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Chapter 5

Sites Requiring Cleanup

SUMMARY

OTA’s assessment of major sources of waste
sites and improvements in site selection meth-
ods indicates that 10,000 sites might eventually
be included on the National Priorities List
(NPL), and that even this figure might rise sub-
stantially. Sites that now get placed on the NPL
do merit cleanup, but many other sites also re-
quire cleanup.

At least 5,000 of the 621,000 operating and
closed solid waste facilities in this country,
such as sanitary and municipal landfills, may
require cleanup. About 20 percent of the cur-
rent NPL sites were such facilities. More than
1,000 operating hazardous waste land-based fa-
cilities may require cleanup under Superfund
because of the limitations of the Environmental

Protection Agency’s (EPA) groundwater pro-
tection standards.

An improved site selection process could
place some 2,000 more sites on the NPL. Im-
provements would include attending to envi-
ronmental threats as well as threats to human
health, removing the cutoff score which has no
technical basis or merit, and providing nation-
al guidance for preliminary assessments and
site investigation.

EPA’s estimate that about 2,000 sites will
eventually be placed on the NPL is likely to sig-
nificantly underestimate the future needs of
Superfund. This chapter will discuss the basis
for OTA’s higher estimates.

INTRODUCTION

A major uncertainty in the Superfund pro-
gram is the question of how many-uncontrolled
waste sites may require cleanup. OTA has ex-
amined three areas in order to assess future
needs; they are: 1) solid but not hazardous
waste facilities governed by Subtitle D of the Re-
source Conservation and Recovery Act (RCRA),
2) hazardous waste facilities regulated under
Subtitle C of RCRA, and 3) sites in EPA’s in-
ventory of uncontrolled sites that under cur-
rent procedures are not likely to be placed on
the NPL but that may warrant cleanup.

To determine whether or not a site merits
cleanup under Superfund requires consider-
able information about the hazards it presents.
OTA’s analysis estimates in a statistical or
probabilistic sense the number of sites not ade-
quately accounted for in EPA’s projections of
future national needs.

From a policy and planning perspective such
an attempt cannot be anything other than semi-
quantitative. The key point, however, is wheth-
er EPA’s projection of an NPL of about 2,000
sites might be off by as much as 100 percent
or more. Each of the three areas listed above
will be examined in detail,

The reader is cautioned, however, about sev-
eral limitations of these analyses. For example,
OTA has not considered nonwaste sites that
also qualify for inclusion on the NPL, such as
leaking underground storage tanks and areas
contaminated by pesticides. Evidence of a
threat from such nonwaste sites is likely to in-
crease. Nor has OTA considered sites associ-
ated with mining wastes. It may also be argued
that OTA’s estimates represent a worse-case
scenario because companies and States may
clean-up sites on their own without the use of

125



126 ● Superfund Strategy

Superfund. But a low estimate may result from
the exclusion of some sites from the analysis.

As discussed in chapter 3, underestimating
the future size of the NPL could lead to cleanup
strategies and allocation of resources that even-
tually incur higher costs and environmental
risks than necessary.

Consider this scenario: a large number of
sites go unattended or receive highly imperma-
nent cleanups. These sites get worse over time

and lead to large amounts of environmental
contamination, particularly of drinking water.
At some time, after Superfund resources have
been depleted, the costs to cleanup the sites be-
come staggering, perhaps impossible, if perma-
nently effective cleanup technologies or ade-
quate numbers of technical personnel are not
available. Overestimating future needs appears
to be far less likely, and it presents fewer prob-
lems because Congress could adjust the pro-
gram to account for smaller expenditures.

SOLID WASTE FACILITIES

Our society produces exceptionally large
amounts of solid waste from households, com-
mercial establishments, industrial facilities,
and virtually every other place where materials
are consumed, processed, or examined. The
traditional, convenient, and cheap way of dis-
posing of these vast quantities of waste has
been to place them in landfills if they were
mostly solid or in surface impoundments if
they were mostly liquid. Solid waste disposal
has been managed both by local governments
and private industry. Only recently has it be-
come clear that the land disposal of solid
wastes might pose threats to public health and
the environment similar to those stemming
from the disposal of what are now called haz-
ardous wastes.

There are three reasons why solid waste fa-
cilities may become uncontrolled sites that can
release hazardous substances into the environ-
ment and, therefore, be eligible for the NPL.
First, prior to the creation and implementation
of the Federal RCRA Subtitle C program, haz-
ardous wastes were generally disposed of along
with ordinary solid wastes. Prior to the 1970s
few people recognized the dangers of hazard-
ous wastes and the toxic chemicals in them.
Thus, hazardous waste produced over many
decades simply were placed in land disposal
sites, many of which have since been closed.
This became particularly significant after
World War II, with the widespread production,

use, and disposal of synthetic organic chemi-
cals, many of which are toxic and very stable.
These closed facilities present unique problems
because by now their locations may not be
known and there are few, if any, records of
what was placed in them. Now they are part
of the landscape on which new, often subur-
ban, housing and other buildings have been
placed. The technology used to build those fa-
cilities and contain the waste was far less so-
phisticated and safe than today’s still-limited
containment technologies. Furthermore, be-
cause there was little consideration of environ-
mental threats, they were more likely to be
placed near sensitive areas such as aquifers
that supply drinking water.

Second, even after the regulation of hazard-
ous waste on a broad national level various stat-
utory and regulatory exemptions and exclu-
sions continue to make it possible for some
hazardous waste to be disposed of legally in
solid waste facilities. A forthcoming report by
the Congressional Budget Office estimates that
in 1983 over 26 million tons of hazardous
wastes were disposed of in sanitary landfills
nationwide. It is important to note that rela-
tively small amounts of hazardous waste from
individual sources, including households and
small businesses, can add up to substantial
amounts in a particular solid waste facility. The
fact that solid waste facilities may be very large,
often hundreds of acres, and that the hazard-
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ous waste may be only a small fraction of, and
widely dispersed within, the total waste does
not preclude major environmental problems.
To the contrary, although it might take longer,
often decades, for hazardous substances in
these sites to reach the environment, eventually
large amounts of a broad variety of substances
may be released, Moreover, cleaning up such
large operations or closed sites presents ma-
jor engineering problems and is very costly.

Third, even with a well-enforced regulatory
program for hazardous wastes on both the Fed-
eral and State levels, which is not yet the case,
there will be illegal disposal of hazardous waste
in solid waste facilities. It is virtually impossi-
ble to examine and monitor all incoming waste
to detect the broad range of hazardous sub-
stances that might be present, perhaps in small
amounts and in containers. In many cases it
is also possible for midnight dumpers to gain
access to a solid waste facility and bypass nor-
mal inspections of incoming materials.

Current Recognition and Evidence
of the Problem

There are several reasons that explain why
the solid waste facility problem for Superfund
has received little detailed attention. State and
local officials, closest to the problem, comment
to OTA that they are aware of the likelihood
of release of hazardous substances from solid
waste facilities. Because of limited resources,
including a nearly total ending of Federal sup-
port for solid waste programs, they have tended
to focus on hazardous waste facilities and there
has been little testing and monitoring of solid
waste sites, Where testing has been done, the
broad range of hazardous substances of con-
cern to Superfund may not be tested for. More-
over, although some monitoring results have
indicated a significant problem of leachate
leaving the site, such results generally are not
made public. There is considerable concern
that once there is public documentation con-
necting toxic waste problems with solid waste
facilities there will be public pressures against
their operation and the siting of new facilities.
How would the vast amounts of solid waste be
managed?

