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Extraction Rechirgs

Extraction

Legend

Storage capacity

Storage needed to
regulate recharge

@ Water in storage

Recharge

Fig. 94 Schematic diagram showing storage relations in a
groundwater basin for three stages of development. (a) Less than
perennial yield. (b) Minimum perennial yield. (c) Increased
perennial yield (after Peters??).
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Groundwater
Contamination: Detection,
Remediation, and Planning
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Presentation Overview

Types and Sources of Groundwater
Contamination

Groundwater Contamination Remediation

Technologies

(Draft) Planning for Groundwater
Contamination

Communities
Government Authority
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Significance of Groundwater Quality

People in Thailand use water in their daily life as water
supply and farms (irrigation water)

It is critical that the groundwater be unpolluted and
relatively free of undesirable contaminanis

Groundwater contaminants can be:
manufactured chemical, or
microbial contamination
Contamination can also occur from naturally occurring

mineral and metallic deposits in rock and soil such as
salinity and natural occurring heavy metals
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California’s Phase Out of MTBE
because of GW Contamination

MTBE used in gasoline since late 1970s

Water resources contamination concerns
Detection of MTBE In water wells

Prediction that contamination would spread and cleanup
costs dramatically increase

Potential health concerns

Studies order by CA legislature to determine:
Cost to eliminate MTBE (Methyl-tert-butyl ether)

Assess risk to people and the environment of continued
use

27




Anticipated Impacts of MTBE
Removal

Demand for ethanol will increase
Bangkok alone will require significant quantities
of ethanol
= 560-580 million gallons in 2003
= 760-990 million gallons in 2004

Current US ethanol production capacity
approximately 3 billions gallons per year

28




Elements Necessary for a Successful
MTBE Phase Out

Ethanol supplies must be adequate

Ethanol logistics must be in place

Refinery modifications must be completes
Gasoline supply (imports???) must be available

Import infrastructure must be sufficient to
accommodate anticipated increase in imports

Successful means that transition to ethanol
occurs without disruption to the market and
mineral impact on consumers and the economy of

the country

29



Introduction

\-/

of the natural quality of groundwater as a resulft

—

of hurnan activities (rmainly) and nature (rarely)”.
Examples:

_andfills

ndustries
Domestic activities
Sewage pipelines

Groundwater contamination is “the degradation
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Potential Sources of Groundwater
Contamination

Sources of ground-water contamination s Sy

disposal  mino runofl

Gasoling
. ar o - -
Highway Seplic w,‘m" "‘g;’"n' gtation Ol well
Accidental de-leing Pasticides, 1ank/ Drinking ' pit or pond
salls fortilizers cosspool  water welt  Landfill, dump

or rofuso pllo
Sewar ﬁ‘j—l [
AL s o

LRl
S

omam ng ground water !
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:1';"‘81)1‘)#0‘/8 P v\ﬁ)g_{'“p .
‘é'( Impermeabla rocks, ;4
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Contamination Caused by Human
Activities

Leaking underground storage
tanks

Overturned tanker trucks or
detailed trains

Improperly managed

manufacturing operations
lllegal dumping

Broken or leaking pipelines
and sewers

Feedlot and agricultural
operations

Defective septic systems
Wells without proper seals
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Contamination vs. Product Life Cycle
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The Nature of Chemical Hazard

\»F l AMMALB[‘E‘;;‘ _RAmocnvg SIRCCORROSIVE S
N 0' ! o =N NS //
;\‘\’;; .' ’/j ’/“,‘ N N :

Ignitability

Corrosivity
Reactivity

Toxicity
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Dose Response and Threshold

2 Dose (concentration) and 2xposura (duration)
a Thrashold laval: the level below which no ill effects observed
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Types of Groundwater Contamination

1.  Point-Source Pollutjon

Contamination originating from a single tank, disposal
site, or facility.

Examples: industrial waste disposal sites, accidental
spills, leaking gasoline storage tanks, and dumps or
landfills.

