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Preface

The Land Disposal Program Flexibility Act of 1996 (Public Law 104-119) requires the
United States Environmental Protection Agency (EPA) to complete a study of the risks to human
health and the environment associated with hazardous waste disposal practices and directly
related to decharacterized wastes managed by surface impoundments and Class | injection wells
regulated under the Underground Injection Control (UIC) program. EPA has been charged with
compiling information on these waste disposal activities and making a determination on whether
existing programs administered by the Agency or the states are adequately protective or new
regulations are needed to ensure safe management of these wastes.

Two offices within EPA are tasked with this response. The Office of Solid Waste and
Emergency Response, Office of Solid Waste (OSW) is preparing a study on surface
impoundments to be completed within 5 years of the enactment of this legislation. The Office of
Water, Office of Ground Water and Drinking Water (OGWDW) is conducting a study on Class |
injection wells in a similar timeframe. This Sudy of the Risks Associated with Class|
Underground Injection Wells is OGWDW:’s response to Congress’ request.

Direction of the Class | Study

In the Act, Congress did not ask EPA to do an entirely new study regarding Class | UIC
wells that would have required a re-collection of the large amount of report data and information
aready compiled. Nor did Congress require the states to contribute new field data or tabulations
of data dready being reported.

EPA decided that the Class | study would describe the current Class | UIC Program,
document past compliance incidents involving Class | wdls, and summarize studies of human
hedlth risks associated with Class | injection conducted for past regulatory efforts and policy
documentation. This compilation would serve as the bass for the Agency’ s decision ether to
promulgate new regulations, or determine that existing Class | controls are adequate. This study
would be submitted to appropriate members of Congress and their staffs and to fulfill the
Agency’ s commitment under the Act.

The Study Report

As gated above, this sudy is a compilation of existing information on the Class| UIC
injection program. Much program data has been gathered on Class | hazardous and
nonhazardous injection wells, and each type of well is regulated separately, but stringently. In
the study, the hazardous and nonhazardous Class | requirements are presented together to givea
complete picture of the UIC program. Many UIC Primacy states place requirements on Class |
nonhazardous waste disposa wells under their jurisdiction that are equivaent to, or Sricter than,
the federal Class | hazardous well requirements. Moreover, the Agency bdieves, from
information collected in past studies and reports reated to rulemaking, that substantia volumes



of decharacterized wastewaters are being managed in Class | hazardous injection wdlls, thus
providing a Sgnificant degree of protection to human hedth and the environment. Any different
requirements between Class | non-hazardous and hazardous wells are described and compared to
give the reader a more complete perspective of the preventative aspects of the entire UIC Class|

program.

Based on the recommendations of expert reviewers, and to be consistent with the June
1998 memorandum from President Clinton to al federal agenciesto take stepsto improve the
clarity of government writing, this report iswritten in “plain English.”  In addition, the authors
assume that the audience is amixture of educated non-scientists and people with amore
sophisticated understanding of geology, risk analysis, and other relevant sciences. Asaresult,
the report tries to educate the audience on the basic principles of geology, modeling, etc., and
some portions could be considered repetitive by more knowledgeable readers.

Data Needs and Initial Steps

The study relies on secondary data, that is, existing information such as sudies, reports,
and background information documents prepared by EPA, the states, and others. By using
exigting information, OGWDW becomes bound by certain limitations, such as data accuracy,
quaity, soundness of methodology, and other pertinent technical data. However, EPA believes
that such data are usudly very accurate given the finite universe of Class| wells and the history
of regulation of these wells by EPA and the sates, among other things. EPA Regiond Offices
and the states have collected operationd and congtruction-related data for these wellsfor afairly
long time, and such data are compiled and reviewed on aregular basis. Thus, the documents
upon which the study is based are reliable. While many of these documents have not been peer
reviewed, per se, they were subject to technical and policy review by informed individuas
including regiond gaff, state staff, and other technica stakeholders. In most cases, they were
developed to support Agency rulemakings and were therefore subject to public comment. A
large library of such documents existed in EPA files and dockets as of 1996.

Astheinitid sep in conducting the study, in September 1996 EPA prepared a paper
titted Class | Underground Injection Control Program: Background Document and Assessment
of Risks Associated with Class | Underground Injection Wells. Prior to completion of this paper,
OGWDW decided to investigate and apply the Office of Water Peer Review Process to ensure
that the scientific and technicad “underpinnings’ of any decisonsinvolving Class| UIC wdls
meet two important criteria

- They should be based on the best current knowledge from science, engineering, and
other domains of technical expertise.
- They should be judged credible by those who deal with the Agency.

Although the Background Document, which represented a compilation of existing
documents related to Class | UIC wells, was not judged to be a“mgjor scientificaly and



technically based work product,” OGWDW determined thet it would benefit from some form of
technica review. Although the study addresses controversia issues, supports a policy decision,
and could have sgnificant impact on the investment of Agency resources, other tempering
factors(i.e., itisnot anew data collection but a compilation of existing studies and it represents
an “update’ of progressin the UIC Class| program) suggest that it is not a candidate for bona
fide peer review.

Expert Panel Process

OGWDW chose to seek externd review of theinitid draft of the study document
primarily to ensure scientific and technica accuracy. To do this, EPA engaged a contractor to
convene apand of expertsin the scientific and technica subject matter. The panel was baanced
to encompass a multi-disciplinary group of expertsin other disciplines who could contribute to
the full range of issues concerning Class | wells.

The five-member pand’s experts have many years of experience with deep well injection
and related technology. Panel members represented a variety of perspectives on Class | wells,
including industry and consulting, state regulatory agencies, and academia. They have
experience with development and oversight of EPA and state UIC programs, aswell as permit
preparation and review. Their technica expertise spans aquifer characterization, geohydrologic
model development, no-migration petition demondrations, well siting and condruction, and well
testing including mechanica integrity. The expert pand’s primary god isto serve as peer
reviewers and to further acknowledge that information and data collected is technically sound,
appropriate, and accurate.

OGWDW didtributed the first draft of its work product on the Class | study to the expert
pand in April 1998. After initid review, the entire pand met in Alexandria, Virginia, in late
April 1998 to begin discussons. The pand provided substantial comment and recommended
severd changesto the text of the report, including reordering the presentation, adding a
discussion on modeing methodology, and writing the report in plain English. EPA revised the
draft based on the expert panel members comments and edits. A follow-up draft of the study
was prepared and sent to the members for review in December 1998. The panel then met for a
second time prior to a Ground Water Protection Council Meeting in New Orleans, Louisana, in
January 1999. Additiona edits and comments were compiled via teleconferences and eectronic
mailings, and EPA prepared athird and fina draft product in December 1999.



Distribution of the Study Document

The Office of Water (OW) is providing the Class | study to Congress for its
consideration. OW is also making the study available to states and other stakeholders, including
the interested public through a number of mechanisms. As part of the communication strategy
for such studies, EPA will place it on a list of UIC documents on OGWDW'’s Web site, and
make it available to the general membership of the Ground Water Protection Council and the
National Drinking Water Council and via general Water Program announcements.
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Executive Summary

In 1996, Congress enacted the Land Disposal Program Hexibility Act, which exempted
Class | underground injection wells digposing of decharacterized hazardous wastes from the
provisons of the Resource Conservation and Recovery Act (RCRA) Land Disposal Redtrictions
(LDRs). Thislegidation aso required the U.S. Environmenta Protection Agency (EPA) to
conduct a study of such wastes and disposa practices to determine whether Class | wells pose
risks to human hedlth and the environment, and if current state or federd programs are adequate
to address any such risks. EPA must also determine whether such risks could be better
addressed under existing state or federd programs. Upon receipt of additiond information or
upon completion of such study and as necessary to protect human hedth and the environment,
the Administrator may, but is not required to, impose additiona requirements under existing
Federa laws, including subsection (m)(1), or rely on other state or federa programs or
authorities to address such risks.

EPA’s Study of the Risks Associated with Class | Underground Injection Wells describes
the Class | UIC Program, injection well technology, the Land Disposal Regtrictions, and the
1996 legidation; documents past failures of Class | wells, and summarizes studies of human
hedlth risks associated with injection via Class | wells, including non-hazardous and hazardous
wells. The study dso includes an updated risk andyss using Class | injection well data and an
annotated bibliography of literature on injection via Class | wells.

Class| wellsinject industrial or municipa wastewater benesth the lowermost
underground source of drinking water (USDW).! Class| wells are designated as hazardous or
nonhazardous, depending on the characteristics of the wastewaters injected. (Wastewaters are
consdered to be hazardous wastes if they demongtrate a hazardous characterigtic of ignitability,
corrogivity, reactivity, or toxicity, or are alisted waste as determined by EPA.) This designation
affects the stringency of the requirements imposed on operators of Class| wells. The wastewater
injected into Class | wellstypicaly is associated with the chemica products, petroleum refining,
and metal productsindugtries.

History: Early Concerns, EPA’s Response

The practice of underground injection of wastewater began in the 1930s as oil companies
began disposing of ail field brines and other waste products into depleted reservairs. In the mid
1960s and 1970s, injection began to increase sharply, growing at arate of more than 20 new
wells per year. In 1974, responding to concerns about underground injection practices, including
failure of some wedls, EPA issued a policy statement in which it opposed underground injection

1 EPA definesan underground source of drinking water as an aquifer or portion of an aquifer that supplies a public water
system (PWS) or contains enough water to supply a PWS; currently supplies drinking water for human consumption or contains
water with less than 10,000 milligrams/liter of total dissolved solids (TDS); and is not exempted by EPA or state authorities from
protection as a source of drinking water (40 CFR 144.3).



without gtrict control and clear demongtration that the wastes will not adversely affect ground
water supplies. In December 1974, Congress enacted the Safe Drinking Water Act (SDWA),
which required EPA to set requirements for protecting USDWs, EPA passed its Underground
Injection Control (UIC) regulationsin 1980.