Nor is it likely that States could finance
cleanups of large numbers of leaking solid
waste facilities, either by themselves or even
under the current Superfund program. Super-
fund requires a contribution from the States for
cleanups, and for publicly owned and operated
facilities that contribution is 50 percent.

At the Federal level, little attention and fund-
ing has been given solid waste programs. EPA
has only recently recognized that solid waste
facilities might be a major source of sites for
Superfund. In a congressionally mandated
study to evaluate the first period of the Super-
fund program, EPA states:

Municipal landfills, both large and small,
can cause potentially serious problems, Some
facilities have already been closed down,
some are still operating. Although such facil-
ities can no longer accept hazardous wastes,
many especially in large urban areas and in
heavily industrialized areas did in the past ac-
cept industrial waste which could include
hazardous waste. In addition, people may
continue to dump small quantities of paints,
solvents, pesticides and other household
chemicals which are hazardous. In big land-
fills, these can potentially add up to big prob-
lems. In small towns and rural areas, while
the problem may be small, it can be signifi-
cant to the surrounding community. 1

Similarly, municipal and private landfills are
widely used for sludges from wastewater treat-
ment, generally in very large quantities, The
National Research Council recently concluded:

Landfills have been increasingly used to iso-
late wastewater sludges containing trace con-
taminants at levels high enough to be of regu-
latory concern. The assumption has been that
remobilization of such contaminants is mini-
mized by using landfills and that release of
contaminants to the environment is unlikely.
The panel believes that the data supporting
such a conclusion are scant and that remobil-
ization of contaminants i n surface and
ground waters as well as to the atmosphere is
possible.’

1 LJ. S. En\’ i ron mental Protection Agency, 4‘Supporti ng Ana 1}=
SIS for (; ERCI .A Section  301(a)(1)(c) Study, ” draft, ]u]y 1984, p. 5.

~National  Research Council, Disposal of lndustria]  and Domes-
(I[; 11’a.stcs (tl’ashin~tf]n, 11(;: National Academ}  Press, 1984),
[). 166.
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The above statements, however, consider
only one part of the solid waste facility uni-
verse, municipal landfills. The following state-
ment contained in EPA’s Ground-Water Protec-
tion Strategy provides a more comprehensive
view of the problem, although only with re-
spect to groundwater contamination rather
than the full range of environmental problems
that solid waste facilities pose:

In addition to facilities receiving hazardous
wastes, other facilities that may contaminate
ground water are of concern. In the mid
1970s, EPA and the States became increas-
ingly concerned that all waste disposal land-
fills (not just those receiving hazardous wastes
under RCRA) may be creating a substantial
problem for ground water. There are an esti-
mated 93,000 such landfills in the United
States. Of these, 75,000 are classified as on-
site/industrial, and we know little about them.
Another 18,500 are classified as municipal.
Fewer than 10 States require any form of reg-
ular monitoring for ground-water quality at
these facilities. Landfills are invariably located
on land that is , . . susceptible to ground-water
contamination problems.

A similar situation obtains at pits, ponds,
and lagoons—usually grouped and referred to
as surface impoundments—that receive both
hazardous and non-hazardous wastes. EPA’s
recently completed Surface Impoundment As-
sessment (S IA) surveyed the numbers and lo-
cations of surface impoundments, and esti-
mated their potential effects on ground-water
quality ., . The SIA identified a total of 181,000
surface impoundments. Most of them are
unlined, About 40 percent of municipal and
industrial impoundments are located in areas
of thin or permeable soils, over aquifers cur-
rently used for drinking or that could be used
for drinking. About seven percent of all sites
appear to be located so as to pose little or no
threat to ground water. Because of the lack of
generally available knowledge, ground-water
protection was rarely, if ever, considered
when these facilities were sited . . . facilities
handling non-hazardous wastes and hazard-
ous wastes produced by small generators are
covered by RCRA Subtitle D criteria (enforce-
able under citizen suits), but they are not reg-
ulated under the Federally enforceable provi-
sions of RCRA. These facilities may be sig-

nificant sources of ground-water contami-
nation.3

Within the context of Superfund, EPA has
acknowledged, but only to a limited degree, the
contribution to the future size of the NPL by
solid waste facilities. These sites, along with
several other types of sites “not currently in-
cluded in the determination of NPL sites, ”
caused EPA to conclude that as many as 8 0 0
more NPL sites might result.4 This brought the
total projected NPL to a maximum of 2,200
sites, but EPA has generally used a figure of
2,000 sites.

Congress recently has acknowledged the sig-
nificance of the solid waste facility problem for
Superfund. However, improvements in regu-
lations and their enforcement would not occur
for several years and might significantly affect
only new facilities. The Conference Report on
the recent reauthorization of RCRA noted:

Subtitle D facilities are the recipients of un-
known quantities of hazardous waste and
other dangerous materials resulting from the
disposal of household waste, small quantity

generator wastes, and illegal dumping. Since
construction, siting, and monitoring stand-
ards for these facilities are either nonexistent
or far less restrictive than those governing

hazardous waste disposal facilities, environ-
mental and health problems caused by Subti-
tle D facilities are becoming increasingly seri-
ous and widespread. A high proportion of
sites listed on the National Priority List were
sanitary landfills. Without the additional envi-
ronmental protection that the implementation
of this provision will provide, even more Sub-
title D facilities are destined to become Super-
fund sites.’

Solid waste facilities continue to attract at-
tention at the State and local levels across the
Nation. For example, a New York State legis-

3U .S. Environmental Protection Agency, A L’round- Wa ter Pro-

tection Strategy for the Environmental Protection Agenc}?,  Au-
gust 1984, pp. 14 and 38.

4Alvin R. Morris, U.S. Environmental Protection Agency,
memorandum to Alvin L. Alm and Lee M. Thomas on the re-
sults of a Superfund  Task Force assessment, Dec. 8, 1983, p, 5.

