on groundwater protection are listed. The caveats for interpreting survey results, described in OTA State Survey, chapter 4, apply to this 
appendix; in particular, 1) information in this appendix reflects the views of the State personnel involved in groundwater quality programs who responded to 
the survey and 2) the fact that only a few States raised a particular issue does not necessarily imply that the issue is not of concern to other States. 

EXAMPLES OF STRENGrHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

ALABAMA 

Sources 

Improve Capabilities 	 - Insufficient staff expertise 

- Insufficient resources for enforcement 


Standards 	 - Lack of groundwater quality standards 

Detection - Difficulty obtaining cooperation and 

coordination of efforts to isolate source 

of contamination when there are several 
possible sources 

Correction - Insufficient authority to stop use of 

contaminated private wells 


- Difficulty testing buried tanks for leaks 

after detection of gasoline contamination 


- Lack of State cleanup fund 


Prevention 



EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

ALASKA 

Sources - Existence of State permit programs for 
wastewater discharges, landfills, and 
solid waste disposal sites 

Improve Capabilities - Insufficient funding - Provide funding for enforcement activities 
- Insufficient enforcement of State permit - Provide technical assistance for obtaining 

program requirements public support for cleanup efforts 

Standards 

Detection - Provide technical assistance for analyzing 
hydrogeology and identifying dangerous 
levels of contamination 

Correction - Provide technical assistance for 
implementing cleanup technologies, 
informing public, and developing 
substitute water supplies 

Prevention - Insufficient programs to regulate 
hazardous wastes from cradle to grave 

• 




EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

ARIZONA 

Sources 

Improve Capabilities - Groundwater permit program under 	 - Difficulties with Federal programs - Facilitate information transfer 
development 	 including Federal-State coordination 

- State legislative support - Insufficient research and development - Improve Federal programs related to 
- Integrated program to activities 	 establishing quality standards, resolving 

regulate groundwater quantity and Indian water rights problems, and 
quality for portions of the State and coordinating Federal groundwater programs 
to protect beneficial uses 

Standards - State narrative standards for - Lack of standards for volatile organics - Accelerate research and development on 
groundwater quality - Difficulties with conducting risk criteria to support standards and develop 

assessments toxicological information for volatile 
organics and risk assessment 

Detection - Insufficient data - Provide funding for data collection 
- Insufficient technical support for - Provide technical assistance for 

laboratory facilities laboratory analysis 
Correction 

Prevention 

ARKANSAS 

Sources - Strong programs for hazardous wastes 
and contamination problems associated 
with oil wells 

Improve Capabilities 	 - Insufficient staff expertise - Train State staff 
- Insufficient resources for enforcement - Establish policy to protect interstate 
- Insufficient State legislative support . aquifers 
- Insufficient funding 
- Lack of groundwater strategy 

Standards 

Detection 	 - Insufficient enforcement - Provide funding for data collection 

Correction - Provide funding for correction of existing 
contamination 

Prevention 



------------------------------------------------------------------------------------------------------------------------------------------------------------

• 

EXAMPLES OF DESIRED FEDERAL ASSISTANCEEXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 

CALIFORNIA 

Sources - Authority to address most sources 
of contamination 

Improve Capabilities 

Standards 

Detection - Experienced staff for isolating 
potential sources of contamination 

Correction - State program to provide cleanup 
funds 

Prevention 

- Insufficient programs and authority to 
regulate underground storage of non-waste 
materials 

- Insufficient authority to enforce health 
advisories 

- Difficulties with coordination among State 
agencies 

- Need to improve coordination 
- Insufficient monitoring 
- Insufficient data management 
- Insufficient funding 
- Insufficient training opportunities 

- Insufficient authority under State water 
rights doctrine to manage groundwater 
resources 

- Accelerate research and development on 
standards for taxies 

- Provide funding for data collection 

- Provide additional funding for cleanup 
under CERCLA 

- Accelerate research and development on 
inexpensive treatment techniques 

- Accelerate research and development on 
technologies to control more contaminants 



------------------------------------------------------------------------------------------------------------------------------------------------------------EXAMPLES OF DESIRED FEDERAL ASSISTANCE
COLORADO EXAMPLES OF STRENGTHS 	 EXAMPLES OF PROBLEMS 

- Insufficient program regulations andSources 
statutory limitations regarding septic 
tanks, liquid waste disposal, and 
inactive/abandoned waste disposal sites 

Improve Capabilities - On-goi~ effort to evaluate need - Industrial opposition to groundwater - Provide funding for development and 
implementation of State programsfor program changes protection efforts 

- Insufficient resources for studying - Provide technical assistance 
problems 

- Insufficient program regulations and 
statutory limitations regarding drinking 
water standards 

- Establish Federal drinking water standards- Difficulties with Federal criteriaStandards 
for organic chemicalsfor uranium 

Detection - Program under development 	 - Insufficient funding 
- Insufficient staff expertise 

Correction 

Prevention 



• 

CONNECTICUT EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Authority to control most 
sources of groundwater contamination 

Improve Capabilities - Insufficient research and development - Provide funding for State research and 
activities special studies 

- Provide technical assistance and training 
on dealing with groundwater problems 

Standards - Water quality standards and - Inadequate risk assessment of - Establish additional standards for 
classification system exposure to pollutants water quality 

Detection 	 - Insufficient funding - Provide funding for data collection 
- Insufficient staff expertise 
- Insufficient investigation of aquifer 

characteristics 

Correction 

Prevention 



-- ------- --------------

DELAWARE EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources 

Improve Capabilities - Insufficient staff expertise - Provide funding for development and 
- Difficulty attracting and retaining implementation of State programs 

qualified staff - Facilitate information transfer on 
- Difficulty gaining cooperation of local available technology 

governments 
- Insufficient information for risk 

assessment 

Standards - Insuff icient toxicology and risk - Accelerate research and development on 
information toxicological information and risk 

assessment 

Detection - Effective mechanisms for coordination - Technical difficulties in determining - Accelerate research and development on 
of involved agencies relationship between concentrations monitoring 

of contaminants at points of use and 
sources 

Co rrection - Inability to handle sufficient numbers 
of incidents 

Prevention - Questionable reliability of existing 
programs for prevention 



------------------------------------------------------------------------------------------------------------------------------------------------------------

• 

FLORIDA EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Strong regulatory authority over 
sources 

Improve Capabilities - Insufficient staff to implement -Provide technical assistance and staff· 
regulations training 

- Insufficient funding 

Standards - Lack of implementable standards - Accelerate research and development on 
standards for toxics 

Detection - Insufficient monitoring related to - Provide funding for data collection 
sources, ambient quality, and aquifer 
characteristics 

- Insufficient materials and instruments 
for detection activities 

Correction - Inability to handle sufficient - Train State staff on technologies for 
numbers of incidents cleanup 

- Inadequate technology for karst 
environments 

Prevention - Lack of classification system 



GEORGIA 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

HAWAII 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF STRENGTHS 

- Groundwater management plan under 
development 

- Effective coordination 
- Monitoring program under development 

- Authority to correct most potential 
point sources of contamination 

EXAMPLES OF STRENGTHS 

- Strong program for monitoring public 
water supplies 

EXAMPLES OF PROBLEMS 

- Problems w1 th slow EPA bureaucracy 
- Lack of Federal delegation of UIC 

Progrmn to State 

EXAMPLES OF PROBLEMS 

- Insufficient staff 
- Insufficient funding 
- Insufficient program coordination 

- Insufficient toxicology and risk 
information 

- Insufficient monitoring related to 
sources and contaminants 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Provide technical assistance 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Facilitate information transfer on toxic 
substances 
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• 

IDAHO EXAMPLES OF STRENGrHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Insufficient regulations and/or guidelines 
for surface impoundments, mining 
activities, hazardous waste disposal, 
subsurface sewage disposal, and solid 
waste disposal 

Improve Capabilities - Insufficient guaranteed long-term funding - Improve Federal regulations to be 
- Insufficient staff more responsive to specific needs 
- Insufficient program coordination of States 
- Lack of information/education program 

Standards - Lack of groundwater quality standards 

Detection - Insufficient funds and expertise for - Provide funding for data collection 
geophysical evaluations 

Correction 
- Provide funding for dealing with 

widespread problems 
- Provide technical assistance on 

implementing cleanup actions 

Prevention 
- Provide funding for implementing federally 

mandated programs 



ILLINOIS 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF STRENGrHS 

-Strong staff capabilities 

EXAMPLES OF PROBLEMS 

- Lack of regulations for siting or monitoring 
industrial product storage, production 
facilities, and pipelines 

- Insufficient funding ­
- Insufficient resources 
- Lack of groundwater strategy ­
- Insufficient program coordination ­
- Insufficient emphasis on protection ­

- Lack of groundwater quality standards 

- Insufficient data 
- Insufficient facilities 
- Insufficient authority over water rights 

and site access 
- Technical uncertainties associated with 

data interpretation 

- Inability to establish sufficient land use 
controls to protect groundwater 

- Lack of classification system 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Provide funding for development and 
implementation of State programs 
Provide technical assistance 
Accelerate research and development 
Facilitate information transfer 



-----------------------------------------------------------------------------------------------------------------------------------------------------------­
INDIANA EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 
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Sources 

Improve Capabilities - Insufficient funding 
- Insufficient staff expertise 
- Insufficient laboratory analytical 

capability 

Standards - Accelerate research and development on 
toxicology and risk assessment 

Detection - Insufficient resources to identify and 
verify sources of contamination 

- Insufficient monitoring of sources and 
groundwater supplies 

- Inadequate response time for checking 
private wells for contamination 

- Provide funding for data collection 
- Provide technical assistance for 

analyzing hydrogeology 

Correction - Insufficient information on groundwater 
use 

- Provide technical assistance for 
implementing cleanup alternatives 

Prevention 



--· ----- - ------
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IOWA 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

KANSAS 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF STRENGTHS 

- Good program to regulate landfills 
and wastewater treatment facilities 

EXAMPLES OF STRENGTHS 

- Strong staff capabilities 

- Strong staff capabilities 

EXAMPLES OF PROBLEMS 

- Insufficient programs to control non-point 
sources of -contamination 

- Insufficient resources 
- Insufficient data 

- Difficulties obtaining site access in 
some cases 

- Insufficient monitoring of sources 

EXAMPLES OF PROBLEMS 

- Insufficient funding 
- Difficulty retaining qualified staff 
- Difficulty obtaining public support 

- Insufficient resources 

-Difficulties with CERCLA 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Accelerate research and development on 

criteria to support State groundwater 

standards 

- Accelerate research and development on 

technology for corrective action 


- Accelerate research and development on 

control technologies and management 

practices 


EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Modify RCRA to establish more practical 
approach to delisting, defining hazardous 
wastes, and approval procedures for State 
primacy 

- Increase research and development on 

standards for Priority Pollutants 


- Simplify CERCLA procedures to allow 

States to use funding more readily 




KENTUCKY EXAMPLES OF STRENGTHS 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF PROBLEMS 

- Insufficient programs for handling 
agricultural wastes, household wastes, 

and some on-site sewage disposal, 

and for aquifer protection 

- Insufficient funding 
- Insufficient staff expertise 
- Insufficient enforcement (over-reliance 

on self-monitoring) 
- Lack of groundwater strategy 
- Insufficient priority for groundwater 

relative to surface water 
- Insufficient legislative, public, and 

industrial support 

- Lack of groundwater quality standards 

- Insufficient staff expertise and equipment 
to characterize aquifers 

- Insufficient data 
- Insufficient authority for groundwater 

under some programs 
- Insufficient funding 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

-Provide funding for staff training, 

special studies , and development and 

implementation of State programs 


- Provide technical assistance 
- Accelerate research ar.d development on 

demonstration projects 
- Establish reasonable national groundwater 

protection policy 
- Clarify Federal program requirements and 

resolve inconsistencies among programs 

- Accelerate research and development on 

standards for toxics 


- Accelerate research and development on 
cleanup of on-site waste disposal problems 

- Accelerate research and development on 

preventing contamination from on-site 

waste disposal 

• 
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LOUISIANA 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

MAINE 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF STRENGTHS 

- Program coordination 

EXAMPLES OF STRENGTHS 

EXAMPLES OF PROBLEMS 

- Difficulty attracting and retaining 
staff with sufficient expertise 

- Insufficient flexibility in Federal 
regulations to negotiate with industry 

EXAMPLES OF PROBLEMS 

- Difficulty addressing widespread sources 
such as agricultural contaminants and 
gasoline tank leaks 

- Insufficient staff 
- Insufficient funding 

- Insufficient data on aquifer charac­
teristics and contamination sources 

- Lack of funding and authorization to 
undertake emergency remedial action 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Provide funding for implementation of 
cooperative programs 

- Provide technical assistance on 
geochemistry, toxicology, and statistical 
analysis 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Establish additional Federal drinking 
water standards 

- Provide funding for data collection 



• 

MARYLAND EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Programs to deal with different 
sources of contamination 

Improve Capabilities 	 - Insufficient funding - Provide technical assistance 
- Difficulty attracting experienced staff 

Standards 

Detection 	 - Insufficient capabilities to install wells 
(e.g., lack of equipment) 

- Technical difficulties 
- Difficulty obtaining site access 

Correction 

Prevention 

MASSACHUSETTS EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources 

Improve Capabilities - Insufficient funding - Accelerate research and development on 
groundwater movement and treatment 

Standards 

Detection 

Correction 

Prevention 



MICHIGAN EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources 

Improve Capabilities 	 - Insufficient funding 

Standards - Lack of standards to limit 
discharges to groundwater 

Detection 	 - Insufficient monitoring - Provide funding for investigations at 
- Insufficient resources hazardous waste sites 
- Difficulties with modeling 

(e.g., high costs and validation) 

Correction - State program for clearups and - Insufficient funds for clearup - Provide technical assistance for public 
setting priorities for cleanup information and public relations 
action on clearup activities 

- Support administration of CERCLA 
program 

Prevention 	 Lack of non- regulatory approaches to 
prevention such as environmental 
impairment liability insurance 



• 

MINNESOTA EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Strong programs related to spill 
reporting and cleanup, acid rain 
deposition, water well construction, 

and water well abandonment 


Improve Capabilities 	 - Insufficient funding - Establish national program to assist 
- Insufficient staff States in program development and 
- Insufficient public understanding implementation 

Standards 

Detection 	 - Technical difficulties demonstrating that 
a contamination problem is related to 
a specific source 

Correction - Provide funding for dealing with non­
hazardous waste problems 

Prevention 

MISSISSIPPI EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources 

Improve Capabilities 	 - Train State staff 

Standards 

Detection - Monitoring related to 	 - Insufficient data on aquifer - Provide funding for data collection 
regulatory requirements 	 characteristics 

Correction - Provide funding for correction of existing 
contamination 

- Provide an information clearinghouse on 
cleanup activities 

Prevention 



MISSOURI EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Difficulty controlling agricultural use 
of chemicals 

Improve Capabilities 	 - Insufficient resources for enforcement - Provide funding for hiring of additional 
trained staff 

- Train State staff 
- Strengthen Federal regulations 

Standards 

Detection 	 - Insufficient monitoring requirements - Provide funding for data collection and 
- Insufficient staff and staff training special studies 
- Insufficient data to describe 

groundwater flow in karst environments 

Correction - Accelerate research and development on 
technologies 

Prevention Insufficient well drilling standards Provide funding for development of better 
and enforcement controls on sources of contamination 

- Develop controls on contaminant 
generation, handling, and destruction 



• 

MONTANA EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Insufficient programs for agricultural 
sources, pipelines, and fuel storage 
tanks 

Improve Capabilities - Enhanced enforceability of programs - Insufficient funding - Provide technical assistance 
due to recent development of - Insufficient public support 
groundwater permit regulations and 
quality standards 

Standards 

Detection - Insufficient monitoring related to 
aquifer characteristics 

- Insufficient funding 
- Insufficient authority 
- Insufficient technical expertise 

Correction - Insufficient response to complaints 

Prevention - Insufficient review of projected impacts 
of development activities on groundwater 
quality 



NEBRASKA 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF STRENG!'HS 

- Existence of canprehens ive enabling 
legislation 

- Broad range of staff expertise 

- Program coordination under 
RCRA, UIC, and CWA 

- Well-equipped laboratory facilities 

EXAMPLES OF PROBLEMS 

- Insufficient programs for agricultural 
non-point sources 

- Insufficient funding 
- Overlap of agencies' programs and 

res pons ibi lit ies 
- Insufficient research 

- Insufficient data base 
- Insufficient staff for laboratory and 

investigative activities 
- Insufficient authority over quality/ 

quantity issues 

- Insufficient staff for corrective action 
activities 

- Inability to restrict inappropriate 
activities in sensitive areas 

- Lack of properly located and 
constructed hazardous waste disposal 
facilities 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Improve funding for CWA, RCRA, and SDWA 
programs 


- Provide technical assistance 

- Accelerate research and development 

- Facilitate information transfer 

- Remove Federal incentives that lead to 


contamination 
- Allow greater State flexibility in Federal 

program implementation 

- Provide technical assistance for 

implementing cleanup actions 




• 

NEVADA EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Authority to address any source 
of groundwater contamination 

Improve Capabilities 	 - Insufficient staff expertise 
- Insufficient funding 

Standards - Provide technical assistance on the 
development and implementation of 
standards for taxies 

Detection - Provide technical assistance for 
monitoring and laboratory analysis 

Correction 

Prevention 

NEW HAMPSHIRE EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources 

Improve Capabilities - Comprehensive groundwater permit - Provide funding for development and 
program implementation of State programs 

- Provide technical assistance 

Standards 

Detection 	 - Insufficient resources - Provide funding for monitoring and 
- Insufficient monitoring of sources, laboratory analysis 

especially those associated with 
industrial waste discharges 

Correction 

Prevention - Lack of suitable hazardous waste - Provide funding for sole source aquifer 
disposal facilities protection 

- Insufficient enforcement of transportation 
requirements for hazardous wastes 



NEW JERSEY EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Authority to deal with all types - Insufficient programs for storage tanks 
of contamination 

Improve Capabilities - Insufficient funding - Provide funding for data collection on 
hydrogeology for planning and prevention 
purposes 

Standards - Accelerate research and development on 
standards for toxics 

Detection - Well-equipped investigation programs - Insufficient authority - Accelerate research and development on 
- Insufficient monitoring related to groundwater sampling procedures 

sources 
- Difficulty obtaining qualified staff 

Correction - Inability to handle sufficient numbers - Train State staff especially on safety 
of incidents 

Prevention 



------------------------------------------------------------------------------------------------------------------------------------------------------------NEW MEXICO EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Existence of ccmprehensive regulations - Insufficient programs related to irrigation 
to protect groundwater quality from a practices, sanitary landfills, dumps,
wide variety of sources hydrocarbon fuel facilities, and septic tanks 

- Strong programs for new or newly 
modified sources 

Improve Capabilities - Program coordination - Insufficient funding - Provide funding for State program 
- Insufficient staff expansion 
- Insufficient programs for information - Provide technical assistance 

and education - Expand existing data management programs 
- Insufficient public support 
- Insufficient coordination of selected 

programs (e.g., for hazardous wastes and 
groundwater protection) 

- Insufficient data management 

Standards - Insufficient number of numeric standards 

Detection - Insufficient funding - Provide technical assistance on monitoring 
- Insufficient laboratory capabilities and laboratory analysis 

Correction - Difficulty dealing with newly recognized - Improve response time under CERCLA 
problems (e.g., hydrocarbon fuels) 

- Difficulty obtaining water rights 

Prevention 
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NEW YORK 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Insufficient regulatory control of 
toxic and hazardous chemical storage 
and handling at industrial and 
commercial sites 

- Insufficient regulatory program priorities - Provide funding for development and 
for protecting critical aquifers implementation of State programs 

- Insufficient funding 
- Inadequate goals for groundwater protection 
- State statutory weaknesses 
- Insufficient legislative support 
- Insufficient enforcement 

- Insufficient toxicology and risk - Accelerate research and development on 
information standards for toxics 

- Insufficient Federal action on health - Establish additional Federal drinking 
effects data water standards 

- Insufficient standards for synthetic 
organics 

- Lack of access to specialized equipment - Provide funding for data collection 
- Accelerate research and development on 

fate of chemicals in groundwater 
- Accelerate research and development on 

relationships between land use and 
groundwater quality 

- Accelerate research and development on 
aquifer renovation and reclamation 
procedures 

- Accelerate research and development on 
identifying substances that should never 
be released intentionally into the 
groundwater system 



------------------------------------------------------------------------------------------------------------------------------------------------------------

• 

NORTH CAROLINA EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Difficulties dealing with wastewater, 
sludge, landfills, leaks from storage, 
and agriculture 

Improve Capabilities - Insufficient funding - Provide funding for development and 
- Insufficient manpower implementation of State programs 
- Insufficient groundwater strategy - Establish comprehensive groundwater policy 

implementation - Provide technical assistance on data 
management 

Standards 

Detection - Accelerate research and development on 
monitoring 

Correction 

Prevention - Accelerate research and development on 
facility design alternatives to prevent 
contamination 

- Accelerate research and development on 
alternatives to land disposal 



------------------------------------------------------------------------------------------------------------------------------------------------------------
NORTH DAKOTA 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF DESIRED FEDERAL ASSISTANCEEXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 

- Adequate authority under State water 
pollution law for action if any 
activities contaminate groundwater 

- Insufficient funding - Provide funding for development and 
- Insufficient staff expertise implementation of State programs 
- Lack of groundwater strategy 

- Provide technical assistance for 
hydrologic analysis 

- Provide technical assistance for 
implementing cleanup actions 



------------------------------------------------------------------------------------------------------------------------------------------------------------
OHIO 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF STRENGTHS 

- Strorg programs for landfills, 
injection wells, and subsurface 
percolation 

EXAMPLES OF PROBLEMS 

- Insufficient programs for non-hazardous 
surface impoundments 

- Insufficient staff expertise 
- Insufficient funding 
- Lack of groundwater strategy 
- Insufficient resources for enforcement 
- Insufficient program coordination 

- Insufficient staff to review all sites 
- Insufficient monitoring 

- Insufficient coordination in evaluation 
and clearup of problems 

- Inability to handle sufficient numbers of 
incidents 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Provide funding for development of State 
programs 

- Provide technical assistance 

• 
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OKLAHOMA EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources 	 - Strong UIC Program - Insufficient programs for some sources 
- New State funding program for including urban runoff and 

corrective action for abandoned construction 
wells likely to purge 

Improve Capabilities - Interagency coordination - Insufficient resources - Continue funding for implementation 
- Insufficient coordinating strategy and of UIC Program 

use of common criteria - Provide technical assistance 
- Insufficient funding for monitoring, - Establish program for interstate 

enforcement, education, and special coordination of large groundwater 
studies basins 

- Insufficient staff expertise 

Standards - Lack of aquifer-specific groundwater 
quality standards 

- Provide funding for data collection and 
- Insufficient equipment and testing monitoring program 

facilities 
- Difficulty attracting and retaining 

qualified staff 

Detection 	 - Interagency coordination - Insufficient data 

- Provide funding for dealing with 
widespread problems 

- Accelerate research and development on oil 
field waste cleanup 

Correction 

Prevention - Insufficient promotion of prevention - Provide funding for implementing Best 
of groundwa ter contamination Management Practices 

- Provide an information clearinghouse for 
State rules and regulations to prevent 
contamination 



OREGON 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

PENNSYLVANIA 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF STRENGTHS 

- Stro~ program for on-site waste 
disposal 

- Strong policy for groundwater 
protection 

EXAMPLES OF STRENGTHS 

- Effective mechanism for coordination 
of State programs 

EXAMPLES OF PROBLEMS 

- Insufficient funding 

- Lack of groundwater quality standards 

- Insufficient funding 
- Insufficient staff resources 

EXAMPLES OF PROBLEMS 

- Insufficient funding and resources for 
enforcement activities 

- Lack of groundwater quality standards 

- Inadequate funding and other resources 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Establish coordinated national policy for 
groundwater protection 

- Facilitate information transfer 

- Accelerate research and development on 

toxicology and impacts of organic 

contaminants 

- Provide funding for data collection 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Provide funding for State program 
development 

- Train State staff 
- Improve coordination of Federal a ctivities 

related to groundwater quality and 
quantity 

• 
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RHODE ISLAND EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources 

Improve Capabilities - Insufficient staff expertise - Provide funding for development of State 
- Difficulties with program coordination programs 

- Train State staff 

Standards - Accelerate research and development on 
groundwater standards 

Detection - Monitoring program - Difficulties with coordination 
- Good laboratory analysis capabilities - Insufficient funding 

- Insufficient staff 

Correction - Insufficient authority for problems that 
do not qualify under CERCLA or RCRA 

- Difficulties with coordination among 
State, Federal, and interstate agencies 
on selecting remedial approaches 

- Insufficient funding to deal with 
contamination from non-hazardous wastes 

Prevention 



-----------------------
SOUTH CAROLINA 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

SOUTH DAKOTA 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

·-----------------------------------------------------------------------------------------------------------------------------------­
EXAMPLES OF STRENGrHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Inadequate policy for groundwater - Establish Federal policy for groundwater 
protection protection 

- Insufficient monitoring of potential - Provide funding for data collection 
sources of contamination 

- Insufficient data 

- Lack of State program to provide funds - Accelerate research and development on 
for cleanup activities less costly techniques for cleanup and 

monitoring 
- Establish national groundwater policy 

for correction and prevention 
- Establish cleanup criteria 

EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Insufficient funding - Provide technical and/or financial 
- Insufficient staff expertise assistance for development and 

implementation of State programs 

- Lack of groundwater quality standards - Provide technical assistance for 
establishing and implementing standards 

- Insufficient funding to detect and 
study most sources of contamination 

- Insufficient funding to correct most - Provide funding for correcting existing 
sources of contamination contamination 
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TENNESSEE 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

TEXAS 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF STRENGTHS 

- Adequate authority for most sources -

-

- Strong staff capabilities ­

-
-

-

EXAMPLES OF STRENGTHS 

-Strong programs for RCRA facilities 
and underground injection control except 
for Class II wells 

- Strong legislative support for ­
groundwater protection ­

-

-Strong staff capabilities ­

- Extensive regulatory power over 
corrective act ion 

EXAMPLES OF PROBLEMS 

Insufficient programs for septic tanks 

Inadequate enforcement 

Inadequate investigative techniques 

Lack of funds for State to take action 
Potential for State liability in 
third-party damage suits 

Insufficient resources to conduct 
hydrogeologic investigations for siting 
non-hazardous waste activities 

EXAMPLES OF PROBLEMS 

Insufficient funding 
Insufficient staff expertise 
Difficulties obtaining site access 

and water rights 

Insufficient monitoring related to 
sources (e.g., Class I and II 
injection wells) 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Continue funding of RCRA 

- Facilitate information transfer 

- Improve functioning of RCRA and UIC 


Program 

- Provide technical assistance for 
hydrogeologic analysis, especially of 
~ate and transport of contaminants in 
the subsurface 



UTAH 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

VERMONT 

Sources 

Improve Capabilities 

Standards 

Detection 

Correction 

Prevention 

EXAMPLES OF STRENGTHS 

- Strong programs for some mining 
operations, abandoned mines, 
hazardous wastes, and disposal of 
conventional wastewater 

EXAMPLES OF STRENGTHS 

- Authority to address most types 
of groundwater contamination problems 

- Adequate authority 

EXAMPLES OF PROBLEMS 

- Insufficient programs for small-scale 
mining operations 

- Insufficient funding 
- Insufficient staff training 
- Insufficient legislative and 

administrative support 
- Insufficient strategy for groundwater 

protection 

- Insufficient monitoring 
- Difficulties obtaining site access 

- Lack of State cleanup fund 
- I nadequate enforcement 

EXAMPLES OF PROBLEMS 

- Insufficient funding 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Clarify legal interpretations of 

Federal regulations 


- Provide funding for data collection and 
monitoring 

- Provide an information clearinghouse on 
successes in dealing with contamination 
problems 

EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Provide funding for development and 
implementation of State programs 

• 




VIRGINIA EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources 

Improve Capabilities 	 - Insufficient funding - Provide funding to help deal with 
- Inadequate staff expertise groundwater contamination 

Standards 

Detection 

Correction - Program for emergency response 
- Funding program for cleanup of 

oil spills 

Prevention 

WASHINGTON EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS 	 EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Existence oi laws and regulations for - Insufficient resources 
many sources - Lack of overall strategy for groundwater 

protect ion 
- Policy conflicts and difficulties with 

interagency coordination 
- Insufficient staff expertise 

Standards - Lack of groundwater quality standards - Accelerate research and development on 
standards, toxicology, and risk assessment 

Detection - Provide funding for additional groundwater 
quality monitoring through USGS 

- Accelerate research and development on 
laboratory analysis 

Correction 	 - Insufficient staff expertise - Establish cleanup criteria 

Prevention 



------------------------------------------------------------------------------------------------------------------------------------------------------------
WEST VIRGINIA EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

- Logistical difficulties in addressing 
large numbers of dispersed, small 
facilities 

Sources 

Improve Capabilities - Insufficient funding - Provide funding for implementation of 
- Priorities given to surface water State programs 

- Train State staff 
- Provide an information clearinghouse 

Standards 

- Insufficient funding - Provide technical assistance for 
- Insufficient staff expertise hydrogeologic analysis with emphasis 

Detection 

on monitoring, statistical treatment of 
sample results, and migration and fate of 
contaminants 

Correction 

Prevention 

• 




WISCONSIN EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Strong programs for drinking water, - Insufficient programs to deal 
landfills, and wastewater with spill prevention, pesticide 

management, and gasoline storage tanks 

Improve Capabilities - Insufficient funding - Provide funding for development and 
- Difficulty obtaining State legislative implementation of State programs 

support 
- Difficulties with Federal programs 

Standards -Lack of numeric groundwater quality - Accelerate research and development on 
standards standards 

- Accelerate development of drinking water 
advisories for chemicals found in 
groundwater

Detection - Provide funding for data collection 

Correction 

Prevention - Insufficient resources for prevention - Improve FIFRA to ensure that pesticides 
programs contaminating groundwater are no longer 

used and that pesticides are tested for 
contamination potential before market>ng 



------------------------------------------------------------------------------------------------------------------------------------------------------------
WYOMING EXAMPLES OF STRENGTHS EXAMPLES OF PROBLEMS EXAMPLES OF DESIRED FEDERAL ASSISTANCE 

Sources - Groundwater standards that apply 
to all potential sources of 
groundwater contamination 

Improve Capabilities - Insufficient staff expertise - Provide funding for additional State staff 
- Insufficient funding 

Standards - Standards for groundwater quality 

Detection - Provide funding for laboratory equipment 
and sampling and testing by private labs 

Correction - Insufficient programs and resources to 
address problems with older facilities 

Prevention 

Source: Office of Technology Assessment. 
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C.5 OTA STATE SURVEY RESPONSES: 

SELECTED STATE ISSUES 


This appendix lists State contacts for obtaining information on various 
topics that may be relevant to the development of national policy initiatives 
to protect groundwater from contamination. Principal agency contacts named in 
survey responses are given. The issues presented for each State were selected 
if the State appeared especially articulate or experienced with the subject, 
based on its responses to the OTA survey. 

STATE/CONTACT 

ALABAMA 
Department of Environmental 

Management 
205-271-7700 

ALASKA 
Department of Environmental 

Conservation, Environmental 
Sanitation Section 

907-465-2640 

ARIZONA 
Department of Health Services, 

Water Quality Management 
Section 

602-255-1180 
Department of Water Resources 
602-255-1586 

ARKANSAS 
Department of Pollution 

Control and Ecology, Water 
Division 

501-562-7444 

CALIFORNIA 
State Water Resources Control 

Board, Toxics Special 
Projects 

916-322-8401 
Department of Health Services, 

Sanitary Engineering Branch 
916-324-2216 
Department of Food and 

Agriculture, Environmental 
Monitoring and Pest 
Management 

916-322-239 5 

EXAMPLES OF ISSUES 

experienced with implementation of 
Underground Injection Control Program 

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

experienced with development of integrated 
program for groundwater quality and quantity 
recognizes need for Federal assistance on 
establishing quality standards for 
groundwater 
experienced with strong State support for 
protecting groundwater resources and quality 

experienced with brine disposal programs 
experienced with enforcement issues related 
to solid waste 
experienced with salt-water contamination in 
agricultural areas 

experienced with development of programs for 
pesticides and underground storage tanks 
experienced with laboratory certification 
program 
experienced with confidentiality of well log 
dat:a 
recognizes technical inadequacies of RCRA 
regulations 
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STATE/CONTRACT 

COLORADO 
Department of Health, 

Office of Health Protection 
303-320-8333 

CONNECTICUT 
Department of Environmental 

Protection, Water Compliance 
Unit 

203-566-2588 

DELAWARE 
Department of Natural 

Resources and Environmental 
Control 

302-736-4793 

FLORIDA 
Department of Environmental 

Regulation, Groundwater 
Section 

904-488-3601 

GEORGIA 
Department of Natural 

Resources, Environmental 
Protection Division 

404-656-4 713 

HAWAII 
Department of Health 
808-548-6767 
Department of Agriculture 
808-548-7124 
Department of Land and Natural 

Resources 
808-548-7643 

IDAHO 
Department of Health and 

Welfare, Division of the 
Environment 

208-334-4250 

EXAMPLES OF ISSUES 

experienced with development of groundwater 
protection program 
experienced with problems with uranium 
facilities 

experienced with State water quality 
standards and classification system 
experienced with development of groundwater 
quality monitoring program 
experienced with coordination with USGS 

experienced with development of groundwater 
protection program 
experienced with professional staffing 
problems 
experienced with agricultural, septic system, 
and salt-water intrusion problems 

experienced with development of groundwater 
quality monitoring program 
experienced with underground storage tank 
problems 
experienced with new State legislation to 
protect groundwater quality 
recognizes need for toxicology information 
experienced with karst environments 

experienced with development of groundwater 
quality monitoring program 
experienced with salt-water intrusion 
experienced with development of groundwater 
management plan 

experienced with pesticide problems 
recognizes need for toxicology information 

experienced with development of groundwater 
management plan 
recognizes need for adequate and guaranteed 
long-term funding 
experienced with problems with irrigation 
injection wells 
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STATE/CONTACT 

ILLINOIS 
Environmental Protection 

Agency, Division of Public 
Water Supplies 

217-782-9470 

INDIANA 
State Board of Health, 

Division of Water 
Pollution Control 

317-862-9360 

IOWA 
Department of Water, Air, and 

Waste Management 
515-281-8692 

KANSAS 
Department of Health and 

Environment, Bureau of Oil 
Field and Environmental 
Geology 

913-862-9360 

KENTUCKY 
Department for Environmental 

Protection 
502-564-2150 

LOUISIANA 
Department of Natural 

Resources, Office of 
Environmental Affairs 

504-342-1265 

MAINE 
Department of Environmental 

Protection, Division of 
Management Planning 

EXAMPLES OF ISSUES 

experienced with statewide mapping of 
potential for contamination of shallow 
aquifers by waste-related sources 
experienced with use of 208 and 205j funds 
for groundwater management issues 

experienced with problems with laboratory 
analytical capabilities 
experienced with problems from insufficient 
water use information 

experienced with non-point sources of 
contamination 
experienced with statewide inventory of 
active and abandoned wells 
experienced with evaluation of groundwater 
contamination in karst region of the State 
experienced with use of 208 funds for 
groundwater issues 

experienced with implementation of brine 
disposal program 
recognizes technical inadequacies of RCRA 
regulations 

experienced with problems with mining 
activities 
experienced with on-site sewage system 
problems 
experienced with State agency coordination 
issues 
recognizes problems with Federal judicial 
interpretations of SMCRA and CWA (NPDES) 
recognizes conflicts and inconsistencies 
among Federal statutes 
experienced with karst environments 
experienced with State priorities for surface 
water rather than groundwater problems 

experienced with industrial sources of 
contamination 
experienced with recharge area mapping 
recognizes need for experienced staff 

experienced with problems with widespread 
sources including agricultural practices and 
underground gasoline storage tanks 

207-289-2437 
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STATE/CONTACT 

MARYLAND 
Department of Health and 

Mental Hygiene, Office of 
Environmental Programs 

301-383-7328 

MASSACHUSETTS 
Office of Environmental 

Affairs, Department of 
Environmental Quality 
Engineering 

617-292-5529 

MICHIGAN 
Department of Natural 

Resources, Groundwater 
Quality Division 

517-373-1947 

MINNESOTA 
Pollution Control Agency 
612-296-7339 

MISSISSIPPI 
Department of Natural 

Resources 
601-961-5099 

MISSOURI 
Department of Natural 

Resources 
314-7 51-319 5 

EXAMPLES OF ISSUES 

experienced with mapping to assess potential 
for groundwater contamination 
recognizes that CWA transfers surface water 
contamination problems to groundwater 

experienced with salt-water intrusion 
experienced with mapping to assess potential 
for groundwater contamination 
experienced with development of comprehensive 
monitoring program 
experienced with development of environmental 
emergency response plan 
experienced with development and 
implementation of funding program for 
municipalities to purchase land for aquifer 
protection 
experienced with use of 208 and 205j funds 
for groundwater protection 

experienced with State priority system to 
rank sites requiring cleanup 
experienced with assessing the magnitude of 
groundwater contamination 
experienced with development of draft 
response and incident tracking procedures 
expressed interest in non-regulatory 
approaches to prevention such as 
environmental impairment liability insurance 
experienced with use of 208 and 205j funds 
for groundwater protection 
recognizes that CWA transfers surface water 
contamination problems to groundwater 
recognizes limitations of Federal funding 
sources 

experienced with development and 
implementation of statewide groundwater 
monitoring network 
recognizes need for national program and 
national goals to assist States 

experienced with use of groundwater modeling 
experienced with implementation 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 Environment 
406-449-3948 