2. Nonopoijnt-Source Pollutiorn
Contamination that are spread out across wide areas.

Examples: chemicals used in agriculture such as
fertilizers, pesticides, herbicides, and runoff from urban
areas.
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Nonpoint Source Contamination
Scenario — Agrochemical Application

Pesticide
). Application
T

Concentration

Regional Flow

Legend

\ Leaching

Yy Water Table
Plume

= Hotspot

Geology
& o,

-
Clay Sand
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Nonpoint Source Contamination —
Nitrates and Pesticides

38




Examples of Environmental
Contaminants

Volatile Organic Compounds (VOCs)
Petroleum-based hydrocarbons
Chlorinated solvents

Heavy Metals (from mining industries)
Radioactive Waste

Tritium

Pesticides

Other contaminants

39



Volatile Organic Compounds
(VOCs)

By far the most pervasive
VOCs are trichloroethylene
(TCE) and perchloroethylene
(PCE) solvents used primarily
as degreasers.

Carbon tetrachloride CCl, is
also a significant contaminant
frequently found in subsurface
soil and groundwater.

VOC contamination by soll
and groundwater is found at
most sites in USA and
Europes.

40



Petroleumm-Based Fuels

One of the best known classes of
groundwater contaminants includes
petroleum-based fuels such as gasoline

and diesel.

In the US alone, there have been over
400,000 confirmed releases of petroleum-
based fuels from leaking underground
storage tanks.
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Characteristics of Petroleum-Based
Fuels

Gasoline commonly found in
groundwater:

= a mixture of various
hydrocarbons (chemicals
made up of carbon and
hydrogen atoms),

= Evaporates easily,

= Dissolves to some extent in ~ - A
water, and Benzene, toluene,

o ethylbenzene, and xylene
It Is less dense than water, are common components of
and so it tends to flow on top  gasoline and also are

of the water table. considered to cause cancer
iIn humans
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Chlorinated Solvents

Another common class of groundwater
contaminants includes chemicals known as
chlorinated solvents.

One example of a chlorinated solvent is dry-
cleaning fluid, also known as perchloroethene
(PCE).

These chemicals are similar to petroleum
hydrocarbons in that they are made up of carbon
and hydrogen atoms, but the molecules also have
chlorine atoms in their structure.
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Chlorinated Solvents

The chlorine present in chlorinated solvents
makes this class of compounds rnore toxijc than
fuels.

Unlike petroleum-based fuels, solvents are
usually heavier than water, and thus tend to sink
to the bottoms of aquifers.

This makes solvent-contaminated aquifer much
more difficult to clean up than those contaminated
by fuels.
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Heavy Metals

Heavy metals such as mercury, lead, cadmium,
chromium, and arsenic are contaminating the soill
and groundwater at many sites.

Mercury contamination is a particular problem in
the US, while arsenic iIs discovered In India and
Bangladesh

Recently, lead contamination has been
discovered in China.
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Radioactive Waste

Uranium, plutonium,
radioactive strontium, thorium,
and transuranics (heavier than
uranium such as neptunium ad
americium), are contaminants

discovered in groundwater and
soll.

For example, in Ohio (USA)
low enriched uranium was
reconstituted into uranium
metal ingots, has extensive
uranium contamination of soil.

Not yet discovered in Thailand
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Tritium (H)

Tritium is found in _
groundwater at many sites
in the US. SN

Datonation signal -

Because of the central role B ——

In the functioning of v e
nuclear weapons and Bt~ PEES—
because it has a relatively

short half-life of 12.3 years

and had to be replaced

often.

Huge guantities of tritium
were generated and
disposed of these days.
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Examples of GW Contaminants




Other Contaminants

Arsenic

Polychlorinated biphenyls (PCBS)
Cyanide

Dioxin

Mixed waste (both chemical and
radioactive)

Etc.




Persistent Organic Pollutants (POPs)




Typical Source of Contamination

Deep Well Injection
Surface Impoundment

Landfill

Solid waste (non-hazardous) landfill
Hazardous waste landfill

Midnight dumping***




Deep Well Injection

Confining zo
shala, golomite, alc

Annulus

Injection
Parforated ¢
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Surface Impoundment

Widely used
Low cost

Could cause
groundwater

contamination via

Inadequate/bad

seals, linings, and

overflow of
hazardous
material

X




Landfill

»

A

f‘fi-}"«’:e TR A
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o 1

Midnight Dumping
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Process of Groundwater Contamination

Groundwater typically polluted
when rainfall soaks into the
ground

Infiltrated water comes in =l | -
contact with buried waste or A Ifitration

LInsaturated Capillary

other source of contamination Ay otz

TS 10N

Water picks up chemicals and
carries them into groundwater

Sometimes the volume of a retod

spill or leak is large enough

that the chemical itself can haserudl . biotgadaion biodegacktion
reach groundwater without the

help of infiltrating water.
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Plume of Contaminated Groundwater

Groundwater tends to move
very slowly and with little
turbulence, dilution, or mixing.