5U.  S. Congress, Hazardous and Solid Waste Amendments of
1984, Conference Report 98-1133.



later brought to pub lic attention that a high
fraction of solid waste landfills could be con-
taminating groundwater:

In late 1983, at least 50 of the state’s 538
legal landfills were known to be polluting
ground water. Officials at the state’s Depart-
ment of Environmental Conservation estimate
that the number could be zoo or more.6

Similarly, an official in the Puerto Rican leg-
islature indicated the severe nature of the prob-
lem there:

The major problem is underground water
contamination caused by inadequate disposal
of hazardous wastes. For more than 10 years,
these industries have been disposing of waste
in sanitary landfills in a region where the
underground is basically permeable to liquids.7

For a closed landfill in Southwest Philadel-
phia for which Superfund cleanup had not yet
been obtained the following was reported:

The state Health Data Center recently re-
leased a study that showed the cancer mor-
tality rate in Sharon Hill, Darby Township,
and Darby Borough—which are adjacent to
the landfill—is 22 percent higher than in the
state and the nation. . , . The landfill was
ordered closed in 1972 by a court order, but
documents and photographs . . . show that the
landfill is still operating. . . . EPA officials
confirmed the findings of a study that showed
a number of carcinogens and other toxic sub-
stances were leaking from the landfill into
Darby Creek. Although EPA officials said
toxic wastes were only found in small quan-
tities, they said it posed a hazard to children
who may swim or fish in the creek.8

In Maryland an aluminum smelting plant’s
waste has been interpreted to be an exempted
mining waste, but controversy has continued:

Residents have complained, without much
success, about the threat of wastes produced
by the plant, particularly contamination of
well water with the cyanide they say is leach-
ing out of disposed materials. . . . In 1981,
after receiving no public comment to the con-

———.— 
‘J(J h n ], h! a rch i, ‘f’hf) AJc~i’ } “ork TIn J(~s, ju ne I (], 1984, ( )p-ed

pagf:.
7’I’hc ,\I~~I\ }’ork Y’Imes, F-et). ZI, I {)(M,
“1’hr Philaflel{)hja Trihune,  June 5, 1984.

trary, EPA pulled pot liners off its list [of haz-
ardous wastes], pending completion of the
study. . . . As a result of that action [the com-
pany] terminated an agreement to recycle the
pot liners . . . and instead decided to bury
them on its 2,000-acre plant site here. The
company received a landfill permit from the
state last year, but a consultant report re-
leased in April found cyanide in groundwater
at the plant site. g

In a more systematic way, a study performed
for OTA analyzed three data bases on sites
already known to be or likely to become un-
controlled sites eligible for Superfund cleanup.
The three data bases, which contained suffi-
cient detail to make a judgment as to whether
a site could be characterized as a RCRA Sub-
title D facility, were: 1) a computerized data
base maintained for EPA on about 1,000 mis-
managed waste facilities, 2) 550 NPL site
descriptions, and 3) a survey of 365 sites where
remedial actions have been performed,

Out of 1,389 sites, 245, or nearly 18 percent,
were Subtitle D facilities. For the 550 sites pro-
posed or included on the NPL, 108 sites, or
nearly 20 percent, were classified as Subtitle
D facilities. Examination by OTA of recent pro-
posed additions to the NPL and other data in-
dicate that these percentages are low. The dis-
tribution for the 245 solid waste facilities
according to EPA Region and State is given in
table 5-1,

The greatest number of problem solid waste
sites were in EPA Region II, which contained
33 percent of the sites. Regions III, IV, and V
also had relatively large numbers of sites. To-
gether these correspond to the Eastern (Atlan-
tic coastal area) and Midwestern portions of
the Nation. New York had the greatest fraction
with 17.5 percent, followed by New Jersey with
15 percent, Pennsylvania with 7.5 percent, and
Tennessee with 5 percent, with these four
States containing 45 percent of the sites iden-
tified, These statistics should not be interpreted
to mean that other regions and States do not
have current or potential problems with solid
waste facilities; but the older, more densely

—
‘J’l’llP  11’iishjngton [)o,st,  Noi, 22, 1984,
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Table 5.1 .—Known Problem Subtitle D Sites
by EPA Region and State

Table 5-2.—Mismanagement Events at Problem
Subtitle D Sitesa

Location Number Location Number

Region 1:
Connecticut . . . . . . . . . . . 5
Maine . . . . . . . . . . . . . . . 2
Massachusetts. . . . . . . . 3
New Hampshire . . . . . . . . 5
Rhode Island . . . . . . . . . . 3
Vermont . . . . . . . . . . . . . . 1

19

Region II:
New Jersey. . . . . .......36
New York . . . . . . .......43
Puerto Rico . . . . . . . . . . . 2

81

Region Ill:
Delaware. . . . . . . . . . . . . . 8
Maryland . . . . . . . . . . . . . . 2
Pennsylvania . . . .......18
Virginia . . . . . . . . . . . . . . . 6
West Virginia . . . . . . . . . . 4

38

Region IV:
Alabama . . . . . . . . . . . . . . 2
Florida. . . . . . . . . .......10
Georgia . . . . . . . . . . . . . . . 1
Kentucky . . . . . . . . . . . . . . 4
North Carolina . . . . . . . . . 1
Tennessee . . . . . .......13

31

Region V:
Illinois . . . . . . . . . . . . . . . . 5
Indiana . . . . . . . . . . . . . . . 4

Michigan . . . . . . . .......12
Minnesota . . . . . . . . . . . . . 1
Ohio . . . . . . . . . . . . . . . . ..11
Wisconsin . . . . . . . . . . . . . 5

38

Region VI:
Arkansas. . . . . . . . . . . . . . 2
Louisiana . . . . . . . . . . . . . 2
Oklahoma . . . . . . . . . . . . 5

9

Region VII:
Missouri . . . . . . . . . . . . . . 1
Nebraska. . . . . . . . . . . . . . 1

2

Region VllI:
Colorado . . . . . . . . . . . . . . 6
Montana . . . . . . . . . . . . . . 3
South Dakota . . . . . . . . . . 1
Utah . . . . . . . . . . . . . . . . . . 2

12

Region IX:
Arizona . . . . . . . . . . . . . . . 4
California . . . . . . . . . . . . . 3
Nevada . . . . . . . . . . . . . . . 1

8

Region IX:
Guam . . . . . . . . . . . . . . . . . 1
Idaho . . . . . . . . . . . . . . . . . 1
Washington . . . . . . . . . . . 5

7

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........245
SOURCE: JRB Associates, “Evaluation of RCRA Subtitle D Facilities,’’ contrac-

tor report prepared for the Office of Technology Assessment, June
1984

populated and more highly industrialized areas
may find more environmental problems with
larger numbers of solid waste facilities.

Table 5-2 presents the waste mismanagement
events identified at the solid waste sites, Mis-
management events are categorized as docu-
merited or suspected based unavailable infor-
mation. For example, a documented leachate
mismanagement event would be one where
groundwater monitoring data showed down-
gradient contamination by leachate. For a sus-
pected event there would be some evidence of
leachate movement from the site, such as con-
tamination of surface water, but insufficient
hydrogeologic data to establish a causal con-
nection between the site and groundwater con-

Total
Event Documented Suspected frequency

Erosion . . . . . . . . . . . . 24 11 35
Flood . . . . . . . . . . . . . . 2 6 8
Fire/explosion . . . . . 15 6 21
Gaseous emission . . . 20 15 35
Leak . . . . . . . . . . . . . . . 17 23 40
Leachate . . . . . . . . . . . 129 66 195
Spill . . . . . . . . . . . . . . . 15 9 24
Other . . . . . . . . . . . . . . 11 3 14
alndivldual  facllltles may be classified (n several categories Therefore. totals
do not add to 245

SOURCE JRB Associates, “Evaluation of RCRA Subtitle D Facllltles,  ” contrac.
tor report prepared for the Off Ice of Technology Assessment, June
t984

lamination. Leachate migration was the most
common problem, occurring at 80 percent of
the sites and leading to groundwater contami-
nation; at 65 percent of the sites surface water
was affected (see table 5-3).