In 1984, Congress enacted the Hazardous and Solid Waste Amendments (HSWA) to
RCRA, which banned the land disposal of hazardous waste, unless the hazardous waste is trested
to meet specific standards. EPA amended the UIC regulations in 1988 to address the Hazardous
and Solid Waste Amendments. Operators of Class | wells are exempt from the ban if they
demondrate that the hazardous congtituents of the wastewater will not migrate from the disposa
stefor 10,000 years or aslong as the wastewater remains hazardous. This demondtration is
known as ano-migration petition. HSWA aso requires EPA to set dates to prohibit the land
disposal of dl hazardous wastes: EPA has indtituted the LDRs in a phased-in schedule. The
Phase Il LDR rule implemented the Land Disposa Program Hexibility Act.

Class | Technology Ensures Safe Disposal

Class | fluids are injected into brine-saturated formations thousands of feet below the
land surface, where they are likely to remain confined for along time. The geologica formation
into which the wastewaters are injected, known as the injection zone, is sufficiently porous and
permeable so that the wastewater can enter the rock formation without an excessive build up of
pressure. Theinjection zoneis overlain by ardatively nonpermeable layer of rock, known asthe
confining zone, which will hold injected fluids in place and redtrict them from moving vertically
toward aUSDW.

EPA requiresthat Class | wells be located in geologicaly stable areas that are free of
tranamissive fractures or faults through which injected fluids could trave to drinking water
sources. Well operators must aso show that there are no wells or other artificial pathways
between the injection zone and USDWs through which fluids can travel. The Site-specific
geologic properties of the subsurface around the wdll offer another safeguard againg the
movement of injected wastewatersto a USDW.

All Class| wedls are desgned and constructed to prevent the movement of injected
wadtewatersinto USDWs. Thelr sophisticated multi-layer construction has many redundant
sdfety features. The wdl’s casing prevents the borehole from caving in and contains the tubing,
or injection string. Constructed of a corrosion-resistant material such as sted or fiberglass-
reinforced plagtic, the casing conssts of an outer surface casing, which extends the entire depth
of thewell; and an inner long string casing that extends from the surface to or through the
injection zone. Theinnermost layer of the well, the injection tubing, conducts injected
wadtewater from the surface to the injection zone. All of the materias of which injection wells
are made are corroson-resistant and compatible with the wastewater and the formation rocks and
fluidsinto which they comein contact. A congtant pressure is maintained in the annular space
and is continuoudy monitored to verify the well’s mechanica integrity and proper operationd



conditions. Trained operators are responsible for day-to-day injection well operation,
maintenance, monitoring, and testing.

EPA’s Requirements Minimize Risk

There are two potentid pathways through which injected fluids can migrate to USDWs.
First, wels could have aloss of waste confinement; second, improperly plugged or completed
wells or other pathways near the well can dlow fluidsto migrate to USDWs. EPA’s extensve
technical requirementsfor Class| wellsat 40 CFR 146 (for dl Class| wells) and 148 (for
hazardous waste wells) are designed to prevent contamination of USDWSs via these pathways.
The requirements for hazardous wells are more stringent than those for nonhazardous wells.

Class| wells must be sited so that wastewaters are injected into a formation that is below
the lowermost formation containing, within one-quarter mile of the wdl, aUSDW. Class| well
operators must demonstrate via geologic and hydrogeologic studies that their proposed injection
will not endanger USDWSs. Operators must identify al wellsin the vicinity that penetrate the
injection or confining zone, determine whether they could serve as pathways for migration of
wastewaters, and take any corrective action necessary. In addition, Class| operators seeking to
inject hazardous wastewaters must demonstrate via a no-migration petition that the hazardous
condtituents of their wastewaters will not migrate from the disposal Ste for aslong asthey
remain hazardous.

EPA requiresthat Class| wells be designed and constructed to prevent the movement of
injected wastewatersinto USDWSs. These requirements specify the multi-layer design of Class|
wells. Class| wells must be operated s0 that injection pressures will not initiate new fractures or
propagate existing fracturesin the injection or confining zones. Class | hazardous wells must be
equipped with continuous monitoring and recording devices that automatically sound darms and
shut down the well whenever operating parameters exceed permitted ranges.

Operators of Class| wells must continuoudy monitor the characterigtics of the injected
wastewater, annular pressure, and containment of wastewater within the injection zone.
Operators dso must periodically test the well’s mechanicd integrity.

Upon closing their wells, operators must flush the well with a non-reective fluid, and tag
and test each cement plug for sedl and stability before the closure is completed. Operators must
submit a plugging and abandonment report when closure is complete.

Studies Assess the Safety of Class | Practices

EPA and others have performed numerous studies to assess the risks associated with
disposd viaClass| wells. Early studies of the effectiveness of the 1980 UIC regulations |ooked
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a waysin which Class| wellsfal.? Many of the failures documented in these sudieswere a
result of historic practices that are no longer acceptable under the UIC regulations.

Although studies emphasizing risk of injection practices have primarily focused on Class
| hazardous waste injection wells, EPA believes such studiesto be very relevant to dll Class|
wells, including those managing decharacterized wastewaters. The Agency believesthat a
substantial volume of decharacterized wastewaters are, in fact, injected into Class | hazardous
wadte wdlls, thus affording a particularly strong level of public hedth protection from these
activities.

Studies performed in anticipation of the 1988 updates to the UIC regulations assessed the
risks associated with disposa of hazardous wastewater via Class | wells. These include atwo-
phase quditative assessment of waste confinement potentia in the Texas Gulf Coast geologic
setting given either agrout sed failure or the presence of an unplugged abandoned borehole. An
additiona study assessed the difference in risk among various geologic settings.

In support of EPA’s Phase 111 LDR rulemaking, the Office of Ground Water and Drinking
Water (OGWDW) prepared a draft Benefits Analysis estimating the risks associated with
injection of Phase 111 wastes into Class | hazardous wells, EPA revised the Benefits Andysisin
response to commentsin 1995. To provide a quantifiable andysis in support of the de minimis
requirements in the proposed Phase 111 rule, EPA in 1996 andlyzed cancer and noncancer risks of
varying the underlying hazardous congtituent concentrations for five Phase Il LDR waste
congtituents.

In the most recent studies of the risks posed by Class | wells, data on Class | wastewaters
have been used to refine models of well failure scenarios. And failure-tree scenarios have been
used to estimate quantitatively the risk that waste would no longer be contained based on the
probabilities that sequences of events leading to containment loss would occur.

Conclusions: Current Class | Regulations are Adequately Protective of
Human Health and the Environment

Since the early days of Class I injection, EPA has learned much about what makes Class
I wells safe and what practices are unacceptable. The UIC regulations are based on the concept

that injection into properly sited, constructed, and operated wells is a safe way to dispose of
wastewater.

Class I injection practices offer multiple safeguards against failure of Class I non-
hazardous and hazardous waste wells, or the migration of injected fluids. For example, EPA
requires operators to identify and address all improperly abandoned wells in the area of review

2 Failures are defined by two potential pathways through which injected fluids can migrate to USDWs: failure of the well

or improperly plugged or completed wells or other pathways near the well.
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(AoR) around the injection well, because studies show that an unplugged abandoned borehole
may contribute significantly to the migration of injected fluids from the injection zone. (Many
of the states that oversee a large proportion of the Class | well inventory have even more
stringent AoR requirements than does EPA.) In addition to the AoR requirement, Class | wells
are sited to minimize the potential for waste migration and designed to minimize the posshility
that the welswill fall. Inspections and well testing, ong with passive monitoring systems, can
detect mafunctions before wastewaters escape the injection system. Severa decades of well
operation bear this out: only four cases of Sgnificant wastewater migration from underground
injection wells have been documented (none of which affected a drinking water source).

Under EPA’s UIC regulations, the probability of loss of waste confinement due to Class |
injection has been demondtrated to be low. The early problemswith Class | wells were aresult
of higtoric practices that are not permissible under the UIC regulations. Class| wells have
redundant safety systems and severd protective layers to reduce the likelihood of failure. Inthe
unlikey event that awdl should fall, the geology of the injection and confining zones serve asa
find check on movement of wastewatersto USDWs.

Through modeling and other studies of Class | injection, EPA has learned much about the
fate and behavior of hazardous wastewater in the subsurface. The 1988 UIC regulations
implementing the HSWA offer additiona protection by requiring operators of Class | hazardous
wells to complete no-migration petitions to demondirate that the hazardous congtituents of their
wagtewater will not migrate from the injection zone for 10,000 years, or that characteristic
hazardous wastewater will no longer be hazardous by the time it leaves the injection zone. EPA
believes that a substantia volume of decharacterized wastewaters are being injected into Class|
hazardous wells (which reguire a no-migration petition) because indudtria, manufacturing, and
petrochemicd facilities typicaly do not segregate waste streams. Therefore, an extremdy high
level of protection, even above minimum federa requirements, is given by these practices. But,
even the disposa of decharacterized wastewatersinto atypica Class | non-hazardous well
affords the public and the environment an extremely low leve of risk from injection due to the
multiple levels of safety features outlined in this study.
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Class | Expert Panel

EPA prepared the Study of the Risks Associated with Class | Underground Injection
WA Isin consultation with a panel of experts on Class | deep well injection practices. These
experts were selected because of their experience with deep well injection and related
technology; they represent industry and consulting, state regulatory agencies, and academia.
The experts attended two working sessions on drafts of the study report, discussed the
preliminary findings, and reviewed and offered comments on the technica accuracy of the study.

E. Scott Bair, Ohio State University, Department of Geological Sciences

Professor E. Scott Bair is chair of the Department of Geologica Sciences a Ohio State
Universty. He teaches courses on quantitative groundwater flow modeling, hydrogeology, field
methods in hydrogeology, contaminant hydrogeology, science in the courtroom, and water
resources. He has worked with the U.S. Geologicd Survey and as a consultant on groundwater
monitoring and groundwater modding issues. Dr. Bair has written or co-written more than 40
books, papers, and government-sponsored reports on groundwater monitoring, aquifer
investigations, groundwater flow modeling, aquifer management, and wellhead protection area
delineation. He was a 1998 fdlow of the Geologica Society of America and the 2000 Birdsall-
Dreiss Digtinguished Lecturer sponsored by the society. Heis amember of the American
Geophysicad Union's Horton Scholarship Committee and an associate editor of the journd
Ground Water published by the National Ground Water Association. Dr. Bair earned his Ph.D.
and Magter’ s degrees in Geology from the Pennsylvania State University and his Bachelor’s
degree in Geology from the College of Woogter.