Therefore, once contaminants
reach groundwater, they tend to e T e S R

form a concentrated plume that == e

flows along with groundwater.

Despite the slow movement of
contamination through an
aquifer, groundwater pollution
often goes undetetced for years,
and as a result can spread over
a large area.

Once chlorinated solvent plume
In Arizona, USA, is 0.8 km wide
and several kilometers long!
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Contaminant Plume Life Cycle
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Steps to Cleanup GW Contamination

Decision analysis based on hydrogeological
and human health risk assessment framework
Geological Uncertainty Model
Parameter Uncertainty Model

Risk assessment

= Toxicity Assessment

= EXposure Assessment

= Economical Disastrous Assessment

Site characterization
Remediation Alternatives
Monitoring System
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Risk Assessment Framework

Risk Assessment

) 1
"A-‘ . - ' '? J- . /A\
/S, Collection & Evaluation 7\
-‘ ':- ‘|
—.

—

. — A I Loh
Exposure ~/ "‘-.._--' i Toxicity
Assessment ’ ' Assessment

Risk
Characterization

The four-part process to
estimate the chance that
contact with
chemicals/contaminants
from a contaminated site
will harm people now or In
the future.

Additionally, this response
plan can be sued as a
decision support system
whether to “do something”
or “do nothing” at the site
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Components of a Hydrogeological
Design Framework

Filed Investigation:
Data Acquisition
System

Geological Parameter
Uncertainty Uncertainty
Model Model

Hydrogeological Engineering
Simulation Model Reliability Model
Decision Model
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Decision Analysis Framework

Risk-based design philosophy to determine which alternative
remediation design should be used.

Risk reflect uncertainty in site characteristics and remediation
design.

Each design alternative has associated with a probability that
it will not meet its performance objectives.

The probability of failure coupled with the failure
consequences constitutes the risk associated with each
alternative.

Uncertainty can be reduced by the collection of more data.

Data worth is assessed by comparing the cost of site
characterization against the expected value of the risk
reduction the data can provide.
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Application of a Decision Model to
Groundwater Problem Design Alternative

Hydrological Data

Benefit
Assessment
251 fpﬁ
all ‘ AN Cost Net Present

’ A/
Regulatory Performance ‘ Assessment Value of

Standards

\ Alternative A
A Risk
Economic Data Assessment

Assessment
ngineering Design \H 055
Specification “ Cost Net Present

Assessment Value of

<L
)
=
©
i
=
0
—
<L

DECISION

Alternative B

Regulatory Performance
Standards ‘

\ Alternative B
/ \ Risk
Economic Data Assessment
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Subsurface Remediation —
Prioritization and Evaluation

Many possible alternative methods

Different organizations and government agencies have
different perspectives on environmental problems

US DOD (Department of Defense) might select energetic and

chemical warfare agents as important contaminants

US DOE (Department of Energy) might select radionuclides
and mixed (radioactive and hazardous) wastes as their most
significant contaminants

US EPA might select petroleum hydrocarbons, chlorinated
solvents and metals as being the most important point source
and nitrates and pesticides as the most important nonpoint
contaminants
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Site Characterization

Regardless of what remediation technology
selected, site characterization is mandatory

Will help answer the following questions:

Where is it? (both macro and micro scale distributions,
depending on objectives)

What is it? (not only the contaminant of interest but also
associated contaminants)

How much is there?

How will it react in the contaminated hydrogeologic
environment?
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Site Characterization

One could not possibly expect the site ‘..
characterization process to be a onea-time
activity, it should rather be an iterative process.

Site detailed information should change during
each step in the site characterization process.

Techniques used should optimize data
collection strategies and ensure that the
collected data is of adequate quality
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Site Characterization

Gamma

Hydrogeology Conductivity
(cps)

Units Construction (mS/m)

Elevation

OLIVE CLAY

MUD W PEAT
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Determination of the Degree of
Contamination

The next step should be to delineate the spatial
extent of groundwater contamination in the area

First indication should be focused at the water

supply in the area by measuring contaminant
concentration by drilling wells

Collect soil samples and sediments for

hydrogeological and chemical information of
subsurface soll

Estimation of contaminated area
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The Cleanup Process

Several steps normally are take to cleanup a site once
contamination.

In the risk assessment phase, scientists evaluate if site
contaminants might harm human health or the environment.