Table 5-4 gives the data on affected recep-
tors of hazardous releases. Drinking water was
the most frequently affected receptor at 49 per-
cent, followed by human health at 23 percent.

Table 5-3.—Affected Media at Problem
Subtitle D Sitesa

Exposed media Documented Suspected Total

Air. . . . . . . . . . . . . . . . . 27 23 50
Groundwater . . . . . . . . 119 77 196
Soil . . . . . . . . . . . . . . . . 63 71 134
Surface water . . . . . . . 74 85 159

alnd{vldual  facilities may be classified in several categories Therefore, totals
do not add to 245

SOURCE JRB Associates, “Evaluation of RCRA Subtitle D Facilltles,  ” contrac
tor repori  prepared for the Office of Technology Assessment, June
1984

Table 5.4.—Affected Receptors at Problem
Subtitle D Sitesa

Total
Affected receptor Documented Suspected frequency

Drinking water . . . . . . 54 67 121
Fauna . . . . . . . . . . . . . . 8 29 37
Flora. . . . . . . . . . . . . . . 13 15 28
Human health . . . . . . . 8 48 56
Property damage . . . . 22 7 29.
alndlvldual  faci I it Ies may be classified In several categories Therefore, totals
do not add to 245.

SOURCE JRB Associates, “Evaluation of RCRA Subtltte  D Facltlttes,”  contrac-
tor report prepared for the Off Ice of Technology Assessment, June
1984
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Various other information was obtained on
the sites. Ownership data showed that nearly
half of the sites were owned and probably oper-
ated by municipalities. About 80 percent of the
facilities were landfills, and nearly 20 percent
surface impoundments, Generally the contami-
nants found at the facilities and their frequency
resemble what has been found at all sites eval-
uated for the NPL. The most common contami-
nants, found at at least 30 sites, were lead,
benzene, phenol, toluene, and trichloroethene.

Data on the size of 92 sites were available;
the mean size was 67.4 acres if one 5,000 acre
site is excluded. Hazard Ranking System (HRS)
scores for placement on the NPL were availa-
ble for 77 of the solid waste facilities. The me-
dian score for the solid waste facilities was 40.8
and for the original 406 sites on the NPL it was
42.2. The range for the solid waste sites was
from 19.5 to 75.6. All the information suggests
that solid waste sites on the NPL score simi-
larly to NPL sites that dealt solely with hazard-
ous wastes.

Limited information on Superfund expend-
itures was found. Average Remedial Investi-
gation/Feasibility Study costs for 41 sites aver-
aged $450,000, which is about half of what EPA
now estimates to be average RI/FS costs. Esti-
mated remedial cleanup costs (including RI/FS
costs and excluding operating and mainte-
nance costs) for six sites averaged $3 million,
less than half of the average figure for reme-
dial cleanups now being used by EPA,

Case Studies

As part of the effort to examine the current
problem with solid waste facilities two sets of
detailed case studies were performed. In the
first set, four landfills already on the NPL were
examined; in the second set, four landfills be-
lieved to be typical of solid waste facilities, but
which have not been considered for the NPL,
were examined, These eight case studies are
summarized below.

The Combe Fill South Landfill, Chester
Township, New Jersey, received an HRS score
of 45.2. The 60- to 100-acre site was privately

owned and operated before the last owner filed
for bankruptcy in 1982. The original 30-acre
landfill operated from the 1940s and was closed
in 1972; a newer, engineered landfill was ap-
proved by the State in 1972 for nonhazardous
waste disposal and it was closed in 1981. The
site is atop a hill in a wooded, rural residen-
tial area. Within one-half mile are 90 residen-
tial drinking wells; within one-quarter mile are
38 residentially zoned lots; 1 mile away is a
State park; and the immediate area is the head-
water for several local streams and a brook that
receive runoff from the site, In 1981, State
agencies sampled surface and groundwater
near the site, found contamination and a threat
to drinking water supplies, Later, air emissions
of volatile organics were found. Even if RCRA
Subtitle C regulations for a hazardous waste
landfill had been applied to this site, they prob-
ably would not have been effective. The site
is fundamentally unsuitable for land disposal.

The Laurel Park Landfill, Naugatuck, Con-
necticut, received an HRS score of 46,8. The
facility is a 35-acre, privately owned and oper-
ated sanitary landfill, active since 1951, and is
atop a hill. About one-half mile downhill are
homes; one side of the hill is heavily wooded
and abuts a State forest; the area comprises
part of the headwaters of two watersheds,
Roughly 200 tons per day of municipal and in-
dustrial wastes, and septic and sewage sludge
are discharged at the site. Since the early 1960s
the site has been subject to numerous citizen
complaints and regulatory actions. There were
fires, spills on roads, noxious fumes, and find-
ings of contaminated leachate affecting surface
and groundwaters. Various actions have al-
lowed the facility to remain in operation, in-
cluding: monitoring groundwater, installing
leachate collection and treatment systems, and
supplying potable water to some residents. As
the site is not particularly well suited for land
disposal, even RCRA Subtitle C regulations
would not have been totally effective in com-
bating these problems.

The Marshall Landfill, Boulder, Colorado, re-
ceived an HRS score of 46.5. Marshall Lake is
about one-quarter mile east and receives run-
off from the site; the town of Superior is 2 miles



132 ● Superfund Strategy

west; industrial and cattle grazing areas are
nearby; and Boulder is 3 miles southeast of the
site. Several bodies of water that ultimately re-
ceive runoff from the site are used as drink-
ing water supplies. There is an inactive 80-acre
portion and an active 80-acre portion of the
site. The inactive portion was operated under
various owners from 1955 to 1974 and received
municipal solid wastes, septic tank wastes, sec-
ondary wastewater treatment sludges, and un-
known industrial liquid wastes. The active por-
tion accepts sewage sludge, but suspicions
have arisen concerning the disposal of radio-
active waste and polychlorinated biphenyls
(PCBs). There is evidence of contamination of
surface and groundwaters, as well as methane
generation. If the facility had been regulated
under Subtitle C, many of the problems could
have been reduced or prevented.

The Syosset Landfill, Syosset, New York, re-
ceived an HRS score of 54.3. It is located in
a residential and light industrial area of Long
Island with five public water supply wells with-
in 6,000 feet of the site. The 40-acre landfill was
opened in 1936 by the local municipality and
closed in 1975, because of suspected ground-
water contamination. The water table is only
about 30 feet below the bottom of the fill; the
landfill is in a recharge zone (where new water
enters) of a sole source aquifer. In 1968 the
landfill stopped receiving municipal waste. Pri-
or to 1968 and up until 1975 the site received
much industrial waste. A study in 1982-83 re-
vealed evidence of migrating contamination,
but public water supply wells were not yet con-
taminated. Compliance with Subtitle C regu-
lations would have mitigated, or at least de-
layed, the environmental impacts of this facility.
Further, the facility probably would not have
been located in a recharge zone of a sole source
aquifer.

The second set of case studies was performed
on four currently operating or recently closed
Subtitle D facilities that are not on the NPL.
(Three of these sites have not been named at
the request of the operators.) Sites selected for
the case studies had to have groundwater mon-
itoring data, which are not generally available
for most solid waste facilities, but not all of the

sites made the data available. Two HRS scores
were calculated for each site.l0 The methodol-
ogy, however, was altered because rigid adher-
ence to the current procedure would lead t o
zero values when certain data were absent; this
is a major criticism of the current scoring pro-
cedure.