Larry Browning, P.E., Geological Engineering Specialties

A Principa with Geological Engineering Specidties, Larry Browning is an expert in every agpect

of the UIC program. As a consultant or an EPA employee, Mr. Browning has supported virtualy
every UIC regulaory initiative Snce the program began and has in-depth knowledge of dl

classes of UIC wells. He was appointed specid technica advisor to EPA’slandmark Class|
Regulatory Negotiation Committee. For EPA’s Class | petition review process, Mr. Browning
developed training documents and performed technical reviews of important petitions. He
performed two analyses of Class | mechanica integrity fallures, spanning 1988 through 1991 and
1991 through 1998. Since 1975, he has performed over 120 technical studies for EPA, including
a two-volume technical manual on wireline testing of Class Il injection wells which is used in all
10 EPA regions. Mr. Browning worked with EPA Region 6 and supported writing of the
original UIC regulations. He has also performed ground water investigations, well testing, and
investigations of injection wells and hazardous waste disposal facilities. Mr. Browning earned a
Madter' s degree in Geology from the University of Texas at Augtin and aBachelor’ s degreein
Geology from Northern Kentucky University.
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James Clark, DuPont Engineering

James Clark has over 25 years experience, including 18 years with DuPont working on
groundwater issues. Asasenior leader for DuPont, he works on Class | UIC issues spanning
well congtruction, permitting, testing, and no-migration petitions. In this capacity, he has written
numerous publications on injection issues and regulatory requirements for Class| wells. For the
past 14 years, Mr. Clark has served as atechnica representative to the Chemica Manufacturers
Associaion’s UIC Group; in this capacity, he worked on an assessment of the risk associated
with Class | injection. Prior to joining DuPont, Mr. Clark worked as a geohydrologist with Law
Engineering Testing Co. where he gained 4 years' experience on suitability studies of sdt domes
as repositories for nuclear waste. He aso served as Chief Geologist for the Georgia Department
of Trangportation. Mr. Clark has written over 20 publications on Class | injection, waste
confinement, aquifer monitoring, and groundwater flow. Mr. Clark has aMagter’s degreein
geophysica sciences from the Georgia Indtitute of Technology and a Bachelor’s degree in
geology from Auburn Universiy.

Ben Knape, TNRCC, UIC Permit Team

For over 20 years, Ben Knape has worked with the Texas Natural Resource Conservation
Commission (TNRCC) and its predecessors on regulation of Class | injection wells and oversight
of the state’ s UIC program. AsaUIC Program geologist, Mr. Knape focuses on ground water
studies and the use of Class| wellsfor industrid waste disposal. As UIC program adminigtrator,
he served as project coordinator on revising the commission’s UIC program to reflect a
ggnificant rulemaking, which included strengthening congtruction and performance standards for
Class| wells and interpreting and implementing the commission’s program standards for Class |
well monitoring and inspections. Mr. Knape has served as co-chair of the Ground Water
Protection Council’ s Divison |, representing Class | injection issues, and is a board member of
the Underground Injection Practices Research Foundation. Heisleader of TNRCC'sUIC
Permits Team for Class| and Class 11 wells. Mr. Knape holds degreesin Geology and Zoology
from the Universty of Texasa Audtin.

David Ward, Michael Baker Jr., Inc.

David Ward recently joined Michael Baker Jr., Inc. as Director of the Technology Applications
Division. He has over 20 years of experience as a consultant, with expertise in hydrogeologic
modeling of groundwater flow and hazardous waste transport in porous and fractured media. He
has managed projects for EPA and industrial clients on deep well injection of hazardous wastes,
including well test interpretation, groundwater flow and waste confinement, and no-migration
petition preparation. Mr. Ward performed numerical simulations of well failures in a variety of
geologic settings. He has prepared applications of flow and transport codes for many
hydrogeologic models, including SWIFT and MODFLOW, including applications to
geochemical analyses and no-migration demonstrations. He has written more than 80
publications on groundwater flow, waste transport, and well failure simulations. Mr. Ward
holds a Master’s degree in Water Resources from Princeton University and a Bachelor’s degree
in Civil Engineering from Lehigh University.
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l. Introduction

The U.S. Environmentd Protection Agency (EPA) regulates Class | underground
injection wells under the Safe Drinking Water Act (SDWA) and the Hazardous and Solid Waste
Amendments of the Resource Conservation and Recovery Act (RCRA). These regulations
edtablish Siting, design, congtruction, and monitoring requirements for Class | injection welsto
ensure protection of underground sources of drinking water (USDWS) from injected wastewate.
HSWA prohibits injection of certain hazardous wastewater® unless the well operator can prove
that the injected wastewater will not migrate out of the injection zone for aslong asthe
wastewater remains hazardous.

Under the Land Disposa Program Fexibility Act of 1996, Congress declared that
wastewaters considered hazardous only because they exhibit a hazardous characteritic
(ignitability, corrosivity, reectivity, or toxicity) are not prohibited from land disposdl if they do
not exhibit the characteridtic (i.e., decharacterized) at the point of disposd. Class| well
operators do not, therefore, have to identify and treat underlying hazardous congtituentsin these
decharacterized wastewaters prior to injection. Thislegidation effectively overturned the D.C.
Circuit Court’sopinion in Chemical Waste Management v. EPA, 976 F. 2d 2 (D.C. Cir. 1992).
EPA had interpreted the D.C. Circuit Court’s opinion to require that hazardous congtituents in
characterigtic wastes be removed, destroyed, or immobilized through trestment before the
wastewaters were available for land disposal.

In passing the Land Digposal Program FHexibility Act, Congress stated the following (see
Appendix A for the complete text of the Act):

Not later than 5 years after the date of enactment of this paragraph, the
Adminigtrator shall complete a study of hazardous waste managed pursuant to
paragraph (7) or (9) to characterize the risks to human hedlth or the environment
asociated with such management.  In conducting this sudy, the Administrator

shal evauate the extent to which risks are adequately addressed under existing
state or federal programs and whether unaddressed risks could be better addressed
under such laws or programs. [PL 104-119 s 2 (10)]

% In order for awaste to be a hazardous waste, it must not be excluded by EPA under 40 Code of Federal Regulations (CFR)
261.4(a) or through the delisting process under 40 CFR 260.22. There are two major categories of hazardous wastes: listed
wastes and characteristic hazardous wastes. The listed hazardous wastes are described in Subpart D of 40 CFR 261. The second
major category of hazardous wastes includes any wastewater that exhibits any or all of the four characteristics of hazardous waste
(i.e., ignitability, corrosivity, reactivity, and toxicity) described in Subpart C of 40 CFR 261. Characteristic wastes are identified
by sampling a wastewater, or using appropriate company records concerning the nature of the wastewater, to determine whether a
wastewater has the relevant properties.

* Public Law 104-119, March 26, 1996.
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In response to Congress requirement for such a study, EPA identified the need for a
document that synthesizes existing information on the Class | program, including documented
gtudies of the risks to human hedth or the environment posed by Class| injection wells. This
document presents this information by:

C Providing an overview and history of EPA’s Class | Underground Injection
Control (UIC) program.

C Summarizing the geologic, engineering, and modeling sciences as they relate to
Class| injection and outlining the risks associated with Class | wells.

C Describing the regulations designed to minimize the potentid threet Class | wdls
pose to human hedlth or the environment, and reviewing the Land Disposa
Redtrictions, the D.C. Circuit Court’s opinion, and the 1996 legidation.

. Presenting studies that document Class | well fallures, synthesizing various
sudies of human hedlth risks associated with Class | injection wells, and updating
arisk andyssusing recent Class| injection well data.

C Providing an annotated bibliography of documents related to Class | injection
wells.

LA Overview of Class | Wells

By definition, Class | wellsinject industrid or municipa wastewater beneath the
lowermost USDW.> An under ground sour ce of drinking water is an aquifer or portion of an
aquifer that supplies a public water system (PWS) or contains enough water to supply a PWS,
supplies drinking water for human consumption or contains water with less than 10,000 milli-
gramg/liter of total dissolved solids (TDS), and is not exempted by EPA or Sate authorities from
protection as a source of drinking water.® Class | wells are classified as hazardous or
nonhazardous, depending on the characteristics of the wastewatersinjected.” Class| wells

® The UIC Program oversees four other classes of wells, in addition to Class | wells. Class Il wells are used to dispose of
fluids which are brought to the surface in connection with oil or natural gas production, to inject fluids for enhanced recovery of
oil or natural gas, or to store hydrocarbons. Class 11 wells inject fluids for the extraction of minerals. Class IV wells inject
hazardous or radioactive waste into or above strata that contain a USDW (these wells are banned). Class V includes wells not
included in Classes I, I1, I11, or IV. Typical examples of Class V wells are agricultural drainage wells, storm water drainage
wells, industrial drainage wells, untreated sewage waste disposal wells, and cesspools.

6 40CFR1443.

" Hazardous wastes are defined at 40 CFR 261.
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permitted to inject hazardous wastewater are referred to as hazardous wells; those that inject only
nonhazardous wastewater are known as nonhazardous wells. Class| wells used for disposal of
treated municipa sewage effluent are referred to as Class | municipa wells.

Many Class | wellsinject wastewater associated with the chemica products, petroleum
refining, and metd productsindudtries. Injected wastewaters vary sgnificantly based on the
process from which they are derived. Some of the most common wastewaters are manufacturing
process wastewater, mining wastes, municipa effluent, and cooling tower and air scrubber
blowdown.

Class | municipa wells are found only in Horida, primarily due to a shortage of available
land for waste disposal, dtrict limitations on surface water discharges, the presence of highly
permesble injection zones, and cost consderations. Class | municipa wellsinject sewage
effluent that has been subject to at least secondary treatment. These wells have been constructed
with wel casings up to 30 inches in diameter to dlow injection of large volumes of water (eg.,
over 19 million galons per day) at low pressures (e.g., about standard atmospheric pressure).
Class | municipa wells are not subject to the same strict requirements as other Class | wells.
This study does not address Class | municipa wells because they are not included in the Land
Digposal Program Hexibility Act’'s mandate to Study Class | injection.