NEBRASKA 
Department of Environmental 

Control 
402-471-2186 

NEVADA 
Department of Conservation 

and Natural Resources 
702-885-4670 

NEW HAMPSHIRE 
Water Supply and Pollution 

Control Commission 
603-271-3503 

NEW JERSEY 
Department of Environmental 

Protection 
609-292-1185 

EXAMPLES OF ISSUES 

experienced with development of groundwater 
permit regulations and quality standards 
experienced with problems with dryland 
farming and saline seeps 

experienced with problems with agricultural 
sources 
experienced with problems over lack of State 
authority for groundwater quality and 
quantity interactions 
experienced with problems over limited scope 
of groundwater protection programs 
experienced with use of 208 funds for 
groundwater protection 

experienced with problems with septic tanks 

experienced with the development and 
implementation of a groundwater permit 
program 
experienced with program for annual sampling 
of water supplies for industrial contaminants 
and pesticides 
experienced with problems due to insufficient 
personnel 
experienced with use of health advisories as 
drinking water and groundwater quality 
standards 
concerned about interstate groundwater 
quality 

recognizes need for storage tank legislation 
experienced with use of State NPDES Program 
for discharges to groundwater that are both 
intentional (e.g., from injection wells) and 
unplanned (e.g., from landfills and lagoons) 
experienced with aquifer mapping 
experienced with use of more stringent 
groundwater standards for the ecologically 
sensitive Pinelands 
experienced with use of 208 funds to 
establish State groundwater program 
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STATE/CONTACT 

NEW MEXICO 
Health and Environment 

Department 
505-984-0020 

NEW YORK 
Department of Environmental 

Control 
518-457-3495 

NORTH CAROLINA 
Department of Natural 

Resources and Community 
Development 

919-733-5083 

NORTH DAKOTA 
State Health Department 
701-224-2354 

EXAMPLES OF ISSUES 

experienced with development and 
implementation of groundwater quality 
protection program 
experienced with problems with mining and 
milling 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 
alternatives 
experienced with technical deficiencies of 
liners 
experienced with an improvement program for 
State laboratories 
experienced with use of 208 funds for 
groundwater protection 
experienced with problems of surface water 
contamination being transferred to 
groundwater 

experienced with development of bulk storage 
program 
experienced with trying to target groundwater 
program to protect key aquifers 
experienced with problems with pesticides and 
fertilizers 
experienced with development of groundwater 
management program 
experienced with development of groundwater 
quality standards for organic chemicals 
experienced with use of 208 funds for 
groundwater protection 
experienced with development of groundwater 
classification system 

experienced with development of groundwater 
protection program 
experienced with development of groundwater 
classification system 
experienced with problems with current 
Federal approach to groundwater protection 
experienced with conflicts between 
groundwater and surface water management 

experienced with natural contamination 
problems 
experienced with establishment of State task 
force to develop groundwater protection 
strategy 



STATE/CONTACT 

OHIO 
Environmencal Protection 

Agency 
614-455-8307 

OKLAHOMA 
Department of Pollution 

Control 
405-271-46 77 

OREGON 
Department of Environmental 

Quality 
503-2 29-6065 

PENNSYLVANIA 
Department of Environmental 

Resources 
717-787-2666 

RHODE ISLAND 
Department of Environmental 

Management 
401-277-2234 

SOUTH CAROLINA 
Department of Health and 

Environmental Control 
803-758-5213 

39-702 0 - 84 - 11 
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EXAMPLES OF ISSUES 

experienced with problems with non-hazardous 
industrial lagoons 
recognizes need for Federal funds 
specifically designated for groundwater 
programs 

experienced with development of program to 
plug abandoned wells 
experienced with problems with oil 
development and nitrate contamination 
recognizes benefits of Underground Injection 
Control Program 
experienced with use of 208 funds for 
groundwater protection 

experienced with development and 
implementation of on-site waste program 
experienced with use of 205j and 208 funds 
for groundwater protection 
experienced with use of State NPDES Program 
to protect groundwater 
experienced with adverse effects of nitrate 
contaminated groundwater on surface water 

experienced with development of groundwater 
quality standards 
experienced with development of groundwater 
quality monitoring strategy 
experienced with use of 208 funds for 
groundwater protection 
experienced with problems of losing trained 
personnel to industry 
experienced with use of State NPDES Program 
to protect groundwater quality 
recognizes lack of applicability of Sole 
Source Aquifer Program to State hydrogeologic 
conditions 

experienced with problems with State agency 
coordination 
experienced with strong laboratory analysis 
program 

experienced with implementation of analytical 
assistance program for private well owners 
experienced with use of 208 funds for 
groundwater protection 
recognizes need for a comprehensive national 
policy to protect and improve groundwater 
quality 
experienced with problems of surface water 
contamination being transferred to 
grou ndwa te r 



394 • Protecting the Nation's Groundwater From Contamination 

STATE/CONTACT 

SOUTH DAKOTA 
Department of Water and 

Natural Resources 
605-773-3351 

TENNESSEE 
Department of Health and 

Environment 
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 Environmental 
Engineering 

802-828-2761 

VIRGINIA 

State Water Control Boa rd 

804-257-6384 


EXAMPLES OF ISSUES 

experienced with development of State 
groundwater strategy 
experienced with use of 208 funds for 
groundwater protection 

experienced with septic tank problems 
experienced with enforcement problems 
experienced with use of 205j funds for 
groundwater protection 

experienced with problems associated with 
obtaining water use information, water 
rights, and site access 
experienced with development and 
implementation of Underground Injection 
Control Program for Class I, III, IV, and V 
wells 

experienced with development and 
implementation of programs for active and 
abandoned mining operations 
experienced with problems of coordinating 
programs of numerous State agencies 

experienced with development of State 
groundwater protection strategy 
experienced with development of program to 
protect recharge areas of community drinking 
water supplies (Aquifer Protection Areas) 
experienced with program to monitor dairy 
water supplies 
experienced with development of formal 
procedures for reporting and handling of 
groundwater contamination incidents 
experienced with use of 205j and 208 funds 
for groundwate~ protection 
experienced with implementation of State and 
Federal hazardous waste management programs 
experienced with evaluation of groundwater 
quality of non-community water supplies 

experienced with program for 24-hour 
emergency response 
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STATE/CONTACT EXAMPLES OF ISSUES 

WASHINGTON 
Department of Ecology 
206-459-6704 

WEST VIRGINIA 
Department of Natural 

Resources 
304-348-5935 

WISCONSIN 
Department of Natural 

Resources 
608-267-9350 

WYOMING 
Department of Environmental 

Quality 
307-777-7781 

experienced with development of groundwater 
protection strategy 
experienced with use of 205j funds for 
groundwater 

experienced with development of groundwater 
protection strategy 
experienced with program to map recharge 
areas 

experienced with use of State NPDES Program 
for groundwater 
experienced with development of State 
groundwater program and legislation 
experienced with problems of surface water 
contamination being transferred to 
groundwater 
experienced with pesticide problems 

experienced with development of State 
groundwater quality standards 

Source: Office of Technology Assessment. 
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Hydrogeologic Investigations of 
Groundwater Contamination 

D.l INFORMATION ON THE HYDROGEOLOGIC ENVIRONMENT USED IN 
INVESTIGATIONS: DEFINITION OF TERMS (p. 397) 
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D.1 INFORMATION ON THE HYDROGEOLOGIC 

ENVIRONMENT USED IN INVESTIGATIONS: 


DEFINITION OF TERMSa 

Term 	 Definition 

TOPOGRAPHIC DATA 	 Data describing the relief and contour of the land 
surface. 

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

CLIMATIC DATA 	 Data concerning precipitation, evapotranspiration, and 
temperature at the site of interest and surrounding 
region. 

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

2. 	Evapotranspiration Movement of water to the atmosphere by evaporation 
from the soil surface, evaporation from open bodies 
of water, and transpiration by plants. 

3. 	Site temperature Temperature ranges for different periods of the 
year as well as long-term averages. 

GEOLOGIC DATA 	 Data concerning the rock and soil makeup of the 
hydrologic system including information on the 
thickness of different units and fracture patterns. 

1. 	Surficial deposits Unconsolidated deposits resulting from fluvial 
(i.e., river), lacustrine (i.e., lake), glacial, 
deltaic, and aeolian (i.e., wind) processes. 

2. 	Subsurface stratigraphy Describes the geometrical configuration of and 
temporal relationships among various lenses, beds, 
and formations of sedimentary origin. 

3. 	Lithology Describes the sediments or rocks that comprise the 
hydrogeologic system including mineralogy, grain 
size, grain shape, and packing of sediments and 
rock grains. 

4. 	Structural geology Describes the features produced by rock movement 
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 

SURFACE HYDROLOGY DATA 

1. 	Overland flow 

2. 	Stream discharge 

3. 	Stage 

4. 	Recurrence interval 

5. Baseflow discharge 

UNSATURATED ZONE DATA 

1. 	Unsaturated zone 
(or Vadose zone) 

2. 	Water table 

3. 	Geometry of the 
unsaturated zone 

4. 	Hydraulic properties 

a. 	Effective porosity 

b. 	Permeability 

Definition 

Data concerning the properties, clistribution, and 
movement of water on the land surface. 

Downgradient flow of surface water to an 
established surface channel. 

Quantity of water flowing through a stream. 

Height of the water surface in a stream above an 
arbitrary zero point. 

Average time (e.g., number of years) that 
hydrologic events of a given or greater size will 
be equalled or exceeded. 

Groundwater discharge contribution to streamflow; 
also called dry weather flow. 

Data concerning the properties, distribution, and 
movement of water in the unsaturated zone. 

Zone between the land surface and the water 
table. Generally, any water contained in the void 
spaces of this zone is under less than atmospheric 
pressure; some of the voids contain air (at 
atmospheric pressure). 

Surface separating the saturated and unsaturated 
zones. At the water table, water pressure is equal 
to atmospheric pressure. (See Unconfined aquifer, 
GROUNDWATER HYDROLOGY DATA, below.) 

Describes the location of the upper (land surface) 
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 within the zone. 

Properties that control the movement of water 
through the unsaturated zone. 

Ratio of the volume of void space in a volume of 
rock or soil to the total volume. 

Ease with which a porous medium can transmit a 
fluid when saturated with that fluid. (It 
should be noted that permeability is a property 
of the porous medium and is independent of the 
fluid characteristics.) 
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Term 

c. 	Effective 

permeability 


d. 	Relative permeability 

e. 	Specific storage 

5. 	Flow parameters 

a. 	Pressure head (or 
Head) 

b. 	Hydraulic gradient 

c. 	Fluid saturation 

6. 	Recharge/discharge 

a. 	Surface water 

b. 	Precipitation/ 
evapotranspiration 

Definition 

Ease with which a po rru s medi urn can transmit a 
fluid under pressure (i.e., a hydraulic 
gradient; see Hydraulic gradient, bela..r) when 
the pore spaces are also filled with other 
fluids (e.g., oil or air). 

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

Volume of water released from or taken into 
storage per unit volume of porous medium when 
the pressure head (or head) is changed by one 
unit (see Pressure head, below). 

Measurements used to define water movement in the 
unsaturated zone. 

Height of a column of water that can be 
supported by water pressure at the point of 
measurement. At the water table, the pressure 
head is zero; below the water table, 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 sometimes 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 volume of water to the volume of 
voids in the unsaturated zone. In the saturated 
zone, the fluid saturation is always 1.0. 

Infla..r and outfla..r of water to and from the 
unsaturated zone. 

See SURFACE HYDROL(X;Y DATA, above. 

See CLIMATIC DATA, above. 
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Term Definition 

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

1. Saturated zone A subsurface zone in which all the voids are filled 
with water under pressure equal to or greater than 
that of the atmosphere. 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 from the 
unsaturated zone by the water table. 

2. Aquifer characterization Describes the flow syst311 in tenns of the number of 
aquifers and their extent, depth, thickness, and 
boundary type (i.e., unconfined, confined, or leaky 
confined). 

a. Aquifer Geologic material containing sufficient 
saturated permeable material to transmit and 
yield significant quantities of water to wells 
or springs. 

b. Unconfined aquifer An aquifer that is not overlain by relatively 
impermeable 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 
impermeable material. In the absence of a 
freely moving water table, the pressure 
condition of a confined aquifer is characterized 
by the piezometric surface (i.e., the artesian 
equivalent of the water table -­ the level to 
which water will rise in a well penetrating the 
confining layer). The word confined is 
synonymous with artesian. 

d. Leaky confined A confined aquifer that receives or transmits 
aquifer significant quantities of water from/to adjacent 

fonnations. 

3. Hydraulic parameters of Physical properties of aquifers that control 
aquifers groundwater movement. 
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Term 

a. Storativity 

b. 	Transmissivity 

c. 	Primary permeability 

d. 	Secondary 

pe rme ability 


e. 	Primary porosity 

f. 	Secondary porosity 

4. 	Confining unit geometry 

5. 	Hydraulic parameters of 
confining units 

a. 	Hydraulic 

conductivity 


Definition 

Volume of water released from or taken into 
storage by an aquifer per unit volume of the 
aquifer per unit change in head. In a confined 
aquifer, the storativity is a function of the 
ccmpressibility of both aquifer materials and 
water. In an unconfined aquifer, the 
storativi ty is mainly a function of gravity 
drainage or filling of the pores. Storativity 
is synonymous with storage coefficient. (See 
also Specific storage, UNSATURATED ZONE DATA, 
above.) 

Rate at which water is transmitted through a 
unit width of an aquifer under a unit hydraulic 
gradient. Transmissivity is a function of 
properties of both the porous medium (e.g., 
permeability and aquifer thickness) and the 
fluid (e.g., dynamic viscosity and density of 
water). 

Ease with which the porous ( unfractured) 
material in a saturated fractured system can 
transmit water. (See also Permeability, 
UNSATURATED ZONE DATA, above.) 

Ease with which fractures can transmit water. 

Ratio of void space in a volume of fractured 
material (excluding the fractures) to the total 
volume of the material. (See also Effective 
porosity, UNSATURATED ZONE DATA, above.) 

Ratio of void space in a volume of fractured 
material (including the fractures) to the total 
volume. 

Describes the confining units in the system 
including numbers, lateral extent, depth, and 
thickness. 

Physical properties of confining units that control 
groundwater movement. 

Rate at which water is transmitted through a 
cross section of unit area, perpendicular to the 
direction of flow, under a unit change in 
head. Hydraulic conductivity is a function of 
the properties of both the porous medium (e.g., 
permeability) and the fluid (e.g., dynamic 
viscosity and density of water). 
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Term 

b. Specific storage 

6. 	Flow parameters 

a. 	Water levels 

b. 	Hydraulic gradient 

c. 	Flow velocity 

7. 	Recharge/discharge 

a. 	Surface water 

b. 	Precipitation 
contributions 

c. 	Confining layer 
leakage 

d. 	Fracture/matrix flux 

CONTAMINANT TRANSPORT 
PARAMETERS 

1. 	Distribution coefficient 

2. 	Dispersivity 

coefficients 


3. 	Flow advection 

velocities 


Definition 

See Storativity, above. 

Measurements used to define water movement in the 
saturated zone. 

Level to which water will rise in a tightly 
cased well that is not subject to injection or 
discharge. 

See Hydraulic gradient, UNSATURATED ZONE DATA, 
above. 

Average rate at which water moves through pores 
or fractures. 

Inflow and outflow of water to and from the 
groundwater system and between units within the 
system. 

See SURFACE HYDROLOGY DATA, above. 

Inflow contribution from precipitation reaching 
the groundwater system. 

Inflow to an aquifer from storage released from 
an adjacent confining layer or from flow from 
other aquifers through the confining layer. 

Velocity of water through fractures (where water 
is transmitted quickly) and porous material 
(where movement of water is slower but storage 
is greater). 

Physical and chemical properties of the geologic 
environment that influence the rate of movement of 
contaminants through the groundwater system. 

Describes the relationship between a contaminant's 
adsorption onto soil or rock and its concentration 
in surrounding water. 

Describe the capacity of contaminants to spread in 
water. 

Rates of water movement. 
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Term Definition 

4. Relative saturations Relative portions of the pore space filled by 
water, air, and/or immiscible fluid contaminants. 

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

6. Subsurface mineralogy Chemical makeup of rocks and soils, whi::h 
influences the reactivity of contaminanr s. 

7. Ambient water chemistry Natural chemistry of water, which influences the 
reactivity between water and contaminants. 

8. Microbiology Characteristics and distribution of micro-organisms 
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 much water is pumped from each 
well, what aquifers are being tapped, and what 
quality of water is needed for each use (e.g., 
water quality needed for drinking water is higher 
than for cooling at power plants). 

2. Projected Usage Anticipated future uses of groundwater including 
well locations, future water needs from wells, what 
aquifers may be tapped, and what quality of water 
will be needed for each use. 

a The terminology of hydrogeology has evolved and expanded with the development of the 
science. Further, the field of hydrogeology requires multidisciplinary skills, and 
terms tend to be used in slightly different ways by different disciplines (e.g., 
hydrologists, geologists, soil scientists, and chemists). OTA notes that definitions 
and usage have not yet been fully standardized. 

Source: GeoTrans, 1983; Office of Technology Assessment, 1983. 
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E.1 MONITORING PROVISIONS FOR CATEGORY I SOURCES 


Statutory Definition Monitor i ng Parame t ers and 
Source Authority of Sour ce Objective Design of Monitoring System Sampling Frequency 

Sul:surface 
Percolation 

Injection Wells ­
Hazardous Waste 

Safe llriridrg 
Water Act - Und!r­
grcund Injection 
Control Progran 
(40 CFR 144 ani 
146) 

Safe Drinkirg 
Water Act - Under­
grcund Injection 
Control Program 
( 40 CFR 144 ani 
146)a 

Canprerens i ve 
Envirornental 
Res{X)rse, 
Canpensation, ani 
Liability Act 
(40 C~"R 300) 

Cess]X>ols or ott-er waste receiv­
irg devices with open boctDI!>l ard 
srnetimes parforated sides (Class 
V ~us) . Applies only to units 
servirg 20 or IIDre paroons. 

Wells that inject hazardous waste 
(as define:! by RCRA) beneath the 
deepest fonmtion containirg, 
within one-qll'lrter mile of the 
~u bore, an underground source 
of drinkirg water (Class I 
..,lls). 

Wells that inject hazardous waste 
(as define:! by RCllA) into or 
above a fonretion containirg, 
within one-quarter mile of the 
well bore, an underground source 
of driridrg water (Class IV 
wells). 

Wells that release a'¥ hazanlcus 
sul:stances, p:>llutants, or 
contaminant (as define:! by 
CERClA). 

Regulations have not teen 
F£cmll!'l'ted for Class V 
wells. 

Determine whether there is 
~ migrat ion of fluids 
into undergrcund sources of 
drinkirg water. 

Regulations have not teen 
prarul!'llted for Class IV 
""lls . 

o To pr<Nide preliminary 
assessrrent of the nature 
ard extent of the release. 

o To determine the source 
ani disparsion of the 
hazanlrus sul:stance. 

Regulations have not teen prcmulg;ltOO for Class V 
wells. 

Monitoring prcgram lllJSt include (at a mininum): (1) 
analysis of injected fluid; (2) installation and use 
of conti rlli.rg recording devices to monitor injection 
pressure, flow rate of fluid, mlUire of fluid and 
pressure on annulus; (3) deiiDnstration of mechanical 
integrity every five years; and (4) wells to monitor 
migration of fluids into ard pressure in undergrcund 
scurces of drinkirg water (locat ion ani runtler of 
wells are not specified) . 

Regulations have not teen prcmul!'llted for Class IV 
wells. 

o Collect ion of sarrvles is mirrlmlzed ex""Pt in 
sitwtions lot-ere there is an 1\)pm!nt risk to the 
public. 

o Not spacifioo. Monitorirg is (Brt ct an immediate 
removal. 

Regulations have not teen prcmul­
!'l'ted for Class V wells. 

o Monitorirg well (Brameters ard 
frequency of sarrvlirg are not 
spacifioo. 
o Injected fluids are to te 
analyzed at sufficient intervals to 
yield representative data about 
their characteristics . 

Regulations have not teen 
prarulg;lted for Class IV wells. 

o Not spacifioo. 

o Not s pacified. 



Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Injection Wells -
Hazardcus Waste 
(O>ntirued) 

Injection Wells ­
Non-Hazardcus 
Waste 

Injection Wells ­
Non-Waste 

Conprehens ive 
Environmental 
Response, 
Canpensation, and 
liability Act 
(40 CFR 300) 
(O>ntirued) 

Safe Driridrg 
water Act­
Undetgrcund 
Injection O>ntrol 
Pr<gran ( 40 CFR 
144 and 146) 

Safe Driridrg 
water Act­
Un:le1grcund 
Injection O>ntrol 
Pr<gran ( 40 CFR 
144 and 146) 

Wells that ir]ject waste l:eneath 
the deepest fornation containing, 
within ore-qcerter mile ci: the 
.ell bore, an tndergrcund scurce 
of driridrg water (Class I wells) 

Wells used in connection with oil 
and gas (reduction ohich inject 
fluids (Class II wells) . Includes 
.ells used for enhanced recovery, 
for stor"5e ci: liquid hydro­
carbon, and for >ells >here 
i!]jected fluids are brcught to 
the surface and may 1:e canhined 
with waste watem frcm ~s 
plants. 

Wells used for extraction of mirr­
erals (Class III .ells). Includes 
mining of sulfur by Frasch pro­
cess, irr-situ !J'OOuCtion ci: unr 
nium and other netals, and solu­
tion minirg oc salts or potash. 

o To detemtine the nature 
and extent of the (rOblem. 

o To monitor effectiveness 
of reredial action . 

Same as objective for 
hazardcus loBSte injection 
wells that i!]ject beneath 
the de~t undergrCUld 
SOJrces of driridrg water. 

Same as objective for 
hazardcus W'ISte injection 
..,lls that i!]ject beneath 
the dee!>'St Uldergrcund 
sOJrces of driridrg water. 

Same as oqjective for 
hazardcus W'ISte injection 
..,lls that ir]ject beneath 
the de~t undergrcund 
sOJrces of driridrg water. 

o Sufficient infonnation is to be collect e:l to 
determine the necessity for and propcsed extent of 
reredial act ion. 

o Not S!l'cifie:l. Assurance llllSt be provided by the 
State to cover these activities. 

Same as rEquiranents for hazardcus ""ste i!]jection 
>ells that inject beneath the deepest undergrcund 
scurces of driridrg water. 

o Monitoring pr<gran must include (at a mininun): 
(1) monitoring of injected fluids; (2) o!Eervation of 
i!]jection pressure, flw rate and cumulative volume; 
and (3) demonstration of nechanical integrity every 5 
yeam . 
o Hydrocarbon stor"5e and enhanoed recovery ..,lls may 
be monitored on a field or project l>!sis (rather than 
individually). 

o Monitoring prqp:an must include (at a minimum): (1) 
monitoring of injected fluids; (2) monitoring of irr­
jection pressure and either flw rate or volume; and 
(3) demonstration of nechanical integrity every 5 
yeam. 

o Not S!>'cified . 

0 Not S!>'cified. 

Same as rEquirements for hazardcus 
"""te injection >ells that inject 
beneath the deepest Uldetgrcund 
sources of drinking ""ter• 

o Nature oc i!]jecte:l fluids is to 
be monitored at sufficient intervals 
to yield representative data abcut 
their characteristics. 
o Observation frEq\Encies are 
S!l'cified for different types of 
.ells (fluid disp:>Sal .ells-weEkly; 
emanced recovery operations­
monthly; injection oc liquid 
hydrocarbons-daily). OIEervations 
are to be recorded at reasonable 
intervals of no greater than 30 
days. 

o Nature oc injecte:l fluids is to 
be monitored at sufficient intervals 
to yield representative data abcut 
their characteristics. 

• 




Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Injection Wells -
Norrllaste 
(Contirued) 

Land Application ­
Wastewater 

Land Application ­
Wastewater 
Byjr<XIuct:s 

Safe DriOOrg 
Water Act­
Uroergramd 
Injection Control 
Prcgr..n (40 OR 
144 and 146) 
(Contirued) 

Clean Water Act ­
Section 201 (40 
OR 35; 41 FR 
6190, 1/11/76) 

Clean Water Act ­
Section 405 
(40 OR 257) 

Wells not included in Cat!J)ries 
I, II, III, ard IV (Class V 
wells). E~les of Class V wells 
include artificial recharge 
wells, am cooling water or air 
ccn:litionirg rerum fl0o1 »ells. 

Wastewater lam treatment 
processes (includes sl0o1 rate, 
r~id iofiltration,ard a.rerlam 
fl0o1 methods). 

Sa.lage sl.udjJ! ~plication (irr ­
cludes agricultural, forest and 
laM reclanation utilization, ard 
dedicated lam dispa;al). 

Regulatiorn ha'-" OCJt been 
prCJ1l.llgated for Class V 
.ells. 

Procect gro.mdwater used as 
drinking water supply 
ard/or other designated 
uses as ~propriate and 
pre'-"nt irreiA:lcable damage 
to gro.mdwater. 

No monitoii.rg nquirements 
are established by the 
regulatiorn. 

o Class III .el.1.s may be monitored oo a field or pro­
ject: basis. 
o Gro.mdwater monitorigl is rB:juired where inject:ion 
is into a foiiiBtion containing ...ter wl.th less than 
10,000 mg/1 m;. Mooitorirg .ells must be canpleted 
into inject:ion zone am any underground so.rces of 
driridrg ""'ter alx>re inject:ion zone that may be 
effect:ed. Wells nust be located to detect: any excur­
sion of inject:ion fluids, process byproducts, or for­
!IBtion fluids 011:side the mining area. 
o In areas subject: to subsidenre or collapse where 
injection wells penetrate an underground so.rce of 
driridrg water, an adB:jtate nuutler of .ells must be 
canpleted to detect: any movem!nt of injection fluids. 

Regulatiorn halO! OCJt been prCJ1l.llgated for Class V 
wells. 

Regulatiorns~dzythatgro.mdwatermonitoring 

rB:juirements will be established on a site-s~dfic 
basis. Rajuirements nust include pr<Nisiorn for 
monitoring the effect on native gro.mdwater. 

No monitorirg nquirements are estrolished by the 
regulatiorn. Gro.mdwater monitorirg may be rB:juired 
on a site-s~dfic basis by the regulatory authority 
to ernure canpliance wl.th gro.mdwater criteria. 

o Pr<Nisiorn s~dzy monitorirg of 
injection pressure, flOol, or wlume 
on a semi--nonthly basis (or metering 
am <bily recordirg of injected am 
prmuced wlumes as ~prcpriate). 
0 Grourn.ater monitoring am ooni­
torirg oc fluid level in inject:ion 
zone are rB:juired semi--nonthly 
(...,ter qullity !>lrareteiS are noc 
s~cified). 

o If .ells are nquira:l in areas 
subject to subsidence or coll~se, 
monitorirg is rB:juira:l on a 
qwrterly basis (...,ter quality prra­
meteiS are noc s~dfia:l). 

Regulation; ha"" noc been prcm.ll­
~ted for Class V wel.l.s. 

RB:juirements are established on a 
site-s~cific basis. 

No monitorirg rB:juirements are es t:a­
blished. 

• 
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Statutory Definition Nonitoring Parameters and 
Source Author! ty of Source Objective Design of Monitoring System Sampling Frequency 

Land Application -	 Reoource Co<Eerva- Lan:l treatment of hazardws 
Hazardws Waste 	 tion arrl Reco>.ery wastes (as define:l by RCRA). 

Act - Subtitle C 
(40 CFR 264)b 

A three part rroni to ring 
program is establishe:l: 

o Detect a~ contamination 
of gr~ter due to le<k­
age fran a facility. 

o Determine whether the 
gr<lJI1dl.ater protection 
standard specified in the 
permit is being met. 
(contirued on next page) 

o Detection Monitori!Jl Prq;ram - implemente:l when 
permit is issued and there is no indirntion of 
le<kage. Prcgram is contirue:l thrrugh post-closure 
period. Exanption may be granted if there is no 
potential for migration of liquid from the facility to 
the uppermost aquifer thrrugh post-closure !Eriod. 
- Backgrrund water quality levels for monitoring 
parameters rrust be l:ase:l on data from quarterly 
sanpling of wells upgradient from the site for one 
year. 
- Nunber, location, an:! depth of wells are specifie:l 
in the facility permit. Wells rrust yield grourrlwater 
sanples from the uppermost aquifer that represent the 
quality of l:eckgrourrl water not affecte:l by the 
facility an:! the quality of water at a specifie:l 
C001' lianoe point. 
- If monitoring in:licates a statistically significant 
increase of any parameter o'"'r the l:ackgroun:l level, a 
canplianoe monitoring prcgram rrust be inplemente:l 
(e.g., all wells rrust be sanple:l for 375 hazardrus 
corstituents (Appendix VIII, 40 CFR 261) to determine 
the concentratiors of these corstitt.E:rt.s prese:nt in 
groun:l..,ter; see belw) or it rrust be derronstrate:l 
that the statistically signifirnnt increase is the 
result of an error or is due to another source. 

o Canplianoe Monitoriql Prq;ram - implemente:l when 

hazardrus constituents are detected at a specifie:l 

canplianoe point and for a specifia:l conplianoe per­

iod. 

- A grrurrlwater protection standard rrust be specifia:l 

in the facility permit. Standard includes: 

(i) list of hazardrus constituents to be monitore:l; 

o Parametem are specifia:l in the 
facility permit (include indirntor 
pararreters, waste corstiOJ.ents, or 
byproducts). Each nonitoring well is 
to be analyze:l for specifie:l 
parameters at least semiannual!y. 
o Grrurrlwater flw rate and di­
rection in the uppermost aquifer are 
to be determine:l at least annually. 

o ParametetB are specifia:l in the 
grourrlwater protection standard (in 
the facility permit). Eadl monitor­
ing well is to be analyze:l for 
S!Ecifia:l parameters at least 
quarterly. 

• 
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Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Land Application -
Hazardrus Waste 
(Contd . ) 

o Denonstrate the effec­
tiveness OC corrective 
action neasures taken at a 
facility (see ~p. G.! for 
corrective action require­
ments under Subtitle C of 
RCRA). 

Ccmprehensive Land application facilities that Sare as r9:1uirarents for 

Enviromental release any hazardrus sul:stance, hazardous ;aste injection 

Res{X>nse, pollutant, or contaninant (as wells under CERCIA. 

Ccmpensation, and defined by CERCLA). 

Liability Act 

(40 erR 300) 


(ii) concentration limits for each constituent based 
on: background level; Maxinum Contaminant Levels for 
14 constituents establisiB:I l'!f the National Interim 
Drinldng water Regulations (if higher than back­
ground); or an alternative concentration limit (esta­
blished on a site-specific basis); and 
(iii) a specifia:l point oc compliance and compliance 
period (includes the active life of the facility and 
the cla;ure period) . 
- If ITOnitorirg indicates that the grouoo..,ter 
protection standard is not being rret, a corrective 
action pr<gran must be undertaren or it must be 
denonstrated that the protection standard is being 
excee:led die to an error or a['l(Xher source. 

o Corrective Action Monitorirg Prcgran - implementa:l 
~<.hen ccmpliance ITOnitoring indicates that the ground­
water procection standard is e<ceeded . Prcgran is to 
be contirued until levels of hazardrus constituents in 
gramdwater are reduced belw the concentration limit 
specifia:l in the protection standard . Monitoring 
prcgran rray be basa:l on the rB:juirarents for a 
ccmpliance ITOnitoring program and must be as effective 
as that JI"<gran . 

Sa~e as rB:juirarents for hazardous ""ste injection 
wells under CERCLA. 

o Group~ter fla. rate and direc­
tion in the uppermost aquifer are to 
be deiTOnstrata:l at least anrually . 
o Samples from each ITOnitoring well 
are to be analyzed for 375 hazardrus 
constituents (Appendix VIII, 40 CFR 
261) at least anrually. 

o Parareters and frB:Juency may be 
based on the requirements for a 
compliance monitorirg prcgran and 
must be as effective as that 
prcgran. 

Sane as requirements for hazardrus 
;aste injection wells under CERCI.A. 

• 




Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Land Application - Clean Water Act - DisJX>Sal sites for drai!J!d or No nnnitoring rBjuirements No monitoring rBJuirements are establishal for No monitoring rBJuirements are 
Norrllazardrus Section 404 fill I!Bterial. are established, grourrlwl.ter, established for grourrlwl.ter. 
Waste (40 ~ 30) 

a 	 ROlA an:! SDWt\ have 011erlapping jurisdiction for i'!iection wells used to disJX>Se oc hazardrus wastes. A petmit-by-rule approach has been institutal to coordinate the rBJuirements of both 
programs. Under this approach, an <M>er or operator of such a ...Il must c~ly with all applicable SDWt\ technical rBjuirements pursuant to the Underground Injection Control Program and certain 
ROlA administrative rBJuirements. See 40 CFR 144.14. 

b 	 The monitoring rBJuirements )resented in the table are for petmitted facilities. EPA has also pranul~ted interim status rBJuirements for these facilities which nust be met until a final 
permit is issued. The interim status monitoring rBJuirenents specify the installation of at least one upgradient ...Il and three dCAOngradient ...Ils to determine initial background 
concentrations of certain parameters an:! to detetmine whether waste constituents have entered the grrundwater. Grrundwater monitoring rBJuirements can be waived by an aroer or operator if 
there is lCM potential for waste migration (EPA approval of the Wli\O!r is not rBJuired), See 40 CFR 265. 

Source: Office of Technology Assessment. 



E.2 MONITORING PROVISIONS FOR CATEGORY II SOURCES 


Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Landfills ­ Rescurce Corserva­ Larillills use:l for tre disJDSal Three part monitorirg 
Hazarrlrus Waste tion and Reco""ry of hazarrlrus WIStes (as defined program is established: 

Act - Subtitle C by RCRA). o Detect ary contamination 
(40 CFR 264)a of grrundoater due to 

le<kage fran a facility . 

o Determine .nether the 
gramdwater protection 
standard specified in the 
pemlit is beirg met. 

o Detection ~1onitorirg Prwan - ilrplBTEnta:l when 
permit is issued and there is no indication of leak­
~· Prcgran is contirua:l thrrugh p:>St:-clGSure 
period . EJ<f!ll'tion may be granta:l if there is no 
potential for migration cf liquid fran the facility to 
the uppermGSt aquifer thrrugh pGSt:-clGSure period or 
if facilities use druble liners arrl lea< detection 
systell5. 
- Backgrrund water quality levels for monitorirg 
paraneters nust be base:! on data from quarterly 
sanplirg of wells umra:lient fran the site for one 
l""'r· 
- Nutber, location, and depth ri' wells are specifia:l 
in the facility permit. Wells rrust yield grrundoater 
sanples fran the uppelllllSt aquifer that represent the 
quality of background ""ter not affected by the 
facility and the quality of ""ter at a specifia:l 
compliance point. 
- If monitorirg indicates a statistically significant 
increase of any paralll!ter o""r the background level , a 
C011>liance monitorirg prcgran nust be ilrplBTenta:l 
(e .g. , all wells rrust be sampled for 375 hazarrlrus 
constituents (Appendix VIII, 40 CFR 261) to determine 
the concentration of thGSe constituents present in 
gramdwater; see bela.) or it must be demonstrate:! 
that the s t atistically significant increase is the 
result eX an error or is due to artther source. 

o Canpliance Monitorirg Prcgran- ilrplBTEnta:l when 
hazarrlrus constituents are detected at a specified 
canpllance point arrl for a specifia:l COTl>liance 
period. 

o Paraneters are specifia:l in the 
facility permit (include indicator 
pararetetS , waste corntituents, or 
byproducts). Each monitoring well 
is to be analyzed for specifia:l 
parameters at least semlannually . 
o Gramdwater flo. rate arrl 
direction in the uppermGSt aquifer 
are to be determine:! at least 
annually. 



Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Landfills ­
Hazardrus Waste 
(Contirued) 

o Dern:>nstrate the ef­
fectiveness of corrective 
action rreasure taken at a 
facility (see ~P· G.2 for 
corrective action 
rE<juirB!2nts under Subtitle 
C of RCRA) . 

Toxic Substances Chenical waste larrlfUls used for To G!tennine tnseline 
Control Act - the disposal of PCBs at grOU11<l;.ater quality data. 
Section 6 concentrations of 50 ppn am 
(40 CFR 761) above. 