Site A is a closed, county-owned municipal
landfill in Maryland that operated from 1962
to 1982. The 161-acre site is hilly and part of
the site was originally a ravine. The site is
bounded by two streams which discharge to
a river that is not a source of drinking water.
Groundwater monitoring data obtained by the
county over an 8-year period indicate that
groundwater leaving the site and discharging
into local streams is contaminated with acidic
leachate from the landfill, Although probable
sources of hazardous substances were being
dumped in the unlined site, there is little in-
formation about the specifics of the situation,
At this point, although human health problems
do not appear imminent, environmental dam-
age is likely and there is a potential for future
remedial action at the site. It is important to
note that the site monitoring does not moni-
tor for halogenated organic toxic chemicals nor
for some toxic metals, Lead, however, has been
found downgradient, There are no Federal or
State requirements to perform such monitor-
ing. HRS scores calculated for this site were
3.5 and 4.4; these low scores currently preclude
placement on the NPL and result because the
contaminated water does not affect people
downstream,

Site B is a municipally owned and operated
landfill in Pennsylvania and was officially per-
mitted by the State in 1983. The 175-acre site
is surrounded mostly by cropland. Several
houses within 1 mile downgradient have pri-

l~~”or the fjrst score, the lowest non-zero rating va]ue was used
to score items for which data on waste quantity and toxicity were
missing. For the second score, certain assumptions were made;
for example, it was conservatively assumed that 0.01 percent
of the total amount of waste was hazardous. This approach to
the HRS provides an indication of the ~ossible  level of scores.
‘l’his exercise also confirms two other problems with the HRS
procedure, a discounting of sites which affect small populations
or which affect en~’ironmental  quality but not human health di-
rectly.
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vate wells. There is shallow, diffuse, and slow 
groundwater flow at the site, and surface water
discharges into a tributary of a large creek. The
facility receives mostly domestic waste, some
debris from construction demolition, and some
industrial wastes. Before the open dump was
turned into a municipal facility, industrial
wastes were disposed there, including chemi-
cal and fertilizer wastes, dyes used for textiles
and printing, sludges from foundries, and shoe
factory wastes, Now, surface runoff and leach-
ate are treated and the discharged water ap-
pears to meet its National Pollution Discharge
Elimination System (NPDES) permit require-
ments, Groundwater monitoring began in 1983
but it does not measure organic pollutants nor
most inorganic chemicals of importance in
Subtitle C facilities, Monitoring, however, has
revealed evidence of contamination, including
some toxic metals, attributed to migrating
leachate from the unlined site. There is a sig-
nificant potential for future remedial action to
prevent contamination of drinking water sup-
plies downgradient. The HRS scores for this
site were 14.8 and 18.5, which are below the
current NPL cutoff of 28.5 primarily because
the affected population is small.

Site C opened in 1972 and is a municipal}
owned sanitary landfill in Virginia, operated
by a contractor. It is located in a generally ru-
ral area, but with some nearby commercial de-
velopment and light industry, The 57-acre site,
with 20 acres still operating, is in marshy area,
although the site itself is not marshland. With
50 feet of land buffer, there is a wooded rural
residential area to the south and a cattle graz-
ing area to the west. One mile downstream is
a small lake used infrequently for irrigation.
Surface runoff also enters streams used for rec-
reational fishing.

A shallow aquifer near the site is used by resi-
dents to the south and east. A higher quality
but deeper aquifer is used by a company to the
north. The facility is unlined and has no leach-
ate collection system, Waste received is primar-
ily residential and commercial refuse, with
some industrial waste, including chemical-
resistant fabric, residues from plastic process-
ing, and residues from glues for paper prod-

ucts. Much emphasis has been placed on not
accepting hazardous waste. Groundwater mon-
itoring of the shallow aquifer has occurred for
about 2 years, but not for toxic organic chem-
icals. There is evidence of groundwater con-
tamination by leachate from the site and, hence,
future remedial action may be required. HRS
scores calculated for this site were 3.5 and 26,
too low for placement on the NPL.

The last site is the Marathon County landfill,
Wisconsin, owned and operated by the county.
The landfill comprises 27.3 acres and could be
expanded greatly. The surrounding area is
mostly woodlands and forest. A small number
of nearby residences are believed to have pri-
vate wells and there is a dairy nearby, but both
are separated by the 572 acres of the overall
site. The site does not drain into locally used
surface waters. The site is in a recharge zone
for aquifers used for some residences.

A clay liner is used together with leak detec-
tion and leachate collection systems; contami-
nated leachate is treated in a nearby industrial
wastewater treatment plant. Just over half the
wastes accepted originates from industry, in-
cluding wastewater treatment sludge, fly ash,
alkaline sludge, foundry sand, and papermak-
ing waste, none of which are RCRA hazard-
ous wastes. There is extensive air, surface, and
groundwater monitoring by the county, as well
as various State-imposed financial responsibil-
ity requirements. To date, the containment
technology appears to be presenting any migra-
tion of leachate offsite. The HRS scores were
zero for this site, and it is unlikely to require
remedial actions because of the care applied
to its location, design, and operation. However,
the groundwater monitoring program does not
measure for a number of toxic chemicals, and
some hazardous substances are probably in the
wastes accepted.

The case studies support the genera] propo-
sition that many, if not most, solid waste fa-
cilities have and will continue to pose threats
associated with the release of hazardous sub-
stances into the environment. Subtitle D facil-
ities already identified for Superfund attention
resemble hazardous waste sites, Just as impor-
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tant, the solid waste facilities that have been
placed on the NPL are basically similar to typ-
ical ones, such as the three out of four in the
second set of case studies that might qualify
someday for the NPL. Moreover, those solid
waste facilities, closed or operating, that have
not been judged appropriate for the NPL have
not been monitored closely for the range of haz-
ardous substances that might qualify them for
the NPL, even though considerable evidence
often exists for migration of leachate off site.
This suggests that the 20 percent of the NPL
now accounted for by solid waste facilities
could rise substantially. The concerns of citi-
zens, the media, some State and local officials,
and the EPA about the Subtitle D facility prob-
lem for Superfund appears well founded.

Estimate of Possible Future
Contribution to the NPL

It appears very likely that many solid waste
facilities will become uncontrolled sites requir-
ing cleanup under Superfund. The next ques-
tion, then, is how will this affect the size of the
NPL? OTA first examined the total number of
Subtitle D facilities and then estimated what
fraction of this total might someday be placed
on the NPL.

Data on Operating and Closed Facilities

There is considerable uncertainty about how
many Subtitle D facilities there are in the Na-
tion, The uncertainty is greater for closed, old-
er facilities than for operating ones. Table 5-5
presents survey data by EPA Region and State
on operating landfills for the years 1981-83, The
table also gives the number of open dumps
identified by States in their 1983 inventory and
projected numbers of dumps that will be up-
graded to landfill status (sites not upgraded are
usually closed). The numbers of open dumps
reported may be low because additional dumps
probably exist and remain uninventoried. The
data also presents problems because there are
varying definitions of landfills. Some States
may include industrial landfills, perhaps only
offsite ones, while most include only munici-
pal landfills. Definitions may also change from

year to year, explaining, for example, the large
increase in Texas from 1981 to 1982; 793 sites
surely were not built in 1 year in Texas. Con-
sidering the transformation from open dumps
to landfills and what appears to be a rate of ap-
proximately 500 new landfills being permitted
annually, the number of operating and presum-
ably chiefly municipal or sanitary landfills in
1984 was probably about 14,000, up from 13,000
in 1983.