Currently, there are 473 Class | wellsin the United States, of which 123 are hazardous,
and 350 are nonhazardous or municipa wells. Most Class| wells are located in EPA Regions 6
(184 wdlls), 4 (134 wells), and 5 (53 wells). Texas has the greatest number of Class | hazardous
wells (64), followed by Louisana (17). Horida has the greatest number of nonhazardous wells
(the mgority of which are municipa wells), followed by Texas and Kansas. Exhibit 1 presents
the nationd digtribution of hazardous and nonhazardous Class | wells, Exhibit 2 shows the
relative numbers of hazardous and nonhazardous Class | wells,



Exhibit 1
Number of Class | Wells by State

D [ ]Primacy State *

B Direct Implementation State *
* See Section IV.B for explanation.
EPA Regions are outlined.
Number of wells in State denoted: Hazardous/Nonhazardous.

Source: EPA’s Class | Well Inventory, 1999.
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Exhibit 2
Hazardous and Nonhazardous Class | Wells

Hazardous
L (123)

Nonhazardous
(350) *

¥ 122 nanhazsrdal e Afs municial
Watte dicpntal We |2

|.B History of the UIC Program and Rulemakings Related to Class | Injection

Underground injection of wastewater began in the 1930s when oil companies began
disposing of ail field brines and other oil and gas waste products into depleted reservoirs. Most
of the early injection wells were oil production wells converted for wastewater disposdl. Inthe
1950s, injection of hazardous chemica and stedl industry wastes began. At that time, four Class|
wells were reported; by 1963, there were 30 wells. In the mid 1960s and 1970s, Class | injection
began to increase sharply, growing at arate of more than 20 wells per year.

The 1980 UIC Regulations

Prior to EPA’sregulation of Class| injection wells, severd cases of well failures
occurred. The Hammermill Pgper Company in Erie, PA, and the Velsicol Chemica Corporation
in Beaumont, TX, are two examples.

. In April 1968, corrosion caused the casing of Hammermill Paper Company’s
No. 1 well to rupture and spent pulping liquor to flow onto the land and enter
Lake Erie. Additiondly, anoxious black liquid seeped from an abandoned gas
well a Presque Ide State Park, 5 miles away. The Pennsylvania Department of
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Environmenta Resources suspected (though never conclusvely determined) that
wagtewaters from Hammermill’ s injection well migrated up the unplugged,
abandoned well bore.

. In 1974 and 1975 the Ve sicol Chemica Company noted lower than norma
injection pressuresin one of its two injection wells, which was designed without
tubing. In 1975, Vesical shut down the well to determine the cause of the
decreased injection pressures, and an ingpection reveded numerous leaks in the
well’s casing. The company decided to plug the well and drill anew one. During
the course of the abandonment, Velsicol determined that contaminated
wastewater had lesked to aUSDW. The wastewater was pumped from the
aquifer.

In 1974, responding to concerns about underground injection practices, EPA issued a
policy statement in which the Agency opposed underground injection “without srict control and
clear demondtration that such wastes will not interfere with present or potential use of subsurface
water supplies, contaminate interconnected surface waters or otherwise damage the
environment.” In December 1974, Congress enacted the SDWA, which required EPA to st
requirements for protecting USDWs.

EPA promulgated the UIC regulations in 1980 based on the idea that, properly
congiructed and operated, injection wells are a safe mechanism for disposing of liquid waste.
The SDWA provided a definition of an underground source of drinking water; the 1980 UIC
regulations categorized injection wellsinto five classes. The regulations established technical
requirements for siting, congtruction, operating, and closure of injection wells. These
regulations are described in section IV .A.

The RCRA Hazardous and Solid Waste Amendments

In 1984, Congress enacted the Hazardous and Solid Waste Amendments (HSWA) to
RCRA, which banned the land disposa of hazardous waste, unless the hazardous waste is trested
to meet specific concentration-based or technology-based standards, or unless the hazardous
wade isinjected into aland digposa unit that has an gpproved “no-migration” exemption.
Underground injection is included in the definition of land disposd methods that require
regulation at section 3004(k) of HSWA.

EPA amended the UIC regulationsin 1988 to address the amendmentsto RCRA. The
1988 changes require operators of Class | hazardous wells to demonstrate through sophisticated
models that the hazardous congtituents of the wastewater will not migrate from the disposd ste
for 10,000 years, or aslong asthe wastewater remains hazardous. This demondiration is known
asano-migration petition, which may be in the form of a fluid flow petition or a waste
transformation petition (see section 1V.A for more on these demongtrations).
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Once ano-migration petition is gpproved, an operator may inject only wastes that are
listed in the petition. Operators who do not successfully complete the petition process must
ether treat their wastewater to acceptable levels, sop injecting, or implement pollution
prevention measures, as specified by EPA in the regulations. EPA’s trestment standards are
based on the performance of the best demondtrated available technology (BDAT). EPA may dso
St treatment standards as congtituent concentration levels, and the operator may use any
technology not otherwise prohibited to treat the wastewater.

The Land Disposal Restrictions

HSWA a0 requires EPA to sat dates to prohibit the land disposal of al hazardous
wastes (40 CFR 148 and 40 CFR 268). EPA was required to promulgate, by May 8, 1990, land
disposa prohibitions and treatment standards for al wastes that were either listed or identified as
hazardous at the time of the 1984 amendments. The Agency was dso required to promulgate
prohibitions and standards for wastes listed or identified as hazardous after the 1984
amendments, within 6 months of the listing or identification of these wastes. EPA did not meet
al of these deadlines and, as aresult, the Environmental Defense Fund (EDF) filed alawsuit
which resulted in a consent decree outlining a schedule for adoption of prohibitions and
treatment standards for hazardous wastes (EDF v. Reilly, Cir. No. 89-0598, D.D.C). Various
wadtes have been listed or identified as hazardous, and Congressionaly mandated prohibitions
on land disposa of these wastes have been ingtituted in a phased-in schedule. Progress on each
phase of the Land Disposa Redtriction (LDR) rulemakingsis described below.

Phase | Rulemaking

Phase | included Congressionally mandated restrictions on spent solvents and dioxins,
hazardous wastes that were banned from land disposa by the State of California (known as
“Cdifornialig” wagtes), and an assessment of al the hazardous wastes listed in 40 CFR 261.
Since there were alarge number of these wastes, this requirement was divided into three parts,
referred to as the firgt, second, and third-thirds wastes. The Third-Thirds rule, published in June
1990 (55 FR 22520, June 1, 1990), addressed regulation of characteristic wastes (i.e., wastes
consdered hazardous because they exhibit a characterigtic of ignitability, corrosvity, reectivity,
or toxicity). Thisrulemaking did not require treetment of underlying hazardous congtituents
(UHCs) in these characterigtic wastes, and it generally adlowed for the use of dilution to remove
the characteristic in order to meet disposa standards.

In 1992, the D.C. Circuit court’s opinion in Chemical Waste Management v. EPA, 976
F.2d 2 (D.C. Cir. 1992) essentidly negated the 1990 Third-Thirds rule. In this decison, the
court made a number of rulings pertaining to treatment standards for characteridticaly hazardous
wades. Firgt, the court held that LDR requirements can continue to apply to characteritic
hazardous wastes even after they no longer exhibit a hazardous characteristic. Second, to satisfy
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the requirements of RCRA section 3004(m) that address both short-term and long-term threats
posed by land disposal, the court held that it is not enough that short-term threats are addressed
(e.g., waste is rendered no longer corrosive). Instead, the court believed that long-term threats
posed by toxic underlying hazardous congtituents contained in the characteristicaly hazardous
wastewater must be addressed. Third, the court held that dilution was not an acceptable means
of treating hazardous congtituents because it did not remove, destroy, or immobilize hazardous
congtituents.

This decison would have far-reaching implications for operators of Class | nonhazardous
wells because alarge number of these wells inject decharacterized wastewaters (e.g.,
wagtewaters rendered nonhazardous through treatment or commingling with other wastewaters).
These operators would have to reduce the UHCs to trestment standard level s through source
reduction and waste segregation and remove the characteristic which rendered the waste
hazardous.

Phase Il and Ill Rulemakings

EPA published the Phase || LDR rulein September 1994. It established concentration-
based “ universd treatment standards’ (UTS) for 216 characterigtic and listed wastes. The UTS
amplified trestment standards by setting uniform constituent concentration levels across dl
types of wastes and replacing concentration standards, which could vary based on the type of
waste containing the congtituents. These technology-based UTS may eventudly be superseded,
or capped, by the proposed risk-based exit levels in the Hazardous Waste I dentification Rule
(HWIR) (60 FR 66344, December 21, 1995).

In the Phase 11 Rule, as proposed in March 1995, the Agency suggested that Class |
operators could segregate their characterigticaly hazardous wastes and tregt just that volume of
the wastewater to trestment standard levelsin order to meet the trestment requirements.
However, anumber of commenters on the proposed rule indicated segregation was both
technically and economicaly impractical due to the way wastewater is handled at Class|
facilities. Commenters aso noted that segregation and treatment could pose greater human
hedlth risks than underground injection. The other aternatives available to these operators were
to seek ano-migration variance, apply for a case-by-case capacity variance (in addition to an
exiging nationa capacity variance), or reduce mass loadings of hazardous congtituents by
ingtituting pollution prevention measures.

On March 26, 1996, President Clinton signed the Land Disposal Program Hexibility Act.
In effect, this legidation put back in place the gpproach adopted by EPA in the Third-Thirdsrule
of 1990 on the disposal of decharacterized wastewater. The new legidation stated, in essence,
that hazardous wastes which are hazardous only because they exhibit a characteristic are not
prohibited from Class | nonhazardous well disposd if they no longer exhibit the characterigtic at
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the point of injection. The characterigtic can be removed by any means, including dilution or
other deactivation through aggregation of different wastewaters. Operators of Class|
nonhazardous wells do not, therefore, have to identify and treet underlying hazardous
condtituents. Nonhazardous Class | facilitiesinjecting decharacterized wastewater would not be
reclassified as hazardous and would not have to make no-migration demondtrations or treat
underlying hazardous condtituentsin order to keep injecting these wastes. The legidation dso
caled for astudy, to be completed within 5 years of the Act’s passage, which would assess the
risks of land digposal and Class | underground injection of decharacterized wastes.