If the risks are high, then all the various ways the site might
be cleaned up are evaluated during the feasibility study.

Usually, the most protective, lowest cost, and most feasible
cleanup alternative is chosen as the preferred cleanup
method.

The operations and maintenance phase then follows.

Periodically the remedial action is evaluated to see if it Is
meeting expectations.
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Methods of Cleanup

Various ways to respond to site contamination
can be grouped into the following categories:

Containing the contaminants to prevent them from
migrating from their source;

Removing the contaminants from the aquifer;

Remediating the aquifer by either immobilizing or
detoxifying the contaminants while they are still in the
aquifer,

Treating the groundwater at its point of use; and

Abandoning the use of the aquifer and finding an
alternative source of water
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Remediation Technologies

Can be classified into 3 major categories
Containment
Enhanced extraction (Removal)
In situ contaminant destruction




Contalnment

Several ways are available to contain
groundwater contamination such as:
Physically: using an underground barrier of clay, cement,

or steel

Hydraulically: by pumping wells to keep contaminants
from moving past the wells;

Chemically: by using a reactive substance to either
Immobilize or detoxify the contaminant (zero-valent iron
can be used to turn chlorinated solvents into harmless
carbon dioxide and water).
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Treatment

Depending on the complexity of the aquifer and the types of
contamination, some groundwater cannot be restored to a

safe drinking quality.
Under these circumstances, the only way to regain use of the

aquifer is to treat the water at its point of use.

For large water providers, this may mean installing costly
treatment units consisting of special filters or evaporative
towers called air strippers.

Domestic well owner may need to install an expensive whole-
hours carbon filter or a reverse osmosis filter, depending on
the type of contaminant.
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Remediation Technligues

Pump-And-Treat
Enhanced Bioremediation
In-situ Chemical Oxidation

In-situ Metals Stabilization

Ozone Treatment

Accelerated Surfactant Technology
Permeable reactive barrier (PRB)
Air Sparging (for VOCs)
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Surmary of Remediation Alternatives
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Field-Scale Remediation Technologies
for Organic Hydrocarbons

Petroleum hydrocarbons, gasoline, diesel,
motor oil, BTEX, MTBE, TBA, and other
compounds.

Treat with enhanced aerobic bioremediation,
chemical oxidation (ozone), or hydrogen peroxide.

Chlorinated Solvents such as PCE, TCE,
DCE.

Treat with enhanced aerobic and anaerobic
bioremediation
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Removal by Pump-and-Treat

The most common way of removing a full range of
contaminants (including metals, VOC, and
pesticides) from an aquifer is by capturing the
pollution with groundwater extraction wells.

After the contaminant has been removed from the
aquifer, the contaminated water is treated above
ground, and the resulting clean water is
discharged back into the ground or to a river.

Pump-and-treat can take a long time, but can be
successful at removing the majority of
contamination from an aquifer.
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Pump-And-Treat

Pump-And-Treat Is an accepted "
technology and the foundation of e i il ey 4
the innovative technologies

Effective for extracting dissolved
plume from a source of p——
contamination

Can prevent the migration of ] i
contaminants in the dissolved
phase plume from moving beyond

property lines while extracting a

minimum amount of water

Requires years of operation due
to physical and chemical
heterogeneity, which means a lot
of money

Excess pumping may result in the
contamination of pristine
groundwater

extraction well
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Removal by Air Sparging

EXTRACTION
EQUIPMENT

Another way of removing
VOCs from groundwater is
by using a process known as
air sparging.

Small-diameter wells are
used to pump air into the
aquifer.

As the air moves through the
aquifer, it evaporates the
volatile chemicals.

The contaminated air that
rises to the top of the aquifer
IS then collected using vapor
extracting wells.
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Remediation with Surfactants

Some of the newest cleanup technologies use
surfactants (similar to dishwashing detergent),
oxidizing solutions (such as potassium
permanganate), steam, or hot water to remove

contaminants from aquifers.

These technologies have been researched for a
number of years, and are just now coming into
some field applications.

These and other innovative technologies are most
often used to increase the effectiveness of pump-
and-treat cleanup.
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Permeable Reactive Barrier

Permeable

Treatment VWall
SOurce

Area
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Bioremediation

Bioremediation Is a treatment process that uses
naturally occurring microorganisms to break down
some forms of contamination into less toxic or
non-toxic substances.