- A grumdwater protection standard nust be SIEcified 
in the facility IErmit. Standard includes: 
(i) list ct h&ardrus constituents to be monitored; 
(ii) concentration limit for each constituent based 
on: bad<grcund level; Maxinum Contaninant Levels for 
14 constituents established by the National Interim 
Drirking Water Regulations (if higher than tnck­
ground); or an alternative concentration limit 
(established on a site-siEcific tnsis); am (iii) a 
SIEcified point of canpliance and canpliance IEriod 
(includes the active life ct the facility am the 
clooure IEriod) . 
- If monitoring indicates that the grrundwater 
protection standard is not being net, a corrective 
action prqsran nust be rndertlken (see app. G.2) or it 
nust be denonstrated that the protection standard is 
being exceeded rue to an error or another SOJrce. 

o Corrective Action Monitorirg Prcgram - implemented 
.t-en canpliance monitoring indicates that the ground­
water procection standard is exceeded. Prqsram is to 
be continued rntil levels of hazardrus constituents in 
grumdwater are reduced belcw the concentration limit 
specified in the protection standard. Monitoring 
prqsram rray be based on the rE<juireJents for a 
canpliance monitoring program and nust be as effective 
as that jrqsram. 

o Grcundwater must be sampled prior to camencement 
of operations . If underlying earth uaterials are 
h=generus, impermeable, and uniformly slcping in one 
direction, only three wells are rE<juired. 
o No grumdwater monitoring is rE<juired cilring active 
life or after clooure of facility (surface ..,ter 
monitoring is rE<juired) . 

o Parameters are SIEcified in the 
grwndwater protection standard (in 
the facility permit). Each moni­
toring well is to be analyzed for 
specified parameters at least 
quarterly . 
o Grcundwater fl"" rate am 
direction in the upiErmost aquifer 
are to be determined at least 
annually. 
o Sanples frcm each monitoring well 
are to be analyzed for 375 hazardrus 
constituents (Appendix VIII, 40 CFR 
261) at least annually. 

o Parameters am frE<juency may be 
tnsed on the rE<juirenents for a 
conpliance monitoring prqsram am 
nust be as effective as that 
prqsran . 

o Sanpling frE<juency is noc 
specified. 
o Parameters must include (at a 
mininum) PCBs, Ji!, specific 
comuctance am chlorinated 
org;mics. 
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Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

U.rdfills -
Hazardrus Waste 
(Continued) 

U.rdfills-
Sanitary 

Open Dunps 
(includirg illegal 
dllq>irg) - Waste 

Canprerensi..., 
Environrental, 
Response Canperr­
sation, arrl 
Liability Act 
(40 CFR 300) 

Resour~ Corserva­
tion and Reco..., ty 
Act - Subtitle D 
(40 CFR 257) 

Canprehersi..., 
Enviromental 
Res!Xlrne, Canpensa­
tion, an:l 
Liability Act 
(40 CFR 300) 

Resource Coooerva­
tion and Reco...,ry 
Act - Suocitle D 
(40 CFR 257) 

Lanifills that release any haz­
ardrus sulstance, !Xlllutant or 
contaminant (as defined by 
<F..RCI.A). 

Sanitary landfills defined as 
facilities Wrld:l pose no 
reasonable protnbility of ad...,rse 
effects on realth or the 
ernironrent fran dis(l)Sal oc 
oolid W3Ste (as defined by RCRA). 

Sanitary landfills that release 
any hazardrus sulstance, !Xlllu­
tant or contaminant (as defined 
by <ERC!A). 

Open dunps defined as facilities 
wch do not meet tre criteria 
for sanitary landfills under 
RCRA. 

0 To provide preliminary 
a;sessrrent of the nature 
ard extent of tre release . 

0 To determine the srurce 
ard dispersion of the haz­
arrloos sub:itance. 

0 To determine the nature 
and extent of tre problems. 

0 To monitor effecti...,ness 
of the renE<tlal action. 

No requirelll!nts 
established. 

Sare as rS<uirS~Ents for 
hazardrus waste lardfills 
under CERCI.A. 

Same as requirements for 
sanitary lardfills un<Er 
Subtitle D of RCRA. 

0 Collection of 8alllJles is to l:e minimized except in 
situations wrere trere is an 'lJJ>~rent risk to tre 
public. 

0 Not specified. t-bnitorirg liB)' l:e part of an imre­
diate t"e!OOITal. 

0 Sufficiera: information is to l:e collected to 
determine the necessity for and proposed extent of 
renE<tlal action. 

0 Not specified. Assurance must l:e provided by the 
State to co...,r these activities. 

0 No monitorirg rS<uirelll!nts are est<blished. 
0 Grourr:lw>ter nonitorirg liB)' l:e rS<uired by State 
solid waste prcgrallll. Federal rS<uirarents for State 
progratS recaD~end the establislm!ant of 110nitoring re­
quirS~Ents (see 40 CFR 256. 22) . 

Sare as rS<uirS~Ents for hazardrus waste lardfills 
mder (ER.(LA. 

Same as requirements for sanitary landfills under 
Suocitle D of RCRA. 

0 Noc specified. 

0 Not specified. 

0 Not specified. 

0 Not s pacified. 

No requirelll!nts established. 

Sare as ra:JLd.rerents for hazardrus 
wa; te lsrdfills under CERCI.A. 

Sarre as requirements for sanitary 
lanifills un<Er SuOCitle D of RCRA. 



Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Oren Dunps (irr­
cllldirg illegal 
~ing) - Waste 
(Continued) 

Residential 
Disposal 

Surface 
I~nts­

Hazardrus Waste 

Surface 
Il1l(XJ.Jlld!rents­
Norrtlazardrus 
Waste 

C011prere!llive Envir­
omental Res(X>nse, 
C<III[e!llation, ani 
liability Act (40 CFR 
300) 

Fa:leral Insecticide, 
Fungicide, am 
Rodenticide Act ­
Section 19 (40 CFR 
165) 

R.es:mrce Coooervation 
ani Recovery Act -
Suocitle c ( 40 CFR 
264) 

COllptehe!llive Envir­
ornental Res{X>tEe, 

C<III[e!llation, and 
Liability Act 
(40 CFR 300) 

Surface Minirg Con­
trol ani Reclamtion 
Act (30 CFR 816 am 
817) 

Oren dunps that release "'¥ 
hazardrus sutstance, (X>llutant 
or contaminant (as defin<rl by 
<ERQA). 

Burial of small quantities of 
pesticide containers in oren 
fields ( cootainers which held 
organic or metalla-urganic 
pesticides except organic 
mercury, lea:!, ca:lm!um, or 
axsenic canpounds). 

Surface ~nts used for 
the treatnent, storage or 
disposal ci' hazardrus waste 
(as define:! by RCRA). 

Surface inpoundments that 
release any hazardrus sub­
stance, pollutant or contami­
nant (as define:! by <EROA). 

Impoundments defin<rl as all 
w:~.ter, sedinent, slurry, or 
other liquid or semi-liquid 
holding structures am depres­
Sio!ll, either naturally formed 
or artificially luilt. Struc­
tures may be terqx>rary or 
remanent. Applies to all 
surface ani un:letgrrund coal 
mining orerations. 

Sooe as requirements for 
hazardrus waste lan:lfills 
un:ler CEROA. 

No requi reoents 
establisha:l. 

Sooe as requirements for 
hazardrus waste lan:lfills 
un:ler Subtitle C of RCRA. 

Sooe as requirements for 
hazardoos waste lan:lfills 
urrler CERO.A. 

To de tennl.ne the :!npacts of 
the miniqs oreration on the 
hydrolq:ic IBJ.ance within 
the rennit am a:ljacent 
areas. 

Sooe as requireoents for hazardrus waste landfills urrler 
<ERCLA. 

No requirements establisha:l. 

Sare as requirements for hazardrus waste lan:lfills urrler 
RCRA. 

Sooe as requirements for hazardrus waste lan:lfills !Ilder 
<ERClA. 

o Gram:ho:lter ronitorirg plan lllJSt be included in a 
rermit application lohidt pmvides for the I1Dni toring of 
param!texs that relate to the suitability of the gro.md­
water for current am apprOITa:l post"""11!inirg lao:! uses and 
to objectives for protection of the bydrolqsic IBJ.ance. 
Monitoring site locatio!ll nust be srecifia:l. 
o 1-bnitoring of a particular water-bearing stratum may be 
waive:! by the regulatory aut:hority if it can be demorr­
strata:l that it is not a stratum lohich serves as an 
a:juifer '*ddt significantly e!llures the l:¥drologic balance 
of the rumulative impact area (the area, including the 
rermit area, within >hid! impacts resulting from the 
prqxJSa:l operation may interact with the l.rrfacts of all 
anticipate:! mining). 

Sam! as requirements for hazard­
rus waste lan:lf ills under CERQA. 

No requirements establisha:l. 

Sooe as requirements for 
hazardrus waste lan:lfills under 
RrnA. 

Sare as requirements for 
hazandrus waste landfills under 
CER(LA. 

o Grrun:lwater ronitorirg plan 
nus t s recify parareters am 
sanpling frequency. 
o At a minimum, total susrenda:l 
solids, pH, total iron, total 
llBilg'IDese, ani water levels shall 
be monitora:l. 
o Sai4>les nust be t:a<en ani ana­
lyze:! qwrterly at eadt monitor­
iqs location. Additional moni­
toring IIBY be require:! by the 
regulatory ruthority. 

• 
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Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Surface 
Impoundments -
NorrHazardrus 
Waste (Contirued) 

Waste Tailings 

Federal Land Poll:!; 
and 11anagz!rent Act 
- Mineral Leasirg Act 
of 1920 and Materials 
Act of 1947 (43 CFR 
23) . Co'"'rs minerals 
such as cool, phos­
phate, asphalt, sodl­
u:n, potassium, sand, 
stone, gravel and 
clay. 

- U.s. Minirg La;s 
(43 CFR 3800) . 
Co'"'r locatable 
mlnerals such as 
g:>ld , sil'"'r, lead, 
i roo and c.cppe r . 

- Geochernal Steam 
Act (30 CFR 270 and 
BU1 Operational Order 
No. 4 ) . 

Federal Lam Policy 
and Managenent Act 
- Mineral Leasirg Act 
of 1920 and Materials 
Act of 1947 (43 CFR 
23) 

Impoundments used for tte 
treatnent or control of runoff 
and drainage duri.rg mlnirg 
operations on Fereral lands. 

Not explicitly rrentionel in 
the regulations. H""''"'r, 
:lrnjnmdrrents are part of 
mlnirg operations. Applies 
only to Fereral lands . 

Pits and sunvs used to retain 
all IIBterials and fluids 
necessary to drillirg , produc­
tion, or ocher operations on 
Federal lands. 

Not explicitly rentionel in 
the regulations. Howe'"'r, 
""'Ste tailings are part of 
mlnirg operations. Applies 
only to Federal lands . 

No requi rerrents 
established. 

No requirerrents 
established. 

o To determine existirg 
..,ter quality. 
o To en:;ure that 
operations are conducted in 
couplian:e with regulations 
and orders. 

Sane as objecti'"' for non­
hazanlous waste surface 
:lrnjnmdrrents under these 
laws. 

No requirerrents established. 

No requirerrents established. 

o No specific requirSients are established for pits 
and Slf!VS• Regulations state that aon1 torirg of 
ernirOO!!Ental ~ts nay be conducted by the use of 
aerial surveys, irspections, periodic sanpllngs, 
cootirurus recordings, or otter metluds specified oo a 
site-specific basis. 
o Data lll.lSt be collected for a period of at least one 
year prior to production. 

Sane as requirerrents for non-hazardrus waste surface 
1ll\)OI.lirlllents under these laos. 

No requirerrents established. 

No requirSients established . 

o Specified by the regulatory 
a.tt:lority on a site-specific l:mis. 

Sale as requirerrents for ncxr 
hazanlous waste surface impourrlrerts 
under these laws . 

• 



Statutory Definition Monitoring Parameters andSource Author! ty of Source Objective Design of Monitoring System Sampling Frequency 

Waste Tailirgs -u.s. Minirg Laos 
(Contirued) (43 CFR 3800) 

Uranium Mill 
Tailirgs Radiation 
Control Actc 
- Acti'"' Sites 
(40 CFR 192) 

Uranium Mill 
Tailirgs Radiation 
Control Act 
- Inacti'"' Sites 
(40 CFR 192) 

Not explicitly definro in tre 
regulations, but disposal of 
""-Ste tailirgs 1s f!Entionro as 
part of a minirg operation. 

Disposal areas C<Nem! by tre 
regulations containing waste 
tailings from uranium processing 
activities. Such areas include 
tre region within tre perifiEter 
of an :lmpourdnent or pile. 

Processirg sites designata:! by 
IXlE containing residual radio­
acti'"' materials at which all or 
substantially all of the uranill11 
""-8 produced for sale to a Fed­
eral ~cy prior to Jan. 1, 
1971. 

SC~JE as objective for norr­
ha?~rdrus waste surface 
i1Tipour1<h1Ents urner trese 
laws. 

Saf!E as requiref!Ents for 
hazardous waste surface inr 
IX'Undllents urner Subtitle C 
of RillA. 

o To estlblish background 
groundw:!ter quality. 

o To identify tre presence 
and IID\Te!lEnt of contaml.­
nation associated with tre 
tailirgs piles. 

Saf!E as requiref!Ents for non-hazardous waste surface 
impoundf!Ents under these laws. 

Saf!E as requiref!Ents for hazardous waste surface im­
poundf!Ents under RillA except: 
- IIDlybdenum and uranium are added to tre list of 
hazardous consti ttEnts in Appendix VIII, 40 CFR 261; 
- additional coocentration limits for radioactivity 
are specified as part of the groundwater ptotection 
standard; 
- detection nnnitoring prq;;ram nust be completed 
within one year; and 
- alternati'"' concentration limits which are esta­
blished (as part of the groundw:!ter protection stan­
dard) are as la. as reasonably achievable after con­
sidering practicable corrective actions, and that, in 
ant case , the concentration levels for specified para­
f!Eters are specified at all points at a greater dis­
tance than 500 netetS fran tre ed!J' oc tre disposal 
area and/or outside the site boundary. 

o Monitorirg prq;;ran ITS)' be conducted. It should be 
sufficient to 11l!et the objective thro.Jgh one or 110re 
uwadient wells. 

o Monitorirg should assess tre loa.tion of 
contaminants in groundw:!ter, the rate and direction of 
moverrent of contaminated groundwater, and its relative 
contamination. Also, an assessment should identify 
tre attenuative a.pacity of tre msaturated and 
saturated zones to deterraine the extent of contaminant 
mJVerrent. 

Sare as rff~uirSIE.nts for norr 
hazardous waste surface impoundrrents 
under these laws. 

SBIIE as requireuents for hazardous 
waste surface impoundrrents under 
RillA. 

No requirarents estlblisha:l . 



Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Waste Piles -
Hazardrus Waste 

Waste Piles ­
Non-Hazardous 
Waste 

Materials 
Stockpiles 

Resoorce Corse rva­
tion an:! Rec:o\ery 
Act - Subtitle C 
(40 CFR 264) 

COI!jrehensi"' 
EmirO<IJEntal 
Response, Canperr­
sat.ion, ard 
Liability Act 
(40 CFR 300) 

Surface Mining 
Control and 
Rec.lalmtion Act 
(30 CFR 816 and 
817) 

Federal land 
Policy and Manage­
nent Act 
- Mineral Leasing 
Act of 1920 and 
Materials Act of 
1947 (43 CFR 23) 

- u.s. Mining Laws 
(43 CFR 3800) 

Federal Insecti ­
cide, Fungidde, 
and Rodentidde 
Act (40 CFR 165) 

Waste piles used for ti-e treat­
nent or s tor~ of hazardrus 
wastes (as defined ~ RCRA). 

Waste piles that release ar;t 
hazardrus sulstanc:e, pollutant or 
COntaminant (as defined ~ 
CERCLA). 

Refuse piles containing coal mine 
waste (includes coal processing 
waste and undergrrund developllEnt 
waste) . Applies to all surface 
ani unde Igrrund coal miniIll 
operations . 

Not explicitly nentioned in ti-e 
regulations. HONe'\er, waste 
piles are part of minilll 
operations . Applies only to 
Federal lands . 

Not explicitly defined in ti-e 
regulations, rut waste piles are 
I!Entioned as part of a minilll 
operation. 

Storage of packages and 
c:ontalners of pesticides. 

SallE as ol!jective for 
hazardrus waste landfills 
under Subtitle C of RCRA. 

SallE as ol!jective for 
hazardrus waste lan:lfills 
under CEID.A. 

Sam> as objecti"' for norr­
hazardrus waste surface 
impoundnents under s-talA. 

Sare as objective for norr­
hazardrus waste surface 
impoundnents under tl-ese 
laws. 

SallE as ol!jective for norr­
hazardrus waste surface 
impoundi!Ents under tl-ese 
laws. 

To assure mininal 
envirortrental irsult. 

Sare as nquirei!Ents for hazardrus waste landfills 
Ul"I<Er Sul:t:i tle C of RCRA. 

SallE as rErjuirei!Ents for hazardrus waste landfills 
under CERa.A. 

SanE as rErjuirenents for norr-hazardrus waste surface 
iq>aurrln:!nts Ul"I<Er S1:RA. 

SallE as rErjuirarents for norr-hazardrus waste surface 
impoundnents under these laws . 

Sme as rB:J.uirE!IIE:nts for norrhazatdrus waste surface 
impoundnents Ul"I<Er tl-ese laws. 

o No mandatory nnnitoring rErJuirarents are 
established. 
o An emir<XIlental nnnitoring system sluuld be 
considered in the vicinity of storage facilities . 
o S~les from ti-e surrounding grrundwater slnuld be 
collected as appropriate. 

SallE as rErJuirei!Ents for hazardrus 
waste landfills under Sul:t:itle C of 
RCRA. 

SallE as rErJuirarents for hazardous 
waste landfills under <ERCLA. 

Sane as ra:Juirerrents for norr 
hazardrus waste surface ioq>OUrrln:!nts 
under~. 

Sare as rErJuirarents for non­
hazardous waste surface ioq>OUndnents 
under tl-ese laws. 

Sme as ra:tuiratents for non­
hazardous waste surface iq>aundnents 
under tl-ese laws. 

Not spectfia:l . 

• 




Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Graveyarc>l 

Animal Burial 

Aboveground 
Storage Tarl<s -
Hazardws Waste 

Res::>urce Cornerva­
tion aM Reco'"'ry 
Act - Subtitle C 
(40 CFR 264) 

C<lll!J::ehersi'"' 
EnvirO!llEntal 
Response, Cooparr 
sation, ard 
Liability Act 
(40 CFR 300) 

Toxlc Sul:stances 
Control Act 
(40 CFR 761) 

Aba.legrwnd tarl<s used for the 
treatment or storage of hazardws 
wastes (as define:! !¥ RalA). 

Storage talks that release allf 
hazardws sul:stance, pollutant or 
contaninant (as defiool !¥ 
CEROA). 

See TSCA requirements, below, for 
hazardws waste containers. 

To ersure the tack is beirg 
operate:! according to 
design. 

Same as objective for 
hazardrus waste laOOf ills 
un:ler CERO'.A. 

Same as objective for 
hazardrus waste containers 
urder Ts::A. 

o No requirements are establishe:l for grcundwater 
noo1 toting. 
o Monitorirg of tack operation is require:! to meet 
objective includirg data on pressure and temperature, 
aM ol:servatiors <£ corn truction material ani area 
surrwnding the tank. 
o Procedure for enptying ani irspectirg talk nust be 
establishe:l. 

Same as requirements for hazardws waste larrlftils 
unrer CERCLA. 

Same as requirements for hazardws waste containem 
unrer TSCA. 

o No requirements are establishe:l 
for grwrrlwater nooitnring. 
o Monitorirg pressure arrl tenpmr 
ture at least once each operating 
day is require:! (if talk is un­
cO\ere:l, the level of waste irside 
nust be irspecte:l). 
o Corstruction mterials of talk 
nust be irspecte:l at least weekly. 
o Area surrounding the talk nust be 
irspecte:l at least weekly to detect 
obviws sigrs of le~ (e.g., read 
vegetation). 
o Frequency of inspectiors invobr­
ing sq>tyirg of tark is not sped­
fie:! (nust be l:ased on the waste, 
cors truct:ion materials of tank, cor­
ra:;ion or era:; ion protection used, 
arrl corro;ion or ero;ion observe:!). 

Same as requirements for hazardws 
waste laOOftils uncer CERQA. 

Same as requirements for hazardws 
waste containers unc:Br TSCA. 

• 




Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

AbovegrCUld 
Storage Tarks -
Norrtlazardws 
Waste 

Aboveground Clean Water Act ­
Storage Tarks - Section 311 
Norr-V/aste (40 CFR 112) 

Hazardws Liquid 
Pipeline Safety 
Act (49 CFR 195) 

UnrergrCUld Resource Corse rva-
Storage Tarks - tion and Recmery 
Hazardrus Waste Act - Sul:f:itle C 

(40 CFR 264) 

Onslure and offslure facilities To ea;ure the integrity of 0 No requirelll!nt:s are estoolisiEd for grrurdwater Not SJEcifiErl . 
with aboveground capacities of the tank. nonitor1~. 

greater than 1 ,320 gailors ct oil 0 The Spill Prevention Cort:rol and Co.mte=asure 
(or sitl'lle tanks with capacities (SPCC) Plan llllSt discuss provisiors for integrity 
greater than 6ffi gallors). d testi~ of the t:arK and for observatlors ct the 

facllity OJEration for upsets in plant effli.Ellt 
discharges which cruld cause an oil spill. 

Storage of hazardws liquids (as To ea;ure the integrity of No requirelll!nt:S are establisiEd for grrurdwater Each tark llllSt be irsJEctErl at least 

defined by Hll'SA) inclrent:al to the tank. nonitor1~. once a year. 

their llDvenent: by piJEline or 

affecti~ interstate or foreign 

c.amrerce. Regulatlors explicitly 

define aboveground 'breakout 

t arks" which are used to relieve 

surges in a hazardws liquid 

piJEline system or to receive and 

store hazardws liqu:;.d trarr 

SjX>rtErl by a piJEline. Ra:juire­
llEilts do not "'ply to Fereral 

f ac1li ties . e 


C<M>rei unre Igramd tarks use! Regulatlors have not been Regulatlors have not been prcm.il.gptErl. Regulatlors have not been 

for the treatnent or storage of prarulg<ited. ]X"cm.il.gptEd . 

halanlrus waste as define! by 

RCRA. 


• 
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Source Authority of Source Objective Design of Moui to ring System Sampling Frequency 

Underground 
Storage Tari<s -
Norrtlazardoos 
Waste 

Underground 
Storage Tari<s ­
Norr-Waste 

Containers ­
Hazardous Waste 

Canpt:ehensi"' 
E1111ir()!"Jrental 
Response, COlllE!rr­
sation, ard 
Liability Act 
(40 CFR 300) 

Clean Water Act ­
Section 311 
(40 CFR 112) 

R.es:rurce Con;erva­
tion and Reco\ety 
Act - Subtitle C 
(40 CFR 264) 

Toxi.c SuiBtances 
Control Act ­
Section 6 
(40 CFR 761) 

Canp<ehensi"' 
E1111ironrental 
Response, CQm(:err­
sation, arrl 
Liability Act 
(40 CFR 300) 

Storage tarks that release at¥ 
hazardous suiBtance, !Dllutant or 
contaminant (as defiool l¥ 
CERC!A). 

Onshore facilities with 
underground storage capacities 
equal to or greater than 42,000 
gallons. 

Containers used for the storage 
of hazardrus wastes (as defined 
l¥ RCRA). 

Containem used to store PCBs at 
concentrations of 50 ppm and 
aba.re. Container means at¥ pack­
age, can, bottle, bag, lBrrel, 
drum, tack or other device. 

Cootainem that release at¥ 
hazardous suiBtance, pollutant or 
COntaminant (as defiool l¥ 
CERC!A). 

s...., as ol1jective for 
hazardrus waste landfills 
under CERI:LA. 

To ensure the integrity of 
the tank. 

To ersure containeiS are 
not leaking arxl spill 
contaiment sys ten has noc 
deteriorated. 

No r<qui rements 
established. 

Same as ol1jective for 
hazardrus waste land£ills 
under CERO.A. 

s...., as nquirements for hazardous waste landfills 

under CEROA. 


0 No r«juirements are established for groondwater 

non:ltoting. 

0 The Spill Prevention Control and Coontermeasure 

(SPCC) Plan must discuss pr1111isions for regular 

pressure testing and for oiBervations oc the facility 

O(:eration for upsets in plant effluent discharges 

which coold cause an oil spill. 


0 No r«juirements are estoolished for groondwater 

non:l totirg. 

0 Containers and storage areas must be ins(:ecte:l. 


0 No r«juirements are estoolished for grrurxlwater 

noni toting. 

0 Containem must be ins(:ected for led<s. 


Same as rEquirements for hazardrus waste landfills 
under CERQA. 

Same as rEquirements for hazardoos 
waste land£ills unrer <ERQA. 

Not S(:ecifie:l. 

0 No rE<j uirE!lB1ts are established 
for l!J'o.mll.ater noni toting. 
0 lns(:ections must be con:lucte:l at 
least weekly. 

0 No r«juirements are established. 
0 Ins(:ections must be corxlucted at 
least once every 30 days. 

Same as rEquirements for hazardoos 
waste landfills unrer <ERC!A. 

• 
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S t atu tory Definition Mo nitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Containers ­
Non-Hazardous 
Wast e 

Cont ainers ­
Non-Was t e 

Open Burning am 
Detonation Sites 

Federal lnsecti­
cide, Fungicide, 
and Rodenticide 
Act ( 40 CFR 165) 

Reso.Jr ce Cornetva­
tion and Recovery 
Act - Subtitle C 
(40 CFR 264) 

Federal Insecti ­
cide, Fungicide, 
am Rodenticide 
Act (40 CFR 165) 

Ganprehensive 
Environnental 
Res!X>nse, Ganperr­
sation, ard 
Liability Act 
(40 CFR 300) 

Pest1clde containeiS . 

Open lurnirg and detonation ri' 
~.SSte explooives . f 

Open lurnirg ri' gnall quantities 
of comlllstible pesticide contairr­
eiS ..tlich held mganic or metal­
lo-organic pesticides (except 
organic rrerwry, lea:i, cOOmi.llll or 
arsenic c~ds) . 

Sites which release ary h&ardous 
sulstance , p:>llutant or 
contaninant (as define:! ~ 
CERQ.A) . 

See objective for materials 
stockpiles under FIFRA. 

Regulations h<Ne net been 
prooulg;>ted . 

Sate as objective for 
residential dispooal 
(burial) under FIFRA. 

Sate as objective for 
hazardous ~.SSte landfills 
under CERQ..A . 

See tlljuirements for materials stockpiles under Fli'RA. 

Regulations ha.re net been prorulgated . 

Sate as nquirements for residential dispooal 
(burial) under FIFRA. 

Sate as requirements for hazardous waste landfills 
under a:ROA. 

See tlljuirements for materials 

stockpiles under FIFRA. 


Regulations have not been 

prooul.gated. 


Same as requirments for residential 
dispooal (burial) under FIFRA. 

Sate as nquirerents for hazardrus 
~.SSte landfills under a:ROA. 

• 
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Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Radioacti~ Atomic Ene~gy Act Gealcgic repositories for high­ To emure that geotechn1cal 
Disposal Sites (10 CFR 60)g level radioactive wastes. design p<~I"aneters are corr 

fir:nl!d arrl to ensure that 
appropriate action is taken 
to infonn me cr charges 
needed in desiWl to 
accomodate actual field 
conditions encountered. 

Atanlc Ene3\Y Act Disposal sites for l<w-level To provide lBsic (preq>era­
(10 CFR 61) radioactive wastes. tional) envirornental data 

on the site, to evaluate 
the potential health and 
erwirornental J.nt>acts dur­
ing construction and opera­
tion, and to evaluate the 
loq;-tenn effects and need 
for mitig;itive measures. 

At a mininun, measur€!\l!nts shall be made of rod< de­ Not specified . 
fonmtions and displ..acenent, changes in rock stress 
arrl strain, rate and location of water infkw into 
sul:surface areas, changes in grourrlloater conditions, 
rock JX>re pressures including tiDse alorg fractures 
and joints, and the thermal and thernodlemical re­
SJ:Xmse of the rock mass as a result of develq>ment and 
operations of the !J'Ologic repa;i tory. 

o Preq>erational oonitoring must provide infonmtion o Not specified. 

about the ecology, meteorology, clinate, l¥drology, 

geology, !J'o<hemistry, and seisDDlcgy of the disposal 

site over a tJ;elve oonth perind. 

o Monitoring during construction and q>eration must o Not specified. 

be capable of providing early warning of releases of 

radioruclides fran the sites before they leave the 

site boundary. 

o Pest-operational llDnitoring system must be lBsed on o Not specified. 

the operating his tory and the clnsure and stabiliza­
tion of the site and must be capable cr pr<Niding ear 

ly warning releases of radioruclides fran the site b?­
fore they leave the s1 te boundary. 




c 

a 	 The 110nitori~ r6Juirerrents presented in the table are for permitted facilities , EPA has also prarulgat ed interim status r6JuireiiEilts for these facilities lohich nust be met until a final 
permit is issued, The interim status ITOnitOri!l'l r6juiranents specify tre installation a at least one urgradient well and three da.rwadient wells to determine initial l:eckgrrund 
concentrations of certain parameters and to determine .t>ether ~oBSte constituents ha'"" entered the grrurdl.ater. Grrurdl.ater ITOnitori~ r6Juirement s can be wrlved by an """"r or operator if 
there is la.r JX>tential for waste migration (EPA appr<>Tal of tt-e waiver is not r<IJuired) . See 40 CFR 265. 

b 	 The Federal Umd Policy and 1-'.anageiiEilt Act (~) of !976 (P .L. 94-579) r6Juires that public lands be nanaged in a IIBI1ller that will protect the quality of environmental values . In addition, 
there are a number a laws r~ati!l'l certain activities on Federal lards . The minirg ~ations are ruthorized ~ both tt-e FLPMA arrl tt-e specific minirg laws and are thus presented together 
in this table . Note that regulations for the Geothermal Steam Act ""re redes~ted, with minor revisions, as 43 CFR 3260 on Sept . 30, 1983. 

The ra:p.rl.rarents p.-esente:l in this table are the Health arrl Envir~ntal Prct:ection StarrlarOO JX"awl.W!te:l ~EPA (40 CFR 192, 48 FR 45926, Oct. 7, 1983 arrl 48 FR 590, Jan. 5, 1983). The NRC 
has also prarulgated licersi~ r6juirements for uranium mill tailings (IO CFR 30, 40, 70 and !50) . 

d 	 Facilities include those ergaged in drilli!l'l, producirg, gatt-erirg, storirg, processirg, refinirg, transferrirg, disrrib.Jtirg or consumirg oil and oil products. Oil is defined as oil of ary 
kind or in any form, includi~ b.Jt not limited to petroleun, fuel oil, sludge, oil refuse, and oil mixed with ~oBStes other than dredged SJX>il. 

e 	 Hazardous liquids include petroleum, petroleum products, arrl arhydrrus annonia. 

Waste explosives include waste which has tt-e JX>tential to detonate and l:ulk military jr<pellants .Alich cannot safely be disJX>Sed of thrrugh ott-er ITOdes of treatment . Regulations for permitted 
facilities have not been prarulgated, Interim status regulations for open b.Jrni~ and detonat ion do not establish grrurdl.ater ITOnitori~ r6Juirements. 

g 	 The ra:ruirements presented are those established ~NRC for high-level radioactive wastes; tt-ese r<~Juirerents are prcposed r'Blllations . See 46 FR 35280, July 8, 1981. EPA has also published 
proposed health and enviromental standards . See 47 FR 58!96, Decalber 29, !982 . 

h 	 The r6JuirB~Ents )resented are those established ~NRC for lew-level radioactive waste sites. EPA is also r6juired to establish t-ealth and envirornental standards for such sites; standards 
have not yet been prarulgated by EPA. 

Source: Office of Technol'll)' Assessrent. 
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E.3 MONITORING PROVISIONS FOR CATEGORY III SOURCES 


Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Pipelines ­ Hazardrus Liquid Pipelines used to trans(Drt To ensure the integrity of the o No r8:juirements established for grrundwater No r8:jui rements established 
Hazardrus Pipeline Safety hazardrus liquids (includes pipeline. monitoring. for grounl...ter monitoring. 
Materials Act (49 CFR 195) petrolrum, petrolrum procLcts, 

and anhydrcus 11l11Dnia) . o All n<W pipelines or relocated, replaced or 
otherwise dlanged pipelines must undergo 
hydra;tatic testirg prior to use. 

Conprehensive Pipelines that release ary o To prC>Iide preliminary o Collection ci sanples minimized except in o Not specified . 
Envi r~ntal hazardrus sumtance, (Dllutant assessrrent of the nature situations >.here there is an apparent risk to the 
Res(Dnse, Coot­ or contaninant (as defioo:l ~ ani extent ci the release. public. 
pensation arrl CERQ.A). 
Liability Act o To determine the source and o Not specified. Monitorirg llBY be part <I an o Not specified. 
(40 CFR 300) dispersion ci the hazardrus immediate relll)val. 

sull3tance. 

o To determine the nature arrl o Collection ci sufficient infonnation to determine o Not specified . 
extent of the problem. the necessity for and proposed extent of remedial 

action. 

o To nonitor effectiveness of o Not specified. Assurance must be prC>Iided ~ the o Not specified. 
the remedial action. State to co\O'!r these activities . 

Pipelines­
Non-Hazardrus 
Materials 

Materials Hazardrus Ma­ The trans(Drtation <I No r8:juirerents established No r8:juirements established for grrundwater. No r8:juirsrents established 
Trans(Drt arrl terials Trans­ hazardcus ITBterials and for grounl...ter. for grounl...ter. 
Transfer portation Act hazardrus ...ste (as defioo:l ~ 
Operations - (49 CFR 171) HMrA) by rail car, aircraft , 
Hazardous vessel and notor \O'!hicles used 
Materials arrl in interstate and foreign 
waste canneroe (and notor ""hicles 

used to trans(Drt hazardcus 
waste in intrastate canrrerce). 



------------------ - - - - - ----------------------------------~-~-- - -
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1--' Statutory Definition Monitoring Parameters and 
w 

Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Materials Canprehens i'"' Trarnport-related accidents Sare as oqjecti'"'5 for S1I!E as requir€!1EntS for piiElines under <ERCLA. SOOE as requir€!1Ents for 

TrarniX>rt arrl Envi.rorn:ental, that release any hazardrus piiElines un<Er OlRC!A. piiElines un<Er <ERCLA. 

Transfer Response, Can­ sul:s tance, pollutant, or 

OJ:e rations - IEnsation,and contani.nant (as defined ~ 


Hazardrus Liabi.li ty Act CERO.A). 

Materials ard (40 CFR 300) 

Waste (Continued) 


Soorce: Office of Tecmology Assessnent. 

• 
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E.4 MONITORING PROVISIONS FOR CATEGORY IV SOURCES 


Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Oesign of Monitoring System Sampling Frequency 

Irrigation 
Practices 

Pesticide 
Applications 

Fertilizer 
Applications 

An1rral Feedi£1! 
Operations 

De-ici£1! Salts 
Application 

Ur l:an Runoff 

Clean Water Act ­
Section 208 
(40 CFR 35, 
Suq,art G) a 

Clean Water Act ­
Section 208 
(40 CFR 35, 
Suq,art G) 

Federal Insecti ­
cide, Fu£1licide, 
and Rodent icide 
Act 

Clean Water Act ­
Section 208 
(40 CFR 35, 
suq,art G) 

Clean Water Act ­
Section 208 
(40 CFR 35, 
suq,art G) 

Clean Wat er Act ­
Section 208 ( 40 
CFR 35, Suq,art G) 

Return fla.IS frcm i rrigate:l Detemdne t he impact oc the 
agriculture. sa.Jrce. 

Agriculturally relate:! norrpoint Sc:ne as objective for 
srurces of p:>llution. irril?Ption practices under 

ew>. . 

Application cf certain pesticides No r«juirerents 
..trlch may cause unreasonable ad- established, 
verse effects on the emi ronrent, 

Agriculturally relate:! norrpoint Sare as objective for 
sources of p:>llution. irrigation practices under 

CW\ , 

Runcf f frcm !TBrure disp:>Sal areas Sare as objective for 
and fran land area used for irri~tion practices under 
lives to<k . CW\, 

Url:an stoD!W'lter runcff systens . 	 No r«juirere nts 
established. 

o No S!l'cific r8juirerents establishe:l . 
o Ground...,ter monitori£1! can be undertaken by a State 
if it is establishe:l as a priority in the State's 
annual ...,rk program subnltted t o EPA. 

Sare as r8juirerents for i r rigation practices under 
CWA. 

No r8juirerents established . 

Sare as r8juirements for irrigation practices under 
CWA. 

Sare as r«juirements for irrigation practices under 
CWA. 

No r8juirarents establishe:l . 

No r8jui rarent establishe:l. 

Sare as rBJuirB~Ents for irrigation 
practices under CWA. 

No rBJuirB~Ents establishe:l . 

Same as rBJuirB~Ents for irrigation 
practices under CWA. 

Sare as r8jui rerents for irrigation 
practices under CWA. 

No rBJuirB~Ents establishe:l . 



Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Percolation of 
Aomspheric 
Pollutants 

Mining arrl Mine 
Dr~­

Surface Mining Clean Water Att - Mine-relate:! srurces of pollution No n<ju1rsrents 
(Settion 208 (40 including mine runoff frcm tao1, establishe:l. 
CfR 35, Suq,art G) active, ani abardone:l surface ani 

w<Ergrourd mines. 