Thefina Phase 1l LDR rule, published in April 1996, implemented the Land Disposal
Program Flexibility Act by narrowing the gpplicability of UTS to decharacterized wastewaters
managed in Class | wells. The Phase 111 rule also addressed issues related to small quantity
generators by establishing a de minimis volume exclusion. Under this gpproach, Class |
operators could continue injecting smal volumes of characterigticaly hazardous wastewaters
when mixed with a grester volume of nonhazardous waste. Class| facility wastewaters that meet
the de minimis standard must have hazardous waste constituent concentrations of less than 10
times the established UTS a the point of generation. I1n addition, the facility’ s hazardous
wastewater must account for lessthan 1 percent of the totd flow at the point of injection and
after commingling with the nonhazardous streams. Findly, the totd volume of the hazardous
streams must be no more than 10,000 gallons per day.

Phase IV Rulemaking

EPA published the Phase IV LDR rule on May 12, 1997 and May 26, 1998, establishing
trestment standards and land disposal redtrictions for wood preserving, toxicity characteristic
metals, and minera processing wastewaters. EPA estimated that the economic impact of
resricting these wastes from digposd in Class | wellsisminimd.  Although the annud volume
of Phase IV wastes is smdll, treatment capacity is not reedily available or applicable because
Phase |V wastes are process wastes injected on-gite. Meeting no-migration demonstrations or
other proposed management options may be difficult for mogt facilities a thistime. A 2-year
capacity variance has been granted to dedl with the lack of trestment capacity.

. Technology Summary

Injection engineering technology, regiond and loca geologic characterization, and Ste-
gpecific mathematicd modeling are combined to ensure that injected fluids from Class | wdls
trave to ther intended location safdly away from USDWs, and remain there for aslong as they
pose a risk to human hedlth or the environment.



Study of the Risks Associated with Class | UIC Wells

LA Injection Well Technology

Class | wells are designed and constructed to prevent the movement of injected
wastewaters into USDWs. Wdlstypicaly consst of three or more concentric layers of pipe:
surface casing, long string casing, and injection tubing.?  Exhibit 3 shows the key construction
eements of atypicd Class| well.

Thewel’s casing prevents the borehole from caving in and contains the tubing. It
typicdly is constructed of a corroson-resstant materid such as sted or fiberglass-reinforced
plastic. Surface casing isthe outermost of the three protective layers; it extends from the
surface to below the lowermost USDW. The long string casing extends from the surface to or
through the injection zone. The long string casing terminates in the injection zone with a
screened, perforated, or open-hole completion, where injected fluids exit the tubing and enter
the recaiving formation. The wel casng design and materids vary based on the physicd and
chemica nature of injected and naturdly occurring fluids in the rock formation, aswell asthe
formation’s characteridtics. The wastewater must be compatible with the well materids that
come into contact with it. Cement made of latex, minera blends, or epoxy is used to sed and
support the casing.

The characteridtics of the receiving formation determine the appropriate well completion
assembly—a perforated or screen assembly is gppropriate for unconsolidated formations such as
sand and grave, while an open-hole completion is used in wdls that inject into consolidated
sandstones or limestone.

Theinnermost layer of the well, the injection tubing, conducts injected wastewater from
the surface to the injection zone. Because it isin continuous contact with wastewater, the tubing
is congructed of corroson-resstant materid (e.g., sted and high-nickel dloys, fiberglass-
reinforced plagtic, coated or lined dloy stedl, or more exotic eements such as zirconium,
tantalum, or titanium).

The annular space between the tubing and the long string casing, sedled at the bottom by
apacker and at the top by the wellhead, isolates the casing from injected wastewater and creates
afluid-tight sedl. The packer isamechanica device set immediatdy above the injection zone
that sedls the outside of the tubing to the inside of the long tring casing. The packer may bea
smple mechanically set rubber device or a complex concentric sed assembly. Constant pressure
ismaintained in the annular space; this pressure is continuoudy monitored to verify the wdl’s
mechanicd integrity and proper operationd conditions.

8 Al three layers are required of Class | hazardous wells [40 CFR 146.65(c)].

10
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Exhibit 3
A Typical Class | Injection Well
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II.LB  Geologic Siting

In addition to the multiple safeguards of the injection well design, the geologic properties
of the subsurface around the well offer afina safeguard againgt the movement of injected
wadtewatersto aUSDW. Class| wells are sited so that, should any of their componentsfail, the
injected fluids would be confined to the intended subsurface layer.

Class| wellsinject into zones with the proper configuration of rock types to ensure that
they can safdly receive injected fluids. The geologica formation into which the wastewaters are
injected is known as the injection zone. Extensve pre-Sting geologicd tests confirm thet the
injection zoneis of sufficient laterd extent and thickness and is sufficiently porous and
permesble so that the fluids injected through the well can enter the rock formation without an
excessve build up of pressure and possible displacement of injected fluids outside of the
intended zone. Theinjection zoneis overlain by one or more layers of reatively impermegble
rock thet will hold injected fluids in place and not dlow them to move verticaly toward a
USDW; this rock layer(s) defines the confining zone. Confining zones are typicaly composed
of shdes, which are“plagtic,” meaning they are less likely to be fractured than more brittle
rocks, such as sandstones.

Class| fluids are injected deep into the earth into brine-saturated formations or non-
freshwater zones. Thetypicd Class| wdl injects wastewatersinto geologic formations
thousands of feet below the land surface. In the Great Lakes region, injection well depths
typicaly range from 1,700 to 6,000 feet; in the Gulf Coast, depths range from 2,200 to 12,000
feet or more. Fluids at these depths move very dowly, on the order of afew feet per hundred or
even thousand years, meaning that fluids injected into the deep subsurface are likely to remain
confined for along time,

Class| hazardous wells are located in geologicdly stable areas. The operator of awell
must demondtrate that there are no transmissive fractures or faults’ in the confining rock layer(s)
through which injected fluids could travel to drinking water sources. Well operators aso must
show that there are no wells or other artificia pathways between the injection zone and USDWs
through which fluids can travel. EPA regulations prevent Class | hazardous wells from being
gted in areas where earthquakes could occur and compromise the ability of the injection zone
and confining zone to contain injected fluids.

% A transmissive fracture or fault is one that has sufficient permeability and vertical extent to allow movement of fluids

between formations.

12
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I.C Class | Well Risks

There are two potentia pathways through which injected fluids can migrate to USDWs.
(1) failure of thewel or (2) improperly plugged or completed wells or other pathways near the
well. EPA’s extensve technica requirements for Class | wells are designed to prevent
contamination of USDWs via these pathways.

Well Failure

Contamination due to well failureis caused by lesks in the well tubing and casing or
when injected fluid is forced upward between the well’ s outer casing and the well bore should
the well lose mechanica integrity (MI1). Internal mechanical integrity is the absence of
ggnificant leskage in the injection tubing, casing, or packer. Aninternd mechanicd integrity
failure can result from corrasion or mechanica failure of the tubular and casng materids.
External mechanical integrity isthe absence of sgnificant flow adong the outsde of the casng.
Fallure of the well’ s externd mechanicd integrity occurs when fluid moves up the outsde of the
well dueto failure or improper ingdlation of the cement. To reduce the potentia threet of well
failures, operators must demondrate thet thereis no sgnificant lesk or fluid movement through
channels adjacent to the well bore before the well isissued a permit and alowed to operate. In
addition, operators must conduct appropriate mechanica integrity tests (MITS) every year (for
hazardous wells) and every 5 years (for nonhazardous wells) theresfter to ensure the wells have
internal and externd MI and are fit for operation. It isimportant to note that fallure of an MIT,
or even aloss of MI, does not necessarily mean that wastewater will escape the injection zone.
Class | wells have redundant safety systems to guard againgt |oss of waste confinement (see
section I11.A for further discussion).

Pathways for Fluid Movement in the Area of Review

The Area of Review (AoR) is the zone of endangering influence around the well, or the
radius at which pressure due to injection may cause the migration of the injectate and/or
formation fluid into a USDW. Improperly plugged or completed wells that penetrate the confin-
ing zone near the injection well can provide a pathway for fluids to travel from the injection zone
to USDWs. These potentid pathways are most common in areas of oil and gas exploration. Be-
cause the geologic requirements for Class | hazardous injection activities are Smilar to those for
oil and gas exploration, these activities often take place in the same areas. EPA estimates that
there may be as many as 300,000 abandoned wells and 100,000 producing wells potentialy in
the AoRs of Class | injection wells.

To protect againgt migration through this pathway, wells that penetrate the zone affected
by injection pressure must be properly constructed or plugged. Before injecting, operators must

13
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identify al wells within the AoR that penetrate the injection or confining zone, and repair dl
wellsthat are improperly completed or plugged before a permit isissued.

Huids could potentialy be forced upward from the injection zone through tranamissive
faults or fracturesin the confining beds which, like abandoned wdlls, can act as pathways for
waste migration to USDWs. Faults or fractures may have formed naturdly prior to injection or
may be created by the waste dissolving the rocks of the confining zone. Artificid fractures may
aso be created by injecting wastewater at excessve pressures. To reduce thisrisk, injection
wells are Sted such that they inject below a confining bed that is free of known transmissve
faults or fractures. In addition, during well operation, operators must monitor injection pressures
to ensure that fractures are not propageted in the injection zone or initiated in the confining zone.

[I.LD Introduction to Modeling

Site-specific modeling of wastewater migration is the foundation of a no-migration
demonstration that hazardous wastewaters will remain in the injection zone for as long as they
remain hazardous. Modds are dso the basis on which the requirements for hazardous and
nonhazardous waste disposa were developed. A long-term andlysisis the only way to know with
absolute certainty what will happen to injected fluids, however thisisimpracticd, given thetime
frames involved in movement of deep-injected fluids. The purpose of modeling is to provide
long-term prediction of the extent of injected wastewater migration at great depths and
demonstrate, using conservative assumptions, that the wastewater will remain contained or
rendered nonhazardous. Modeling is based on rigorous science, and models are well-established
scientific tools. All of the models on which studies and no-migration petitions are based are
accepted by the scientific and regulatory communities.