By adding nutrients or oxygen, this process can
be enhanced and used to effectively cleanup a
contaminated aquifer.

Because bioremediation relies mostly on nature,
Involves minimal construction or disturbance, and
IS comparatively inexpensive, it has become an
Increasingly popular cleanup option in the US.
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Schematic Diagram of Bioremediation

Bioremediation

INJECTION RECOVERY

Fluid Nutrients
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Biodegradable Contaminants

Petroleum

Pseudomonas, Proteus, Bacillus, Penicillum,
Cunninghamella

VOCs

Pseudomonas, Dehalococcoides, Ralstonia

Aromatic Rings
(i.e., BTEX)

Pseudomonas, Achromobacter, Arthrobacter,
Penicillum, Aspergillus, Fusarium,
Phanerocheate

Cadmium

Staphlococcus, Bacillus, Pseudomonas,
Citrobacter, Klebsiella, Rhodococcus

Sulfur

Thiobacillus

Chromium

Alcaligenes, Pseudomonas

Copper

Escherichia, Pseudomonas
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Advantages
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Disadvantages
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Biodegradation Indicators
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Isolation of Microorganisms
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Historical GW Sites Treated with
Bioremediation Technigue

Site Contaminants

Galloway, NJ
Bemidiji, MN
Pensacola, FL
Laurel Bay, NC
Picatinny, NJ
Pinal Creek, AZ Mine Drainag

e
e

Upper Arkansas River Mirne Drainag

Cape Cod, MA Sewage Effluent

Norman, OK Lanclfill Leachate

Amargosa Desert, NV REIEIVERVESIE
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Monitoring Systems

g W BB
to detect the contaminant Ay "3

plumes before reaching -
the regulatory compliance A

boundary in order to
prevent severe risk to both
society and groundwater
guality

Enable cost-effective

counter measure in case
of a failure
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Planning for the Responsible
Authorities

In the case of Emergency

Investigation and evaluation of degree of
contamination

What / where are the contaminants
Risk characterization
Long-Term
Enforce chemical inventory (at least annually)
Required new environmental law and regulations
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Step 1 — Data Collection and Evaluation

Need to find out what has happed at and around the site
and where chemicals may have been left.

Samples of soll, water, air, fish, agricultural products
must be collected.

Find out what contaminants are there and how much.

Define a clear prohibited area to prevent further
exposure

Evacuate people in the area if necessary

Communities can help with this process by providing
some information regarding illegal (midnight) dumping
or the history of the site.
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Step 2 — Exposure Assessment

The data collected from the first step must be used to find
out how much of each chemical people may be exposed
to.

People must come in contact with the chemicals to be at

risk.

The amount of exposure depends a lot on:
How much of each chemical is there
Who might be exposed

How they are exposed (drinking, playing with polluted
water, eat polluted fish, etc.)

The expected outcome is the highest exposure anyone is
likely to receive from the site.
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Step 3 — Toxicity Assessment

This step involves how we learn about iliness or
other health effects may be caused by exposure
to contaminants.

It also provides the information on what dose
harmful health effects will occur.

The dose makes the poison - dose rises the risk
of harm rises.

The higher the dose, the more likely a chemical
will cause harm.
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Step 4 — Risk Characterization

Risk characterization reveals whether the
groundwater contamination are posing the
risks and what the health risks are.

It also provides the information on how
certain we are about the case by taking in
consideration to protect the public
exposure.
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Advantages of the Emergency Plan

Become aware and acquainted with
contaminants in the community

Make better informed decisions about what

contaminants are hazardous

Determine if there Is any contamination
near their houses

Increase public awareness
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Example of Planning for the
Communities

Questions for Communities:

If there were a cloud of poisonous water
coming at you or your home right now,
would you know how to protect yourself
and your property?

Have the necessary steps been taken by
government to plan and protect you and
your family in such event?




Emergency Planning for Groundwater
Contamination — Chemical Inventory

Requires facilities that store/use hazardous

materials to frequently do chemical
Inventory

Facilities must report annually to the
authority of reportable hazardous
substances on their premises.