Fe<Eral Lard 
Policy ard ~e­
lll!nt Act b 
- Mineral Leasirg Minirg of minerals such as coal, No ra:juirsrents 

Att of 1920 and ph<Ephate, asphalt, sodium, establishe:l. 

Materials Att of potassium, sani, stone, gra\cl. 

1947 (43 CFR 23) and clay (on Fe<Eral lands). 


-U.S. Minill! 1.- Minirg of minerals sum as gold, No n<Juirsrents 
(43 CFR 23) silver, lead, iron ard copJEr (on establishe:l. 

Federal lards). 

Surface Minirg Surface minirg of coal. Determine tte l.nfacts of 
Control ani tte minirg operation on the 
Reclarmtion Act hydrolrgic lBlance within 
(30 CFR 816) tte permit ard adjacent 

areas. 

No n<ju1rsrents establisted. 

No n<Juirsrents establisted. 

No n<Juirelll!nts est1Dlisted. 

o Gr~ter monitoring plan must be included in a 
permit application whim provides for the nnnitoring 
of paralll!ters that relate to tte suitability of tte 
grourd.r.lter for current and approved postminirg land 
uses ani to ol!lettives for protettion of tte ly­
drolrgic balance. Monitoring site locations must be 
spedfie:l. Monitoring is corducted during operations 
ard reclamation activities (until perfo=ce bond 
release). 
(C<ttirued next page) 

No n<Juirsrents establisted. 

No ""!uirsrents es tablisted. 

No n<Juirsrents establisla:l. 

o Grrundwater nnnitorirg plan must 

s pedfy parateters and Ba~q>lifll 


fra:juency. 

o At a mininun, total dissolved 

solids or specified conductance 

(corrected to 25"C), pH, total iron, 

tocal l!Br@;allese, arrl water levels 

stall be nnni tore:!. 

(Concinued next page) 


• 




Source 

Mining and Mine 
Dr~-

Surface Mining 
(Contirued) 

Mining and Mine 
Drainage­
Un<ErgrOli1d 
Mining 

Statutory 
Authority 

Surface Mining 
Control and 
Reclarration Act 
(30 CFR 816) 
(Contirued) 

Surface Mining 
Control ard 
Recl.alation Act 
(40 CFR 874 ard 
875) 

Clean Water Act ­
Section 208 (CFR 
35, Sul:part G) 

Fe<Eral Land, Pol­
icy ard Management 
Act 
- t1ineral Leasing 

Act of 1920 and 
Materials Act of 
1947 (43 CFR 23) 

- u.s. Mining Law; 

(43 CFR 38UO) 

Definition Monitoring 
of Source Objective 

Lards ard water which were mined No requirements 

(covers coal mining and mining of established. 

minerals ard nnterials other than 

coal) or ..tdch ;ere af fectal by 

such mining, waste !:arks, prores­
sing or other metlDds ptior to 

Aug. 3, 1977. 


Mine-relatal souras of pollution No requirements 

including mine runoff fran new, established. 

active, and abandonal surface and 

un<Erground mines. 


Mining for minerals such as coal, Same as objective for 

phosphate, asphalt, sodium, surface mining un<Er these 

JX>tassium, san:l, stone, gravel L:w;. 


and clay (on Fe<Eral lands). 


Mining of minerals such as gold, Same as ol!jective for 

silver, lead, iron,and cq>per (on surface mining un<Er tha;e 

Fe<Eral lands). L:ws 


Parameters and 
Design of Monitoring System Sampling Frequency 

0 Monitoring of a particular water-bearing stratum 0 Sanples must be td<en ard 
my be waived by the regulatory autlurity if it am be analyzal quarterly at each 
denorEtratal that it is not a stratum "*'ich serves as monitoring location. Additional 
an aJuifer ..tdch si~iamtly ernures the hydrologic monitoring my be requiral by the 
balance of the rurrulative itq>lct area (the area, irr regulatory rutlDrity. 
eluding the pennlt area, within ..tdch impacts result ­
irg fran the prq><JSed q>eration my interact with the 
impact of all anticipatal mining). 

No requirements est:cblishal. No requirements est:cblishal. 

No requirements establishal. No requirements establishal. 

Same as requirements for surface mining under these Same as requirements for surface 
laws. mining un<Er these laws. 

Same as requirements for surface mining under these Same as requirements for surface 
laws. mining un<Er these laws. 

• 
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Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Mining and Mine Surface Minirg Undexgro.md minirg of coal. c Sane as oqjecti"" for Salre as requir~s for surface mining under s-eRA. Salre as requirements for surface 

Draina!J! - Control and surface mining under SM:;RA. minirg under S1JlA. 

Underground Mining Reclamation Act 

(Contirued) (30 CFR 817) 


a 	 40 CFR 35, Sul:part G are tre regulations for State grants for Water Q.>allty Planning, Management, ani ~lenentation. Alttvugh tre Clean Water Act is directed at ti-e procection of surface 
waters, sone States have chosen to include grourw:lwater quality programs in tl-eir water quality management plans. Such plans are required bY tre regulations to indicate rec~tion that 
gro.mdwater ani surface water inteilllix. 

b 	 TI-e Federal Lan:l Policy ani Managenent Act (FLI'MA) of 1976 (P.L. 94-579) requires that public lan:ls te managed in a manner that will procect tre quality of envirOCIIental values. ln a:ldition, 
trere are a numl:er of la.ls regulating certain mining activities on Federal lan:ls. The mining regulations are autrorized bY bOCh tre FLI'MA an:! tre specific mining U...S ard are presented 
t~trer in this table . 

Applies to surface effects of undexgro.md minirg. 

Source: Office of TednolCID' Assessnent. 

• 
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E.5 MONITORING PROVISIONS FOR CATEGORY V SOURCES 


Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Production Wells - Federal Lan:l Wells use:! for the develq:xrent r:r o Dete1111ine edstirg water o Data rust be collects:! for a period of at least one o Specifial by the regulatory 
Geothennalan:l Policy an:l !'J!othernal steam (on Federal quality. J<lar prior to production. ruthority on a site-specific 
Heat Recovery Ma~ement Act - lan:ls) o Ensure that q:>erations o No specific r«julranents for pits an:l slllps. Regu­ l:esis. 

Geothermal Steam are conducted in can­ lations state that monitoring of environmental 

Act (30 CFR 270 pliance w1 th regulations :!npacts may be con:luctal by the use of aerial sur­

and Bl.M Opera­ an:l orders. veys, inspections, periodic samplings, contirurus 

tional Order recotdirgs or other methods specifial on a site­

No.4)a specific l:esis. 


Production Wells ­
Water Supply 


Other Wells ­
t-bnitorirg Wells, 

Non-Waste 


Other Wells - Federal Lan:l Pol­ Exploration wells use:! in minirg No r«julrarents No r«julranents establishal. No requlranents establishal. 

Exploration Wells, icy and Managerrent operations for minerals such as established. 

Non-Waste Act - Mineral coal, phosphate, asJi1alt, sodium, 


Leasing Act of potassium, san::l, stone, gravel, 

1920 an:l Materials an:l clay. 

Act of 1947 

(40 CFR 23) 


Construction Clean Water Act - Construction activity relata! to o Dete1111ine the impact of o No specific requlranents establishal. o No requlranents establishal. 
Excavation Section 208 ( 40 sources of JX>llution. the s(At['ce. o Grrundl.ater monitoring can be uodertaken by a State 

CFR 35 suq,art G)b if establishal as a priority in the State's · anrual 
oork program submltted to EPA. 

a 	 Note that regulations for the Geothennal Stean Act ""re ralesignatal, wlth minor r<Yisions, as 43 CFR 3260 on Sept. 30, 1983. 

b 	 40 CFR 35, Subpart G are the regulations for State grants for Water Quality Planning, Mmagerrent, and Implerrentation. Although the Clean Water Act is directed at the protection of surface 
waters, sare States have dlosen to include gramdwater quallty prcgram in rheirwater quallty ma~ement plans. Such plans are r«julred by the regulations to indicate r~tion that 
grruncn...ters and surface ""ter intermix. 

Source: Office of Technolqzy Assessrent. 



E.6 MONITORING PROVISIONS FOR CATEGORY VI SOURCES 


Statutory Definition Monitoring Parameters and 
Source Authority of Source Objective Design of Monitoring System Sampling Frequency 

Grrund\.ater ­ Clean Water Act - Inteonixirg cf grcundwater arrl Detemline the impact cf the 0 No specific requirements established. No requirements established . 
Surface Water Section 208 ( 40 surface W3ter. source . 
Interactions CFR 35, Suq>art 0 Grrund\.ater nonitoring can be uxlertaken by a 

G)a State if established as a Jriority in the State's 
anrual wrk program submitted to EPA. 

Natural leaching Reclarna tion Act Natural salt deposits No requirements established. No requirements established. No req u1rements established. 
affecting uxlergrund W'!ter 
supplies. 

Salr:-;.ater Clean Water Act - Sal~ter intrusion into Same as objective for gramd- Same as requirements for grcundwater-surface water Same as requirements for 
Intrusion Section 208 ( 40 riW:rs, lakes, and estuaries Wl.ter-surface \ootlter inter- interactions uxler CWA. grrundloater-surface W'!ter 

CFR 35, Suq>art resultirg frcrn re:luction cf actiors under CW\. interactions under CWA. 
G)a frestw:lter fl~ fr001 any cruse 

includirg grcundwater 
extraction. 

Coastal Zone Sal~ter intrusion No requirements established. No requirements established . No requirements established. 
Mancgerne nt Act 

a 	 40 CFR 35, Suq>art G are the r<gulatiors for State grants for Water Quality Plannirg, 1\Bncgernent, an:! lnl>lernentation. Alttcugh the Clean Water Act is directe:l at the protection of surface 
waters, some States have chosen to inclu:le grrundW'Iter quality programs in their ""ter quality llBllagernent plans. 

Scurce: Office cf TedmolCflY AssesStent. 
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Corrective Action: 
Technologies and Other Alternatives 

F.1 	TECHNICAL CONDITIONS DETERMINING THE APPLICABILITY OF 
CORRECTIVE ACTION ALTERNATIVES (p. 433) 

F.2 NON-TECHNICAL CONDITIONS DETERMINING THE APPLICABILITY OF 
CORRECTIVE ACTION ALTERNATIVES (p. 439) 

F .3 	APPLICATION OF CORRECTIVE ACTION AL TERNATIV"Fs!S TO SOURCES 
(p. 443) ... 
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F.1 TECHNICAL CONDITIONS DETERMINING THE APPLICABILITY 

OF CORRECTIVE ACTION ALTERNATIVESa 


Condition Containrent Witlrlra.al Treatnent Irr-situ Rehabilitation ~enEnt Options 

llquifer Type 
Unconfina:!/permed 
Partially confined 
Confine:l 
Harogenecus 
Norhm>generus 

Saturation Conditions 
Unsaturated zone 
Saturated zone 

All containrent measures designed to limit or halt 
the lateral migration of contaminants (e.g,, 
slurry W>lls, sheet pile, ge0lle!IB1lhrane rutoff, clay 
cutoff) rrust be tied into a naturally occurring 
horizontal s tratun of l0o1 permeability to be 
effective. Ease of construction/excavation will 
depend on <q uifer type and !J!olcgic settirg, 

Hydrallic lsrriets are rtt applicable in unsaturate:! 

Effectiveness of methods 
depends on degree of norr­
harogeneity, canplexi ty, 
and in particular, 
hydra.llic contiruity of 
the ajuifer. 

Indirect. Conlitions de- Aquifer type may be major limitirg factor 
termine applicability if not unconfined/perched and harogenecus. 
insofar as before treat- Effectiveness of biolcgical and dtenical 
ment can be applied, degradation is dependent on ability to irr­
gra.mdwater llllSt be with- ject, control, and withdra. reagents, l<bich 
drawn and transported to may be difficult or J.nt>ractical in norr­
a surface treatnent mit. harogenerus 3:1uifers. Effectiveness of nat­
(see Withdrawal), ural process restoration and W>ter table 

adjustment is constrained in confined, par­
tially confined, and nonharogenous ajuifers. 

P~irg and gravity drairr- Indirect. Conlitions de- Saturation conditions are unlikely to pose 
zone, Clay rutoffs are not camnnly applie:l in satu- age are not applicable in termine applicability major constraint on applicability of 
rated zone becruse <E-waterirg would be r<quire:l the tnsaturate:l zone. Gas insofar as before treat- methods, Effectiveness of degradation 
during installation. Otherwise, saturation condi- venting is not applicable nent can be applied, nethods may be restricted to use in the 
tions are rtt limitirg for the use of contairr- in the saturate:! zone. grruo:lwater nust be with- unsaturate:! zone (e.g,, if dependent on 
rrent nethods. Otherwise, saturation carr- drawn and transported to aerobic conditions). 

ditions are not limitirg a surface treatnent tnit 
for lll!thods. (see Withdrawal). 

Althoogh rem>val of urr­
saturated zone Wlter is 
not practical by ~ing 
or gravity drainage, 
soil and unsaturated 
zone W>ter coold be =­
cavated and treated by 
techniques not r<quiring 
the W>ter to be entirely 
in the liquid phase 
(e.g., air and steam 
stripping, dtemical and 
biological detoxification) • 

Poses no COffitraint 
on applicability of 
nethods. 

Poses no constraint 
on applicability of 
nethods. 

http:Witlrlra.al
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Conlition Contaim>ent Wi thlra.>al Trea!Jient In-situ Rehabilitation Mani:gement Optiors 

Fl<>< Systen 
Redlazge 
Storage 
Dischazge 

Depth 
D-Sm 
Up to 20n 
OVer 20. 

Areal exJ<ent 
(1000 nf 
Up to 0.:11kJJf 
Up to 10 
OVer 10 

Nature cf. fl<>< systen is :Important in rnoice cf. Fla.r sys ten !J!nerally 
tedmologf.es. Use of netl-ods in redlarge areas 1M}' poses no major tedlnical 
re:juire ....., fonn of surface water control to prerent corstraints on methoQ;. 
the contained area from filling and o\O!rfloong with H"""'"'r, ""ter-level 
redlazge water. In dischazge areas, underdrain1ge fluctuatiors (e.g., due 
may be required below liners to dissipate uplift to seasonal "'riations) 
uplift JXessures. that can rn~e the rate 

or direction of fl&, 
l~e anorg layers in 
nulti-la}<!r flow systems, 
and dC>iOtWlrd migrating 
fl& systems pose addi­
tiona! mcertainties. 

Indirect. Condition de­ Fla.r systen is not a major corstraint. H,..,.­
temlnes applicability e\O!r, in redlarge areas, degradation 
insofar as before treat- re<gents 1M}' be difficult to control after 
nent can be applied, injection; this is of particular concern if 
groundwater nust be with- re<gents are in then3el\O!s contaninants. In 
drawn and transported to disdlarge areas, ""ter table adjustnent is 
a surface trea!Jient unit typically I!Dre difficult; natural prooesses 
(see Wittdrawal). 1M}' bring contaml.nants to surface ""'ter 

bodies. 

Depth is major limitirg factor for nethoQ;, in latge Depth JDSes no major ted>- Indirect. Condition de- Depth is likely to corstrain applicability 
part arising from e:jui(JII!nt limltations. Practical nical corstraints mless temlnes applicability of degradation tedlniques; there is limlted 
depths for material barriers will '\Bty ai!Drg indivi­ excavation is re:juira:l insofar as before treat- experience with degradation bela.r about 5m 
dual teclnologf.es rut are !J!llerally in the vicinity (e.g., gravity drainage, ~rent can be applied, and it is not likely to be practical below 
of 20.. IobUe tedlnically feasible, generally little excavation). Excavation grrundl.ater nust be with- 20. because cf. controllability problem. 
experience has been ppined at depths greater than 20. costs increase rapidly at drawn and trans(X>rted to 
(one ecception is sheet piles ..tlidl appear practical depths greater than abrut a surface trea!Jient unit 
to depths of 40n). 5m and \O!ry rapidly great- (see Wittdrawal). 

er than abrut 20.. Appli-

IobUe areal extent in itself (X>Ses no tedlnical 
limltations, the use of naterial barriers tends 
t~-~7practically restricte:l to areas less than 
1UJUI.-; e<ceptions include slur!)( walls (up to 
10 knf) and linets (up to 0.1 knf). Experieoce 
with otheJi netl-<xls tends to be limlted to uP""'fds 
of 0.1 knf, ex""''t for natural contairnent whidl 
can exceed 10 kJD' dependi!ll on site conditions. 

cability of gravity dr~e 
is limlted to about 3-7 m. 

!.bile areal extent in it- Indirect. Condition de- Areal extent is likely to corstrain appli­
seli poses no tedlnical temlnes applicability cability of all nethods because of con­
limltatiors, little ecper- insofar as before treat­ trollability factors (except natural pro-­
ience has been ppined with nent can be applied, cess J:ehabilitaton) to areas less than 
netiD<B _tn areas as latge groundwater must be with- 10 knf rut little ecperience available. 
as 10 laD". drawn and trans(X>rted to 

a surfaoe unit (see 
Wl.ttdra....l). 

Generally (X>Ses no 
corstraint on appli­
cability of methoQ;. 
May be ~rtant for 
monitori!ll optiors. 

Poses no C0£5 traint 
on applicability of 
Jretl-ods. 

Poses no tedlnical 
corstraint on appli­
cability of nethoQ; 
rut large areas 
(e.g., greater than 
0 .1 ~) IMY practi­
cally restrict use. 
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Con:lition Contaiarent WitlrlriWal Treatment In-situ Rehabilitation ~E!I!Ent Optio<B 

Vo~ 
<35m 

3Up to 1000 m 
Up J0 Hf'niJ 
)1o"ni3 

Wlile volume ct'. contaninatal gramdwater in itself 
poses no technical limitations, the use of netlnds 
is J:t~ically restrictal to mlumes less than 
1()()()Jr' becruse of cost oo<Biderations. Exceptions 
include sluny ..alls, geonembranes, and linets for 
.trlch experience has been ¢ned upw1rds to 1rf>nil. 
Volumes naturally contairsl will ceperrl on site 
oonditions. 

Wlile volume ct'. contani- Indirect. Con:lition de- While volume ct'. contaninatal gramdwater 
nated grrur:xlwlter in it- termines applicability in itself should pose no major technical 
self r.oses no major tedr- insofar as before treat- limitatio<B, there is little experience 
nical limitations, little nent can be applied, dealil)g with volumes in excess of about 
experience has been ~irs! gramdwater must be with- 10001!' (except for natural process re­
with netlnds for volllJEli dra.n and tra<Bported to storation). lligher volumes cruld lead to 
greater than abwt 1a'm'. a surface treatment mit controllabilicy problems. 
An exception is withdrawal (see Withdrawal). Feasi­
em~nt which appears bilicy of methods is di-
JOCactically applicable rectly related to design 
for volumes only up to fl<M rates rather than 
about 1~. voltJres. 

Poses no technical 
OO<Btraint on ap­
plicabilicy of 
netlnds rut large 
volumes (e.g., 
great!:rthan 
10001!') may prac­
tically restrict 
use. 

• 
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Corxlition Contairment Wi ttdra.al. Treaonent In-situ Rehabilitation Ma~...,nt OptiO!'B 

Predaninant 
Geologic Setting 

SediJrentary Geolq;y is major limitirg factor if rod<s are sedi- Geo~ is a major limit- Irxlirect. Corxlition de- Effectiveness ci' reth:>ds in !J!neral will Poses no CO!'B traint 
Crystalline lll!lltary or crystalline. The Jresence of rocks, ing factor for certain termi.nea applicability depern on site corxlitiore. Fine-grained on applicability of 
Coazse-grained bruloots, etc., poses diffirult e><cavation problsm reth:>dl. In !J!neral, irBOfar as before treat- IMterials litich cOrBtrain flCM control arrl reth:>ds. 
Fine-grained for nx:st reth:>ds (e><ceptiore include hydraulic areas ct high transml.o- lll!llt can be applied, areas of poor drainage or heterogeneity IMy 

l:arriets arrl grwtirg, the latter also beirg sivity may rerrler with- grama..ater nust be with- ad""tsely affect reth:>ds. Norrllaoogenews 
dependent on fracture arrl/or adsotptive characterio- drli!;B]. q>tiore ~ac- drawn arrl transported to areas may not ailCM for sufficient contact 
tics of the nxk). Coatse-grained IIBterials tical d.te to h:lgh fluid a surface treaonent mit bet>oeen re>15ents arrl contaninated I!Bterials. 
!J!nerally pose no limitations, e><cept for natural harrlling r<ljuirenents. (see Withdrli!;B].). 
contairment. Fine-grained I!Bterials restrict (i) Only gravity 
use of grwting, hydraulic l:arriers, arrl sheet piles. drainage arrl gas \O!Ilting 

are !J!nerally mcon­
strained by the Jresence 
of sedinentary or crystal­
line rock; applicability 
of other ueth:>ds depends 
on nature of fracture 
system arrl other features 
of the !J!Ologic fori!Btion. 
Excavation is not !J!lll!r­
ally applicable in sedi­
uentary or crystalline 
rock. (ii) Coarse-grained 
tlBterials !J!Oerally pose no 
liml.tations e><cept for wf.th­
drli!;B]. emancemmt, ~ch 
depend; on features of the 
!J!Olngic forllBtion. (iii) Un­

consolidated, fine-grained 
tlBterials of lCM perueability 
restrict effecti\O!Iless of 
punping arrl gravity drainage; 
only e><ca,..tion can rroceed 
wf.thwt IMjor CO!'Btraint in 
fi~ained !IBterials. 

http:ttdra.al
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Condition Contairment With:lraoal Treatlll!nt In-situ Rehabilitation Managemant OptiorE 

CJ.ilmte 
Air tffillE!rature 

Below freezing 
0° to 20°C 
Above 20°C 

Rainfall 
Evapotrarspiration 
greater than pre­
cipitation 

Precipitation 

Meth:>oo nquirirg corstructiorv'excavation amnct 
be perfollll!d efficiently during periods .tlen the 
grrund is frCEen. 

Meth:>OO r<ljuirirg corstruction arrl/or e<cavation ~ 
quire surface W'iter controls if p:ecipitation 
excee<E E!llapotrarspiration. Run-on arrl run<ff 
controls and surface seals are essential for slurry 

greater than E!llapo- wall. 
trBrEpiration 

Special 
Construction 
Considerations 

E)yplacemant of tarriers (e.g., nenbranes an:! liners) 

Under fr<Een corditions, All treatlll!nt facilities 
punping an:! gravity drain- DUSt be procected (i.e., 
~e r<ljuire special sur­
face han:lling procedures 
for fluids in certain 
cases. EKcawtion is 
octen not Jractical. 

Rainfall is generally noc 
a llfdor limlting factor 
for neth:>oo. Excavation 
may r8juire surface Wlter 
cOOCrols if Jl'ecipitation 
exoee<E evapOCranspira­
tion. 

Specially designed "!ui!T" 
has risks asoociate:l with barrier dunage rurirg hard- nent arrl naterials are 
ling an:! irEtallstion. Specially designed <ljuiprent r8Juired for withdr.....U 
is nealed for slurry .all corstruction using a emanoarent. 
vibr<~ting beam. There is difficulty in o!Xainirg 
water-tight interlcxks with sheet p:lles. 

heate:l) in tBilJE!ratures 
belC>o> freezing. In 
oodi tion, low tffillE!ra­
tures (e.g., 0°-20°C) 
serirusly :lnpair air an:! 
steam stripping (vola­
tility reduced) an:! bi<r 
logical transfornations 
(rate reduced) if W'iter 
is also allowed to de­
crease in teq>erature. 

Indirect. Condition de­
termlnes applicability 
insofar as before trear­
oent can be applied, 

TffillE!ratures bela< freezing r8juire special 
han:lling procedures for injectants and for 
the JrOCection oc piping; water table 
oojustmant may be feasible, depending on 
site cordi tions. LIM tffillE!ratures re:ilce 
rates of cheml.cal and biological trans­
fornation. 

Rairfall is Jl'Obably noc a constraint in 
general lut could be depending on site 
conditions. Applicability of natural re­
habilitation may be limlted if natural re-

groun:lwater nust be with- chru&e is lim1te:l. 
dr_, and transported to 
a surface treaatlll!nt unit 
(see Withdrawal). 

Equipnent size is deter- Mesns to inject re~s into the soil 
m1ned l!f fl<W rate arrl is r<ljuire:l. 
nature an:! liiXUlt of 
contanl.nants to be re-
IIDved. SqJhisticated 
controls are rEquire:! for 
ultrafiltration. Sem1­
pernanent <fjuipnent is 
r<ljuired for air an:! 
steam stripping. 

Poses no cors traint 
on applicability of 
neth:>OO. 

Poses no cors traint 
on applicability of 
neth:>OO. 

CorEtruction con­
sideratiOrE vary de­
pending on such 
factors ss availsbil­
ity of alternative 
sru.rces cr. water, 
availability of 
transportation/dis­
trilution/delivety 
system, an:! nature 
of the source of 
contam1nation. 

• 
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Con:lition Cootaiment Withdrawal Treatnent Irr-situ Rehabilitation 

Cootaninant 
Type ard 
Coocentration Cott:aml.nant category poses DBjor corstraint on 

~plicability of SOOE nettvds. Cont!ll!inant­
S(Ed.fic evaluation; will re required to assure 
caopatibility of cont!ll!inant (at high concentra­
tion;) ard plysical l:arrler IIBterials. Aranatic 
eydrocarbooo an:! ocher volatiles (e.g., volatile 
halogen;) are least anenable to contaiment netlDds. 
Generally, if contaninants are of la. concentration, 
tte ty(E c£ contaninant IIBY nc.c re critical. 
Hydrodynamic controls do not depen:l on contani­
nanc ty(E, assumirg no contact is nade. The 
han:lling an:! disposal of any excavated uaterials 
cruld influence tte use of th.ts option. 

a 
Based on Woodward-Clyde Consultants, Inc ., 1983. 

Convexsion factoxs: 
.305 x feet to ol:l:ain netem (m) 
4047 x acres to ol:l:ain square neters (rrf) 
2.590 x sqwre miles to ol:l:ain sqwre kilaq:tem 
.028 x cubic feet to ol:l:ain cubic neters (m') 

Srurce: Office ct Techoology Assessnent . 

Limitation; posed by con­
taninant cate!J)ry vary 
~ S(Ed.fic lll!tlDds. 
Geochanlstry an:! c.cter 
asood.ated factors that 
affect rartitionill! of 
contamlnatts between tte 
soil, rock, an:l water 
IIBY affect efficiency 
of bc.ch excavation 
ani pulllirg lll!tlDds. 
llaniling an:! disposal c£ 
e><cavaterl oaterials ard 
asood.ated contaninants 
cmld con; train tte use 
of th.ts option. With­
drawal emancammt is 
~plicable only to or­
~cs. Relatively 
dilut:e concentration; 
becane increasill!ly 
less calt-effective to 

~· 

Cootmd.natt: category Limitation; posed by contaminant category Gene:rnlly poses no 
poses IIBjor con;traint on vary aiiDrg S(Eclfic lll!tlDds. All lll!tin:ls are coootraint on 
~plicability of lll!tlDds 8>""rally applicable to organics. Effect- ~plicability of 
recause any nethod ten:ls iveness of W'lter tlble a:ljusOient an:! nat- netlDds. Applica­
to a:ldress S(Ed.fic con- ural process restoration is very contmd.nant bility of lll!thods 
taninant cate!J)ries. specific an:! cruld re lim!.ted (e.g., if con- is de(Endent on 
Trea!llent is also limited tmd.natt:s are strorgly sdsorred or in sep- public per02ption 
.tf mixtures of contami- arate fluid phases). Degradotion retln:ls are aboot the nature and 
nants are present ard .tf best suited when sirgle contaminatt:s are severit;y of tte 
concentrations are dlaqr !X'esent. Biological degramtion ~(Eats !X'Oblem. 
1rg r~idly (discont1ru- applicable only to certain categories c£ 
rusly) over tilll!. No organics an:! typically is not efficient for 
netlDds are available la. concentration;. No degra:lation rethod 
for SOOE IJithologicals ~(Eats ~pliclble to ratho!J!oo. No rethod 
(viruses) ani ra:lioru- is ~plicable to ra:lioruclides. 
elides (little e>qErience 
with trea!llent). Treat­
uent ccsts are also sen­
sitive to mass ani volulll! 
cf IIBterial to re treated. 
Rate of process is limited 
by la. concentrations. 



F.2 NON-TECHNICAL CONDITIONS DETERMINING THE 

APPLICABILITY OF CORRECTIVE ACTION ALTERNATIVESa 


Enviroment:al/sod.al 
side-effetts 

Labor 
comideratiors 

CootaimEnt 

Major potential side-effects 
are associated with the 
cootirued presence ard 
pcssible le~ of 
cootaminart:s. Charges to 
gr:<Jnloater flao~ patterns 
cwld also l:l1M! disrupti~ 
effects on the enviroment and 
other usexs. Surface distur­
lBnces wruld 1:e CaJSed by 
nethods requirirg cars true­
cion. Noise, air JX>llution, 
traffic, etc., DB)' ocrur 
durirg constructionlO!Era­
tion. In sane cases, effects 
associated with dispcsal of 
excavated ll>!lterials may be 
s~icant. 

The cars truttion/ins tallatlon 
oc oaterial lBrriexs terds to 
require skilled professionals; 
operational requir""'nts are 
ml.niiiBl (ard wwld relate to 
perfomance IIDnitorirg). 
Other methods require mi.ninal 
labor, an:! skill requil'€11Ents 
are variable. Only hydrody­
naml.c lBrriers in this 
categOry 8"nerally ha'"' labor 
requiremnt:s durirg operation 
that are in addition to non­
labor intensive IIDnitorlng and 
SU!Etvision. 

Withdra:;ral 

The purpose of withdra:;ral is 
to reduoe cort:llllinant 
coocentrations in the 
sul:surface rut there could be 
najor potert:ial side-effetts 
associated with the surface 
dispcsal oc withdra.m corr 
tanlnants (or treated resid­
uals). Additional :IJqlacl:s 
pcssible fran JlUI¢rg aod 
gravity dr~ are related 
to alteration of gr:Cl<JilWiter 
fla.~ patterns (e.g., l<W:!rirg 
oc the ..,ter table aod 
salt-water intrusion). Noise, 
air pollution, traffic, etc., 
IIBY ocrur durirg corstruction/ 
operation. 

Methods are generally labor­
intensi"" aod require skilled 
professionals durirg construc­
tion/installation; operntional 
requirements teod to 1:e norr 
labor intensi"" rut still 
require skilled professionals. 

Possible side-effetts are 
related to the transferral of 
contaminants to the acno­
sphere. Dispcsal of treatnent 
byproducta ( includirg sohr­
tions fran r<!lJ!Oeration) cwld 
also ha"" ai'"'rse effetts 
dependl.rg on dispcsal 112thods 
chosen. 

Methods are generally labor­
intensi'"' aod require skilled 
processionals durirg construc­
tion/installation. Opera­
tional requirements are 
~rally norrlabor intensi....,, 
rut !id.lled professionals are 
still required. One exception 
is biolrgical detoxification 
.nich has labor-intensive 
operational requiremrt:s. 

Irrsitu Rehabilication 

Major side-effetts are asso­
ciated with the poc.ert:ial for 
rea:tions l:etween reagents 
used in degradation methods 
an:! the hydrrgeolrgic envirorr 
nent (e.g., resultirg in 
ccxtauinart: residues). For 
..,ter table adjustnent, side­
effects DB)' result fran both 
raisirg the ..,ter table (e.g., 
floodirg oc sewexs, leach 
fields, or baselert:s) and 
lcwerirg the water table 
(e.g., !:sse flao~ alterations 
ard effetts on wells). 
Natural ftocesses are sltw, 
an:! the ri9<. exists that 
cort:anlnation will SJX"ad 
further. 

Degradation methods are 
~rally norrlabor intensi"" 
rut specially trained techni­
cal peroonnel are required for 
construction/installation. 
Water table adjustnent: is 
labor intensi"" in its 
construction/installation rut 
norrlabor intensi'"' in its 
operation; skilled peroonnel 
are required. 

Major potert:ial envir<XIll!ntal 
aod social side-effects 
include disruption of noriiBl 
use patterns, disruption of 
econcmic activity, public 
con=, contirued ftesence of 
ard potential spreaiirg of 
cort:anlnart:s, an:! health riS<s 
(e.g., if cort:auinart:s are not 
reDIJ\Ied aod/or treated). Pos­
sible environrental an:! social 
disruption a:c<Jn!llny S<U"ce 
ranoval. 

Labor requirellEfts vsry by 
method. Methods are ~rally 
norrlabor intensi"" durirg 
construction/installation; 
skilled personnel are often 
not essert:ial. O!Eratlonal 
requil'€11Ert:s are often 
minimal. 

http:dependl.rg


Safety corsiderations 
for workers 

Tine requireuents 

Contairm!nt 

Processes requirirtl ti:E 
rem>val of contsninated 
I!Bterial (e.g., ccmtruttion 
activities) require special 
han:llifll ani safety pre­
crutiom. 

Unforeseen geotechnical 
conditions, ccmplex hydro­
geolcgy, ani extent of 
contsnination are I!Bjor 
factors in detetminirg tim! 
for corstruction/irstalla­
tion. Tine for design is 
iJ'[lerally less than n.o nonths 
(grrutifll ani hydrrulic oor­
riers may require upwards of 
six onnths). Tim! for coer 
struction is !Jmerally two to 
six onnths for oorrier metlr:xls 
and under n.o nonths for ottEr 
metlr:xls. Ti:Ere are miniiiBl 
tine requireuents durirtl 
operation. 

With:lrawal 

Drillifll activities produce 
contaninaterl naterials ani 
require special hardli!"ll 
precautions. n., harrllifll of 
crotsninaterl excavated 
naterials poses a seriws 
limltatlon on tll! use of 
excavation. Labor require­
ments !J'rerally increase as 
ti:E dan!J'rs pa;ed by contaml­
nants increase. 

Hydrrgeolcgy ani extent ani 
nature of contamlnation are 
I!Bjor factors. Tim! for 
desi~ arrl corstruction/ 
irstallation are each 
typically less than siX 
onnths. Exrnvation may td<e 
as long as ooe ;,ear depending 
on areal extent arrl depth of 
excawtion arrl existence of 
structures, e.g. , utilities. 
Operation of pu!l¢fll nay take 
lllllly yeru:s, repeniifll on ti:E 
enent of oontauination, 
hydrrgeolcgy, an! degree of 
clearup to be addeved. 

Exposure to contamlnants can 
result fran residuals 
han:llifll, mlatization, an! 
ottEr factors. For """""le, 
in air strippifll, mlatlles 
cwld be introduced into ti:E 
atonsphere. 

Tim! for design is typically 
less than siX nonths. Time 
for ccmtruttion/irstallation 
is typically less than siX 
onnths. Design ani '"'rrlor 
deli'"'ry are najor tine 
ccmideratiors. Tim! 
requireuents for operatifll the 
sys tern deperrl on contan!.nant 
types, concentration levels, 
an! perfornance goals. 

Irrsitu Rehabilitation 

Safety ccmideratiors cwld i:E 
significant if the harrllifll of 
I!Bterials that are potentially 
reacti'"' is requirerl. 

Degradation metlr:xls are 
p<Bsible eiti:Er to desi~ or 
ccmtruct/irs tall within abrut 
one IIDnth if contan!.nants are 
faniliar; oti:Erwise, tine 
requireuents cruld be 
larger. Water table 
a:ljustment desi~ and 
ccmtruction/irstal.lation are 
each on the order of siX 
IIDnths, rut naintenance of ti:E 
system mer ti:E lo~enn is 
nquired. 

Safety ccmiderations vary 
SIID'l\ options. For """""le, 
ti:Ey cwld be iJltx>rtant for 
IIDnitorifll activities. 
Concern abrut workers is 
usually overshadowed by 
concern to protect ti:E public 
IIDre iJ'[leral.ly. 

Tim! requirements vary by 
option; they are !J'OOral.ly 
less than siX IIDnths each for 
desi~ and corstruction/ 
imtallation. Lofll lea:! tinEs 
may be required in sane cases, 
e.g., for develq>ifll 
alternative wpplies and 
implementifll health 
a:lvisories. Tenninstion/ 
limitation of "'!uifer use ani 
purchase of alternati'"' 
supplies are of ten used for a 
rspid euer!J'ncy response. 
Irs tlrutional. ccmideratiom 
cwld cors train timely 
~lementation of lllllly 

metlr:xls. 
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Cc:st coiBi<EratiooS 

Performmce vis-a-vis 
tte contirued presence 
of contaml.nants 

Contaiment 

Principal factots retennini~ 
cc:sts include depth to grruo:l­
water contamination, areal 
extent of contamination to be 
eontaine:l, ~otechnical corr­
ditions, and type of contami­
nants. Contairment meth:xls 
are !J!rerally capital 
iocemi'"' during comtruc­
tionliiBtallation; o!l'ratiooal 
coots are generally mi.ninal 
except for natural containment 
(e.g., analysis) an:! hydrrulic 
lmrter q>tioiB. Repl.ac.erent 
cc:sts are likely to be 
inrurred. The cc:st of IIBirr 
taini~ surface seals used in 
conjmction with slurry walls 
is significant. 