The modeling process has several components: the conceptual model, the mathematical
model or equations, and the numerical model or computer code used to solve the equations. In
general, modeling is a conceptual representation, using simplifying assumptions about the
injection well, the surrounding formation, and well operations. The mathematical model
involves equations to represent the conservation of mass and momentum. The equations
simulate fluid pressure and chemical or constituent concentration levels changes over time.
Because of the difficulty in measuring the slow movement of fluids over long time periods (i.e.,
10,000 years at great depths), the injection and emplacement of the wastewater is modeled
mathematically using complex computer simulations.

The conceptual model is a simplified representation of the geologic strata in the vicinity
of the injection well. It is envisioned that the well operations include wastewater injection
operations, based on both the actual operational history of the site and future injection
conditions. In addition, the model includes a post-operation period of 10,000 years in which the
wastewater will migrate from the point of emplacement in the injection zone. Several processes
are considered in the conceptual model, including pressure build-up, fluid displacement, mixing

14
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or dispersion of the injected wastewater and the native formation fluids, and fluid density
differences.

Mathematical models are used to simulate the injection and migration of fluids within the
injection zone. These models include fluid flow and dissolved contaminant transport within
geologic materials using mathematical expressions based on the physical principles associated
with the geology and the native (in situ) and injected fluids. Within the model, the injection
zone and the confining zone are defined by subdividing the region into series of adjoining
“cells.” The lateral extent of the model is often several miles wide. The cells or blocks are
defined in order to segment the region both vertically and laterally. Each cell within the
modeled region has defined geologic parameters and fluid properties including permeability,
porosity, compressibility, dispersivity, fluid density and viscosity. The mathematical models
solve for the fluid pressure and chemical concentration. Realistic modeling requires considerable
knowledge about the fluid properties of the injectate and the physical properties of the rock
formation, all of which serve as inputs to the model. It is also possible to mathematically
simulate chemical interactions between the injected fluids, the native fluids, and the geologic
formation. More complex models also include a representation of the complex geologic
structure through a series of surface and subsurface maps.

The models or computer codes are used to simulate the effects of injecting fluids at some
initial time into one or more of the cells and predict the flow and chemical concentration
transferred from cell to cell over an extended period of time. Many calculations take place in the
model. At each time step (i.e., from the start of the injection operations to 10,000 years), the
model must track the new amount of wastewater injected, the flow and chemical flux into
adjacent cells, and the subsequent flow and chemical flux from cell to cell. There may be
thousands of cells in a model, and the flow and chemical flux must be calculated for every side
of each cell. The model tracks the mass of the fluids, the fluid density and viscosity, chemical
concentrations, and temperature of rock and water within every cell at specified times.

Models are constructed based on field observations and measurements of downhole
pressure, surface injection pressure, geophysical logs, rock cores extracted from depth,
injectivity tests, pressure fall-off test, tracer surveys, injection chemical concentration, and fluid
density. The process of model calibration is a fitting of the input parameters in order to match
field conditions. For example, pressure fall-off tests may be analyzed using analytical tools for
injection zone permeability. The values for permeability are used as inputs from one fall-off test
and then compared with field observations from another test. The input parameters are then
adjusted to afford the best possible match with field conditions. Conservative assumptions are
embedded throughout the model construction, so that the model predicts the maximum extent of
wastewater migration.

The results of the model are verified against actual data from the field (i.e., data from
pressure tests, drawdown or build-up tests). Typically, model verification does not address

15



Study of the Risks Associated with Class | UIC Wells

concentration levels. Occasionally, new wells are constructed near existing injection wells, and
model verification of the existing wastewater plume can be performed. Because the model is
predictive over a long time scale and the geologic materials are naturally variable, a conservative
model is designed to address the issue of variability in the model parameters and fluid motion
within the injection zone through a series of analyses. Multiple simulations or computer runs
using differing input parameters are generally performed to assess variations in the predicted
outcome. Moreover, it is preferable for the models to use conservative assumptions to predict
worse-case scenarios and reflect the high degree of uncertainty in the no-migration
demonstrations (40 CFR 148.21). This worst-case scenario brackets the outer limits of the fluid
migration within the area of investigation.

When the modeling analysis is complete, the output is typically a series of graphs and
maps that depict the amount of fluid pressure increase and the concentration of the injected fluid
within the injection zone. Although the conditions at the final time step (10,000 years) are the
objective, it is possible to show the physical position of injected fluids at any specified time.

Numerous models or codes are based on work by the United States Geologic Survey,
EPA, U.S. Department of Defense, U.S. Army Corps of Engineers, many universities and
colleges, and the oil and gas industry. These are distributed commercially, and many are
available for free on the Internet. The models have evolved in their complexity and ability to
represent the real world, from simple displacement approaches to models incorporating
molecular diffusion and variable pressure responses.

[ll.  Options for Decharacterized Wastewaters

Under RCRA, wastewaters that demondtrate the characterigtic of ignitability, corrosivity,
reactivity, or toxicity are consdered to be hazardous wastes.

. | gnitable wastes are cgpable of causing fire through friction at standard
temperature or pressure. Ignitable wastes are produced by the organic chemical
production, laboratories and hospitals, paint manufacturing, cosmetics and
fragrances, pulp and paper, and congtruction industries.

. Corrosive wastes are extremely acidic or akdine (i.e., have a pH less than or
equal to 2 or greater than or equa to 12.5). The organic chemical production,
laboratories and hospitals, paint manufacturing, cosmetics and fragrances,
equipment cleaning, sogps and detergents, dectronics manufacturing, iron and
stedl, and pulp and paper industries produce corrosive wastes.

. Reactive wastes are normaly unstable wastes that react violently or form
potentidly explosive mixtures with water. Examples of industries that produce
reactive wastes include organic chemica production and petroleum refining.
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. Toxic organic wastes contain toxic condituentsin excess of aregulatory level.
They are produced by organic chemica production, petroleum refining, and waste
management and refuse systems.

Characterigtic hazardous wastes are identified with waste codes D001 through D043. These
waste codes are used for record keeping, tracking off-gte shipments, and determining the
applicability of the LDR program.

Prior to disposal in a Class I nonhazardous well, hazardous wastewaters must be
decharacterized (i.e., the hazardous characteristic must be removed) by any means including
treatment, dilution, or other deactivation through aggregation of different wastewaters, including
commingling with nonhazardous or exempt wastewaters. The Class| nonhazardous wdls, into
which the decharacterized wastewater is injected, must conform with al federd and state UIC
regulations. The management of these wastewaters by Class | injection well operators provides a
low-risk option, aswill be described in the next sections of this study.

In addition, from a generd andlysis of data from previous studies, including databases
gpecific to Class | nonhazardous and hazardous injection wells, EPA believes that a substantia
volume of decharacterized waste is being injected into Class | hazardous wells. Facilities using
Class| injection wells, induding indugtrid, manufacturing, petrochemicd, and refinery
operations, will generdly usetheir Class | hazardous wells to dispose of wastewaters from their
process operations which may not be amenable to segregation. They can usetheir Class|
hazardous wells for disposal of any wastewaters dlowed by their permits, and included in their
no-migration petition demongtration (permitting and no-migration petitions will dso be
discussed later in thisstudy). This practice affords an even greater (though not essentid) level
of protection, as the Class | hazardous waste wells have additiond operating, monitoring, and
other redundant safety requirements beyond the aready protective requirements of the Class |
nonhazardous wells.

V. Oversight of Class | Wells

This section describes how EPA oversees the Class | program. Section IV.A describes the
Agency’ sregulations for Sting, congtructing, operating, monitoring and testing, and closing
Class| wells. Section IV.B describes how EPA Headquarters and regions oversee Class |
injection practices.
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IV.A  Regulations and Criteria for Class | Wells

EPA'’ s siting, congtruction, operating, monitoring, and closure requirements for Class|
wells provide multiple safeguards against well leskage or the movement of injected wastewaters
to USDWs. The following sections describe the Class | Program regulations (40 CFR 146 and
148).

Siting Requirements

Class| wells must be sited so that wastewaters are injected into a formation that is below
the lowermost formation containing, within one-quarter mile of the well, aUSDW [40 CFR
146.12(a); 40 CFR 146.62(a)]. In siting Class | wells, operators must use geologic and
hydrogeologic studies and studies of atificid penetrations of the injection and confining zones
to demondtrate that their proposed injection will not endanger USDWSs. In addition, Class|
operators seeking to inject hazardous wastewaters must demonstrate via a no-migration petition
that the hazardous condtituents of wastewaters will not migrate from the disposal site for aslong
as the wastewaters remain hazardous.

Additiond siting requirements are imposed on Class | hazardous wdlls to ensure that they
are located in geologicdly stable (e.g., low risk of earthquakes) formations that are free of
natura or artificia pathways for fluid movement between the injection zone and USDWSs.

Geologic Studies

Studies of the injection and confining zones are conducted to ensure that Class | wdls are
gted in geologicdly suitable areas. Wl permitting decisions are based on whether the
recelving formations are sufficiently permeable, porous, and thick to accept the injected fluids at
the proposed injection rate without requiring excessve pressure. Theinjection zone should be
homogeneous. It should dso be of sufficient ared extent to minimize formation pressure
buildup and to prevent injected fluids from reaching aquifer recharge areas. The confining zone
should be of relatively low permesability to prevent upward movement of injected materids.

For Class| hazardous wells, additiona structural studies must demondtrate thet the
injection and confining formationsin the area around the wdl| are free of verticaly transmissve
fissures or faults, and that the region is characterized by low seismicity and alow probability of
earthquakes. The operator must demondtrate that the proposed injection will not induce
earthquakes or increase the frequency of naturally occurring earthquakes.