The same survey indicates that in 1983 the
estimated number of landfills with groundwa-
ter, gas, and/or leachate monitoring wells was
1,609, although 14 States did not report this in-
formation. An estimated 37 facilities had arti-
ficial liners in 1983, with 12 States not report-
ing this information. In 1983, 30 percent of the
facilities were publicly owned, 65 percent pri-
vately owned, and 5 percent had some combi-
nation of ownership.

There must, in addition, be many closed mu-
nicipal and sanitary landfills, To estimate their
number, OTA obtained data from several States
on operating and closed landfills. For six States
there was a minimum of 2,784 closed facilities
and a total of 895 operating ones. This ratio of
about 3:1, applied nationally, yields an estimate
of 42,000 closed municipal and sanitary land-
fills in 1984,

EPA estimates that approximately 75,000 on-
site, nonhazardous waste industrial landfills
operate nationally, Although this figure has
been used in 1984, it is based on an estimate
made in 1978 and the advent of the RCRA and
Superfund programs may have reduced it sig-
nificantly. There are no estimates for the num-
ber of closed, onsite industrial landfills, but an
estimate of twice the above number—l50,000—
may be reasonable,

Surface impoundments falling under the Sub-
title D classification include wastewater treat-
ment lagoons, potable water treatment lagoons,
pits, ponds, basins, mining waste disposal fa-
cilities, evaporation ponds, agricultural waste
disposal facilities, and others. Often a site may
consist of several impoundments, EPA’s Sur-
face Impoundment Assessment for 1978-80
gives the best available data. Table 5-6 summa-
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Table 5-5.– RCRA Subtitle D Facilities by State

Number of all landfills

Region 1:
Connecticut . . . . . . . . ... . . . . .
Maine ., ... . . . . . . . . . . . . . . . . .
Massachusetts . . ... ., . . .
New Hampshire . . . . . . . ...
Rhode Island . . . . . . . . . . . . . . . . .
Vermont . ... , . . . . . . . . . . . . . .

Region 2:
New Jersey ... , . . . . . . . . . . . . . .
New York . . . . . . . . . . . . . . . .
Puerto RICO ... . . . . . . . . . . . . . .

Region 3:
Delaware . . . . . . . . . . . . . . . . . . . .
D i s t r i c t  o f  C o l u m b i a  . . .  . ,
Maryland : . . . . . . . . . . . . . . . .
Pennsylvania . . . . . . . . . . . . . . . . .
Virginia ... ., . . . ... . . .
West Virginia. . . . . . . . . . . . . . . .

Region 4:
Alabama . ... , . . . ., . . . . .
Florida . . . . . . . . . . . . . . . .
Georgia . . . . . . . . . . . . . . . .
Kentucky . . . . . . . . . . . . . . . . . . .
Mississippi . . . . . . . . . . . . . . . . .
North Carolina ., . . . . . . . . . . . . .
South Carolina . . . . . . . . . . . . . .
Tennessee ., ., . . . . . . . . . . . . .

1981

170
336
286
450
35
73

240
641

68

NA
2

NA
1,400

NA
228

146
209
517
210
286
170
128
134

Region 5:
Illinois . . . . . . . . . . . . . . . . . . . 260
Indiana . . . . . . . . . . . . . . . . . . . . . 149
Michigan . . . . . . . . . . . . . . . . . . . 470
Minnesota . . . . . . . . . . . . . . . . . . . 371

Ohio . . . . . . . . . . . . . . . . . . . 680
Wisconsin . . . . . . . . . . . . . . . 1,050

Region 6:
Arkansas ., ., . . ..., ..., 490
Louisiana . . . . . . . . . . . . . . . . . . . . NA
New Mexico . . . . . . . . . . . . . . . . . 228

Oklahoma. . . . . . . . . . . . . . . . . . 215
Texas . . . . . . . . . . . . . . . . . . . . 250

Region 7:
Iowa . . . . . . . . . . . . . . . . . . . . . . NA
Kansas . . . . . . . . . . . . . . . . . . ., . . 243
Missouri . . . . . . . . . . . . 107
Nebraska . . ., ..., . . . . . . . . . 277

Region 8:
Colorado . . . . . . . . . . . . . . . . . . . . . . . .  .  . .  . .  .   .  205

Montana. . . . . . . . . . . . . . . . . 221
North Dakota . . . . . . . . . . . . . . . . . 84
South Dakota . . . . . . . . . . . . . . . 30
Utah . . . .. . . . . . . . . . . . . . 300

Wyoming . . . . . . . . . . . . . . NA

Region 9:
Arizona . . . . . . . . . . . . . . . . . . . . 130

California . . . . . . . . . . . . 450
Hawaii . . . . . . . . . . . . . . . . . . . . . 24
Nevada . . . . . 114

1982

155
328
273
250
22
85

185
525
NA

4
3

64
847
250
127

135
214
299
112
120
225

78
160

450
129
NA
105
235

1,100

141
532
231
225

1,043

95
220
108
500

206
250

97
NA
290

86

122
443
NA
120

1983b

151
308
283
101
18
92

185
525
NA

35
NA
47

925
209
127

135
248
284
128
253
167
225
161

329
348
362
185
318

1,085

311
532
228
225

1,075

94
224
128
400

206
222
130
200
296
210

116
542

25
99

Number of open dumpsab Open dumps to upgradea

36 24
45 NA
81 NA
26 0

4 1
4 0

5 1
56 38

NA NA

4 4

NA NA
o 0

94 75
50 34
41 36

12
55

6
34

133
1
0
6

11
17

4
NA

10
0
0
2

42 0
191 2
150 0

60 0
54 NA
66 10

78 NA
532 95

0 0
66 60
11 8

0 0
1 0
2 1
2 0

32
16

0
140

26
0

28
40

9
52

26
13

0
5
8
0

27
31

4
10
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Table 5-5.—RCRA  Subtitle D Facilities by State—Continued

Number of all landfills

State 1981 1982 1983b Number of open dumpsab Open dumps to upgradea

Region  10:
Alaska. . . . . . . . . . . . . . . . . . . . . . 80 NA NA NA NA
Idaho . . . . . . . . . . . . . . . . . . . . 220 130 132 42 20
Oregon . . . . . . . . . . . . . . . . . . . . . . 226 249 226 28 3
Washington . . . . . . . . . . . . . . . . . . NA 136 136 36 18
Guam . . . . . . . . . . . . . . . . . . . . . . . 3 NA NA NA NA

Total . . . . . . . . . . . . . . . . . . . . . . 12,606 11,704 12,991 2,396 598—— —
aData for 1983
bTh~r~ ~aY be some Overlap  between these colurnfl efltrles