Cootainment results in tte 
contill.led Jresence of contami­
nants in tte sul:surface with 
tte potential for furtter 
migration (e.g., via lea<age). 

Witlrlr...,.]. 

Principal factots detennini~ 
cc:sts inclure depth to grruo:l ­
water contaml.nation, volun:e of 
contaminated grourdi.Bter to be 
~d. ~otechnical conii­
tiors, availability of dispos­
al an:!/or treatment 
facilities, am 
hydrcgeol.ogy. Generally, 
these meth:xls are capical 
intemi'"' duri~ COffitruc­
tion/irstallatioo. Systan 
ccmponeocs IIBY need to ba 
selectively replaced de!l'nding 
on le~th of time oc sys tan 
OP'ration; otterwise, OP'ra­
tional ca; ts are generally 
minimal. 

Witlrlr...,.]. per se results in 
tte continued presence of 
contaminants which are 
trarsferred to otter 
erw.lrornental media; tn.ever, 
withdr'""al meth:xls are 
typically used in conjunction 
with treatment. 

Principal factots detennining 
cc:sts include flow rates am 
systan capacity, concentration 
and types of contaminants, and 
plant design. Costs are 
highly variable anong treat­
ment q>tiors; tte llOSt ca;tly 
meth:xls inclure r~rse 
OSIIDSis, ion exchange, an:! 
electrodialysis. Hare 
treatment units (at point-of­
em use) are also cc:stly. 

Treatment has tte potential to 
result in tte contirued 
presence of contaminants 
through tteir pc:ssible trans­
fer to otter elliTironmental 
media (e.g•• air); oodltionsl 
contaminants liB)' also ba 
introduced (e.g., treatment 
Jwro:lucts). Ranoval 
efficiencies of meth:xls are 
Variable. 

lrrsitu Relmilitation 

Principal fsctots retennining 
cc:sts inclure: the size oc 
sites an:! type an:! concentra­
tion of contaminants for 
degrmation meth:xls, an:! tte 
extent of tte system am 
d.tration of operation for 
water table adjustment. 

These I!Etl-ods result in tte 
pr...,nce oc trarsfori!Ed 
contaminaocs in tte sul:surface 
t~tter with (s!l'nt) trans­
fomation agents. 

Marl<f,eD!!nt OptioiB 

Costs vary ano~ q>tioiB; ttey 
cruld inclure ~nts 
related to enforcement, pro­
vidi~ public infoiDBtion, and 
e~~Ergency responses. 

These meth:xls of ten result in 
the continued Jr"'"'nre of 
contaminants in tte sul:surface 
with tte pctential for furtter 
migration. 

• 




• 

Coocainrent: Wittrlr...al lrrsitu Rehabill tation Manage!lent Optiors 

Desi!Jl life an:! 
operational 
requir..,nt:s 

Desi!Jl life oc neterial 
lmrter rontainnent: sys te:IS is 
finite rut as yet uriataon. 
Long records of experience are 
generally lacki~ rut design 
life tends to be 2D-40 >"=" 
for applicatiors not involving 
ront:anlnant:s. Replacenent nay 
be """ntually requirei unless 
lmrters are crupled with 
w1tWrawal/ treatnent. Hydro­
dynamic tecln:lques uus t 
operate perpetually to isolate 
ront:anlnanr:s, requiring 
periodic well/punp replace­
nent:. Tecln:lques for mmag1ng 
surface runoff can require 
I!I)te frequent rmintenance than 
un:lergrowd structures. 

Only excavation is pelllli3Ilef1t. 
Desi!Jl life of ocher netlvds 
will vary am a contirurus 
rmintenance/replacenent sd!Erl­
ule WOJld be requirei. Fluid 
wittrlrawal mathlds cruld have 
locg operation airl neintenance 
pi!riods (e.g., for highly 
atteruatei contaninaocs). 

Typically, desi!Jl life is 
15-30 )"'liS for equipmant 
ott-er than nenbranes (Wicll is 
less than 5 )"'lrs). Excep­
tiOrB include filtration and 
ion exdlange W:lidl ha..., a 
design life oc 15 years rut 
W:lidl also require nore 
freqtEnt filter regeneration. 
Hone units are JX'O!l" to 
bocterial grClolth an:! require 
careful llBintenance. lllta are 
not available to evaluate 
ultrafiltration since this 
nettod has ~n operational 
only about 4-8 )"'liS • In 
~neral, replacenent: will be 
required at the en:! of design 
life if contaminants rermin. 

Design life is not typically a 
limitation. (Use of nedlinery 
or semi"perllBnent COfB truction 
llBterials are not 8'Tlerally 
requirei.) 

Desi!Jllifuisnot al~s a 
limitation. Exceptiors 
include purdlas~ ct 
alternative !l.lpplies and 
point-of-ern use treatnent: 
W:lich beth ten:! to be s Jnrc­
tenn (less than 5 years). In 
aldition, the perforllBnce oc 
point-of-en:! use tteatnent: 
units has been known to shift 
draDBtically over tinE. 
Developing alternative 
supplies nay have a desi!Jl 
life ul"""rds of 50 )"'lrs. The 
desi!Jl life of nunictpal 
treatnent factlities is 
~nerally on tte onler of 
2o-30 years. 

lrstitutional 
c<raideratiors 

lrstitutional cornideratiors 
include the ease of lard 
access an:! the presence of 
factlities an:! strucrures at 
tl"e oorBtruction site. 

Water rights issues nay 
restrict the use of pumping. 
Ott-er CO£B1deratiors 1nc.lude 
the availability of disposal 
alternati'-"" for witWr....., 
oontaninants and the ease of 
lam occess. 

A mjor consideration involves 
the availability of alterrur 
tives for tt"e disposal of 
treatnent residues. 

Regulatory appr<Nal nay be 
required for the injection of 
degra:lation rea~nts. 

A wide range of institutional 
oorBideratiorB nay arise 
depe!IIing on tte option an:! 
includesenforcenent:, canpeting 
ut£S, acass to alternati~ 
!l.lpplies (e.g., purdlasi~ 
alternati..., supplies), ani 
public occeptance. 

a Based on Woodward-Clyde Consultants, Inc., 1983 . 

Source: Office of Tedlnolcgy Assessnent: . 



F.3 APPLICATION OF CORRECTIVE ACTION ALTERNATIVES 


Source 
ContaimenL~ 

Catewry I (lles~ed to dis<harge) 

Mcst contair112nt: ~~~>tlDdsa are 
!J'Ill!rally ~plicable to all Categ>ry 
I sources except inje ction wells 
tecruse of t reir depth. Only natural 
cootainlll>nt: appears ~plicable to 
i njection wells. 

Cat ewry II (lles~ed to store, treat, aM/or dispose) 

Mcst cootaifl!ll>nt: 111>tlDdsa are 
!J!IErally ~plicable to all Cat eg>ry 
II sources . Contamlnant:-s!Ecific 
evaluatiom are typically rEquired to 
assure canpatibillry of ra:iioruclides 
am any mterial IBrrier. 

TO SOURCES 

Wittrlrawal. 

All witlxlrawal oetiDds are applicable N.R. b 
to alm:Bt all Categ>ry I sources. 
The exception is injection wells 
W:lich are typically too reep for 
graviry drainage, ~ ._..ntlq:, or 
excavation IIEtlDds; in practice, 
11Echan1cal integriry testiq: ard 
anrular pressure tests are used to 
detect problem; frau ii1Jection wells 
in lioo of corrective actiom. 

All witlxlrawal~~~>tlDds are generally N.R. b 
~plicable to all Categ>ry II 
sources . Wittrlrawal. erilancenent: is 
not !J'Ill!rally applicable to 
ra:iioacti._.. disposal sites . 

In-siOJ Rehabilitation 

While all in-siOJ n>habilitation 
metlDds are !J!nerally ~plicable to 
nn;t Category I «>urces, site­
S!Ecific factors (e.g. , !J!Olq;y, 
hydrol.cgy, am cort:amlnants) llllSt be 
evaltnted to retennl.ne metlDd 
feasibillry. One exception my be 
injection wells -.hich are typically 
too deep for regradation IIEtlDds . 

Applicabiliry of in-siOJ 
rehabilitation metlDds to nmt 
Category II sources deperds on site­
S!Ecific factors. In particular, 
terdency for netiDds to te 
contaminant-specific my limit use 
for nultiple-contamlnant 
situatiom. In addition, in-situ 
rehabilitation netrods woold 
generally be inapplicable to 
ra:iioacti._.. wastes; naOJral 
restoration woold be inapplicable to 
sources containi'l! sane rypes of 
hazardrus wastes; and degradation 
><>Jld be i~plicable to dredgi'l! 
conditiors. 

J:!ana@'nEnt Optiors 

Ma; t """"!?/i!IIEnt q>tiomc are 
!J!nerally applicrole to all 
Category I «>urces. In 
practice, corrective actions 
are generally limited to 
I!BflagenEnt: options for sub­

- surface percolation. 

MCBt ~eiiEnt q>tionsc are 
!J!nerally applicable to all 
Category II sources . 

http:retennl.ne


Category III (Des:lgne:l to trarsport or trarsmi.t) 

Mtst contairmmt 112ttr:xlsa are 
generally applicable to all Category 
III sources. 

Withira<al 

All wittdrawal rretlDds are generally 
~plicable to all Cate!J>ry III 
srurces. 

Categrry N (DisdlaQJ! as a corseqt.EnCe of cc:t-er activities) 

Meet contairlrent 112tlndsa are 
teclnically ~plicable to all 
Category rv sources. lloioever, 
experience to date is limi.ted in 
telll6 of ti-e areal extent ani 1.0l.unes 
harrlled; these factors cruld 
effect:i\cl.y preclude 112t1Dds fran 
aldressing 8002 Cate!J>ry rv sources. 

All wittdrawal rretlDds are tech­
nically ~plicable to alnmt all Ca­
tegory rv sources. Exceptiors irr 
elude deici!ll salts application, 
which is na: anenable to wittdrawal 
erilancenent matlDds, ard mi.ning and 
ml.ne drainage which, if ti-e mi.ne is 
too deep, will nee: be amanable to 
gravity drainage or excavation. 
Vol.unes and areal extent cruld effec­
ti\cl.y preclude use oc these 112tlDds, 
h:Jooo!l.,r, for p::aa:ical reasom. 

Irr-sitll Rehabilitation 

N.R.b 	 Degradation 112tlDds are generally 
~plicable to Cate!J>ry III sources, 
esJEcially if ti-e contaminart:s 
inwlved are JEtrolamr-base:l. In 
ott-er cases, site-sJEcific fact:ors 
DUSt be evalwte:l to determi.ne feasi­
bility of irrsitll rehabilitation 
matlDds. 

~e irrsitll rehabilitation matlDds 
are ~rally applicable to nx:st 
Category rv soorces, site-sJEcific 
factors DUSt be evalwte:l to 
determi.ne feasibility. Degradation 
112tlDds, h:Jwever, are typically not 
ured for deicirg salts. 

• 

!1an!Jiell2nt Optiors 

Mcst mmagnent optiorBc are 
~rally ~plicable to all 
Category III srurces. 

Malt mmage112nt optiorsc are 
~raHy ~plicable to all 
Category rv S>urces. Due to 
ti-e disJErse:l nature of 
contami.natirg activities, ani 
to ti-e high wlumas ard large 
areal extent of grrunm..ter 
affea:e:l, correa:ive aa:ions 
liB)' be limi.te:l to ~nt 
optiors in praa:ice. 

http:determi.ne
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Contaiment With:lra.>al In-situ Rehabilitation Managenent OptiorB 

Category V (Pr<Nide cordui.t or irrluce dischalge via altere! fla. pattern;) 

The spplicability of IIIBt CO!Xaiment The spplicab1lity of """" w1th:lra.>al N.R.b The applicab1lity of differett Most ~eoent q>tiorBc are 
netl:vdsa to ncst Category V sources netlDds (e.g., gravity clrn.irla!J', .,.... irrsitu rehabilitation oetiDds va.Iies IJ!Ilerally spplicable to all 
depends on well depth. For ~le, cavation, ani gas '"'ntirg) to ncst by source. Site-specific factors Category V sources. 
oil wells, !J'otl-ermal wells, erba!r.ed Cate!J)ry V sources depends on well IDJSt be evalUlted to aaterm!.ne the 
reco'"'ry wells, and solution m!nirg depth. For exant>le, oil wells, feasibility of natural process 
are typically too aaep for any of !J'otl-ermal wells, erhanoed rec~ry res toration. With respect to 
these netlDds. Only natural con­ wells, ani solution m!.nirg are degradation oetlnds, oil wells ani 
tairmmt wruld not generally be re­ typically too deep for these oetlr erhanoed reccJ~ery wells are typically 
stricted by depth; liml.ted expertence ods. Wittrlra.>al erilanc:enent is noc too aaep, an1 !J'otreDDal wells ha'"' 
is available us~ hydraili.c tard.ers spplicable to geotrermal or water an unfavorable temperature (high) and 
for these deep sources. In IJ!Ileral, supply wells. Only plUI¢ng is ciEml.cal uH<wp (brine). Lc>;erirg of 
application of any correcti'"' oction IJ!Ilerally uncorBtrained in its sppli­ the water table 100)' be insppropriate 
alternati'"' to Categ>ry V sources cation to Category V sources. All for water supply wells. 
depends on uechan1cal cordi tion of oetiDds are applicable to 
wells. Most netiDds are applicable comtruttion excavation. 
to com truttion excavation. 

Cateypry Vl (Naturally-ocrurrtrg) 

Most netl:vdsa are generally Most oetiDds generally are applicable N.R. b Water table adjustoent is likely to MrB t 1110Il8!J'11Ent q>tiorB c are 
spplica.ble to all Categ>ry Vl to all Categ>ry Vl sources. be spplicable to all Categ>ry Vl generally applicable to all 
sources. Con; trainirg factors incluc2 aapth of sources. Natural process res toration Category Vl sources. 

tre source and areal extent and is mlikely to be spplicable. 
vohme a: grrundwater affected. Degradation uetlnds are typically not 

used for salts. 

a Neitrer sl-eet piles nor ceuent grout cutoffs ~ generally pei:formad ""llin proctice for these sources. Pei:forrrance of all 
b netiDds involvirg IIBterial IBrriets are depenaant on c~tibility wl.th contan!.nants present ani geologic conditions. 

The source, per se, <I contaml.nation is generally not relevant to the choice of treatnent technolcgies except insofar as it 
in:licates WU.ch specific contanl.nants 100)' be present, concsm!.nant concentratiorB, or the degree of cootanl.nant rem:JVal desired. 

c Source suiEtitution or source reroval 100)' noc be ecootm!.cally feasible or politically viable for sail! sources in this category. 

Source: Office a: Tectnolcgy Assessnent 

• 
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Appendix G 

Federal Efforts To Correct 
Groundwater Contamination 

G.1 CORRECTIVE ACTION ROVISIONS FOR CATEGORY I SOURCES (p. 447) 
G.2 CORRECTIVE ACTION PROVISIONS FOR CATEGORY II SO RCES (p. 451) 
G.3 CORRECTIVE ACTION PROVISIONS FOR CATEGORY III SOURCES (p. 463) 
G.4 CORRECTIVE ACTION PROVISIONS FOR CATEGORY IV SOURCES (p. 464) 
G.5 CORRECTIVE ACTION PROVISIONS FOR CATEGORY V SOURCES (p. 468) 
G.6 CORRECTIVE ACTION PR VISIONS FOR CATEGORY VI SOURCES (p. 469) 
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G.1 CORRECTIVE ACTION PROVISIONS FOR 

CATEGORY I SOURCES 


Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Sub;uiface 	 Safe Driddqs Cesspools or otter waste receiviffi devices Not specified. o No specific corrective action requiremmts. 
Percolation 	 Water Act­ with open i:tti:OII5 an:! sooetines perforated 

Undergro.ro sides (Class V wells). Applies only to units o If ttere may l:e a violation of prinary drinldqs >ater 
Injection Control serviqs 20 or I!Dre persors. regulatiom or if tte preseroe af a contaminant may l:e adversely 
Prqsram ( 40 OR affectiqs tiE tealth of persom, enforC131Ent or adninistrative 
144 and 146) actiom can l:e ta<en to prevent tiE violation or adverse effect. 

Injection Wells -	 Safe Driddqs Wells that inject hazan:ious waste (as Not specified. o Aquifer cleanup shall te prescril:ed by the regulatory ruthority 
Hazardous Waste 	 Water Act - llrl<lar­ defined by ROW teneath tte deepest if it is deemed necessary am feasible to emure ade:jwte 

graro Injection fomation corl:ainiqs, within one-quarter protection af all undergrrund sources af driddqs water. 
Control Program mile af tiE well lx>re, an undergraro source 
(40 OR 144 ani 	 of driddqs water (Class I wells). o If there may l:e a violation af prinary drinldqs >ater 
146)a 	 regulatiom or if the preseroe af a contaminant may l:e adversely 

affea:iqs tte tealth af persom, enforC131Ent or adninistrati"" 
aa:iom can l:e t.Ken to prevent tte violation or adverse effect. 

Wells that inject hazardrus waste (as Not specified . o No specific corrective action requirarents. 
defined by RCRA) into or alx>re a fomation 
containitll, within one-q~ llll.le af the o If ttere may l:e a violation oc prilmry drinldqs W'lter 
...Ul bore, an undergrrund source af dririd.qs regulatiom or if tte preseroe af a contaninant may l:e ad""rsely 
>ater (Class JIJ wells). affea:i~ tiE tealth af persom, enforC131Ent or achninistrati"" 

aa:iom can l:e t.Ken to prevent tte violation or ad""rse effect. 

http:dririd.qs
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Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Injection Wells -
Hazardrus Waste 
(Contirued) 

Injection Wells -
Norrtlazardous 
Waste 

Injection Wells ­
NorrW,.;te 

Canprehersi"" 
Envirormental 
Response, 
Canpernation, and 
Uabili ty Act 
(40 OR 300) 

Safe Driridfll 
Water Act_: 
Underground 
Injection Control 
Prq>;ram ( 40 OR 
144 and 146) 

Safe Drir:id.rg 
Water Act­
Underground 
Injection Control 
Prcgram (40 OR 
144 and 146) 

Wells that release any hazardous sul:stan<E, 
pollutant, or contaminant (as defined ~ 
CEIUA). 

Wells that inject waste beneath the deepest 
fornntion containirg, within one-quarter mile 
of the well bore, an undergrOU"ld source of 
drinldrg water (Class I wells). 

Wells used in comection with oll and gas 
production ..tlich inject fluids (Class II 
..,lls). Includes wells used for erhanced 
reco'"'ry, for s tnr"l'je of liquid hydro­
carborn, and for ...US where injected fluids 
are brrught to the surface and may be 
canbined with waste waters fran gas plants. 

Wells used for extraction of minerals (Class 
Ill ...US). Includes miolfll of sulfur ~ 
Frasch (X"Ocess, in-situ (X"oduction oc uranitJD 
and other ~retals, and solution mini'll of 
salts or pctash. 

Not speclfia:l. 

Not speclfia:l. 

Not speclfia:l. 

Not speclfia:l. 

Respornes can be "r""""al" (shott-tenn, e...rgency) actiorn or 
"remedial" (lo"'J'r tenn, consistent >lith pei!IBilent relredy) actiorn. 
Renedial a::tiorn can be ui<en only at sites on the National 
PriDiities Ust and lllJSt be cornistent with r8juireni!nts specified 
in National Contifllency Plan. Selection of a reredy is based on a 
detennination of cosc-effecti~ess (l""""t cost alternati"" that 
is technolcgically feasible and reliable and which effecti~y 
mitl.@tes and min1m1zes daJnajJ! to and JrOOdes adeqwte (X"otection 
of public health, ~are, or the environ~rent). 

Sane '"' rE<juire...nts for hazardous waste disposal wells that inject 
beneath the deepest srurce of drinldfll water under ~. 

Sane as rE<juire...nts for hazardous waste disposal wells that inject 
beneath the deepest sources of drinldfll water under SIJ.IA. 

Sare as r8ju1re...nts for hazardous waste disposal wells that inject 
beneath the deepest source of drinldfll >Bter under ~. 

• 


mailto:mitl.@tes
http:Drir:id.rg


Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Inject ion Wells ­
Non-Waste 
(ContinJed) 

Umd Application ­
wastewater 

Umd Application ­
WBst&later 
ByJroducts 

Land Application -
Hazardrus Waste 

Safe Drirld.rg 
water Act­
ume~:gra.n:i 

Injection Control 
Pr<grliD ( 40 CFR 
144 and 146) 
(contirued) 

Clean Water Act ­
Section 201 
(40 CFR 35; 
41 FR 61~, 
2/11/76) 

Clean Water Act 
Section 405 (40 
CFR 257 ) 

Resource Con;er­
vation and 
Recarery Act ­
Sul:citle C 
(40 CFR 264) 

Wells na: included in Categories I, II, Ill, 
and IV (Class V wells). E~les of Class V 
wells include artificial red!aige wells, 
coolirg 1ollter, or air conditioning return 
fl0io1 wells. 

Wastewater lard treaOient processes (ircl.udes 
sl0io1 rate, rapid infiltration, ant """rlanl 
fl<>N nethods). 

SEwage slu<ltJ! application (ircl.udes 
agricultural, forest and larrl reclamtion 
utilization, ani dedicate:! lard disposal). 

Lard treatnent of hazanirus wastes (as 
define:! ~ lOlA). 

Not specifie:l. 

Nor specifie:l. 

Not specifie:l. 

Corrective action pr<gram oust 
jrevent specified hazanirus 
corntitllents fran exoee:lirg their 
respective limlts established in the 
gruJild1ollter protection s tardani. 
(See app. E.1 on Monitoring 
Proosiors for a description of the 
gra.n:i1oBter prcx:ection standani.) 

o 	 No specific corrective action nqul.renents. 

o 	 If there may be a violation oc pdnBry drinkirg 1ollter 
regulatiors or if the presence of a ccttanitl!II£ may be ad"'mely 
affecting the health of pera>rs, enforca~ent or adnin1s trative 
actiors can be td<en to prevent the violation or adverse effect. 

o 	 No specific corrective action nqul.renents. 

o 	 lla.Jeoer, if project is funded as lnnCIIIative ant Alternati"' 
Technokgy, grant assistance may be awarded for the !IDdification 
or replac.enent of jrojects that have not net design perfoi!IBilce 
specificatiors (mless failure is due to negligence), correction 
of failure r"''uires significantly iocreased capital or O(Etating 
ard IIBinl:enarce expenlitures, an! failure ocrurs within the two­
year period followirg final irspection. 

Sane as nqul.renents for lanl application of wastewater umer OIA 
Section 201. 

o 	 Corrective action pr<griiD oust be corrlucte:l at the OOJllliaoc.e 
palnt ant beoeen the canpliance palnt and the downgrad1ent 
farilit:y jrq>ert:y brun:lary, as necessary to neet the clearup 
standani. Corrective actiors are not reg uire:l beyond the 
dagrradient facility pr<perty brun:lary. 

o 	 Hazanious corstituents oust be rennve:l or treated in pLace. 
Facility pemxl.t will specify the corrective action ..,.,ures to 
be t~n. 

• 


http:Drirld.rg


Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Lan:! Application - Resource o Correcti"" action IDJSt begin within a reasonable tiJre p!riod 
Hazardrus Waste Corservation and after groondwater procection standard is exceeded (t:llre 12riod 
(Contirued) RecOIII!ty Act­ Sp!cifie:l in fac1lity J"'rmit). 

Subl:itle C 
(40 CFR 264) o 	 Correcti"" action ueasures IDJSt be cort:irued dw:i.Jll and teyom 

the c""'liance p!riod to the extent necessary to ensure that the 
grourrlwater procection starrlanl is noc exce61ed. Correcti"" 
action neasures cmt:inued beyood the ~liance p!riod uey be 
terminate:! if correcti"" action DDnitDrirg (see app. E.1) 
indicates that the grouOOw:lter p:ocection standird has not teen 
excee:led for tlree consecutive years. 

o 	 The effecti~ess of corrective action neasures IDJSt be re(X>rted 
to the ngula!Dty autlority. If a corrective action pr~am no 
lol18'r satisfies the reguls!Dry re:juirenents, appropriate 
charges lliJSt be subnitte:l within ~ days. 

o 	 Enforcenent action can also be taken under Section 7003 ­
lllllll.nert: and Sulstantial Endargetlll!nt 

CanJrehensi"" Larrl application fac1lities that release at'lf Not Sp!cifie:l. Same as a<:IUA pro.risions for hazanlrus waste dis(X>Sal wells. 

Erwirornental hazardrus sulstance, (X>llU;ant, or 

Res(X>nse, cootaminant (as define:! by Cl':IUA). 

Canpeooation, and 

Liability Act 

(40 CFR 300) 


Land Application Clean Water Act - Dis(X>Sal sites for dre:I!J'd or fill mtertal. Not Sp!cifie:l for grwmwater. No correcti"" action re:juirenents Sp!cifie:l for grwmwater. 

NorrHazardrus Section 404 

waste (40 CFR 230) 


a 	 ROlA arrl SID\ ha"" 017erlappirg jurisdiction for injection wells U9ed to dis(X>Se of hazanlrus wastes. A J"'rmic-by-rule approach has been institute:! to coordinate the re:juirenents of 
both programs. An a.ner or Op!rator of such a welllliJSt ~y with all applicable &M\ teclnical re:juirenents purs<Jlnt to the Unrergrc:Juid Injection Control Program arrl certain RffiA 
ad:ninistrati"" re:juirenents. (See 40 CFR 144.14.) 

Source: Office oc Tednolrgy Assessnent• 

• 
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G.2 CORRECTIVE ACTION PROVISIONS FOR 

CATEGORY II SOURCES 


Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Lanl.fills Resrurce Corserva­ Lanl.fills used for the disposal of hazankus Correcti'"" action prcgram llllSt pre­
Hazanlrus Waste tion and Reco'""ry waste (as defined by RCRA). '""nt specified hazardrus cotBtit: ­

Act - Subtitle C uents fran exceedi~ their respec­
(40 CFR 264) tive limits established in the 

grwillwater protection starrlard (see 
~· E.Z on nooitori~ {rcwisiors 
for a description of the grrundwater 
{r<Xection standard). 

Toxic SulBtances Cheml.cal waste lanl.fills used for the dis- Not specified. 
Control Act - p01al of PCBs at concentrations of 50 pJ>Il and 
Section 6 aboTe. 
(40 CFR 761) 

Canprehersi'"" Lanl.fills that release arry hazardrus Not specified. 
EnvirOllll>ntal sulBtance, pollutant or contan!nant (as 
Response, Canpen­ define:! by CERUA). 
sation, ard 
U.ab1J1ty Act 
(40 CFR 300) 

o Correcti'"" action prcgram llllSt be corrlucted at the ~liance 
point am l:ecwaen the crnpliance pol.nt am the downgra:ll.ent 
facility prq>erty boundary, as necessary to meet the clearup 
standard. Corrective actions are not required beyom the 
dcwrwadient facility prq>etty boundary. 
- Hazardoos corstitueocs IIUSt l:e re10011ed or treated in place. 

Facility ;:erml.t will specify the corrective action ueasures to l:e 
tai<en. 

- Correcti'"" action ueasures ID.ISt be coocirued ~ am l:eyon:t 
the caq>liance period to the extent necessary to etBure that the 
grwillwater protection stardard is not exceeded. Correcti'"" 
action neasures coocirued beyond the eaq>liance period may be 
tennl.nated if correcti'"" action oonitori~ (see app. E.Z) 
indlcstes that the grounclloater trct:ection standard has not l:een 
exceeded for 3 caBecuti'"" years. 

-The 	afecti~ess of corrective act:ion neasures IIUSt l:e reported 
to the regulatory rutroriey. If a corrective action prcgram no 
lo'*r satisfies the regulatory r<quirenents, ~ptroptiate manaas 
!lllSt be subuitted within 9J days. 

o Enforcenent aa:ion csn be taken und!r Sea:ion 7003 - lominent and 
Substaocial Enda~ement. 

o Explicit corrective action r"'!uirE!!Bnts are not specifie:l in the 
regulations. 
o PCB facilities de tennl.ne:l to be in violacion d the disposal 
regulations are subject to civil penalty and enforceneoc trcwisions 
of TSCA. 

Resporses csn l:e "reooval" (srorc-teun, energency) actiors or 
"remedial" (lo'*r term, corsistent with pemanent rene:ly) 
actiors. Ratelial actiors can l:e ta<en only at sites oo the 
National Priorities list and llllSt be corsistent with r"'!uireneocs 
specified in National Cont~ncy Plan. Selection of a rene:ly is 
based on a determl.nation of COle-effectiveness (lowest c01t 
alternative that is tedmol<llically feasible am reliable am which 
afectively ml.tig!ltes am m1nim1zes damage to and trOJides ad"'!wte 
protection of public health, welfare, or the envirOllll>nt). 
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Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Larrlfills ­
Sanitary 

Open Dtmps 
(includirg illegal. 
dunpirg) - Waste 

Res ioontial 
Dispooal 

Resource Conserva­
tion and Rec<M:!ry 
At::J:.- Sutc:itle D 
(40 CFR 257) 

Ccmprehensive 
ErNirormental 
Response, Canperr­
sation, arrl 
Liability Act 
(40 CFR 300) 

Resource Conserva­
tion and Recovery 
At::J:.- Sutc:itle D 
(40 CFR 257) 

CCJD!l'ehens i ve 
ErNirOC1lental 
Response Canpensa­
tiDn, ani 
Liability Act 
(40 CFR 300) 

Federal Insecti­
cioo, Fungicide, 
ard Rodenticide 
Act - SecUon 19 
(40 CFR 165) 

Sanitary landfills defined as facilities 
>bich pooe no reasonable prol:abiliry of 
adverse effects on health or the envir"""'nt 
fran disposal of solid waste (as defined by 
RffiA). 

Sanitary landfills that release any hazardous 
sul:atance, pollutant or cont11111.nant (as 
defined by CERD.A). 

Open d1Jill>s defined as facilities >bich do not 
D>!et the criteria for sanitary landfills 
un:ler RffiA. 

Open d1Jill>s that release ary hazardrus 
sul:stance, (Dllutant or cont11111.nant (as 
defined by CERQA). 

Burial ct siiBll qumtities of pesticide 
containers in open fields (containers ohich 
held organic or metall<rOrganic pesticides 
e><cept organic mercury, lead, cacbnium, or 
arsenic canpoun:ls). 

Not specified. 

Same as t:e:Iuirements for hazardous 
waste landfills unOOr CERCLA. 

Not specified. 

Same as nquirements for hazardous 
waste landfills woor CEROA. 

No re:jui rements established. 

No specific corrective action re:juirements. 

Same as re:juirements for hazardous waste landfills un:ler CERD.A. 

No specific corrective action re:juirements. Facilities lllJSt close 
or be upgraded to meet criteria for sanitary landfills un00r Sub­
title D ct RffiA. 

Same as rEijuirements for hazardous waste landfills wder CERQA. 

No re:juirements established. 



Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Surface 
I~nts 

llazan!ws Waste 

Surface 
Inpouno:lnents 
No!Miazardrus 
Waste 

Resource Cor5erv.r 
tion and Rec""'ry 
Acr - Subtitle C 
(40 CFR ~) 

Canpreffirsi-ve 
Ewiromental 
Response, COD{:eiT"" 
sat:ion, ard 
Liability Act 
(40 OR 300) 

Surface Minirg 
Control and 
Reclanation Act 
(30 CFR 816 and 
817) 

Surface inpouno:lnents used for the treatnl!nt, 
stor"lJ', or disposal of hazardws waste (as 
defina:l by &rnA). 

Surface ~nts that release any haz­
an!ws substance, pollutant or contaulnant 
(as defina:l by CER!J.A). 

Inpouno:!nents defina:l as all water, sed.illent, 
slurry or ocher liquid or semi-liquid lnlding 
structures am depressions, either naturally 
fonm:l or artificially built. Structures nay 
be teup>rary or pennaneru:. APPlies to all 
surface and underground coal mining 
operatiors. 

Sane as rejuirerents for hazardws 
waste landfills under BCRA. 

Sooe as requirerents for hazardws 
waste landfills under CERCI.A. 

Not specifie:l. 

Sane as rejuire~~Ents for hazanlws waste landfills under ROO. 

Sooe as requirerents for hazan!ws waste landfills under CERaA. 

All possible steps llllSt be tlken to minimize any ad-verse inpact to 
the enviroment or public health and safety resulting from norr 
canpliaoce with any permit corrlition includirg, rut not limite:! to: 
(i) 	any aocelerate:l or additional 1!D11i!Dring necessary ID determine 

the nature ani e><tent of noncall>liance ani tte results of sud\ 
act::ions; 

(ii) 	:lnm!diate fn4>lenentation of reasures necessary to canply with 
perml.t conditions (e.g. hydrologic reclanation plan, as descrited 
in app. H.4 ); ani 

(iii) warnirg, as soon as possible after learnirg of sudl norr­
crnq:>lianoe, any per!l)n whose health and safery is in imn!nent 
darger diE to tl"e IlOllC<llpliance. 

• 
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Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Surface 
I~tt:s 

Norrllazanlous 
Waste 
(concirued) 

Federal Lard 
Policy an! Mana!J!­
nent Acta 

- Mineral Leasifll 
Act of 1920 an! 
Materials Act a: 
1947 (43 CFR 23). 
Co.rem minerals 
sudt as coal, 
pltlsphates, air 

phalt. sodium, 
potassium, sarrl, 
stone. gravel, and 
clay. 

- u.s. Minirg 
Laos (43 CER 3800) 
Co-..r locatable 
minerals such as 
g>ld, sil-..r, 
leai, iron, ard 
copper. 

- Geothemal Stean 
Act (30 CER 270 
an! Bl.M 
Operational Order 
No.4) 

IqxJurrlnenl:s used for the treatneltt or car 
trol of nnd:f arrl ~ durifll lllinifll 
operations on Federal lards. 

Not explicitly nentione:l in the regula­
tions. Hc:we-..r, :lmprurdnents are part of 
minifll operations. Applies only to oper­
ations on Fed>ral lanls. 

Pits an! SUI!pS used to retain all mterials 
and fluids necessary to drillifll, jroduction, 
or other operations on Federal lards. 

Not specified. 

Not specifie:l. 

Minirg plan sul:m:ltted to the regulatory authority aust include 
!X"OIIisions for reclamtion of disturbe:l areas. Regulations specify 
that adequate ueasures nust be t<ken to correct dam3ge to the 
envirornent arr:l to public health an! safety. 

Plan of operatioJ:B sul:m:ltted to the regulatory auth>rity aust 
include jrovisioJ:B for reclamtion of disturbe:l areas. 

Ad-..me erwirornental illpacts fran !J'othemal-related activity nust 
be jr~tt:ed or mit:!s>ted throogh enfor""""ltt d: applie<tlle 
stardards arrl the ~plication of exl.stifll technolrgy. 



Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Waste Tailirgs 	 Federal Lard 
Policy an! 11arta!!a­
nent Act 
- Mlreral Leasirg 
Act af 1920 an! 
Materials Act af 
1~7 (43 Cffi 23) 

-u.s. Minirg Laws 
(43 Cffi 3800) 

Uraniun Mill 
Tailirgs ~ation 
Control Act 
- Acti"' Sites 
(40 Cffi 192) 

Uraniun Mill 
Tailirgs Ra:liation 
Control Act 
- lnacti"' Sites 
(40 Cffi 192) 

Not e>eplicitly nentionsi in ti"E r'l!~Jla­ Not specified. Sme as rB:julrEIII!nts for non-hazardous waste surface ~nts 
tiotli. For tte pucpcses af this table, unrer these laws. 
ha..!ver, waste ta111rgs are corsidered pan 
of minirg operatiotli on Federal lanls. 

Not e>eplicitly definsi in tte r'l!~Jlatiotli, Not specified. Sare as rB:julrEIII!nts for non-hazardous waste surface inpouncbents 
but disposal oc waste taili!l~S is nentiooed unrer these laws. 
as pan oc a mlnirg q>eratlon. 

Disptlial areas covered by tte regulbtiotli Sme as stanlard for hazardous waste Sme as rB:julrEIII!ntS for hazardous waste surface ~ntS unrer 
containirg waste taililll5 fr<Jil uranium surface ilnpouOOnents unrer RCRA. RCRA. 
prooessirg activities. Such areas include 
tte region within tte perineter of an 
inp>.mdnent or pile. 

Prooessirg sites des~ta:l by IXlE cootainirg Not specified. o Decision on ..tletter to institute renedial action, what specific 
residual radioo.ctive OBterials at ..tdch all action to take, an! clearup levels sb:lul.d be made on a site­
or sul:start:ially all af the uranium was specific l:ssis. 
produced for sale to a Federal "l'J''cy prior o Factots to CO<Bider include technlcal feasibility of ioprcwirg 
to Jan. 1, 1971. ti"E a:julfer in its bydrO!J!Qlogl.c settirg, the cost of restorati"' 

or protect!"' prcgram;, the present ani future value af tte a:julfer 
as a water r<!SOUroe, tte availablllty af alternative water 
suwlies. an! the degree to which l:unan e>CpOSure is likely to 
occur. 