Injected fluids must be geochemicaly competible with the well materids and the rock
and fluids in the injection and confining zones. The injection zone must have no economic vaue
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APPENDIX A

Land Disposal Program Flexibility Act of 1996

Public Law 104-119, March 26, 1996



PUBLIC LAW 104-119—MAR. 26, 1996

LAND DISPOSAL PROGRAM FLEXIBILITY ACT
OF 1996



110 STAT. 830

PUBLIC LAW 104-119—MAR. 26, 1996

Public Law 104-119
104th Congress

An Act
Mar. 26, 1996 To amend the Solid Waste Disposal Act to make certain adjustments in the land
[H.R. 2036] disposal program to provide needed flexibility, and for other purposes.
Be it enacted by the Senate and House of Representatives of
Land Disposal the United States of America in Congress assembled,
Program
Klexi?illgg% SECTION 1. SHORT TITLE.
cto . R . R T
Environmental This Act may be cited as the “Land Disposal Program Flexibility
protection. Act of 1996".
42 USC 6901
note. SEC. 2. LAND DISPOSAL RESTRICTIONS.
42 USC 6924. Section 3004(g) of the Solid Waste Disposal Act is amended

by adding after paragraph (6) the following:

“(7) Solid waste identified as hazardous based solely on
one or more characteristics shall not be subject to this sub-
section, any prohibitions under subsection (d), (e), or (f), or
any requirement promulgated under subsection (m) (other than
any applicable specific methods of treatment, as provided in
paragraph (8)) if the waste—

“(A) is treated in a treatment system that subsequently
discharges to waters of the United States pursuant to

a permit issued under section 402 of the Federal Water

Pollution Control Act (commonly known as the “Clean

Water Act”) (33 U.S.C. 1342), treated for the purposes

of the pretreatment requirements of section 307 of the

Clean Water Act (33 U.S.C. 1317), or treated in a zero

discharge system that, prior to any permanent land dis-

posal, engages in treatment that is equivalent to treatment

required under section 402 of the Clean Water Act (33

U.S.C. 1342) for discharges to waters of the United States,

as determined by the Administrator; and

“(B) no longer exhibits a hazardous characteristic prior
to management in any land-based solid waste management
unit.

“(8) Solid waste that otherwise qualifies under paragraph
(7) shall nevertheless be required to meet any applicable specific
methods of treatment specified for such waste by the Adminis-
trator under subsection (m), including those specified in the
rule promulgated by the Administrator June 1, 1990, prior
to management in a land-based unit as part of a treatment
system specified in paragraph (7)(A). No solid waste may qualify
under paragraph (7) that would generate toxic gases, vapors,
or fumes due to the presence of cyanide when exposed to
pH conditions between 2.0 and 12.5.
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“(9) Solid waste identified as hazardous based on one or
more characteristics alone shall not be subject to this sub-
section, any prohibitions under subsection (d), (e), or (f), or
any requirement promulgated under subsection (m) if the waste
no longer exhibits a hazardous characteristic at the point of
injection in any Class | injection well permitted under section
1422 of title X1V of the Public Health Service Act (42 U.S.C.
300h-1).

“(10) Not later than five years after the date of enactment
of this paragraph, the Administrator shall complete a study
of hazardous waste managed pursuant to paragraph (7) or
(9) to characterize the risks to human health or the environ-
ment associated with such management. In conducting this
study, the Administrator shall evaluate the extent to which
risks are adequately addressed under existing State or Federal
programs and whether unaddressed risks could be better
addressed under such laws or programs. Upon receipt of addi-
tional information or upon completion of such study and as
necessary to protect human health and the environment, the
Administrator may impose additional requirements under exist-
ing Federal laws, including subsection (m)(1), or rely on other
State or Federal programs or authorities to address such risks.
In promulgating any treatment standards pursuant to sub-
section (m)(1) under the previous sentence, the Administrator
shall take into account the extent to which treatment is occur-
ring in land-based units as part of a treatment system specified
in paragraph (7)(A).

“(11) Nothing in paragraph (7) or (9) shall be interpreted
or applied to restrict any inspection or enforcement authority
under the provisions of this Act.”.

SEC. 3. GROUND WATER MONITORING.

(@) AMENDMENT OF SoLID WASTE DisposaL AcT.—Section
4010(c) of the Solid Waste Disposal Act (42 U.S.C. 6949a(c)) is
amended as follows:

(1) By striking “CriTERIA.—Not later” and inserting the
following: “CRITERIA.—

“(1) IN GENERAL.—Not later”.

(2) By adding at the end the following new paragraphs:

“(2) ADDITIONAL REVISIONS.—Subject to paragraph (3), the
requirements of the criteria described in paragraph (1) relating
to ground water monitoring shall not apply to an owner or
operator of a new municipal solid waste landfill unit, an existing
municipal solid waste landfill unit, or a lateral expansion of

a municipal solid waste landfill unit, that disposes of less

than 20 tons of municipal solid waste daily, based on an annual

average, if—

“(A) there is no evidence of ground water contamination
from the municipal solid waste landfill unit or expansion;
and

“(B) the municipal solid waste landfill unit or expan-
sion serves—

“(i) a community that experiences an annual
interruption of at least 3 consecutive months of surface
transportation that prevents access to a regional waste
management facility; or
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“(if) a community that has no practicable waste
management alternative and the landfill unit is located
in an area that annually receives less than or equal
to 25 inches of precipitation.

“(3) PROTECTION OF GROUND WATER RESOURCES.—

“(A) MONITORING REQUIREMENT.—A State may require
ground water monitoring of a solid waste landfill unit
that would otherwise be exempt under paragraph (2) if
necessary to protect ground water resources and ensure
compliance with a State ground water protection plan,
where applicable.

“(B) MeTHoDs.—If a State requires ground water mon-
itoring of a solid waste landfill unit under subparagraph
(A), the State may allow the use of a method other than
the use of ground water monitoring wells to detect a release
of contamination from the unit.

“(C) CorrecTIVE AcTION.—If a State finds a release
from a solid waste landfill unit, the State shall require
corrective action as appropriate.

“(4) NO-MIGRATION EXEMPTION.—

“(A) IN GENERAL.—Ground water monitoring require-
ments may be suspended by the Director of an approved
State for a landfill operator if the operator demonstrates
that there is no potential for migration of hazardous
constituents from the unit to the uppermost aquifer during
the active life of the unit and the post-closure care period.

“(B) CERTIFICATION.—A demonstration under subpara-
graph (A) shall be certified by a qualified ground-water
scientist and approved by the Director of an approved
State.

“(C) GuibAaNce.—Not later than 6 months after the
date of enactment of this paragraph, the Administrator
shall issue a guidance document to facilitate small commu-
nity use of the no migration exemption under this para-
graph.

“(5) ALASKA NATIVE VILLAGES.—Upon certification by the
Governor of the State of Alaska that application of the require-
ments described in paragraph (1) to a solid waste landfill unit
of a Native village (as defined in section 3 of the Alaska
Native Claims Settlement Act (16 U.S.C. 1602)) or unit that
is located in or near a small, remote Alaska village would
be infeasible, or would not be cost-effective, or is otherwise
inappropriate because of the remote location of the unit, the
State may exempt the unit from some or all of those require-
ments. This paragraph shall apply only to solid waste landfill
units that dispose of less than 20 tons of municipal solid waste
daily, based on an annual average.

“(6) FURTHER REVISIONS OF GUIDELINES AND CRITERIA.—
Recognizing the unique circumstances of small communities,
the Administrator shall, not later than two years after enact-
ment of this provision promulgate revisions to the guidelines
and criteria promulgated under this subtitle to provide addi-
tional flexibility to approved States to allow landfills that
receive 20 tons or less of municipal solid waste per day, based
on an annual average, to use alternative frequencies of daily
cover application, frequencies of methane gas monitoring,
infiltration layers for final cover, and means for demonstrating
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financial assurance: Provided, That such alternative require-
ments take into account climatic and hydrogeologic conditions
and are protective of human health and environment.”.

(b) REINSTATEMENT OF REGULATORY EXEMPTION.—It is the

42 USC 6949a

intent of section 4010(c)(2) of the Solid Waste Disposal Act, as note.
added by subsection (a), to immediately reinstate subpart E of
part 258 of title 40, Code of Federal Regulations, as added by
the final rule published at 56 Federal Register 50798 on October

9, 1991.

SEC. 4. TECHNICAL CORRECTIONS TO SOLID WASTE DISPOSAL ACT.

The Solid Waste Disposal Act is amended as follows:

(1) In section 3001(d)(5) by striking “under section 3001" 42 USC 6921.

and inserting “under this section”.

(2) By inserting a semicolon at the end of section

3004(q)(1)(C).

42 USC 6924.

(3) In section 3004(g), by striking “subparagraph (A)
through (C)” in paragraph (5) and inserting “subparagraphs

(A) through (C)".

(4) In section 3004(r)(2)(C), by striking “pertroleum-

derived” and inserting “petroleum-derived”.

(5) In section 3004(r)(3) by inserting after “Standard” the

word “Industrial”.

(6) In section 3005(a), by striking “polycholorinated” and 42 usc 6925.

inserting “polychlorinated”.

(7) In section 3005(e)(1), by inserting a comma at the

end of subparagraph (C).

(8) In section 4007(a), by striking “4003” in paragraphs 42 USC 6947.

(1) and (2)(A) and inserting “4003(a)”.

Approved March 26, 1996.