SOURCE Nancy Peterson, 1983 Survey of Land fills,’ Waste  Age, VOI 14, No 3, March 1983 “Land Disposal Survey, ” Waste  Age, VOI 12, No 1, January 1981

Table 5-6.—Types of Surface Impoundments

Active sitesa Active impoundments Abandoned sites Abandoned impoundments

Agricultural. .. . . . . . . 14,677 19,167 173 270
Municipal . . . . . . . . . . . . . . 19,116 36,179 630 1,006
Industrial . . . . . . . . . . . . . 10,819 25,749 941 2,163
Mining . . . . . . . . . . . . . . . . 7,100 24,451 264 587
Oil and gas. . . . . . . . . . . . . 24,527 64,951 463 537
Other ... . . . . . . . . . . . . . . 1,500 5,745 53 168

Total . . . . . . . . . . . . . . 77,739 176,242 2,524- 4,731
Total active and abandoned sites: 80,263
Total active and abandoned impoundments: 180,973— —

‘A s,t~ maY~ave  more than one (impoundment

SOURCE U S Environmental Protection Agency, Surface /rnpoundmerit  Assessment Nat/ona/  Repor?,  EPA 570/9-84.002, December 1983

rizes the results of this survey, which found a
total of 176,242 active facilities and a minimum
of 4,731 closed ones. The latter is a minimum
because the survey did not attempt to count
closed impoundments and a more realistic fig-
ure might be as high as the number of active
impoundments.

Table 5-7 gives the data broken down accord-
ing to purpose of the impoundment. An un-
known fraction of the 96,443 storage and treat-
ment facil i t ies may pose environmental
problems similar to disposal impoundments

and thus may affect future Superfund needs.
For example, both during storage, which may
be for long periods, and treatment, which may
only constitute settling or evaporation, hazard-
ous substances may migrate into the land and
water. Evaporation of volatile organic toxic
chemicals also presents problems. Only 29,250
of all impoundments had any sort of liner, arti-
ficial or natural. Based on limited data, only
1,359 impoundments had any type of monitor-
ing. EPA found that about one-quarter of im-
poundments potentially would affect ground-
water supplies.

Table 5-7.—Purpose of Impoundments (by percenta and number)

Storage Disposal Treatment

Category Percent Number Percent Number Percent Number
Agricultural . . . . . . . . . 55 10,542
Municipal . . . . . . . . . 5 1,809
Industrial ... . . . . . . . . . 17 4,377
Mining . . . . ... . 18 4,401
Oil and gas . . . . . . . . . . 29 18,836

Total ... . . . . . . . . . . 39,965
apercent  storage  disposal and treatment per cate90rY

26 4,983
31 11,215
31 7,982
27 6,602
67 43,517

74,299

19 3,642
64 23,155
52 13,390
56 13,693

4 2,598

56,478

SOURCE U S Environmental Protect Ion Agency Surface  /rnpourrdrnent  Assessment Nat/ona/  Report  EPA 570/9 84002, De
cember  1983
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The above data suggest a total of as many as
281,000 landfills, and 340,000 surface im-
poundments, including both open and closed
facilities. These figures are only approximate
but are based on the best available, albeit lim-
ited and imprecise, data,

Estimates of Future Superfund Needs

The key question is what fraction of the above
total of 621,000 Subtitle D facilities might re-
quire cleanup under Superfund? There is, of
course, no precise means of answering this
question. One approach is to consider several
possible percentages that appear conservative
and reasonable, based on the information from
case studies, the lack of current monitoring for
hazardous substances, and on the very small
numbers of facilities with 1iners and monitor-
ing wells. Information presented earlier on
Subtitle D facilities on the current NPL suggest
that landfills may pose more serious problems
than surface impoundments. This is consist-
ent with the fact that many impoundments may
be used for dilute aqueous wastes that pose less
serious problems than do the more concen-
trated hazardous materials often placed in
landfills.

Table 5-8 presents two scenarios for sites that
might release significant amounts of hazard-
ous substances. The low scenario estimates
that 5 percent of landfills and 1 percent of im-
poundments might require cleanup and leads
to a total of 17,4oo cleanups. The high scenario
estimates that 10 percent of landfills and 2 per-
cent of impoundments might require cleanup
and leads to a total of 34,800 cleanups. If these
figures, which OTA believes to be conservative,
are even approximate} correct, they suggest
that very large sums of money will be needed
just to perform studies of Subtitle D facilities,
and much more to clean them up. The figure
could be hundreds of billions of dollars. Even
a fraction, say 5,000 sites or one-third, of the
lowest estimate, together with other contribu-
tions to be discussed, would quintuple the size
of EPA’s projected 2,000-site NPL.

Table 5-8.— Estimates of Sites With Potentially
Significant Releases into the Environment

Low H i g h
scenario scenario

Landfills (281 ,000) ., . . . ., 5°/0 14,000 1OO/o - 28,000
Surface impoundments

(340,000) . . . . . . . . . . 1 0/0 3,400 2% 6,800

17,400 34,800
SOURCE Off Ice of Technology Assessment

HAZARDOUS WASTE FACILITIES

The expectation has been that effective pro-
tection of public health and the environment
from hazardous wastes eventually would be
achieved by Superfund’s cleaning up past prob-
lems and RCRA’s preventing future ones. The
purpose of this section is to examine the ex-
tent to which operating RCRA Subtitle C haz-
ardous waste facilities might become candi-
dates for cleanup under Superfund.

OTA has studied the groundwater protection
standards covering land-based facilities regu-
lated by RCRA. Although other types of envi-
ronmental pollution are possible from hazard-
ous waste facilities, groundwater problems
exist at most NPL sites. Moreover, other types

of environmental problems are not addressed
by the RCRA regulatory program to the same
extent as groundwater contamination, For ex-
ample, there are few regulations covering air
emissions of toxic chemicals.

A recent report by EPA’s Superfund Task
Force11 indicates that as of December, 1983,
groundwater contamination was the number
one problem in uncontrolled sites. For exam-
ple, for the 881 sites rated for the NPL, 526 had
observed releases of hazardous substances into
groundwater. Over 8 million Americans are po-
tentially exposed to the groundwater from these

I I h 1()1.1, is mtIm(  I. (J[). ( i t
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sites, and for about 350 of these sites the con-
taminated groundwater is the only source of
drinking water for the affected population. An-
other 6.5 million people are potentially exposed
to contaminated surface water at 450 sites.
EPA acknowledges that most of the 444 com-
monly encountered toxic pollutants found at
these 881 sites exhibit chronic toxicity and pose
health threats at extremely low levels of human
exposure. Of the 538 sites on the NPL, 40 per-
cent were originally landfills and 30 percent
were surface impoundments.