Facilities must report accidental releases of

hazardous substances to the authority
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Toxic Release Inventory (TRI)

EPCRA (Emergency Planning and Community Right-to-
Know Act), 1986 — requires the report of locations and
guantities of stored toxic chemicals and releases to
environment, excluding small businesses and household

hazardous waste (HHW)
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Example of Reportable Quantities of
Hazardous Substances

Type of Substance

Must Do Inventory If:

Hazardous substance

> 50 gallons liquid
> 500 |b solid
> 200 ft3 gas

Explosive or poisonous
substance

> 5 gallons liquid
> 10 Ib solid
> 20 ft3 gas




Emergency Planning for Groundwater
Contarination — Spill Reporting and Response

The authority must be prepared in the event of a
spill or release of hazardous substance that may
be harmful to groundwater

When a spill occurs, it is critical to take immediate
action to stabilize the situation and prevent further
release

Cleanup is required accordance to state and
federal regulations
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Emergency Planning for Groundwater
Contarination — Spill Reporting and Response

Implement the site’s spill prevention and countermeasure
plan

This plan requires the authority to be prepared to have
adsorbent spill pads and other materials readily available

Activate alarms and warn people in the vicinity

Take immediate action to contain the contaminants
Immediately notify the State Emergency Response System
Immediately notify the National Response Center

Cleanup (cleanup is always required regardless of whether
the release is a reportable quantity)
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Reportable Quantity

Any quantity of liquid that contacts waters
of the state

Any guantity of oil have one barrel (42

gallons) that spills on the surface of the
land

> 1 1b (0.454 kg) of pesticide residue




Cleanups

There are many ways the environment can
become contaminated.

Examples include a leak from
An underground storage tank
A spill of toxic substances from trucks

Inadequate industrial processing techniques that
contaminate soil or groundwater

Midnight dumping
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Cleanup Sites in the US

Fall under 5 broad categories:

Enforcement sites are those in which government requires the
responsible party to cleanup a contaminated site

Orphan sites are contaminated properties where the responsible
party is either unwilling or unable to cleanup the site or where no

responsible party is identified. - often very complex cleanup
projects
National priorities list (NPL) sites are the nation’s worst sites and

are being cleaned up under the federal Superfund Program with
oversight from EPA and DEQ (Department of Environmental

Quality)

Voluntary cleanup sites are those in which a property owner
enters into a cleanup voluntarily and asks DEQ to oversee the
process

lllegal drug lab cleanups deal with contamination and hazardous
waste found at drug labs seized by local or state law enforcement
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Example of Orphan Site in the US

Kentucky, USA
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Example of Orphan Site in the US

R

Y T T
s
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Cleanup Processes

Site screening anc

assessment

Simple site cleanu

D Process

Complex site cleanup process
Underground storage tank cleanup process
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Site Screening and Assessment

Discovery, initial screening and ranking of

sites

Assignment to an appropriate cleanup

process based on the following factors
type of contaminants (i.e., petroleum vs.

hazardous su
Soil or grounc

pstances)
water are affected

Threat to pub

Ic health and the environment
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Simple Site Cleanup Process

Simple sites are characterized by
contamination limited to soil ONLY/, with
relatively few chemicals involved and an

easily defined area of contamination

Projects that meet established simple site
criteria may be cleaned up using the soll
cleanup tables that set a pre-approved
cleanup level based on risk to human
health
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Complex Site Cleanup Process

Projects with multiple contaminants,
groundwater or surface water
contamination, or widespread

contamination follow the complex site
cleanup process.

Complex cleanups involve a remedial

Investigation/feasiblility study (RI/FS) and a

formal remedy selection process.
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Underground Storage Tank (UST)
Cleanup Process

Cleanup of UST falls
Into its own separate
category because of

the widespread use of
UST and the usually
well-defined
characteristics of
petroleum.
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US Cleanup Law and Regulation

Several federal laws focus on either preventing or
remediating groundwater contamination, often
caused by industrial, commercial, or petroleum
pollutants.

While these federal laws have provided an overall
framework for these activities, the regulatory
Implementation of these laws is usually carried
out by states in cooperation with local
governments.

Often, federal laws are adopted by the states
largely unchanged.
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US Cleanup Law and Regulation

The two major federal laws that focus on remediating
groundwater contamination:
Resource Conservation and Recovery Act (RCRA)
Comprehensive Environmental Response, Compensation, and
Liability (CERCLA) - known as “Superfund”
RCRA regulates storage, transportation, treatment, and
disposal of solid and hazardous wastes, and emphasizes
prevention of releases through management standards in
addition to other waste management activities.

CERCLA regulates the cleanup of abandoned waste sites or
operating facilities that have contaminated soll or
groundwater.

CERCLA was amended in 1986 to include provisions
authoring to sue violators of the law.
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