• 
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Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Waste Piles 
Hazardous Waste 

Waste Piles 
Norrllazardous 
Waste 

Resrurce Comerva­
tion an:! Reco\ery 
Act - Subtitle C 
(40 CFR 264) 

CanJrere!Bi"" 
ErwirOCIII!Iltal 
Respome, Canpen­
sadon, an::l 
U.ability Act 
(40 OR 300) 

Surface Mini~ 
Control ani 
Reclauation Act 
(30 OR 816 and 
817) 

Fe<Erallanl 
Policy arrl ~e­
lll!nt Act 

- Mineral leasi~ 
Act of 1~0 an:! 
Materials Act of 
1947 (43 OR 23) 

- u.s. Mini~ Laws 
(43 OR 3800) 

Waste piles used for ti-e treatlll!nt or stnrage 
of hazardous wastes (as define:! ~ RrnA). 

Waste piles that release a£o/ hazardous 
sul:stance, pollutant or contaninant (as 
definai ~ ffiROA). 

Refuse piles containi~ coal mine waste 
(includes coal processirg waste arrl 
urrleq>;round de\elcplll!nt waste). Applies to 
all surface an:! underground coal minirg 
operatiooo. 

Not explicitly lll!ntionai in ti-e regula­
tions. Ha.e\er, waste piles are part of 
mini~ operatio!B. Applies only to Fe:leral. 
lan:ls. 

Not explicitly de£inai in ti-e regulatiors, 
rut waste piles are lll!ntione:l as part of a 
minirg operation. 

SaJe as starrlard for hazardous waste 
lan:lfills under RCRA. 

Sare as starrlard for hazardous waste 
larrlfills under CERa.A. 

Sare as starrlard for non-hazardous 
waste surface inqloun:lnerts under 
OCRA. 

Sare as starrlard for non-hazardous 
waste surface inqloun:lnents under 
tl-ese laws. 

Sare as starrlard for norrhazardous 
waste surface inqloun:lnents under 
tl-ese laws. 

SaJe as rajuir€11>!nts for hazardous waste larrlfills ooder RCRA. 

Salle as requir€11>!nts for hazardous waste larrlfills under ffiROA. 

SaJe as rajuir€11>!nts for ncxrhazardous waste surface i~nts 
under SM:l!A. 

Sare as requir€11>!nts for non-hazardous waste surface il!p:>urrlnents 
under these laws. 

Sare as requir€11>!nts for noo-hazardrus waste surface inpam:llrents 
under these laws. 
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Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Materials 
Stockpiles 

Graveyards 

Animal Burial 

Abovegrowd 
Stonge Tarl<s -
Hazardrus Waste 

Aboveground 
Storage Tarks ­
Non-llazardrus 
Waste 

Federal Insecti­
cide, F~cide, 
and Rodenticide 
Act (40 CFR 165) 

Rerource Cornerva­
tion and Reco'lei)' 
Act - Subtitle C 
(40 CFR 264) 

CCJD!rehers i"' 
ErwirCXIII!ntal 
Response, CCJll!Eir 
sation, and 
Liability Act 
(40 CFR 300) 

Toxic SulBtanceS 
Coot:rol Act 
(40 CFR 761) 

Storage of packages and oontainers of 
pesticides. 

Alx>regrrund tarks used for the treatnent or 
stor"!J' of hazardrus wastes (as defined ~ 
RrnA). 

Storage tarks that release any hazardrus 
sulBtance, pollutant or cont<lllinant (as 
defined ~ CERO.A). 

See TSCA rE<juire~~Ents, bel~, for hazardrus 
waste containers. 

No rE<juireuents established. 

Not spacified. 

Sare as stanlard for hazardrus waste 
landfills rnrer CEROA. 

o No rE<juireuents established. 
o It is recamended that mterials such as adsotptive clay, 
1:¥drated line, and sodium l¥pochlorite be olxained for €5Iet!J!ncy 
treatnent or detoxification of spills or leli<s. 

o No rE<juir€5Ients are esta>lished for grrundwater contanination 
par se. 
o Contirgency plan llllSt spacify procedures to be used to respond to 
tad< spills or leak"!J', includlrg p:ocedures and timirg for 
expeditious re!IDVal cr le1i<ed or spilled waste and repair oc the 
tank. 

Sare as rE<juir€5IentS for hazardrus waste landfills mder CERQA. 

• 
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S~a~u~ory Definition 
Source Au~hori~y of Source Cleanup S~andard Corrective Action Provisions 

A.l>cNegrrund 
Srora.,. Tari<s ­
Non-Wasre 

Un<Ergrourrl 
Srorage Tari<s -
Hazardrus Waste 

Clean Water Act ­
Section 311 
(40 CFR 112) 

Hazardrus Liquid 
Pipeline Safety 
Act (49 CFR 195) 

Rerource Comerva­
tion and R.eco,_.ry 
Act - Sutt:itle C 
(40 CFR ~4) 

OnsiDre and ocfsiDre facilities with alx>ie­ Not SIJ'dfie:l. o No requirerents are estli>lished for gro.nrlwater contanination 
gr:ourd capadties of gr:eater than 1,320 gal­ IJ'r se. 
lorn of oil (or sirgle tarl<s with ~dties o The Spill Prevention Control and COJntell!Easure (SPCC) Plan 
gr:eater than 660 gallom).c siDuld !l'ovide for rcaopt correction of visible leaks. In these 

imtances >bere a facility has experience:! spill events, the SPCC 
Plan nust include a description of the spill, corrective actions 
tli<en, ard plam for preventirg a rerurrence (if experience 
indicates a rearonable potential for equij:.<lent failure, the plan 
siDuld also include a pre:liction of the direction, rare of fkw, 
ard tocal qwntity of oil W.ich cwl.d l:e disdlarge:l). 

Srora.,. of hazardrus liquids (as define:! ~ Not SIJ'cifie:l. l'b requiraJEnts established. 
lllPSA) incidental ro their """"""nt ~ 
pipeline in or affectirg interstare or 
fore~ camerce. Regulatiom explidtly 
define abcwegrrund ..breawut tad<s.. "*'1ch are 
use:! ro relie,_. surges in a hazardrus liquid 
pipeline system or ro recei,.. and store 
hazardrus liquid tramporte:l by a pipeline. 
Re:[uiremmts do not apply ro Federal 
facilities.d 

COYere:l un<Ergrrund tarl<s use:! for the Regulatiom for undergrrund tarks Regulatiom for undetgrrund tarl<s have noc teen prarul~te:l. 
treat:III!nt or sOOr"'J' of hazardrus waste as ~ not teen !l'arul~te:l. 
define:l by ROO. 

http:R.eco,_.ry


Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

uroe .grrurd 
Stor"'J' Tari<.s ­
Hazardous Waste 
(continued) 

unrerground 
Storage Tari<s -
Norrilazardous 
Waste 

unrerground 
Storage Tari<.s ­
Non-Waste 

Containers ­
Hazardous Waste 

Canprehersive 
Envirornental 
Response,Canpen­
sation, and 
Lioolli ty Act 
(40 CFR D:l) 

Clean Water Act ­
Section 311 
(40 CFR 112) 

Resource Co<Berva­
tion and Recovery 
Act - Subtitle C 
(40 CFR 264) 

Toxl.c Sul:stances 
Control Act -
Settion 6 
(40 CFR 761) 

Storage tarl<.s that release ~ hazardrus 
sul:stance, JDllutant or contanlnant (as 
defined 1¥ CEROA), 

Onsh>re facilities with un:letgrrun:l storage 
capedties equal to or greater than 42,000 
gallons. 

Containers used for tl-e storage of hazardous 
wastes (as define:! 1¥ JlrnA), 

Containers used to store PCBs at 
concentrations of 50 ppm and above. 
Container means ~ package, can, lxX tle, 
bag, lBrrel, drun, tank, or ocher device. 

Same as starrlard for hazardous waste 
landfills I.Il<Er <ERCLA. 

Not S(>'cifia:l, 

Not S(>'cifia:J, 

Not S(>'cifiel. 

Same as requirements for hazardrus waste landfills meier CEROA. 

No requirements are established for groundwater contamination 
(>'r se. 

o No requirements are established for grrundwater contanination 
(>'r se. 
o Spilled or le<Ked waste ani acrunulata:l precipitation llllSt be 
rellDVed from collettion or contairnent systen in as timely a nmmer 
as necessary to prevent overt la< of the sys ten. 

o No requirements are estoolished for grrun:lwater contanination 
(>'r se. 
o Spilled or le<Ked tmterials llllSt be ilmediately cleaned up, usirg 
s:>lvents or tther ada:jwte neans. 

• 
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Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Containem 
Hazardoos Wa>te 
(contirued) 

Containets 
Non-llazanlrus 
Wa>te 

Cont:ainers 
Norrllaste 

Open Bumi!ll am 
Detonation Sites 

Canprehersive 
Elllliromental 
Resporse, Canpen­
sation, ard 
Liai:lili cy Act 
( 40 Cffi 300) 

Federal Insecti ­
cide, F~cide, 
ani Rodenticide 
Act (40 CFR 165) 

Resource Corserva­
tion am Recovery 
Act - Sutdtle C 
( 40 Cffi 264) 

Containers that release ~ hazardrus Sare a> stardanl for hazanlrus waste Sare a> rejuirsrents for hazanlrus waste larrlfills wder CEROA. 

sul:stanoe, pollutant or contaninant (as lam£ills under CERCLA. 

define:! ~ CEROA). 


Pesticide containem. 	 See stardanl for materials See rB:juirsrents for materials stockpiles under FIFRA. 
stockpiles under FIFllA. 

Regulatiom have rtt baen prarulf?iltal. 
explooives• 
Open rurm'l am detonation of waste 
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Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Open Burnirg an:! Federal Insecti­
Detonation Sites cide, FUillicide, 
(contirued) sn:l Rodenticide 

Act (40 CFR 165) 

Canprehersi'"" 
Err.rir()('J]Ental 
Resporse,Canperr 
satiDn, arrl 
W.abili ty Act 
(40 CFR 300) 

Radioacti'"" Atomic Ene~ Act 
Disposal Sites (lO CFR 60) 

Atonic Fnergy Act 
(10 CFR 6l)!l 

Source: Office of Tecmolcgy Assess~rent. 

O(>!n b.Jmirg of stmll qtantities oc 
cCilbJstible (>!Sticide contaioers W\ich held 
organic or aetalla-organic (>!Sticides (e><""!>t 
org;mic nereuty, leal, ca<hu1um, or arsenic 
canpoonds). 

Sites which release ~ hazanloos sutstaoce, 
pollutant or contaminant (as defined by 
CEROA). 

Geolcgic repositories for high-level 
radioactive wastes. 

Disposal sites for lo..-level ralioacti'"" 
waste. 

Sites identiiiai by IXE that were used for 
the stor,.,. and rrocessicg of ruclear 
Illiterials. 

Sare as stan:lanl for residential 
disposal (rurtal) wder FIFRA. 

5aire as stan:lanl for hazanloos waste 
lan:lfills under CEROA. 

No rE<juireaents establishai. 

No r«juirerents establishai. 

No requirerents estcblishai. 

Sare as nquirerents for residential disposal (b.Jrial) wder FrFRA. 

5aire as r«juirerents for hazanioos waste lan:lfills uroer CERUA. 

No r«juirerents establishai. 

The licersee llllSt have plars for tadrg correcti'"" aeasures ii 
migration of radioruclides woold indicate that S(>!ciiied (>!r­
foruance ol!Jectives tmy not be net (see app. H.2, for perfonnanoe 
objectives) . 

No rE<juirsrents establishai. 

• 
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a 	 The FOO.ral Lmd Policy an:! Managenent Act (¥U'MA) of 1976 (P.L. 94-579) rajul.res that public Jar>:ls be nanaged in a ll8!1!ler that will (r<tect the quality of enviror~rental vallli!S. In aidl.tion, 
there are a runber of laws regulatirg certain minirg activitiES on Federal Janis. The minirg regulatiors are a.~tlnrized by ~:loch the H.PM\ ani the specific minirg laws ani are trus presental 
to!J'ther in this table. Note that regulatiors for the Geothenml Stean Act ""re red<Sig'latal, with minor revisions, as 43 CFR 3260 on Sept. 30, 1983. 

b 	 The rajuirerents presental in this table are the llealth an:! ·;nvirorJD:!ntal Vrotection Stan:lards prarull'fltal by EPA (40 CFR 192, 48 FR 45926, Oct. 7, 1983 ). lf!.C has also prarull'fltal licersirg 
requirerents (10 CFR 30, 40 70 and 150). 

FacilitiES include tlnse ergaged in drillirg:, producirg:, l'fltherirg:, storirg:, processirg:, refinirg:, trarsferrirg:, dl.stributirg:, or corsumlrg: oil ani oil products. Oil is define::! as oil of 111¥ 
kind or in any fonn, includirg: but not limital to petrolrum, fuel oil, slud!J', oil refuse, and oil mixed with wastES other than dralged spoil. 

d 	 Hazardous liquids ioc.luda petroleum, petroleum products, ani arilydrous amronia. Alt!J:lugh the regulatiors only uention "bre<kout tanks," tarks used for storag,. purposes are also oo.<etal by the 
statutes. Regulations for such storag,. tanks have not been established by ror. 

e 	 Waste explcsives include waste "*'ich has the potential to ootonate arrl lulk military propellants which carutt safely be disposed of through other nodes of treatuent. Regulatiors for permittal 
facilities have not been pr<JDJl.gated. Interim stalllS regulatiors for open b.Jrnirg: ani ootonation do not EStablish corrective action requirerert:s. 

The requireuents presented are tlnse established by lf!.C for high-level radioactive wastes; these requirerents are prcposed regulatiors. See 46 FR 35280, July 8, 1981. EPA has also published 
JrOpcsed health and enviror~rental standards. See 47 FR 58196, Dec. 29, 1982. 

g 	 The requirerents presental are tlnse established by lf!.C for law-level radioactive waste sites. EPA is also requiral to establish health ani envirOrJrental stardards for such sites; stan:lards 
have not yet been prarull'fltal by EPA. 

h 	 The clearup of these sites is not explicitly mrdatal by legislation. Ha.Jever, two pr<grans have reen irstitutal by IXE under the !J'neral a.~tlnrization of the At:anic Enetgy Act. The Foilllerly 
Utilized Sites Renedial Action Progran...,. established in 1974 for ioontifying and ck!cannlssionirg: forner ruclear rmterials storag,. and JrOCESSirg: facilities (ani viduity JrOpetties). The 
Surplus Facilities ~euent Pr<gran was estltllished in 1978 for oocamd.ssionirg OOE a.ma:l or operata! radioactive cort:aninatal facilities. Decamlissionirg: stanisrds have n<t yet reen 
establishe:l by EPA. 

Source: Office of Technology Assessment. 

• 
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G.3 CORRECTIVE ACTION PROVISIONS FOR 

CATEGORY III SOURCES 


Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Pipelioos­ llazar:drus Liquid 
llazar:drus Pipelioo Safety 
Materials Act: (49 CFR 195) 

Canprehersi'"' 
EIWironoental 
Resp:>rse, Can­
persat:iDn, arrl 
Liabili cy Act 
(40 CFR 300) 

Pipelines­
Non-tlazardoos 
Materials 

Materials llazar:drus Ma­
Trars p:>rt ard terials Trars­
Traoofer p:>rtation Act: 
Operatiooo­ (49 CFR 171) 
llazar:drus 
Materials ard 
Waste 

Canprehers i ve 
Ewironoental 
Resp:>rse, Can­
persation, ard 
Liabili cy Act 
(40 CFR 300) 

Soorce: Off ice of Teclnolcgy AssesSllent. 

Pipelines used to trarsp:>rt hazar:drus liquids 
(iocludes petrolrum, petroleum Jroducts, and 
arcydrrus amn:mia). 

Pipelines that release acy hazar:drus 
sulBtance, (Dllutant or contat!lnant (as 
defina:! by CEROA). 

The trarsp:>rtation of hazar:drus materials ard 
hazar:drus wa;te (as defined by IMI'A) by rail 
car, aircraft, \essel, ani notor vehicles 
used in interstate and fore~ <:aiJrerce (and 
llDtor vehicles used to trarsp:>rt hazar:drus 
waste in intrastate camerce). 

Trarsp:>rt--relata:l accidents that release any 
hazar:drus sulBtance, p:>llutant or cont1111lnant 
(as define:! by CERaA). 

Not speclfia:l. 

Not speclfia:l. 

No Ia:juir€11Eilt:s esu:blisha:l. 

Sare as stan:lar:d for pipelines 
under CERClA· 

No ra:juiraiEnts esu:blisha:l. 

Resp:>ooes can l:e "r€11XlVal" (shott-tenn, .,.,rgency) actiooo or 
"remedlal" (lo~r tenn, corsistent wlth pemanent· rema:ly) 
actiors. Raredial a:tiooo can l:e lAten only at sites on the 
National Priorities List ard nust l:e corsistent wlth nquirEm!rt:s 
speclfia:l in National Contirgency Plan. Selection of a remdy is 
IBsa:l on a detemdnation of ccst-effecthmess (lowest ccst 
alternati'"' that is tedmolcgically feasible ard reliable ard which 
effectively mltig>tes ard mlnirnizes ~ to and JriWides adajlllte 
pra:ection of public health, welfare, or the eiWirOllll'!nt). 

No Ia:juir€11Eilt:s esu:blisha:l. 

Sare as requir.,.,nts for pipelines \filer CERaA. 



G.4 CORRECTIVE ACTION PROVISIONS FOR 

CATEGORY IV SOURCES 


Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Irrigation Clean Water Act - Return fla;s fran irrigated agriculture. No requiretents establis!Ed. 
Practices Section 208 

(40 CFR 35, 
Subplrt G) a 

Pesticide Clean Water Act - Agriculturally related ncn-point sources of Sare as standard for irrigation SalE as r8:ju1retents for irrigation practices under CWA. 
Applications Section 208 p:>llution. practices under CWA. 

(40 CFR 35, 
Subplrt G) 

Fed.ral Insecti­ Application of certain (EStictdes which nay No requiretents establis!Ed . No requiretents establis!Ed. 
cide, Fmgicide, cruse liU'eaSOllable al'""rse effects on the 
and Rodenticide envirO<Jrent. 
Act 

Fertilizer Clean Water Act - Agriculturally related ncn-point sources of Sane as standard for irrigation SalE as requiretents for irrigation practices under CWA. 
Applications Section 208 pollution. practices under a/A. 

(40 CFR 35, 
Subplrt G) 

Animal Feedirg Clean Water Act - Rwaf f fran IIB!Ure disposal areas and fran SalE as standard for irrigation SalE as requiretents for irrigation practices under CWA. 
O(Erations Section 208 land area used for livestock. practices under CWA. 

(40 CFR 35, 
Subplrt G) 

De-icirg Salts 
Application 



Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

UrlJon Rmctf 	 Clean Water Act - Urlsn stort!Witer runctf systfi!B. No requir"""nts est<i>lished. No requir"""nts est<i>lished. 
Section 208 
(40 CFR 35, 
Subpart G) 

Percolation ct 
AtDDspreric 
Poll~s 

Mining and Mine 
Drairll@i' ­

Surface Mining 	 Clean Water Act - Mine-relata:! sources of pollution inch:di!ll No requir"""nts est<i>lished. No requir"""nts est<i>lished. 
Sect:ion 208 runctf froo nEW, act:i.,.,, am atsrrl:Jned 
(40 CFR, 35, surface ani undetgrwnd mlnes. 
Subpart G) 

Fe<2ral Lard 

Policy ~ Manage­
!ll!Ilt Act 
- Mineral Leasi!ll Mini!ll ct mlnerals such as call., ptvsphate, Not specified. Minill: plan sulmitted to the regulatory autrority nust include 

A<% of 1920 and asphalt, sodium, potassillm, sam, stone, JrOYi.siors for reclamtion of disturbed areas. Regulatiors specify 
Materials Act ct gra~ ani clay (on Fa:leral lanls). that adequate neasures nust be td<en to correct damage to the 
1947 (43 CFR 23) envirornent and to public health and safety. Groundwater is not 

explicitly addressed. 

-U.S. Minill: Law> Mini!ll cl mlnerals such as gold, sil.,.,r, Not specified. Plan cl operatiors sulmitted to the regulatory autrority nust 
lead, iron and cq>per (on Fereral lands). inclu<E JrOYi.siors for reclamtion of disturbed areas. Groundwater 

is not explicitly addressed. 

Surface Minill: Surface mlni!ll cl coal. Not specified. All possible steps nust be td<en to mlnimlze any ad"'rse inpact to 
Control and the envirornent or public health and safety resultill: fron 
Reclamtion Act noocanplia~n> with any permlt condition inch:di!ll, but not limlted 
(30 CFR 816) to: 

• 



• 

Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

M!.nirg ani Mine Surface Minirg 
llra1.na!J! - Control an:! 
Surfare Minirg Reclaoadon Act 
(cordrued) (30 CFR 816) 

(cont:irued) 

Surfoce M!.nirg 
Control and 
Reclamtiro Act 
(30 CFR 874 ani 
876) 

Clean Water Act ­
Section 20l 
(40 CFR 35, 
Sutpatt G) 

Federal Land 
Policy and 
Managelll!nt Acta 
-Mineral leasing 

Act oc 1920 ani 
Materials Act of 
1947 (43 CFR 23) 

-U.s. Minirg Laws 
(43 CFR 3800) 

(i) 	~ accelerate:! or additional nnnitnrirg necessary to determine 
the nature and extent of noncanpliance and the remlts of such 
action;; 

(11) 	:lnm!diate inpl.errentation of lll!asures necessary to canply with 
(Ermit conditions (e.g. hy<i"ologic reclall!tion plan, as descril:ed 
in app. H.4); ani 

(i11) 	...un1rg, as soon as possible after learn1fl! oc such 
noncanpliance, airf (Erson whcBe health and safery is in imninent 
darger due to the nooccnpliance. 

Lands ani water ob1ch were mina:l ( cc>~ers coal Not S(Ecifi<rl. o No I'B:julrE~~~>nts estrolislB!. 

mining and minirg of minerals ani aeterials 

other than coal) or ob1ch were affect:Erl by o Grants are available to the States for reclanation activities. 

such mining, wastelmks, !X'Ocessirg or a:l-er 

lll!tluds prior to Aug. 3, 1977. 


Mine-related sources of pollution includill: No r<qulrelll!nts estd>lislBI. No I'B:julrE~~~>nts estrolislB!. 

nnocf fran new, acti~. ani atamoned 

surface ani undetground mines. 


Minirg for minerals such as coal, phosphate, S11re as staniard for surfoce minirg Sal1l! as I'B:julrelll!nts for surface minifll under these Jaws. 

asphalt, sodium, potassium, sand, stone, under these lal.s. 

gra~ ani clay (on Federal lan:ls). 


Minirg for minerals such as gold, sil...,r, S1lre as staniard for surface minifll S1lre as r<qulrE~~~>nts for surface minitll under these laws. 

lead, iron and ccp(Er (on Federal lands). under these la\.5 




Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Minirg and Mine Surface Minirg Unde~grrund coal m1.nirg. c Sale as stanlard for surface minirg Sane as rajuireuents for surface minirg urder ~ 


~­ Control and urui!r SirnA. 

Unletgrrund Reclamation Act 

Minirg (30 CFR 817) 
(contirued) 

a 	40 CFR 35, Sul:patt G are the regulatiorE for State grants for Water ~ty Planni~, Managenent, and Implenentation. Altmug!:l the Clean Water Act is directed at the protection of surface 
waters, sene States ha"" cb:laen to include gl'ourxiwater quality prograns in their water quality nanagem!nt plans. Such plans are r6juire:l by the regulatiorE to indicate rec~tion that 
grrundwater and surface water are interrelated. 

b 	The Federal Land Policy ani Managenent Act (F!J.'!i\) of 1976 (P .L. 94-579) r6juires that public lanls be rmnaged in a rmnner that will protect the quality of emiromental values. In addition, 
there are a numr of laws regulati~ certain mini~ activities on Fereral lanls. The mini~ regulations are autlnrize:l by both the Fll'M\ and the S[Ecific mini~ laws and are Jresente:l 
t<gether in this table. 

c Applies to surface effects of unde~grrund minirg. 

Source: Office of Tectnol<gy Assessnent• 

• 



G.5 CORRECTIVE ACTION PROVISIONS FOR 

CATEGORY V SOURCES 


Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Production Wells-
Geothennal and 
Heat Recorety 

Federal Larrl 
Policy and l1arlaW 
uent Acta­
Geothennal.Stean 
Act (30 QR 270 
and BlM Opera­
tiona!. Order No.4) 

Wells used for tre develcprent oc geotrer:nal 
steam on Federal lands . 

Not speclfi<rl. Adverse emirornental inplcts fran !!J'other:nal-relat<rl activity DUSt 
be prevent<rl or mitigated thrrugh enforcarert of >\lplicable 
staniards ard the >\lPlicstion of existltll technoltllY• 

Pro:luction Wells -
Water Suwly 

Other Wells (non­
""'ste)-
MonitoritllWells 

Other wells (non­
..,.gte)­
E><ploration Wells 

Federal Lani 
Policy and 
Managenent Act -
Mineral Leasitll 
Act ri 1920 and 
Materials Act of 
1~7 (43 QR 23) 

E><ploration wells used in minitll q>eratiDns 
for minerals such as coal, phcsfhate, as­
phal.t, sodium, potassium, sani, stone, 
gJ:"avel, ani clay (on Federal lands). 

No rEl:juirarents established. No rEl:juirarents established. 

Construction 
Excavadon 

Clean Water Act -
Section 208 (40 
erR 35, suq,an 
G)b 

Construction activity relat<rl to oo.rrces of 
p::>llution. 

No rEl:juirarents estli>lished. 

a 	 TI-e F<rleral Lani Policy ani ~nent Act (Fll'MA) of 1976 (P.L. 94-579) rEl:juires that public Janis be 1IBnaged in a oanner that will protect ti-e quality of envirornental values. In addition, 
trere are a number of laws regulatifll certain minitll activities on Federal lands. The mining regulations are autlnriz<rl ~ boch ti-e Fl1'MA and the specific minitll laws and are thus )1"esented 
ttlletrer in this table. Note that regulations for ti-e Geotrermal Steam Act were r<rles~t<rl, with minor revisions, as 43 CfR 3260 on Sept. 30, 1983. 

b 	 40 QR 35, Sull!»rt G are the regulations for State gJ:"ants for Water Quality Plannitll, Managem!nt, and ~lerrentation. Althrugh ti-e Clean Water Act is direct<rl at the protection of surfa::e 
waters, some States have chosen to include gJ:"rundwater quality pr<gr811B in treir water quality nenageuent plans . Such plans are rEl:juir<rl ~ti-e regulations to iniicste reccgnition that 
gJ:"ouniwater and surface water intermix. 

Source: Office of TechnoltllY AssessnEnt . 



G.6 CORRECTIVE ACTION PROVISIONS FOR 

CATEGORY VI SOURCES 


Statutory Definition 
Source Authority of Source Cleanup Standard Corrective Action Provisions 

Grrunclwater ­
Surface Water 
Interactions 

Sal.t--1.1lter 
Inn:usion 

Clean Water Act ­
Section 208 (40 
CFR 35, Sutpart 
G)a 

Reclanation Act 

Clean Water Act ­
Sections 208 (40 
CER 35, Sutpart 
G)a 

Cosstal Zooe 
Ma~nentAct 

Interntixi'l: of gr~ter and surface water. 

Nawral salt deposits affectirg undecgrwnd 
water supplies. 

Salt~ter intrusion into rivets, lares , ard 
estuaries resulti'l: ftam reduction of fteslr 
water flow fran ary ca.~se, includi'l: 
grourdi.Bter extraction. 

Salt~ter intrusion. 

No ra:juiremmts establisted. 

No ra:juiremmts establisted . 

Sane as standard for 
grourn..ter-surface 
interactions mder 0<0\. 

No ra:juireuents est'*>liste:l. 

a 	 40 CFR 35, Sutpart G are the regulations for State grants for Water ~ty Planni'l:, Managenent, and ~lenentation. 
waters, sare States have chosen to include grourdi.Bter quality prograns in their water quality IJIIIlagE!!1ent plans. 

Source: Office of Technolcgy Assessuent. 

No ra:juiremmts es tablisted. 

o 	 No ra:juiremmts establisted. 
o Water develq>uent projects undertaren by the HIM have involved 

corrective actions due to saline conditions of grOUirll<ater. 


Sane as rE!Juireuents for gro.mdwater-surface water interactions 
tnder CWA. 

No ra:juireuents establiste:l . 

Altrougp the Clean Water Act is directed at the protection of surrace 



Appendix H 

Federal Efforts To Prevent 
Groundwater Contamination 

(p. 471) 
H.1 DESIGN AND OPERATING PROVISIONS FOR CATEGORY I SOURCES 

H.2 DESIGN AND OPERATING PROVISIONS FOR CATEGORY II SOURCES 
(p. 478) 

H.3 DESIGN AND OPERATING PROVISIONS FOR CATEGORY III SOURCES 
(p. 495) 

H.4 DESIGN AND OPERATING PROVISIONS FOR CATEGORY IV SOURCES 
(p. 496) 

H.5 DESIGN AND OPERATING PROVISIONS FOR CATEGORY V SOURCES 
(p. 501) 

H.6 DESIGN AND OPERATING PROVISIONS FOR CATEGORY VI SOURCES 
(p. 503) 

470 



-------- - -------------------------------

H.1 DESIGN AND OPERATING PROVISIONS FOR 

CATEGORY I SOURCES 


Post- Cl osur e 
St a t uto r y Definitio n Perfo r mance Design and Opera t ing Closure Car e 

Source Au t hori t y of Sou r ce Objective/Crit e ria Requirements Requi r emen t s Requirements 

Subsurface Clean Water Act 
Percolation Section 201 

(40 CFR 35, 
Subpart E) 

Safe Drinking 
Water Act­
UOOergrOU1d 
Injection Control 
Program 
(40 CFR 144 arrl 
146) 

Individual systens defins:l as 
privately <M>ed alternative 
was t&78ter treatnl':!nt works 
serving one or IIDre principal 
residences or !lllall comrercial 
est ablishrrents IJlich are 
neither conre::te:l into nor 
part of any comentional 
treatrrent works (e.g. , orr-site 
systenE with localized t reat­
rrent arrl disposal ci loBste­
..ater) . 

Cessrx>ols or ether waste re­
ceivirg devices with q>en bee-­
tars and saretines perforated 
sides (included in Class V 
...J.l category) . Applies only 
to units setvi rg 20 or rore 
persons. 

Achiere established water 
quality goals of the act . 

Dei!Onstrate that activity will 
not be conducted in a mmrer 
that alla.s llXlVE!ll!nt ci' con­
taminants into tnlerground 
sa.rrces of drirkirg water so 
that there may not be can­
plianoe with National Interim 
Driddng Water Regulations or 
so that the health ci' persons 
may not be otherwise al""rsely 
effecta:!. 

o No specific design requirarents. 
o States are required to consider the ccst-effective 
use ci' individual systenE as part of C7Jerall systens 
or part of o""rall planning efforts for comtruction 
of municipal waste trea-nt systens . 

o Regulations specifyirg design arrl q>eratirg 
requirenents for Class V ...J.ls have not been 
prarul83te:l . 
o Owners arrl q>erators are only require:! to slbnl.t 
in~tory infornation (e.g., location, type and 
operat irg s t atus of t he well) . 

Not applicable. Not applicable. 

Regulatiom have No requirarents 
not been prarul­ established under 
gate:l for Class V the UIC Prcgran. 
...J.ls . 
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Statutory Definition Performance Design and Operating Closure 
Source Authority of Source Objectiv~/Criteria Requirements Requirements 

Injection Wells­	 Safe Drirking 
Hazardous Waste 	 Water Act­

Undetground 
Injection Control 
Prcgrana 
(40 CFR 144 and 
146) 

Wells that ir!iect hazardrus 
103Ste (as defined by RCRA) 
beneath the deepest fonnation 
containing, wf.thln one-quarter 
mile a the well bore, an 
underground source of drinking 
water (Class I wells) 

Wells that inject ha2ardrus 
wastes (as defined ~ ROW 
into or above a fornation 
containing, wf.thln one-quarter 
mile of the W!ll bore, an un­
detground sources of drlri< 
ing W'lter (Class JIJ ...J.ls) 

Demom trate that activity wf.ll 
not be conducted in a nanner 
that allcws movement a ccn­
tamlnants into underground 
sources of drlridng water. 

Regulations hare not been 
prarulgated for Class JIJ 
,..,lls. 

o Location must be identified ct all kna;n wells 
wf.thln the injection zone, and measures must be 
undert.Ken for wells ;hich are imprcperly sealed, can­
pleted, or absndoned to prevent any movement of fluid 
into undetground sources of drlridng water. 
o Well location and construction r"!uirements (...J.l 
casing, cementing, and use a packers to prevent ccn­
tamlnant migration) DUSt be caqili.ed wf.th. 
o Apptq>riate tests and legs must be conducted ciJring 
drilling and comtruction. 
o Infonnation on fluid pressure, tenperature, 
fracture pressure and other data on the physical and 
chenical characteristics of iqjection matrix and 
fornation fluids DUSt be collected. 
o During cperation, iqjection pressure must not ex­
ceed a max:l.nun calculated level to assure that new 
fractures are not initiated, that edsting fractures 
are not JXopagated, and that injection fluids do not 
IIXM! into undetground sources of drlridng water. 
Injection be~n outeurost W!ll casing and 
undexground source a drlridng water is Jrchibit<rl. 
Pressure DUSt be msintained on annulus be~n W!ll 
tt:bing and casing and it must be filled wf.th fluid. 
(Any failures as!K>Ciated wf.th a W!ll during cperation 
nust be correct<rl.) 

Regulatiom prchibit petmitting ct na.> Class JIJ W!lls 
ohich inject ha2ardrus W'lSte into an underground 
srurce a drlridng water and r"!uire steh edstirg 
W!lls to be prddbited o'"'r a period of 6 months 
followf.ng appt<>lal ct a State UIC Prcgran. Regulatiom 
specifying design and cperating r"!uirements for Class 
JIJ >ells hare not been prarulgat<rl. 

Certification ~ 
an independent 
r~ster<rl praes­
sional engineer 
nust be st:bmltted 
to regulatory 
autiDrlty (pur­
suant to RCRA). 

Regulatiom have 
not been prarul­
gat<rl for Class JIJ 
...J.ls. 

Post-Closure 

Care 


Req ui reme n t s 


No r<ljuirements 
established under 
the UIC Prcgran. 

Regulatiom have 
not been prarul­
gat<rl for Class JIJ 
...J.ls. 

http:followf.ng
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Statutory Definition Performance Design and Operating Closure 
Source Authority of Source Objective/Criteria Requirements Requirements 

Injection Wells - Safe Drirldng 
Non-Hazardous Water Act­
waste UroetgTamd 

Injection Control 
Prqp:an ( 40 CFR 
144 am 146) 

Wells that iqject waste 
beneath the deepest foi11Btion 
containing, wl thin roe-quarter 
mile of the >ell bore, an 
undetgTamd source c:i drirldng 
water (Class I >ells) 

Wells used in connection with 
oil and gas (X"odJction which 
inject fluids (Class II 
""lls). Includes ""lls used 
for erilanced recovery, for 
stonge c:i liquid hydrocarbors 
and for >ells .tlere injected 
fluids are brwgh t to tte 
surface and may canbine with 
waste watets fran gas plants. 

Sane as oJ:!iective for hazard­
rus waste injection >ells that 
iqject beneath the deepest 
underground sources of 
drirldng water. 

Sane as oJ:!iective for 
hazardrus waste injection 
""lls that iqject beneath the 
deepest undergramd sources of 
drirldng water. 

Sane as requirarents for hazardrus W'lste ""lls that 
inject beneath the deepest undergramd sources of 
drirldng water. 

o Canpliance is required with siting and construction 
(casing am Cetenting requiretents) • Exenption fran 
casing and canenting requirarents for existing wells 
is allowed if earlier regulations am any State 
rEgUlations ""re net and iqjected fluid will noc 
migrate into undergrouod sources of drinking W'lter am 
create a s:lgnificant riS<. to the health of petsons. 
o Appropriate tests and logs IIUSt be conducted during 
drilling and construction. 
o Info:cnation on fluid pressure, estimated fracture 
pressure, and physical am chemical characteristics of 
the iqjection zone uust be collected. 
o Operating requirenents are the sane as for 
hazandrus W'lSte ""lls that iqject beneath the deepest 
undergrouod srurces of drinking W'lter. 

Wells lllJSt be 
plugged with 
canent in accord­
ance with speci­
fied nethods 
(unless an alter­
native nethod is 
approved by regu­
latory authnrity) 
SO that 111)VeterltS 
of fluids into or 
be~n under­
gram<! sources of 
drinking W'lter are 
not allowed. 

Sane as 
requiranents for 
Class I >ells 
(n~hazardous 

W'lBte). 

Post-Closure 

Care 


Requirements 

Sane as requi~ 
liBlts for hazard­
ous W'lSte iqjec­
tion >ells that 
illi ect beneath the 
deepest under­
gram<! sources of 
drinking water. 

Sane as require­
1!Blts for hazard­
ous waste injec­
tion~ that 
inject beneath the 
deepest under­
grrund sources of 
drirld.ng water. 