LEGISLATIVE HISTORY—H.R. 2036:

HOUSE REPORTS: No. 104-454 (Comm. on Commerce).
CONGRESSIONAL RECORD, Vol. 142 (1996):
Jan. 30, 31, considered and passed House.
Feb. 20, considered and passed Senate, amended.
Mar. 7, House concurred in Senate amendments.
WEEKLY COMPILATION OF PRESIDENTIAL DOCUMENTS, Vol. 32 (1996):
Mar. 26, Presidential statement.
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Exhibit 5

CANCER RISKS ASSOCIATED WITH BENZENE, CARBON TETRACHLORIDE, AND ARSENIC
ASSUMING EAST GULF COAST WITH AN ABANDONED BOREHOLE SCENARIO AND WITH PUMPING AT 720,000 GPD AND A
PERMEABILITY RATIO OF 1:1,000 BETWEEN THE INJECTION ZONE AND THE CONFINING LAYER

Initial Normalized Drinking Water Ingestion Unit Cancer Slope Individual
Chemical/ Constituent Injectate Concentration Conversion Dose Factor Cancer
Receptor Location Concentrations Concentrations (mgll) Factor (mg/kg/day) (mg/kg/day)™ * Risk
(ma/h) * (mg/l) 2 (I/kg/day) @

Benzene:
- 500 feet from well in base of USDW plus pumping > 47.00 2.250E-04 1.18E-02 0.0286 3.39E-04 2.90E-02 9.82E-06
- 500 feet from well in aquifer below USDW plus pumping 7 47.00 3.340E-02 1.57E+00 0.0286 4.49E-02 2.90E-02 1.30E-03
- 2,000 feet from well in base of USDW plus pumping 8 47.00 4.830E-10 2.27E-08 0.0286 6.49E-10 2.90E-02 1.88E-11
Carbon Tetrachloride:
- 500 feet from well in base of USDW plus pumping 5.6 2.23 2.250E-04 5.62E-04 0.0286 1.61E-05 1.30E-01 2.09E-06
- 500 feet from well in aquifer below USDW plus pumping 7 2.23 3.340E-02 7.45E-02 0.0286 2.13E-03 1.30E-01 2.77E-04
- 2,000 feet from well in base of USDW plus pumping ® 2.23 4.830E-10 1.08E-09 0.0286 3.08E-11 1.30E-01 4.00E-12
Arsenic:
- 500 feet from well in base of USDW plus pumping 5.6 2.60 2.250E-04 6.55E-04 0.0286 1.87E-05 1.50E+00 2.81E-05
- 500 feet from well in aquifer below USDW plus pumping ’ 2.60 3.340E-02 8.68E-02 0.0286 2.48E-03 1.50E+00 3.73E-03
- 2,000 feet from well in base of USDW plus pumping ® 2.60 4.830E-10 1.26E-09 0.0286 3.59E-11 1.50E+00 5.39E-11

1 Concentration set at 90" percentile concentration reported from hazardous and nonhazardous Class | facilities.

2 Based on information provided in GeoTrans, Inc., September 13, 1996 report titled “ Numerical Simulation of Deep Injection Wells in Support of UIC OGWDW.”

% |EC, Inc., 1987.
4 IRIS. January 11, 1995.

5

Assume pumping rate of 720,000 gallons per day.

® The concentration measured at receptor A2 located in the base of the USDW as modeled in GeoTrans, Inc., 1995.

" The concentration measured at receptor B2 located in an aquifer below the USDW as modeled in GeoTrans, Inc., 1995.

8 The concentration measured at receptor A4 located in the base of the USDW as modeled in GeoTrans, Inc., 1995.




Exhibit 6

CANCER RISKS ASSOCIATED WITH BENZENE, CARBON TETRACHLORIDE, AND ARSENIC
ASSUMING EAST GULF COAST WITH AN ABANDONED BOREHOLE SCENARIO AND WITH PUMPING AT 720,000 GPD AND A
PERMEABILITY RATIO OF 1:10,000,000 BETWEEN THE INJECTION ZONE AND THE CONFINING LAYER

Initial Normalized Drinking Water Ingestion Unit Cancer Slope Individual
Chemical/ Constituent Injectate Concentration Conversion Dose Factor Cancer
Receptor Location Concentrations Concentrations (mgll) Factor (mg/kg/day) (mg/kg/day)™ * Risk
(ma/h) * (mg/l) 2 (I/kg/day)

Benzene:
- 500 feet from well in base of USDW plus pumping * 8 47.00 1.680E-04 7.90E-03 0.0286 2.26E-04 2.90E-02 6.55E-06
- 500 feet from well in aquifer below USDW plus pumping 7 47.00 2.100E-02 9.87E-01 0.0286 2.82E-02 2.90E-02 8.19E-04
- 2,000 feet from well in base of USDW plus pumping 8 47.00 3.060E-10 1.44E-08 0.0286 4.11E-10 2.90E-02 1.19E-11
Carbon Tetrachloride:
- 500 feet from well in base of USDW plus pumping 56 2.23 1.680E-04 3.75E-04 0.0286 1.07E-05 1.30E-01 1.39E-06
- 500 feet from well in aquifer below USDW plus pumping 7 2.23 2.100E-02 4.68E-02 0.0286 1.34E-03 1.30E-01 1.74E-04
- 2,000 feet from well in base of USDW plus pumping ® 2.23 3.060E-10 6.82E-10 0.0286 1.95E-11 1.30E-01 2.54E-12
Arsenic:
- 500 feet from well in base of USDW plus pumping 56 2.60 1.680E-04 4.37E-04 0.0286 1.25E-05 1.50E+00 1.87E-05
- 500 feet from well in aquifer below USDW plus pumping * 2.60 2.100E-02 5.46E-02 0.0286 1.56E-03 1.50E+00 2.34E-03
- 2,000 feet from well in base of USDW plus pumping ® 2.60 3.060E-10 7.96E-10 0.0286 2.28E-11 1.50E+00 3.41E-11

i

Concentration set at 90" percentile concentration reported from hazardous and nonhazardous Class | facilities.

N

Based on information provided in GeoTrans, Inc., September 13, 1996 report titled “ Numerical Simulation of Deep Injection Wells in Support of UIC OGWDW.”
IEC, Inc., 1987.

4 IRIS. January 11, 1995.

Assume pumping rate of 720,000 gallons per day.

w

o

The concentration measured at receptor A2 located in the base of the USDW as modeled in GeoTrans, Inc., 1995.

~

The concentration measured at receptor B2 located in an aquifer below the USDW as modeled in GeoTrans, Inc., 1995.

8 The concentration measured at receptor A4 located in the base of the USDW as modeled in GeoTrans, Inc., 1995.




Exhibit 7

HAZARD INDEX — CARBON TETRACHLORIDE AND ARSENIC
ASSUMING EAST GULF COAST WITH AN ABANDONED BOREHOLE SCENARIO AND WITH PUMPING AT 720,000 GPD AND A
PERMEABILITY RATIO OF 1:1,000 BETWEEN THE INJECTION ZONE AND THE CONFINING LAYER

Initial Normalized Drinking Ingestion Unit Reference Hazard
Chemical/ Constituent Injectate Water Conversion Dose Dose (RfD) Index
Receptor Location Concentrations Concentrations Concentration Factor (mg/kg/day) (mg/kg/day) *
(mg/h * (mg/) 2 (ma/l) (I/kg/day)®

Carbon Tetrachloride:
- 500 feet from well in base of USDW plus pumping > 2.23 2.520E-04 5.62E-04 0.0286 1.61E-05 7.00E-04 2.30E-02
- 500 feet from well in aquifer below USDW plus pumping 7 2.23 3.340E-02 7.45E-02 0.0286 2.13E-03 7.00E-04 3.04E+00
- 2,000 feet from well in base of USDW plus pumping 8 2.23 4.830E-10 1.08E-09 0.0286 3.08E-11 7.00E-04 4.40E-08
Arsenic:
- 500 feet from well in base of USDW plus pumping 5.6 2.60 2.520E-04 6.55E-04 0.0286 1.87E-05 3.00E-04 6.25E-02
- 500 feet from well in aquifer below USDW plus pumping 7 2.60 3.340E-02 8.68E-02 0.0286 2.48E-03 3.00E-04 8.28E+00
- 2,000 feet from well in base of USDW plus pumping ® 2.60 4.830E-10 1.26E-09 0.0286 3.59E-11 3.00E-04 1.20E-07

1 Concentration set at 90" percentile concentration reported from hazardous and nonhazardous Class | facilities.

2 Based on information provided in GeoTrans, Inc., September 13, 1996 report titled “ Numerical Simulation of Deep Injection Wells in Support of UIC OGWDW.”
® |IEC, Inc., 1987.

4 IRIS. January 11, 1995.

5 Assume pumping rate of 720,000 gallons per day.

® The concentration measured at receptor A2 located in the base of the USDW as modeled in GeoTrans, Inc., 1995.

" The concentration measured at receptor B2 located in an aquifer below the USDW as modeled in GeoTrans, Inc., 1995.

8 The concentration measured at receptor A4 located in the base of the USDW as modeled in GeoTrans, Inc., 1995.
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Exhibit 8

HAZARD INDEX — CARBON TETRACHLORIDE AND ARSENIC
ASSUMING EAST GULF COAST WITH AN ABANDONED BOREHOLE SCENARIO AND WITH PUMPING AT 720,000 GPD AND A
PERMEABILITY RATIO OF 1:10,000,000 BETWEEN THE INJECTION ZONE AND THE CONFINING LAYER

Initial Normalized Drinking Ingestion Unit Reference Hazard
Chemical/ Constituent Injectate Water Conversion Dose Dose (RfD) Index
Receptor Location Concentrations Concentrations Concentration Factor (mg/kg/day) (mg/kg/day) *
(mg/h * (mg/) 2 (ma/l) (I/kg/day)®

Carbon Tetrachloride:
- 500 feet from well in base of USDW plus pumping > 2.23 1.680E-04 3.75E-04 0.0286 1.07E-05 7.00E-04 1.53E-02
- 500 feet from well in aquifer below USDW plus pumping 7 2.23 2.100E-02 4.68E-02 0.0286 1.34E-03 7.00E-04 1.91E+00
- 2,000 feet from well in base of USDW plus pumping 8 2.23 3.060E-10 6.82E-10 0.0286 1.95E-11 7.00E-04 2.79E-08
Arsenic:
- 500 feet from well in base of USDW plus pumping 5.6 2.60 1.680E-04 4.37E-04 0.0286 1.25E-05 3.00E-04 4.16E-02
- 500 feet from well in aquifer below USDW plus pumping 7 2.60 2.100E-02 5.46E-02 0.0286 1.56E-03 3.00E-04 5.21E+00
- 2,000 feet from well in base of USDW plus pumping ® 2.60 3.060E-10 7.96E-10 0.0286 2.28E-11 3.00E-04 7.58E-08

Concentration set at 90" percentile concentration reported from hazardous and nonhazardous Class | facilities.

Based on information provided in GeoTrans, Inc., September 13, 1996 report titled “ Numerical Simulation of Deep Injection Wells in Support of UIC OGWDW.”
® |IEC, Inc., 1987.

4 IRIS. January 11, 1995.

Assume pumping rate of 720,000 gallons per day.

The concentration measured at receptor A2 located in the base of the USDW as modeled in GeoTrans, Inc., 1995.

The concentration measured at receptor B2 located in an aquifer below the USDW as modeled in GeoTrans, Inc., 1995.

The concentration measured at receptor A4 located in the base of the USDW as modeled in GeoTrans, Inc., 1995.
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