• 
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Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Req ui reme nt s Requirements Requirements 

Injection 
Wills ­
Noo-ilazardrus 
Waste 
(Continued) 

Land 
Application ­
Wastewater 

Safe Drirldr:g 
water Act-
UndeJgramd 
Injection Control 
Prr:gran ( 40 CFR 
144 and 146) 
(Continued) 

Clean Water Act ­
Section 201 
(40 CFR 35) 

Wells used for attraction c:f. 
minerals (Class III wells). 
Includes minir:g c:f. sulfur ~ 
Frasch JXOCeSS, in-situ pr<r 
duction c:f. uranii.Jn and other 
lll!tals, and solution mining of 
salts or potash. 

Wells not included in 
Cat<gories I, II, III, and N 
(i.e., Class V -.ells). 
EJ<amples of Class V -.ells 
include artificial recharge 
-.ells, and coolir:g water or 
air conditioning return flew 
wells. 

Wast6>ater lan:l trea-nt (r<r 
cesses (includes slow rate, 
rapid ic:f.iltration and <M!r­
land flow uetb:>ds). Maybe 
funded under I.nncwative and 
Alternative Tedlnologies 
Prr:gran. 

Sam! as objective for h&ard­
rus """'te injection wells that 
iqject beneath the deepest 
w:lerground srurces of 
drirkirg water. 

JJEm>nstrate that activity will 
not be conducted in a nmmer 
that alla.s 11l0VI!I£nt c:f_ 

contaninants into w:lergromd 
scurces of drirkir:g water so 
that there may not be 
COJl>lianoe with National 
Interim Drirldng W.ter 
Regulation; or so that the 
health of persons may not be 
othetwise ahemely affects:!. 

If gr<lJildl<!ter is a FDtential 
supply of drink1ng >Ster, the 
National Interlm Drirkir:g 
W.ter Regulations nus t not be 
exceeded. If ba<kgro.md levels 
are hij!ller than the NlDIRs, 
there struld not be an 
increase in that level. 
( Contirued nett page) 

0 Coopliaree is required with construction (casir:g 
and ceJI21lting) requiremmts. Exenption fran 
requimnents is allcwed where there is stbstantial 
evidence that no contaml.nation or w:lerground srurce 
of drirkir:g water wruld result. 
o Appropriate tests and logs nust be considered 
durir:g drillir:g and construction. 
0 Infornation on fluid pressure, est:!nated fracture 
pressure, and p~sical an:! dlemical dlaracteristics of 
the injection zooe nust be collected. 
o Operatir:g requimnents are the Sail! as for 
hazardous """'te -.ells that inject beneath the deepest 
undetgro.md sources of drirkir:g water. 

0 Regulations specifyir:g design an:! q>eratirg 
requiremmts for Class V -.ells have not been 
prOllll~ te:l. 
0 Ownem and q>eratom are only required to stbrdt 
imentory infornation (e.g., location, type, and 
operatirg status of the well). 

0 Criteria for best (racticable waste trea-nt 
tedlnology nus t be lll!t. Design and operating 
requiranents are not specifie:l. 
o Tedln:lcal guidance 11Bnual contains infornation on 
site plannir:g (includes selection c:f. site), inves­
t~tions (pre-design), JXOCeSS design, and q>eration 
an:! 11Bintenaree. 

Sare as 
requimnents for 
Class I -.ells 
(non-h&ardous 
"""'te). 

Regulations have 
not been prarul­
gate:! for Class V 
-.ells. 

No requimnents 
established. 

Sam! as requi~ 
rrents for hazard­
rus waste iqjec­
tion -.ells that 
iqject beneath the 
deepest under­
ground sources of 
drinking water. 

No requirerents 
established under 
the UIC Prr:gran. 

No requiranents 
established (see 
discussion on cor­
rective actions, 
app. G.l). 

• 
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Post-Closure 

Statutory Definition Performance Design and Operating Closure Care 


Source Authority of Source 
 Objective/Criteria Requirements Requirements Requirements 

Land Clean Water Act - If gr<llld.Jater is used as 
Application - Section 201 (40 driddng ,..ter supply, condi­
I.Bst.,....ter CFR 35) tions aix»e slnlld be met (le­
(Continued) (Contirued) Yels for biological contaml­

nants slnlld rxx be ec:ceeded 
-.here ....rer is used without 
disirtection). 
If groonheter is used for 
purposes other than drlrldrg 
,..ter, criteria established on 
a case-J>rcase basis baaed on 
present or potential use of 
the gr()JI1(!wter. 

Land Clean Water Act - s-ge slud!J' application ( irr- For undergramd drlrldrg water o In addition to the perfomance standard for No te:ju1rerents No te:juir..,.,nts
Application - Section 201 and eludes agricultural, forest sources, backgrand leYels or groonheter, perfom>!IlCe criteria are also established established. established (see 
I.Bst-rer 405 (40 CFR 257) and lam reclamation utiliza­ National Interim Primary for floodplains, surface water, application to lam discussion on 
BypnxiJcts tion and dedicated land disper­ Driddng water Regulations (if used for flood-cha1n crq>a, disease, air and safety. corrective action, 

sal). May be ftnded under lrlgher than bsckgramd level) Design and cperatirg te:juit'Bients rxx specified. app. G.1). 
InnovatiYe and AltematiYe uust not be exceeded be)ond o Tednical ~ IIBn.la1 contains infomation on 
Tedmo1~es Prcgran. the application bamdary or an site pl.amirg, field iiM!Btigations, process design 

alternatiYe bculdary est.r and cperation and IIBintenance. 

blishe:l on a site-specific 

basis. 


• 



Statutory Definition Performance Design and Operating Closure 
Source Authority of Source Standard Requirements Requirements 

Post-Closure 

Care 


Requirements 

o Post clcsure 
care J:eriod is 30 
yeats (unless J:er­
iod is reduced or 
exterrled ~ regu­
latory authority). 
o All design, 
operating, llDOi­
torirg (See app. 
E.l), and cover 
rB:Juimnents nust 
be !ret through 
pest-closure 
J:eriod. 
o El<Bnption fran 
pcst-clcsure ~ 
quiranents is 
all<W!d if 
treattrent zone 
soil does not ex­
cee:l backgrrund 
values by a sta­
tistically signi­
ficant 811DU0t. 

• 


Lanl Resruroe 
Application - Conservation and 
Hazardrus Waste Recovery Act ­

Subtitle C ( 40 CFR 
264) 

Lanl treatment cf hazardrus 
~o~~Ste (as defined by RCRA). 
Requirements do noc apply to 
land treatnent facilities (or 
portions of facilities) that 
received ~o~~Ste prior to the 
effective date cf the ROO 
regulations (Jan. 28, !983). 

Hazard<lls corstituents enter­
ing the grandwiter nust not 
excee:l blckgrrund levels, the 
MaxiJJun Contaminant Levels for 
14 constituents SJ:ecifie:l ~ 
the National Interim Driddng 
Water Regulations (if hlgher 
than backgmnl) or alterna­
tive cmoentration limits (es­
tablished on a site-sJ:ecific 
basis) beyond a SJ:ecifie:l can­
pliance p:>int. 

o Site r<!juir<ments limite:! to floodplain and seismf.c 
considerations. 
o Prior to application d'. hazardrus waste, it nust be 
dennnstrated (by fi><ed tests, laboratory analyses, 
available data) that h&ardrus waste constituents can 
be caq>Ietely degraded, transforlred or ilmx>bilized in 
the treatment zone. 
o Design and q>eratirg corrlitions will be SJ:ecifie:l 
in J:ennlt based on dennnstration conditions. 
e Rund'. f must be minimized; run-on controls and 
runoff llllllagemmt systems nust be installed. 
o Wind dlsJ:etsal d'. partirulates nust be controlled. 
Gr~h of food-dlain crops nay be all<W!d if it can be 
deroonstrate:l that it will noc cruse slilstantial risk 
to hunan health. 

o Design and 
operating condl­
tiona llllst be ~ret 
through closure 
period. 
o Vegetative 
cover nust be 
established on 
p:>rtion of facil ­
ity beirg closed 
(so that cover 
will noc slilstarr­
tially ilqJede de­
gradation, trans­
fornation, or :l.nr­
llDbUization d'. 
hazardrus consti ­
tuents in treat­
~rent 2Xlne). Cover 
should noc rB:Juire 
extensive tminten­
anoe. 
o El<Bnption fran 
cover rB:Juiremmt 
is allaoed if 
treatnent zone 
soil does not ex­
ceed background 
values by a sta­
tiPtically signi­
ficant mrunt. 
o ltlnitoring (see 
app. E.l) is to be 
contirued through 
closure J:eriod 
(unsaturated zone 
llDnitorirg IIBY be 
terminated after 
90 days). 



Post-Closure 

Statutory Definition Performance Design and Operating Closure Care 


Source Authority of Source Objective/Criteria Requirements Requirements Requirements 


Land Clean Water Act - Disp:lSal sites for dre:I!J'(I or Restore and 118intain the chen­ o No srectfic design r8:juil'61Ents. No r8:juil'61Ents No r8:juil'61Ents 
Application - Section 404 ( 40 fill 118terial ical, physical, and biological o Guidelines include actions that can be rndertaken established under established under 
Norr-Hazardous CER 230) int<grit:y of ...,tem of the to ml.ttfmize the a:l"'me effects of diochatge or the 404 prcgran. the 404 prcgran. 
Waste United States. dre:lged or fill 118terial. One such action (specified 

in the regulation;) is selectirg dischatge tretlncB and 
disp:lSal sites \Jlere the potential for eradon, sllf!V"" 
irg or leachirg of material into the surrrundirg aqua­
tic ecosystem will be reduced. Another action is to 
select the disp:lSal site, the dischatge point, and the 
nethod of disdlarge to minimize the extent of any 
plutre. 

a RalA and SWll\ have CM!rlappirg jurisdiction for iqjection wells used to disp:JSe rf hmardrus ""stes. A pennit:-by-rule approsdl has been irstitute:l to coordinate the r8:juil'61Ents of both 

prograDE. An <>o11er or operator of such a W'!ll IDJSt c~ly with all applicable SOOA tedlnical r8:juirements pursuant to the Underground Injection Control Program and certain RCRA 

adninistrative r8:juirBIEnts. 


Source: Office of Technology Assessrrent. 

• 



H.2 DESIGN AND OPERATING PROVISIONS FOR 

CATEGORY II SOURCES 


Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Lardfills­ Resrurce Consexva­
Hazardrus Waste tion and Recovery 

Act - Subtitle C 
(40 CFR 264) 

Toxic Sul:stances 
Control Act -
Section 6 
(40 CFR 761) 

Lmlfills used for the dis­
posal of hazmlrus W'lStes (as 
defined ~ROW. Requi=­
ments do not apply to fac111­
ties (or pnrtions of facili ­
ties) that received W'lSte 
prior to the effective date d' 
the RCRA regulations (Jan. 26, 
1983). 

Chenical waste landfills used 
for the disposal of PCBs at 
concentrations of 50 ppn and 
above. 

Hazankus constituents enter­
ing the grounclwiter nust not 
excee:l "l:sd<grrund levels. the 
Max1oum Contaminant Levels for 
14 constituents S!l'cified ~ 
the National Interim Driridng 
Water Regulations (if Wgher 
than background), or alterna­
tive concentration lim1ts 
(established on a site-speci­
fic IBsis) beyond a SP'cified 
canpl:!ance pnint. 

Not S!l'cified. 

o Sitirg rBJuirenents are limited to floodplain and 
seismic conditions. 
o All landfills must have a liner and leachate col­
lection and removal system. Design and operating spe­
cifications are established in the fac111 ty pemdt. 
o Run-on controls and runoff IIIII13gement systems DUSt 
be installed. 
o Wind dispetsal of particulates must be controlled. 
o Special requirements apply to ignitable, reactive, 
or incanpatible wastes and to containets in <M!rpad<ed 
diUJB. Bulk liquids may only be dispnsed in landfills 
with linets and leachate collection syst<m>. 
o Exaqltion fran liner and leadlate collection system 
requirenents may be granted if the location and alter­
native design and operating provisions prevent migra­
tion d' hazardrus constituents. 
o Exslption fran all grounclwiter IID<litoring require­
ments (see app. E.2) may be granted if regulatory 
authority finds there is no potential for migration of 
liquid fran the fac111ty to the UP!l'rmost lljuifer 
through the post-closure period. 
o Exslption fran detection monitoring prcgran (see 
app. E.2) may be granted for facilities with dotble 
linets and led< de teet ion syst<m> be-en the 
liners. Uners DUSt be repaired or replaced if a 
failure is detected. 

o Disposal facility shall be located in areas of 1"" 
to moderate relief. Flood plains, shorelands, and 
grrundwater redtruge areas must be avoided, and there 
shall not be a hydraulic connection bet>ean the 
fac111ty and surface water. 
o Diversion dikes are required to divert surface 

water runaff. 

(Continued next page) 


Establish c<M!r 
that mlnimizes li ­
quid migration, 
requires mlnimal 
naintenance, prr:r 
motes drainage, 
resists era;ion or 
abrasion, acccmm-­
dates settling ani 
su"l:sidence. Per­
meahility should 
be less than or 
equal to liner or 
sul:soils. 

No requirements 
established. 

o Post-closure 
care period is 30 
years (unless per­
iod is reduced or 
extended ~ regu­
latory authority). 
o All design and 
operating, 
monitoring, and 
cover requirements 
must be met 
through post­
closure period. 
o I.eadlate col­
lection systan 
DUSt be operated 
until leachate is 
no longer 
detected. 

Surface water 
analysis repnrts 
(see monitoring 
requirements, 
app. E.2) and 
operating recorda 
must be retained 
for at least 20 
years. 



Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Lan!fills­ Taxl.c Substances o Bottom of larrlfill liner or soils lllJSt be 50 feet 
Hazardrus Waste Control Act - fran historical high water table. 
(Cont1rued) Sec!:ion 6 o Lan!fill lllJSt be ooderlain ~ soils or synthetic 

(40 em 761) 
(Canttrued) 

~ liner with IJ'Im!abl.li ty equal to or less than 
10- crn/sec. 
o Lea:hate collection system nust be installed. 
o Site nust be OIJ'rated and maintained in a m:mner to 
prevent safety problems or hazardous conlitions re­
sulting fran spilled liquicB and windblaro mterial. 
0 Bulk liquids excealirg 500 ppn tmy be disposed of 
jrCIIIided such waste is pretreated and/or stabllized. 
o A wai~r fran ~ requirE!IBnt tmy be apprcwed ~ 
the regulatory autillrity if it can be dem:>rs tnlted 
tmt operation of the larrlfill will neet the IJ'rfor­
mnce standard. 

Landfills- Resource Conser- Sanitary larrlfills defined as For uncletgrC>.Jnd driridrg water o Design and operatirg IaluirS~Bnts are not No IaluirS~Bnts No IaluirS~Bnts 
Sanitary o;ation and facilities Wlich pose no sources, bld<grC>.Jnd 1.evel.s or SIJ'cified. established. established. 

Reco/ery Act - reaoonable pro1Bb1li ty of National Interim PriiiBry 0 In aldi tion to gr<lllld>ater perfoxmance criteria, 
Sultitle D al~rse effects on health or Drinld.rg Water Regulatio!B (if IJ'rformnce criteria are established for floodplaim, 
(40 CFR 257) the erwir()[lrent fran disposal hlgher thsn bld<grC>.Jnd) IIUSt surface water, application to land used for food-chain 

oc oolid ....,te (as defined ~ not be exceeded beyond the crcps, disease, air, and safety. 
RalA). application bC>.Jndary or an 

altemati~ ixul<Bry esta­
bUshed on a site-BIJ'dfic 
basis. 

OIJ'n Iltmps 
(includirg 

Resource Collier­
vation and 

OIJ'n dunps defined as 
facilities Wlich do not neet 

Sme as objecti"" for sanitary OIJ'n dunps IIUSt be closed or upgraled to neet the cr1­
larrlfills Ulder Sultitle D of teria established for sanitary larrlfills Ulder 

No requirnents 
established. 

No IaluirE!IBnts 
established. 

illegal d.m¢rg) - RecoleryAct­ the criteria for sanitary RalA. Subtitle D oc RalA. 
Waste Sultitle D (40 em larrlfills Ulder IJ!:RA. 

257) 

• 
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Statutory Definition Performance Design and Operating Closure 
Source Authority of Source Objective/Criteria Requirenents Requirements 

Post-Closure 
Care 

Requirements 

No ra:juiranents 
established. 

Sme as require­
nents for hazar­
deus waste lard­
fills. 

Residential 
Disposal 

Surface 
~nts­

llazardrus Waste 

Federal Insecti­
cide, FUngicide, 
and Rodenticide 
Act - Section 19 
(40 CFR 165) 

Resource Corser­
vation and 
Recovery Act ­
Subtitle C (40 CFR 
264) 

Burial r:L !lll811 quantities of Sin< due regard for pra:ection o Requiranents are oct: specified . 
pesticide containers in open of surface and sulsurface o Containers should be rirsed prior to disposal. 
field; (containem ..tlich held W!lter. (Rirse water and pesticide residues shruld be edOOd to 
oiJ?Pnic or netallo-oiJ?Pnic spray mixtures in the field or incinerated, disposed 
pesticides ex~t mganic of in specially designated lanlfills, or chenically 
orgaoic nercury, lead, deactivated. Other disposal nethods such as soil 
calmi.\Jil, or atsenic iqjection or chenical degralation shruld be undertli<en 
c~).a with l'l'A guidance). 

o State and Federal pollution CCiltrol standards 
should not· be violated. 

Surface lmpoundlll!nts used for Sme as o!:Uective for hatar­ o Siting requiranents are limited to floodplains and 
the treatnent, storage, or drus ...,te landfills under seismic conditions. 
disposal r:L hatardrus W!lste ROO. o All surface lmpoundlll!nts rust have a liner. Design 
(as defined by RCRA). ~ and operating specifications are established in the 
quiranents do oct: apply to facility pelDlit. 
facilities (or JX>rtions of o All surface lmpoundlll!nts rust be designed and 
facilities) thst received operated to pre\elt CM!rtopping and llllSt have dikes to 
mste prior to the effective prevent massive failure. 
date r:L the ROO regulatiors o Special contingency plars to a:ldress le>ks or 
(Jan. 26, 1983). spills llllSt be prepared (including provisions for 

ilmediate slut:-da.m and enptyirg of the lmpoundlll!nt). 
o Special requirenents apply to ignitable, reactive 
or ~tible waste. 
o Exsnptiors fr(]ll certain design and nnnitorirg 
requirenents are the sare as those for hazardrus mste 
landfills. 

No requiranents 
established. 

o For storage or 
treatnent iJllxlund­
nents: wastes and 
residue llllSt be 
rE!II)ved and sent 
to a perml.tted 
facility, and 
equipoent llllSt be 
decontmd.nated. 
o For disposal 
:lnp>.mdnents: 
elimlnate free 
liquids and/or 
solidify mstes 
and residues, an:! 
stabilize remrl.n­
irg waste to 
support CO\Ier. 
o Cover ra:juire­
rrents are the SSJE 

as those for 
hazardrus mste 
landfills. 



Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Surface Surface Minirg 
~­ Cootrol am 
Nmrllazardrus Reclaoation Att 
Waste (30 CFR 816 and 

817) 

I~nts defined as all 
water, sedi.Jrent, slurry, or 
otter liquid or semi-liquid 
ltlldi!ll structures an:! depres­
sion;, eitter narurally foD!Ed 
or artifically built. Struc­
tures IIBY be tSJlXlrary or 
P"manent. Applies to all 
surface an! undeygra.md coal 
m!nirg OP"rations. 

Grrundwater quality shall be 
protected by han:lli!ll earth 
mterials an! runcrf in a nrur 
ner that m:l.nim1zes acidic, 
tooc, or otter harmful infil ­
tration to grrurd.ater system 
an! by ~Ill excavations 
an! otter dis turbmces to 
prevent or control tte dis­
dlal"!J! of pollutants into the 
grrundwater. 

o Alli~s llllSt neet requirE!I2nts for stabil- o TSJlXlrary im­
ity, prevention of overtq>ping am provision of spill- p<l<l!d~Ents llllSt be 

liB)'S, an! protection agairBt surface ercsion. Instal- reuoved an! re­

lation of a liner is not a mndatory re:ju1rE!I2nt but claimed. 

liB}' be r<quired by tte regulatory autltlrity on a site- o Pemanert: im­

SP"cific basis to neet the P"rfomrmce staruhrd. p<l<l!d~Ents llllSt 
o Pemanent ~nts llllSt not result in tte dind.- neet all des:lgn 
rution of the quality of water utilized by adjacent or and OP"rating re­
surra.mdirg lan:lownetS for agricultural, in:lustrial, quirenents, be 
recreational or dooe;tic use. The quality of water in !IBintained proP"r­
tte ~nt llllSt be suitable on a pemanert: bosis ly, neet the re­
for its intended use, and after reclaiBtion, llllSt neet quirE!I2nts of the 
all applicable State an:! Federal stan:lards. reclanation plan 

and the re:juire­
nents of the 
grrundwater non1­
tor1rg plan. 

o A hydrolrgic 
reclanation plan 
llllSt be subnitted 
with a P"Imlt ap­
plication which 
specifies the oea­
sures to be tlken 
during the nd.n1ng 
an! reclanation 
OP"rations to Jr<r 
teet grrundwater 
(orr-site an:! crt ­
site) fran adverse 
effects (e.g., acid 
or toxic drain­
ages). 
o A perfonmnce 
bond nmt be filed 
C<Nerirg the dJra­
tion of nd.ning and 
reclamstion acti ­
vities. 
0 lnU.toring llllSt 
be continued until 
bon:! release. 

• 
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Statutory Definition Performance Design and Operating Closure 
Source Authority of Source Objective/Criteria Requirenents Requirements 

Surface 
~s­

Non-tlazardrus 
waste (Contirued) 

Federal Land 
Policy and Manage­
lll!nt Actb 
- Mineral Leasirg 
Act of 1920 and 
Materials Act ri' 
1947 (43 CFR 
23). CoveiS min­
erals such as 
cool, plrJsphate, 
asphalt, sodium, 
potass:lun, sand, 
stone, gravel and 
clay. 

- u.s. Mining l&s 
(43 CFR 3800). 
Co'IO!r locatable 
minerals such as 
gold, sil'IO!r, 
leal, irm and 
cc.yper. 

IDpllllldnents use:! for the 
treatlll!nt or control of runoff 
and draill'l'le dJring minirg qr 
erations on Federal lands. 

Not explicitly rentioral in 
the regulations. H~IO!r, 

!Dpllllldnents are romidererl 
psrt of mining operations. 
Applies only to Federal lands. 

Take aleqwte lll!asures to 
avoid, minimize, or correct 
dan<!ge to the ellli roonent and 
to public health and safety 
while enco.mging develq>112nt 
of mineral resources. 

Prevent unnecesazy or undJe 
degradation of Federal lands 
which may result fron mining 
operations. 

o A minirg plan nust be S1bnl. tted to the regulatoty 
wtrority lohich includes a description of lll!aBures to 
be taken to prevent or control gramdwater pollution. 
o Operations may be prddbited or restricted in areas 
if it is detemdral ~ the regulatoty autrority that 
Witer quality will be l"""'red below State standards or 
levels set ~ the Depart112nt ri' Interior (unless it is 
f<Uld that the l"""'rirg of Witer quality i s necessaty 
to econanic and social develq:mmt and will na: pre­
clude any assigned user of the Witer; EPA nust be con­
sulted to ensure that the Clean Water Act wwld na: be 
violated). 

o A plan ri' operations uust be slimitted to the rogu­
latoty llltrority t.bich includes a description of mea­
sures to be taken to neet the perfotmance standard. 

o No specific 
requirenents. 
o Mining plan 
nust include pr<r 
visions for re­
clarmtion of dis­
turbed areas. 

o No specific 
requirenents. 
o Plan ct opera­
tions nust include 
pr<Wisions for r..­
clamtion of dis­
turbed areas. 

Post-Closure 

Care 


Requirements 


o No specific 
requireiii!Ilts. 
o Perfonnance 
bond nust be filed 
in an anrunt suf­
ficient to satisfy 
the reclamation 
requirenents of an 
apprOJed mining 
plan (at least 
$2000). 

o No specific 
requirenents. 
o Perfonnance 
bond nus t be filed 
in an anrunt based 
on the estinBted 
ccs t ri' reasonable 
stabilization and 
reclamation of 
disturbed areas. 

• 




Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Surface 
~­
Non-flazardrus 
Waste (Coot!rued) 

Wa~teTailiil!iS 

Federal Laiii 
Policy an:! 
~ntAct 

(contirued) 
- Geothernal 
Stream Act (30 CFR 
270 an:! 11M Opera­
tional Order No.4) 

Federal Lanl 
Policy an:!~ 
uent Act 
- Mineral Leasitll 
Act oc 1920 an:! 
Materials Act oc 
1~7 (43 CFR 23) 

-u.s. Minitll r.a... 
(43 OR 3800) 

Pits an:l suq>s used to retain 
all naterial.s an:! fluids as 
necessaty to drillitll produc­
tion or other operations on 
Federal lams. 

Not explicitly uentioned in 
the regulations. H.-"'r, 
they are part of mlnitll qr 
eratiom. Applies only to 
Federal lams. 

Not explicitly defined in tbe 
regulations, hlt disposal ct 
waste ta111rgs is uentioned as 
part of a mlni'll operation. 

Grrumwatem DlJSt not be 
contamlnated (specifies 
OOJllliance with all Federal 
an:! State water quality 
s tanlanls). 

Sam ,.. oQjective for non­
hazardws waste surface 
~nts under these laws. 

Sam as oQjective for non­
hszardrus waste surface 1m­
pounlment:s under these laws. 

Srurces DlJSt be lined with illlJI!IViOUS naterial. 

Sam as r«juirE!I!Ents for narh&ardrus waste surface 
~s under these .Ia.ls. 

Sam ,.. r«juirE!I!Ents for non-hszardrus waste surface 
~nts under these laws. 

ol~s 

DlJS t be filled, 
COllered. an:l re­
turned to a near 
natural state. 
o Iq>ourdlett:s 
DlJSt be~ of 
erNi.rorm!ntally 
harmful c:hem!.cal.s 
an:! p:ecipitates 
before back£11­
litll• 

Sam as r«juir..­
ue~s for non­
h&ardrus waste 
surface~ 

uents under these 
laws. 

Sam as r«juir..­
nents for norr 
hazardrus waste 
surface~ 

uents under these 
laws. 

o No requirerents 
established. 

Sam as r«juir..­
uentsfurnon­
hazardrus waste 
surface 1mpounl­
uents under these 
laws. 

Sam as r«jui r..­
ne~ for norr 
hazardrus waste 
surface impourd­
uents under these 
laws. 

• 




Statutory Definition Performance Design and Operating Closure 
Source Authority of Source Objective/Criteria Requirements Requirements 

Waste Tailirgs Uranium Mill TaU­ Disposal areas oovemi by the Sam> as oqjecti'"" for hazard­ Sam> as rE!.juirarents for hazardous waste surface :l.m­ o With respect to 
(Contirued) irgs Radiation regulations conta1n1ng waste ous waste surface ~nts pourrllents uroer ROlA e>«:ept that the ~ion fran non-radiological 

Control Actc tailirgs fran uranium proces­ uroer ROlA except that crnr­ grrundwater ron1tor1ng rE!.juirarents for druble-lined hazards, site ll\JSt 
- Active Sites sing activities. Such areas pliance with the standard is facilities with leak detection system; 00es net ~ly. re closed in a 
(40 Cffi 192) include the region within the rE!.juimi at all points at a 11BIU1er that: 

perimeter of an l..qxlun:lnent or greater distance than 500 m: - min1mizes the 
pile. tenl fran the e:l3' oc the dis­ need for further 

posal area and/or outside the IIBintenance; and 
site brundary. d - cootrols, ml.n1­

mizes, or eliml.­
nates, to the ex­
tent necessary to 
prevent threats to 
b.mBn health and 
the el1111rOlJIEnt, 
JXBc-clooure es­
cape oc hazardous 
waste, hazanlrus 
waste core titu­
ents, leachate, 
ccntanf.nata:l rain­
fall, or waste de­
c~ition pro­
ducts to the 
grwnd or surface 
>aters or to the 
atnDsphere. 
o With respect to 
radiological 
hazards, site IIUS t 
be designed to re 
effea:ive for 1000 

Post-Closure 

Care 


Requirements 


o See closure 
rE!.juiments. 
o No specific 
rE!.juirarents 
established by 
EPA. NlC IIBY re­
quire lorg term 
surveillance of 
the site as !Brt 
of the license re­
quirarent. 

• 




Post-Closure 

Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Waste Tallirgs 
(Continued) 

1-.Bste Piles­
Hazardcus Waste 

UranilJ!l Mill Tail ­
ings Radiation 
Control Actc 
- Active Sites 
40 CFR 192) 
(Continued) 

Resa.Jrce Con;er­
vation and 
Reccwety Act ­
Sul:Htle C 
(40 CFR 264) 

Waste piles used for the 
treat:nent or storage of 
h&ardcus mstes (as defined 
by RCRA). RB:juirenents do not 
apply to fac111ties (or por­
tions of facilities) that re­
ceived waste prior to the ef­
fective date of the RalA reg<r 
lations (Jan. 26, !983). 

S11Ie as oqjective for h&ard­
cus WlSte landfills tnder 
RCRA. 

o Sit:lrg ra:ju1rerents are lim1te:l to floodplain ani 

seismlc conditions. 

o All waste piles nust have a liner ani leachate col­

lection and reroval system. Design and operating spe­

cifications are establishe:l in the fac111ty pemdt. 

o R~n controls and nnoff mmagenent systems IIUSt 

be installed. 

o Wind dispersal of particulates must be controlled. 

o Special ra:juirenents apply to ignitable, reactive 

or incarq>atible wastes. 

o Exemption fran liner ani leachate collection system 

rE<juirenents may be granted if: 

- the waste pile is locate:! inside or under a struc­

ture that provides protection from precipitation to 

prevent runoff generation of leachate; and 

- the location and alternative design and operating 

prcwisions prevent migration of h&ardcus consti ­

tuents. 

o Exall>tion fran all grcundwater I!Dnitorir:g ra:juire­

nents (see app. E.2) may be granted if the regulatoty 

authority finds there is no potential for migration of 

liquid from the facility to the uppernmt a:juifer 

thrcugh the post:-closure period. 


years, to the e><­
tent reasonably 
achievable, ani, 
in any case, for 
at least 200 years 
(lim1ts for at:m:r 
spheric releases 
are also sped­
fie:!). 

Wastes, waste 
residues, contami­
nate:! structures 
and E<juipuent, and 
contaninate:l sub­
soils IIUSt be re­
liXllled and sent to 
permi.tted fw­
cllity. 

If all contani­
nated subsoils are 
not ramved, the 
post-closure 
rB:juirerents for 
ha2ardous WlSte 
landfills apply. 

• 
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Statutory Definition Performance Design and Operating Closure 
Source Authority of Source Objective/Criteria Requirements Requirements 

waste Piles -
Hazardrus waste 
(Continled) 

waste Piles­
Non-Hazardous 
waste 

Resource Conser­
vation and 
Rec&ery Act: ­
Su!Xitle C 
(40 CFR 264) 
(Contioued) 

Surface Minirg 
Control and 
Reclamation Act 
(30 CFR 816 and 
817) 

Refuse piles containirg coal 
mine waste (inclules coal pr<r 
cessirg waste am unde:tgram:l 
developtent """te).e Applies 
to all surface am unde:tgram:l 
coal minirg operations except 
tlnle on Federal lards (lease:! 
coal). 

GrCl.lld.ater quslity shall IE 
protect:e:l ~ han:llirg earth 
msteriala ani runcff in a man­
ner that minimiz.es acidic, 
toxic, or ether hatmful irtil ­
tration to grCll.lDdw:lt:er systems 
ard ~ ms~rg excavations 
am other disturbmces to pre­
vert: or control the dlscharge 
of pJllutants into the groont­
\liater. 

o ~tion fran detection IJDnitorirg prcgran (see 

app. E.2) msy be granted for: 

- facilities with druble linem am lelk detection 

systems retwaen the liners (liners IIUSt be repaired or 

replace:! if a failure is detecte:l); 

- facilities located inside or under a structure that 

pr<>Tides protection fran precipitation to prevent run­

cff !J'neration of leamate; and 

- facilities with sirgle linem am leachate collec­

tion systems located above the seasonal high Wlter 

table (a liner ins(2ction system DUSt also be :lmple­

nented). 


o All waste must be place:l in dlspJSal. areas certi ­

fied ~ a registered professional e~r and ap­

pr<>Ted ~ the ngulatory ootiDrity. Waste DUSt be 

controlled to: minimize adveme effects of leadlate 

and surface water runcff on surface am grQllldwater; 

ensure msss stability and prevent msss moveuent; en­

sure that the fioal dlSpJSal. facility is suitable for 

reclaJBtion; not create a ptblic hazard; and prevent 

canb.Jstion. 

o If dispJSal area contains sprirgs, natural or msn­

mde ....ter courses, or ..,t ...ather seeps, design IIIJSt 

include dlvemions am undenlrains as necessary to 

control ernsion, prevent Wlter infiltration, and 

ensure stability. 


o DispJSal area 
IIllSt be graded and 
C<>Tered. 
o No (2manent 
iiipxnlnents are 
allowed on the 
coopleted refuse 
pile. 

Post-Closure 
Care 


Requirements 


Sane as rsqui~ 
Dents for non­
hazardous waste 
surface :lnplund­
lll!nts under !M::RA. 

http:minimiz.es


Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Waste Piles ­
N:m-lla>anlrus 
Waste 

Materials 
Stockpiles 

Federal lani 
Policy and Man­
agetl!llt kJ: 
- Mineral leasing 
Act of 1920 ani 
Materials Act of 
1947 
(43 Cffi 23) 

-u.s. Mlnirg law3 
( 43 CFR 3800) 

Federal Insecti ­
cide, Furgicide, 
ani Rodenticide 
Act (40 CFR 165) 

N::>t explicitly lll!ntioned in 
the rEgUlations. lbwe'"'r, 
tley are considers! part of 
m!nirg operations. Applies 
only to Federal lanis. 

N::>t explicitly defined in tl:e 
rEgUlations, but waste piles 
are mentioned as part of a 
m!nirg operation. 

Sto~ of packages ani 
containers of pesticides. 

Same as ollJective for non­
hazardrus waste surface 
irnp:>.Jndnents under tl-ese laws. 

Same as ollJective for non­
hazardrus waste surface 
impou:ldnents under tl-ese laws. 

Pr<Nide for tl:e safe stor~ 
of pesticides. 

Same as nquirerents for non-hazardrus waste Strface 
:~Jnpoo.n!m!nts tni!r these U..... 

Same as requirenents for non-hazardous waste slrlace 
inlpoun:liJ2nts ur>:Er these U..... 

o N::> mmlatory requirE!!Ents are estmlisl"ej. 
o Storage sites slnul.d be lo<ated: 
- where floodirg is unlikely ani where soil 
texture/struct..re and 1"\ydr"l'f''logic dlaracteristics 
will prevent contanination oc ary water systsn by 
nnocf or percolation; ani 
-with due regard to the amunt, toxicity, ani 
enviromental hazard of pesticides, and the runb!r and 
sizes of contaioers. 
o Dr~ fran the site sluuld be contained (e.g. 
nnoff or waslwiter fran the decontamination of 
pemonnel ani equiJXII!nt) ani if contaninated, disp:l8ed 
of in a::cordance with rEgUlations (see Residential 
Disp:lSal under FIF'RA abole). 
o Pesticides slnul.d be labeled ani segr"!'''ted by 
fomulation as apjropriate. 
o State and Federal JXlllution control standards 
sl:ruld not be violatsl. 

Same as require­
uents for non­
hazardrus waste 
surface~ 

lll!nts under these 
u..... 

Same as require­
nentsforiK>n­
hazardous waste 
surface~ 

uents under these 
u..... 

Same as require­
uents for non­
hazardrus waste 
surface~­

ments under tl-ese 
u..... 

Same as require­
ments for non­
hazardous waste 
surface~ 

ments under these 
u..... 

N::> requirE!!Ents 
established. 

• 
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Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirenents Requirenents Requirements 

Graveyards 

An1ual Burial 

Abovegrourxl Rescurce Corser­
Sto~e Tari<s - vatlon and 
Hazardws Waste Ree<>~ery Act ­

Subtitle C 
(40 CFR 264) 

Toxic Sul:stances 
Control Act ( 40 
CFR 761) 

Abovegrourxl 
Stor~e Tari<s -
Norrllazardws 
Waste 

Abovegrrun:l Clean Water Act ­
Stor~e Tari<s - Section 311 
Noll'""Waste (40 CFR 112) 

Alx>regramd tari<s used for the Prevent spills or leli<age. o Tark shell oust have sufficient "' str~h to prevent 
treatnent or storage of hazar- rupture or collapse. Design specifications are 
drus ...stes (as definsd ~ established in the fac1lity peunit for the tark shell 
RrnA). and for the fourxlation, structural support, seam; and 

pressure controls ci' tark. 
o Tank or liner oust be caq>atible wlth ...stes. 
o Controls to prevent a.rerfilli'l: nust be used. 
o Special r<!juirenents are established for ignitable, 
reactive, and incaq>atible wastes. 

See TSCA r<!juirenents, belClol, 
for hazardrus ...ste 
containeis. 

Onshore fac1lities with ab<>re Prevent diocharged oil frcm o No specific r<!juirenents are established. 
grand capacities B:jual to or readli1 a navigable ...ter o A Spill Prevention Control and Counterneasure 
greater than 1 ,320 gallons of crurse. (SPCC) Plan llllSt be Sttml.tte:l to the ngulatory ar­
oil (or si'l:le tari<s wlth thority. The plan oust discuss provisions for the 
capacities greater than 660 ccmpatib111ty of the tark wlth store:! naterial, 
gallons).& conta1!11Ent of spills, installation of engireering 

devices that Jr<Wide wami'l:S oc tark failures, and 
other safeguards. Leakage due to defective internal 
heat~ coils should be controlled. Portable or 
110bile tari<s should be located to prevent discharge 
into na.rigable wateiS. 

Wastes and waste No r<!juirenents 
residues oust be established. 
rem::>ved and sent 
to a pernd.tte:l 
facil1ty. 

No r<!juiranents No r<!juiranents 
established. established. 
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Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

AOO.regrrum Hazardws Liquld 
Stor~ Tanks - Pipeline Safety 
Norr-Waste Act (49 CER 195) 
(Cortlnued) 

Un<Erground ResourCE Corser­
Storage Tarl<s - vation and 
Hazardws Waste R<lC!:Wety Act ­

Subtitle C 
(40 CER 264) 

Un<Erground 
Storage Tari<s -
NorrtlazardGUS 
Waste 

Storage of hazardws liqulds Contain hazardous liquids in Tark area nust be adequately protected agairst No Iajuirerents No Iajulrerents 
(as defined ~ HLPSA) inciden­ tl'e e"'nt cJ' a spill or leak. unauthorized entry and relief "'rtirg uust be (rovired established. established. 
tal to tleir IIIJVe!Il!nt ~ pipe­ for each tari<. 
line in or affecti~ inter­
state or for~ CO'IIIErre. 
Regulatiors explicitly define 
abcwegrrum "bre<kwt tarl<s" 
"*rlch are used to relieve 
sutges in a hazardous liquld 
pipeline system or to rereive 
arrl store hazardous liquid 
trarsported ~ a pipeline. 
Re:julrerents do not apply to 
Federal facilities/ 

Co.rered unclecgrrum tari<s used Regulatiors ha"' not been prarulgated. Regulatiors have Regulatiors have 
for tl'e treatnent or stor~ not been not been 
of hazardous waste as definai prarulgated. prarulgated. 

~ RCRA. 

• 
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Statutory Definition Performance Design and Operating Closure 
Source Authority of Source Objective/Criteria Requirements Requirements 

UnletgrQJlld 
Storage Tari<s ­
N~te 

Containers -
Hazanlous Waste 

Clean Water Act ­
Section 311 
(40 CFR 112) 

Resruroe Conser­
vation and 
Recorexy Act ­
Subtitle C ( 40 CFR 
264) 

Onslnre facilities with lllder­
grand storage capacities 
equol to or greater than 
42,000 gallons. 

Containets used for the 
storage of hazardrus wastes 
(as defined I:¥ RoW. 

Prevent di!cllruged oil fran 
reachi~ a navigable ..,ter 
crurse. 

Prevent spills or le<i<age. 

o No specific requirenents are established. 
o A Spill Pre\O!ntion Control and Collltemeasure 
(SPCC) Plan IIllSt be Slbnitted to the regulatory 
art:lnrity. The plan nust cH.sruss provisions for the 
cmpatibilit:y of the tark with stored IIBterial, 
protection fran corrosion by coati~, cstlndic pro­
tection or ocher effective metlnds cmpatlble with lo­
cal soil conditions, and the installation of engi­
neer!~ devices that prO/ide warni~ oc tark fail ­
ures, and other safeguards. Leakage due to defective 
internal heatl~ coils slnuld be controlled. 

o Container or liner nust be cmpatible with wastes. 
o Storage area for containers nust have an inp!rvirus 
base, controls and collection systen for the central 
and removal of liquids, spills, and run-on ( IJlless 
containets are elevated or procected fran contact with 
liquid). Spill cootainment system is not required if 
containers do na: contain liquids. 
o Special requirements are established for ignitable, 
reactive, and incmpatible wastes. 

No requirenents 
established. 

o Wastes and 
waste residues 
nust be raooved 
and sent to a per­
mitted fadlit:y. 
o Containers, li ­
ners, bases and 
soil cootamf.nated 
with waste lllJSt be 
decootaml.nated or 
remove:!. 

Post-Closure 
Care 


Requirements 


No requirenents 
established. 

No requirenents 
established. 



Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Req ui reme nt s Requirements Requirements 

Containers - Toxic Substances 
llazardws leste Cootrol Act ­
(Contirued) Section 6 (40 QR 

761) 

Cootainers ­
Non-llazardws 
leste 

Cootainers -	 Federal Insect!­
Non-Waste 	 cide. fungicide 

ar:rl Rodenticide 
Act (40 QR 165) 

Open Bumi'l: ar:rl 	 Resource Corser-
Detonation Sites 	 vation ar:rl 

Recorety Act ­
Subtitle C ( 40 QR 
264) 

Containers used to store PClls 
at concentrations of 50 PJJD 
ar:rl abole. 

Pesticide containem 

Open b.lrrdrg ar:rl detonation ct 
WlSte explrsivesl 

Not specifiBI. 

See oJUective for Materials 
Stockpiles l.llder FIFRA 

Regulatiors haTe not been 
prarul!Ylted. 

0 Sto~ facilities for cootainers may not be 
located bel"" the 1()0-year flood Wlter elevation. 
0 Sto~ facilities must ~<Nide adEquate rocfixll, 
walls, floors ar:rl curbing to prevent rai"""'ter fran 
reachixll containers ar:rl to cootain ~ spills or 
leOO.. 
0 Teup>rary stonge in areas that do not meet these 
rEquirements may be allowed for certain containers. 
0 Containers must meet specifiBI oor regulatiors for 
shippi'l: cootainers. 
0 Containem abole a specifiBI size must meet SPCC 
rEquirements l.llder Section 311 of the Clean loSter Act 
ar:rl specifiBI OSHA starrlan:B. 

See rEquirments for Materials Stockpiles l.llder FIFRA. 

Regulatiors h>Ne not been prarul!Y'tBI. 

No re:Juirments 
established. 

See re:Juirments 
for r-Bterials 
Stockpiles under 
FIFRA. 

Regulatiors h>Ne 
not been 
prarul!Ylted. 

No rEquiranents 
established. 

See rEquirerents 
for r-Bterials 
Stockpiles under 
FIFRA. 

Regulatiors have 
not been 
prarul!Y'tBI. 

• 




Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Open Burnirg ani 
Detonation Sites 
(Continued) 

Radioactive 
Disposal Sites 

Federal Insecti ­
cide, Fungicide, 
ani Rodenticide 
Act (40 CFR 165) 

Atanic Enetgy Act 
(40 CFR 191) 

Open lurnirg oc snall quanti ­
ties of canlustible pesticide 
containeiS lot>ich hold mganic 
or 112tallo-organic pesticides 
(except mganic nerwry, lea:!, 
ca:fmill'n, or arsenic 
c~ds). 

Geologic repositories for 
higlrlevel radioactive 
...stes.k 

Sare as stardard for residen­
tial dispcsal (burial) .nder 
FIFRA. 

DispJSal systans 111.1st be de­
signed to provide a reasonable 
e><pectation that for 10,000 
)<!Rrs after dispcsal, reason­
ably foreseeable releases oc 
-te into the accessible en­
virmrent are prqjecte:l to be 
less than specifie:l >~~nnts 
(very unlikely releases are 
projecte:l to be less than ten 
till2s specifie:l mnmts). 

Sare as requirenents for residential dispJSal (turial) 
.nder ~. 

o DispJSal systans 111.1st noc be locate:! where there 
has been ml.ning for resources or >ilere there is a 
reasonable expectation oc exploration in the future. 
o Disposal systans mJSt be selected ani designed to 
keep releases as snall as reasonably achievable ( t!k­
ing technical, social ani econanic considerations into 
aCCQ.lllt) ani SO that raroval OC IIDSt ...stes is not 
precluded for a reasonable period of ti1!2 after dis­
pcsal. 
o DispJSal systans llllSt use several types cr barriers 
(engineered ani natural) to isolate W'!Stes. 

Sale as ra:juire­
1120ts for residen­
tial dispcsal 
(burial) lJlder 
FIFRA. 

Sites III.ISt be 
identified ~ 
IIBtkers ani re­
cords. 

Sare as ra:juire­
112nts for residen­
tial disposal 
(burial) lJlder 
FIFRA. 

Dispcsal systans 
mJSt not rely on 
active institu­
tional controls 
(e.g. controllirg 
or containing re­
leases, rreinterr­
ance q:erations, 
or renedial ac­
tions) to ioolate 
...stes beyoni a 
reasonable ti1!2 
period (e.g. a few 
hundred )<!Rrs) af­
ter dispcsal. 

• 




Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Ra:lioactive Atanic Ene~ Act J..arlevel ralioactive waste Ra:lioactive I!Vlterial released 
Dispcsal Sites (10 CFR 61) dispcsal sites. into grou:>:ll.ater nust not 
(Contirued) excee:l levels SJEcifi<rl in the 

regulations. 

Source: Office of Tedlnology Assessnent. 

o Requir<m!nts SJEcifi<rl are for near-surface dis­
pcsal. 
o Site des:lgn features l!llst be directs! toward !erg­
term isolation and avoidance of the need for contiru­
irg active naintenance after clcsure. 
o Site des:lgn and operation nust be Coop:ltible with 
clcsure and stabilization plan and lead to clcsure 
that provides reasonable assurance that JErfonmnce 
objectives will be met. 
o Site llllSt be des:lgn<rl to canplement and ~r<M! the 
ability of the site's natural dlaracteriatics to 
assure that JEifonnance ollJectives will be met. 
o Site nust be designed to mlnirnize to the extent 
practicable the contact r:i' ..ater with waste drrirg and 
after dispcsal. 
o Requir<m!nts relat<rl to the placanent r:i' wstes in 
the dispcsal site are SJEcified. 
o A buffer zone r:i' land nust be naintain<rl bett;een 
any l:uried IO'!Ste and the dispcsal site boundary and 
beneath the dispcs<rl waste. 

o CCM!rs llllSt be 
designed to mlni­
mlze to the extent 
practicable ...ter 
infiltration, to 
direct JErCOlating 
or surface water 
....ay fran the 
i.oaste and to re­
sist degradation 
by surface geol~ 
gic processes and 
biotic activity. 
o Boundaries and 
locstions of each 
dispcsal tnit nust 
be acrurately 1~ 
cated and I!Vlpped 
by means of a land 
survey. 

o Active instior 
tional controls 
nay not be reli<rl 
upon for !IDre than 
100 yeats. 
o Pnst-clcsure 
surveillance 
JErlod will be 
detemrl.n<rl by NRC 
on a case-by-case 
basis. 

• 




• 

a 	 A farmer disposing of pesticides from his own use, which are hazardous wastes, is exempt from RCRA requirements, provided each emptied pesticide con­

tainer is triple rinsed in accordance with EPA regulations and pesticide residues are disposed of on his own farm in a manner consistent with the dis- 1 


posal instructions on the pesticide label (40 CFR 262.51). 

b 	 The Fe:leral Land Policy and Marlagemmt Act (FU'MA) of 1976 (P.L. 94-579) rE<juires that ptblic lands be nenagerl in a nmmer that will protect the quality of envirormental values. In aldition, 
there are a runiler r:L laws r<gulatirg certain mf.nirg activities on Fe:leral lanls. The mf.nirg regulations are ruti:Drized ~ both the FLPMA arxl the S(Edfic mf.nirg laws arxl are tlus presente:l 
together in this table. Note that regulations for the Geothemal Steam Act were redes:lg):lated, with mlnor revisions, as 43 CFR 3260 on Sept. 30, 1983. 

c 	 The rE<juirenents ~esente:l in this table are the NP.alth arxl V.nvircnnental l>rotection 'Starxlanls ~arul~te:l ~ EPA. The NRC also has ~arul~te:l licensirg rE<juirenents for urarrlun mlll 
taili~ (see 10 CFR 30, 40, 70, and 150). 

d 	 Concentration limf.ts for canbine:l r1111..-226 arxl r111i..-228 (5 pC/liter) arxl grcss alpha-particle activity (15 pC/liter excludirg raton and uraniun) are added to the starxlard. 

e 	 Coal processing """te IreailS earth naterials .tdch are separated and """ted fran the product coal during cleaning, coocentrating, or other processing or preparation of coal. Undergrowd 
develqmmt waste means ~oBste-rock mixtures of coal, shale, claystone, siltstore, sarxlstone, limestone, or relate:! nateriala that are excavate:!, noved, and disposed of fran undergramd 
loKlrld.~ in connection with undergrourxl mlning activities (30 CFR 701.5). 

f 	 Coal mlne waste may be disposed oc in undergramd mlne world.rgs if "'~o.>ed ~ the regulatory auti:Drity arrl the Mine Safety arrl Health Admlnistration. 

g 	 Facilities include these e~ in dtilling, producing, ~thering, storing, processing, refining, transferring, distrihrt:ing, or consumf.ng oil and oil products. Oil is defined as oil of any 
kirxl or in ary foun, includirg h.tt not limf.te:l to petrolrum, fuel oil, slud!J!, oil refuse, arrl oil mLxed with loBStes other than dte:I!J!d sp>il. 

h 	 The provisions of Section 311 of the Clean \later Act are directed towuds surface ...ter. H"""ver, the design and O(Erating requir€!111!nts serve to protect ~nst the discharge of oil that my 
also jmpact gramdloBter. 

i 	 Hazardrus liquids include (Etrolrum, petrolam pnxilcts, arrl arhydrrus amronia. 

Waste expl<8ives include waste which has the p>tential to detonate arrl 1ulk military ~q>ellants >i1ich cannot safely be dispose:! oc thrrugh other !IDdes of treatlrent. Regulations for peunitte:l 

facilities have not been prarulgated. Interim status regulations for O(En h.tming and detonation establish mlninun distance requiremmts for such activities fran the prO(Erty of others (see 

40 CFR 265). 


k 	 The rE<juirenents ~esente:l in this table are the health arrl enrircnnental protection starxlanls ~cposed ~EPA (see 47 FR 58196, Dec. 29, 1982). NRC has also ptblishe:l prcposed regulations 
for geologic repcsitories. (See 46 FR 35280, July 8, 1981.) 

1 	 The rE<juirenents in this table are the NRC licensirg rE<juirenents. EPA has not ~arulWJte:l health arrl enrircnnental protection starxlanls. 
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H.3 DESIGN AND OPERATING PROVISIONS FOR 

CATEGORY III SOURCES 


Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Pipelines -
Hazardous 
Materials 

llazanlous Liquid 
Pipeline Safety 
Act (49 CFR 195) 

Pipelines used to trarBport 
hazardous liquids (1ncl.ures 
petroleum, petroleum products 
an:! anl"!fdrous EIIIIOOia). 

To prevent ~ of 
hazardous liquids. 

o Pipelines must be dlem1cally canpatible with the 
hazardous liquids. 

o Des~ requir...,nts CC>.Ier com1derat1Dm oc 
temrerature, jressure (internal an:! external to 
p1pel.ine), valves an:! other appurtenances correctEd 
to a pipe, an:l pllllp11"€ lllits (an:l fabricatEd 
assenblles). 

No ""'!uirE!II!Ilts 
15tablished. 

o N"" pipelines must be cons tructal oc steel . 

o Pipelines must be jrotected ~mt corrosion. 

o Safety devices an:l spill or le<k contaim2nt 
systEIIB are required. 

Pipelines­
Nortflazanlous 
Waste 

Materials 
Transport an:! 
Tramfer 
OJ:erations -
Hazardous 
Materials an:! 
Wa;te 

llazanlous Mac­
erials Tram­
portation Act 
(49 CFR 171) 

1b! transportation of 
hazardous mterials and 
hazardous waste (as defined by 
IIM!l\) by rail car, aircraft, 
V!!Ssel and motor vehicles used 
in interstate an:! foreign 
CO!Jl2rce (an:l ontor Vl!h1cl.es 
used to tramport hazaroous 
waste in intrastate COII!erce). 

To protect aga1ns t the 
risks to life an:! 
prq>ercy which are 
iriErent in the 
tramportation of 
hazardous mterials in 
c.amer<E. 

Regulatiom specify ""'!uirE!II!Ilts regard1J1! the 
preparation of mterials for transport (e.g., 
pacl<ag1J1! an:! container spec1ficat1Dm); han:llil"€ an:! 
loadil"€; an:! labeling. 

No ""'!uirE!II!Ilts 
established. 

Source: Office oc Teclnolcgy AssesSili!Ilt. 



H.4 DESIGN AND OPERATING PROVISIONS FOR 

CATEGORY IV SOURCES 


Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Req ui reme nt s Requirements Requirements 

Irrigation 
Practices 

Pesticide 
Applications 

Fertilizer 
Applications 

Clean Water Act ­
Section 208 
(40 CFR 351! 
Subpsrt G) 

Clean Water Act ­
Section 208 
(40 CFR 35, 
Subpsrt G) 

Federal Insecti­
cide, fulgicide, 
and Rodenticide 
Act - Section 3 
(40 CFR 162) 

Clean Water Act ­
Section 208 
(40 CFR 35, 
Subpsrt G) 

Return flows fran irrigated 
agriculture. 

Agriculturally related n<n­

point sources of pollution. 

Application of certain 
pesticides "*'ich rray CBJSe 
unreasor>OOle adverse effects 
on the environment . 

Agriculturally related ncn­
point sources of pollution. 

Achieve esti!i>lished water 
quality g:>als of the act. 

Same as standard for irri­
~tion rractices under a.TA. . 

Prevent mreasonable adverse 
effects on the environment. 

Same as requirements for irri­
~tion Jract ices under a./A. 

0 No specific requirments are esti!i>lished. 
0 States are required to subnlt Wlter quality nonage­
ment plans "*'ich l!llSt describe the regulatory and non-
regulatory activities and Best Managenent Practices 
(BMI's) selected to meet non-point !OUI"ce control 
needs. 
0 lt1Ps are metlnds, meastres, or practices to prevent 
or reduce Wlter !Dllution (they include but are not 
limited to structural and nocstructural controls, and 
operation and IIBintenance JXQCedures). lt1Ps can be 
applied before, durirg, and after !Dllution;roducirg 
activities to reduce or eUrol.nate the introduction of 
!Dllutants into receivirg watets. Ecooonic, insti­
tutiooal, and teclnical factors nust be considered. 

Same as requirments for irrigation rractices meier 
a./A. 

0 No specific requirments. 
0 A pesticide can be classified for "restricted use. 00 

(Restricted use classifications require that 
pesticides be applied by certified applicators. 
Restricted use is na: explicitly defined to include 

!J!ographic restrictions.) 

Same as requf.rments for irrigation practices mder 
alA. 

No requirments 
established. 

Same as require­
ments for irriga­
tion jractices 
under a./A. 

No requf.rments 
established. 

~as require­
ment~r irr:lga­
tion practices 
under a./A. 

No requirments 
established. 

Same as require­
ments for 1rriga­
tion practices 
under alA. 

No requf.rments 
established. 

Same as require­
ments for 1rriga­
tion practices 
under a./A. 



Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

An:lnal FeErlirg 
Operations 

De-icing Salts 
Applications 

Urhm Runoff 

Percolation of 
AOoos pheric 
Pollutants 

Mining and Mine 
Drai""5e­
Surface Mining 

Clean Water Act ­
Section 208 
(40 CFR 35, 
Subpart G) 

Clean Water Act ­
Section 208 ( 40 
CFR 35, Subpart G) 

Clean Water Act ­
Section 208 ( 40 
CFR 35, Subpart G) 

Runctf fran rrarure disp:>Sal 
areas and fran land used for 
livesto<k. 

Url:an stoli!I<ater nmct f 
system; 

Mine-relatel sources of 
pollution including nnoff 
fran n&r, active, an:l 
al:arxloned surface and 
un:letgrrund ml nes. 

Sare as t"a:juiranents fur irri ­
!'lltion practices under CWA. 

Sare as t"a:juiranents fur irri ­
gation practices under CWA. 

Sare as rE!juiranents fur irri ­
!'lltion practices tnder CWA. 

Sare as rE!juiranents for irrigation practices tnder 
CWA. 

Sare as rE!juirerents for irrigation practices tnder 
CWA. 

Sare as rE!juiranents for irrigation practices tnder 
CWA. 

S!IIE as rE!juire-
IIEilts for irrig1r 
tion practices 
under CWA. 

Sane as rE!juire­
nents for irr:lga­
tion practices 
under CWA. 

S!IIE as rE!juire-
IIEilts for irr:lga­
tion practices 
under CWA. 

Sare as rE!juire-
IIEilts for irr:lga­
tion practices 
under CWA. 

Sare as rE!juire­
nents for irr:lga­
tion practices 
under CWA. 

Sare as rE!juire-
IIEilts for irr:lga­
tion practices 
under CWA. 

• 




Statutory Definition Performance Design and Operating Closure 
Source Authority of Source Objective/Criteria Requirements Requirements 

Minirg arxl Mine 
Drainage­
Surface Miniq: 
(Contirue:!) 

Federal Lan:l 
Policy an:! 
MarlagelleOC Actb 
- Mineral Leasing 
Act of 1920 arxl 
Materials Act of 
1947 (43 CFR 23) 

- U.s. Miniq: Laws 
(43 CFR 3800) 

Miniq: of minerals such as 
coal, ptn;phate, asphalt, 
sodium, potassium, sarrl, 
stone, gravel arrl clay (on 
Federal larrls). 

Miniq: of minerals such as 
g>ld, siber, lead, iron and 
ccpper (on Federal lards). 

Take adequate I!Easures to 
a-wid, m1nimi..ze., or correct 
dallllge to the envir(l[11Etl1: arrl 
to public health an:! safety 
"*>lie encruragiJ:ll developnent 
of mireral resources. 

Prevent lm!leCeSsary or urdue 
degradotion of Fe<Eral lands 
which nay result fran m1n1rg 

orerations. 

o Min1Jll plan DUSt be submitted to tbe nogulatory 
auti:Drity lotrlch :ln::ludes descripriooo of neasures to 
be taken to prevent or control grrundwater pollution. 
o Operatiooo nay be prchibited or restricted in areas 
if it is determired by tre nogulatory auti:Drity that 
water quality wlll be lowered bel.& State standards or 
levels set by OOI (unless it is fwnd that tre 
la.eriJ:ll of water quality is necessary to econanic and 
social de'lelopm!nt arrl will noc preclude any ass~ 
uses of the water. EPA DUSt be coooulted to ersure 
that tre Clean Water Act wwld not be violated.) 

o Plan of operatio<E DUSt he submitted to tre ~ 
latory auti:Drity W:dch :ln::ludes a description of aeas­
ures to be ta<.en to neet tre petfoii!lilOC:e stardanl. 

o No specific re­
quiremots. 
0 M1n1'll plan 
DUSt :ln::lude pro­
visiors for re­
clamtion of dis­
turbed areas. 

o No specific re­
quireaeots. 
o Plan of opera­
tions DUSt include 
prOiisio<E for re­
clamtion of dis­
turbed areas. 

Post-Closure 
Care 

Requirements 

o No specific re­
quire~~Eots. 

o Petfoilii'ID:e 
bond DUSt be filed 
in an 8IIDUilt suf­
ficient to satisfy 
the reclamation 
requiremots of an 
awr01ed m1n1rg 
plan (at least 
$2000). 

o No specific re­
quireaents. 
o Petfonmnce 
bon! DUSt be filed 
in an anrunt bssed 
on tre estimlted 
cCB t of reasonable 
stabilization arxl 
reclamation of 
disturbed areas. 

• 
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Statutory Definition Performance Design and Operating Closure 
Source Authority of Source Objective/Criteria Requirements Requirements 

Mlnirg ani Mine 
Drainag.­
Surface Minirg 
(Contirued) 

Mining and Mine 
Drai~-

Undergro.nd 
Minirg 

Surface Minirg 
Control ani 
RecJanation M 
(30 CFR 816) 

Federal Lard 
Policy and 
Ma~ntAct 

- Mineral leasing 
M oc 1920 and 
Materials Act of 
1947 (43 CFR 23) 

Surface minirg of coal. 

Minirg oc minerals such as 
coal, phc:BJX1ate, asphalt, 
sodium, potassium, san!, 
stone, gr~ and clay (on 
Federal lsnis). 

Gr<lllldwoter quality shall be 
p:~e~ai ~ hardling earth 
uaterials ani runcff in a man­
ner that mlnim!zes acidic, 
tcodc, or other hanniul infU­
tration to grcudwater systeus 
ani ~ nanaging excavatiorB 
ani ~her disturl:snces to pre­
vent or control the discharge 
of pollutants into the grourd­
~ter. 

Sme as staniard for surface 
mining under these laws. 

o Regulatoty autlnrity is r<quirai to assess tbe 
o.mulative hydrologic :lmj:a~s of the mlnirg OJEiation 
prior to pennit app:017al. 
0 Pennit application nust ccttain a detennination of 
the p:obable hydrologic cons<quences on the quality 
ani quantity of gro.md ani surface water under 
searonal flow conditions for the proposed (Emd.t and 
adjacent areas. 
o Hydrolrgic reclsuation plan nust be sulmitted with 
tbe (Ermlt application. It nust contain steps to be 
Ui<en during mining ard reclsuation thrrugll bon:! re­
lease (Eriod to: minimize disturbmces to the hydro-
l<gic balance within the permit ani adjacent areas; 
prevent mterial dalnagja outside the (Ermlt area; nret 
Federal ani State water quality regulatiorB; ani pro­
teet the rights of present usets. Specific ueasures 
to avoid add or toxic drain"!J' ani to prOITide water 
rreatuent facilities, as necessary nust be included in 
tbe plan. 

Sme as r<quireuents for surface minirg under these 
laws. 

Canpliance with 
the hydrologic re­
cJanation plsn. 

Sme as r<quire­
uents for surface 
minirg under these 
laws. 

Post-Closure 

Care 


Requirements 

o A hydrolrgic 
reclamtion plan 
nust be sulmittai 
with a JEmd.t IV" 
plication which 
specifies the lll!a­

sures to be Ui<en 
during mining and 
reclsuation q>era­
tions to pr~ect 
gr<llildwoter (cxr 
site ani off-site) 
fran advetse ef­
fects (e.g. add 
or toxic drairr 
ag.). A JErfor­
IIBI1Ce bon:l nust be 
filed cooering the 
d!ration of mlnirg 
and reclamtion 
activities. 
0 Monitorirg llllSt 
be ccttirued until 
bon! release. 

Sme as r<quire­
nents for surface 
minirg under these 
laws. 

• 
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Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source \)bje ct ive/Cri teria Requirements Requirements Requirements 

Minirg and Mine -u.s. Minirg laos Minirg oc minerals such as Sare as r&Juirenents fur sur-- Sare as requirenents fur sorface minirg under these Sare as requir..- Sare as requir.. ­
Drainage­ (43 CFR 3800) gold, siber, lead, iron and face mlning \filer these laws. laws. ments for surface ments for surface 
Unlergrcund ccpper (on Federal lands). m!.nirg under these minirg under these 
Minill! laws. laws. 
(Contirued) 

Surface Minill! Unletgrcund coal mlnirgc Sare as stanlard for surface Sare as requirenents for surface minirg under g.jCRA. Sare as requir.. ­ Sane as requir.. ­
Control and mln1J1! \filer !M:RA. ments for surface ments for surface 
Reclalmtion Act m!.nirg under minirg under 
(30 CFR 816) !M:RA. !M:RA. 

a 	 40 CFR 35 , Su~rt G are the ngulations for State grants fur Water Qualit:y Plannirg, 1-Bn.;gement, am In1>lementatlon. Alttrugh the Clean Water Act is directe:l at the protection oc surface 
'lollters, saoo States have cha;en to inclule grrund'lollter quality programs in their 'lollter quality mmagement plans. Such plans are require:! by the regulations to indicate recognition that 
grrundwateiS and surface water intennlx. 

b 	 The Federnl Land Policy am Man.;gement Act (FLIMA) Act oc 1976 (P.L. 94--579) requires that p.Dlic lands be man.;ge:l in a manner that will protect the quslity of erwir<nrental values. In 
addition, there are a !1J!Iiler of laws regulatill! certain mlning activities on Federal lands. The mlning regulations are authorized by both the RPMA and the specific minill! laws and are thus 
presente:l together in this table. 

Applies to surface effects of unlergrcund min1J1!. 

Source: Office oc Technolcgy Assessnent. 

• 




______________________________ ------- --

H.5 DESIGN AND OPERATING PROVISIONS FOR 

CATEGORY V SOURCES 


Post- Closure 
St atutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Procllction Wells -
Geotherrral and 
Heat Recovery 

Production Wells -
Wolter Supply 

Other Wells (norr­
waste)­
llinitorirg Wells 

Other wells (norr­
waste)­
Exploration Wells 

L___ 

Federal Land Pol­
icy and Managerent 
Act-GeocheDnal 
Steam Act (30 CFR 
270 and lUI Opera­
tional Order 
No.4)8 

Federal Land 
Policy and 
Ma""'e100nt Act8 

­

Mineral Leasing 
Act of 1920 and 
Materials Act of 
1949 (43 CFR 23) 

Wells used for the develq:mmt 
of ~hemal stean (on 
Federal lands) 

Exploration wells used in 
mlning q>erations for mf.nerals 
strll as coal, phosphate, 
asphalt, sodium, potassium, 
sand, stone, gravel, and clay 
(on Federal lands). 

fust rtt cont:aninate grcund-
Wlters (c~liance wlth all 
Federal and State water qtlll­
ity standards) 

Td<e adequate 100asures to 
avoid, mf.niml.ze, or correct 
damage to the erw.lroment and 
to public health and safety 
while enccur,Prg develq::ment 
of mf.neral resources . 

o All necessary p:ec&~tions oust be td<en to keep 
wells tn:ler control, utilize trained and caq>etent 
petSOnnel, utilize prcperly maintaine:l equi]l!Ent and 
naterials, and use operating practices .tllch insure 
the safety and life and prcperty. 
o A plan of operation oust be approved (prior to 
c=ncirg q>erations) by the regulatory wthoriry 
.tllch describes the proposed ~reaSures to be taken for 
the p:OCection <£ the erwiroment, includirg the 
pr""""'=ion or control of pollution of surface and 
g~ter. 

0 Exploration plan nust be filed with the regulatory 
w t hority inclu:ling a description of ueasures to be 
td<en to prE!ITent or control pollution <£ surface and 
gr<>.mcl<ater. 

Wells oust be No I'8juiranents 
pltued and absn- established . 
doned in a manner 
approved by the 
regulatory 
wthority. 

No requiranents No I'8juirSIEnts 
established. established. 
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Post-Closure 

Statutory Definition Performance Design and Operating Closure Care 


Source Authority of Source Objective/Criteria Requirements Requirements Requirements 


Construction Clean Water Act - Construction activity relate:! Achieve establishe:l water o No specific re:juiranents establishe:l. No re:juiranents No re:juiranents 
Excavation Section 208 to srurces of rollution. quality goals of the act. o States are re:jUired to sul:mit Witer quality established. established. 

(40 QR 356 !IB~E'!II!nt plans loflich IIIJSt describe the ngulatocy and 
Subpart G) non-Tegulatocy activities and Best ManagE'!II!nt Practices 

(1M's) selecte:l to neet r¥Xt-pOint source control nee:ls. 
(1M's are nethods, neasures, or practices to pr,_,t or 
re:luce water rollution. They include lut are not limite:! 
to structural and nonstructural controls, and operation 
and maintenance procei.lres). 1M's can be applie:l before, 
during, and after rollution-producing activities to 
reilce or eliminate the introruction c£ rollutants into 
receiving Witers. Ecoocmf.c, institutional, and technical 
factors IIIJSt be considere:l. 

a 	 The Federal Lanl Policy and ~ement Act (FLPMA) of !976 (P.L. 94-579) re:juires thst p.blic lands be ma~e:l in a manner thst will protect the qt.Blity of enrl.rOOJEntal values. In a:ldition, 
there are a IU!iler of laos regulating certain mining activities on Federal lands. The mining regulations are wthorized by both the FI»>A and the specific mlninum l.aos and tlus presented 
tcgether in this table. Note thst ngulations for the Geothetmal Stean Act were re:les1gnate:l, with minor revisions, as 43 QR 3260 on Sept. 30, 1983. 

b 	 40 QR 35, Subpart G are the regulations for State Grants for W.ter Quality Planning, Management, and Inpl.ementation. Althrugh the Clean W.ter Act is directed at the protection of surface 
...,ters, SOle States have chosen to include grama.ater qt.Blity prq;r,.,., in their water qt.Blity ~ement plans. Such plans are re:juire:l by the ngulations to indicate rea:gnition thst 
grt\l!ldloliters and surface ..u:er intermix. 

Source: Office c£ Technolngy AssesEm!nt. 
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H.6 DESIGN AND OPERATING PROVISIONS FOR 

CATEGORY VI SOURCES 


Post-Closure 
Statutory Definition Performance Design and Operating Closure Care 

Source Authority of Source Objective/Criteria Requirements Requirements Requirements 

Granm...ter- Clean Water Act - Intemrlxl.rg of grrunc!w>ter and Achieve establisiB:I 0 No SJEcific requirments establisiB:I. 
Surface Water Section 200 (40 surface Witer. Wlter quality g>als of 0 States are require;! to sulmlt W!ter quality 
Interactions CFR 35, Subpart tre act. ~nt plans .tdch nust inlicate reccgnition that 

G)a grourrli.Bters and surface Wlter interndx. 

!6tural Ieadlirg Reclamation Act !6tural salt deposits No oltlective 0 No SJEcific r<quirments establisiB:I. 
affectirg urrlergroun:l Wlter SJEctfie;l. 0 Reclauation Act autlnrlzes tre Fereral Golerment 
supplies. to develq> ...ter supplies for darestic, nurlcipal, 

industrial, and otrer purposes. 

Salt:-.eter Clean Water Act - Salt-water intrusion into Achieve establisiB:I 0 No SJEdfic requirments establisiB:I. 
Intrusion Section 208 ( 40 rl~rs, lakes, arr:i estlBrles Wlter quality g>als of 0 States are require;! to sulmlt Wlter quality IIBI1Bge­

CFR 35, Subp;lrt 
G)a 

resultirg fran reiuction r:£ 
freslwlter flow fran any 

tre act. ment plans W!ich nust describe tre r<gulatmy and non-
regulatory activities and Best Mmagement Practices 

c&se, includirg grrunclw>ter (IK's) selected to meet non-point 90UI"oe control 
extraction. neeis. (IK's are metlnds, neasures, or rractices to 

prevent or reduce ...ter pollution. They include b..tt 
are not liml.tei to structural and nonstructural 
controls, and operation and nruntE!IliiOCe rrO<Biures). 
IMPs can be appliei before, durirg, and after 
pollution-prOOuctrg activities to raluce or elim1nate 
the introduction of JX>llttants into reoeivirg 
watem. EcOOODic, institutional, and ted:mical 
factors nust be considered. 

Coastal Zone Salt-water intrusion. Minimize tre l.als of 0 No SJEcific requirments. 
Ma~ntAct ]rOJErty ClllS€d by 0 States !!!X. include ]rovisions in treir Coastal Zone 

salt-water intrusion. Ma~nt Plans to a1dress salt-water intrusinn as 
ap]ro]riate. 

a 	 40 CFR 35, Subp;lrt G are tre rEgulations for State grants for Water Q.Jalit;y Plannirg, Man<@errent, and Implenentation. Altlnugh the Clean Water Act is 
directei at the rrotection of surface W!ter, sane States have chosen to include grourrli.Bter qualit;y ]rograiB in their Wlter quality IIB11agenent plans. 

So.lroe: Office of Technolcgy Assessment. 

No r<quirments 
established. 

No r<quirments 
established. 

No r<quirments 
established. 

No requirments 
establishe;l. 

No r<quirments 
established. 

No requirments 
established. 

No r<quir<m!nts 
established. 

No requirments 
established. 



Office of Technology Assessment 

The Office of Technology Assessment (OTA) was created in 1972 as an 
analytical arm of Congress. OTA's basic function is to help legislative policy­
makers anticipate and plan for the consequences of technological changes and 
to examine the many ways, expected and unexpected, in which technology 
affects people's lives. The assessment of technology calls for exploration of 
the physical , biological , economic , social, and political impacts that can result 
from applications of scientific knowledge. OTA provides Congress with in­
dependent and timely information about the potential effects-both benefi­
cial and harmful-of technological applications. 

Requests for studies are made by chairmen of standing committees of the 
House of Representatives or Senate; by the Technology Assessment Board, 
the governing body of OTA; or by the Director of OTA in consultation with 
the Board . 

The Technology Assessment Board is composed of six members of the 
House, six members of the Senate, and the OTA Director, who is a non­
voting member . 

OTA has studies under way in nine program areas: energy and materials ; 
industry, technology, and employment; international security and commerce; 
biological applications; food and renewable resources; health; communica­
tion and information technologies; oceans and environment; and science, 
transportation, and innovation. 