Furthermore, most of the cleanups being con-
ducted under Superfund involve either leaving
the wastes in the ground and attempting to con-
tain them, or removing contaminated materials
to land disposal sites, Land disposal sites that
have and continue to receive Superfund clean-
up wastes may themselves become Superfund
sites (although not solely because of the redis-
posal of wastes), so this issue is particularly im-
portant, We are beginning to see examples of
this already (e. g., the BKK facility in Califor-
nia). This is to be expected, as EPA estimates
that 50 to 60 precent of interim status land dis-
posal facilities are leaking. Over 50 RCRA in-
terim status facilities regulated by EPA are
already on the NPL.l2

EPA’s Dependence on Current Groundwater
Protection Standards

Current Federal regulatory control of hazard-
ous waste land disposal facilities is critically
dependent on EPA’s groundwater protection
standards. Because of the admitted deficien-
cies and uncertainties of land disposal technol-
ogy, such as the unproven long-term effective-
ness of leachate liners and collection systems,
protection of human health and the environ-
ment rests ultimately on the protection af-
forded by the groundwater monitoring require-
ments. For example, EPA’s director of its
Office of Solid Waste has said:

While no method of hazardous waste man-
agement is failproof, our rules should protect

— It(; .s. ~jlll, ir(jlllnf; llta] Protw:tion  Agency, computer printout
from the “Ilazardous  Waste I)ata Management System, ” pro-
~i(led by Jeffrey ~’umarkin,  Jllne 19, 19~3.

human health and the environment. Even if
a containment system fails, groundwater moni-
toring will identify leakage and the pollutant
plume will have to be cleaned up.13

However, no mention is made of dealing with
the leak itself, nor of stopping the disposal of
hazardous materials in the leaking site. Clean-
ing up the pollutant plume is of limited effec-
tiveness if the leakage continues.

The director for air and waste management
in EPA’s Region VIII has said:

In the Agency’s view, the cornerstone of our
land disposal program rests on the groundwa-
ter protection standards. They were devised
to provide essential environmental and health
controls. 14

More recently, EPA has formulated a nation-
al groundwater protection strategy that recog-
nizes that “cleaning up contaminated ground-
water is difficult, expensive, and often un-
successful, These facts clearly argue for future
programs to focus on better protection of the
resource while efforts to detect and deal with
serious contamination resulting from past ac-
tions continue, ” EPA’s new national ground-
water protection strategy guidelines indicate
that the RCRA groundwater protection stand-
ards will still be used.l5 OTA finds that, because
of the inadequacies of the RCRA groundwater
protection standards, the goal of protecting the
resource rather than cleaning it up after the
fact is in jeopardy,

RCRA and Land Disposal

Several aspects of the RCRA regulations have
already received considerable analysis. For ex-
ample, OTA completed a major study of haz-
ardous waste control in March 1983.16 Another

1 ~JOhrl ,W, Skinner, U.S. ~ nvrir~n mental  Protection Agency, l(:t-
ter  to Keith H. Gordon, Aug. 12, 1983.

14 Robert  1,. Duprey, Ll,S, Environmental  Prote(:t  ion /\g(;tl(:\’,
letter  to I.eo Younger, Aug. 10, 1983.

15A (~roon~-~$ra  ter  pr~te[:tjun  .5’trate~\, for the .E’11 ~’ironmrn till
I)rotection AgencJ, 01). cit.

IH[ J, S (;ongress, office of ‘j’echnolog\,  Assessment, ‘[’~{;hn~)/-
ogies and Alanagement Strategies for H:]xardou.s il’a.ste (.’ontrol,
OTA-hl-I  96 (Washington, 1)C:  1;.S. Goiernmcnt Printing ofl i(:[),
Nlarch 1983].
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major study was done by the National Acad-
em}’ of Sciences.17

These works show that even with the best
available land disposal technology, hazardous
wastes placed in land disposal facilities will
likely migrate into the broader environment
sooner or later. Moreover, there are commer-
cially available waste reduction and waste
treatment alternatives to the land disposal of
many hazardous wastes. Finally, RCRA regu-
lations present technical and economic disin-
centives to industry that limit the use of alter-
native technologies.

More resources continue to be allocated to
the regulation of fundamentally flawed land
disposal technology than to the development
and demonstration of alternatives to land dis-
posal. EPA frequently has been criticized for
not encouraging alternative technological ap-
proaches to the land disposal of hazardous
waste. EPA’s response has been: a) that the
technology for recycling and alternative treat-
ment to land disposal may not exist for all or
most wastes, b) that the technologies are not
“on-the-shelf” but are in some stage of devel-
opment, and c) that to the extent to which tech-
nology does exist, the necessary plant capac-
ity may not be in place. However, EPA’s land
disposal groundwater protection regulations do
not meet these standards either.

To sum up, RCRA regulations do not over-
come the fundamental inadequacies of land
disposal technology because: 1) experience has
shown that regulatory enforcement efforts do
not assure compliance with regulations; and
2) as the following analysis shows, even with
compliance with RCRA groundwater protec-
tion standards, land disposal will still pose seri-
ous risks to health and environment.

Interim Status

When Congress passed RCRA in 1976, it pro-
vided a grandfather clause for existing facil-
ities so that they could continue to operate as

if they had a permit until EPA issued them a
permit .18 This interim status was to allow for
a smooth transition to a condition of federal1y
permitted hazardous waste facilities,

There remains considerable uncertainty as
to the exact number of interim status sites cov-
ered by the groundwater protection standards.
According to applications for RCRA permits,
as of December 1983, 2,000 out of 8,000 inter-
im status sites were required to monitor ground-
water.l9 To date only about a dozen of these
2,000 facilities have been issued permits by
EPA, thus most continue to operate under in-
terim status. EPA estimates that it will not com-
plete the permitting of the 2,000 facilities for
10 more years,20 In the following discussions
the use of the terms “new” or “permitted” fa-
cilities refers to either newly built facilities or
interim status ones that have received permits.

EPA’s Implementation

In May 1980, EPA issued “interim status
standards ”21 as the “minimum requirements”
for interim status facilities. These interim sta-
tus standards (or Part 265 standards) are “in
lieu of” the more stringent Part 264 standards22

that go into effect only after the facility is per-
mitted by EPA. This action cut off any means
of bringing an interim status facility into com-
pliance with standards “adequate to protect
human health and the environment” short of
issuing (or denying) a permit. ’s The RCRA re-



140 ● Superfund Strategy

authorization has addressed this issue in part
(see below).

Although the interim status groundwater
monitoring requirements have only recently
gone into effect, as of mid-1984 210 out of 972
facilities were “in assessment” because their
groundwater monitoring systems indicate that
they are polluting groundwater.24 Some of these
are receiving wastes from Superfund cleanups,
Of the 210 facilities, only 72 were found by
EPA to have adequate monitoring programs,
with 86 not evaluated by a State or EPA office.
Of the 586 facilities in the normal detection
mode, only 175 were found to have adequate
monitoring programs; 85 had no monitoring
wells at all, and 173 never were evaluated.
Thus, more than the 210 facilities might be re-
quired to be in the assessment monitoring
mode if they were performing adequate detec-
tion monitoring, perhaps as many as 400, A
1983 study by the General Accounting Office
of several States with above-average regulatory
programs found that only 22 percent of the reg-
ulated facilities were complying with the in-
terim status groundwater monitoring require-
ments.25

EPA estimates that 50 to 60 percent of the
interim status land disposal facilities are leak-
ing and will require corrective action. 26 There
is some evidence that the figure might be closer
to 90 percent. A study conducted by EPA in
1975 investigated 50 randomly selected facili-
ties and found that over 90 percent of them
were leaking into groundwater,27 Therefore,
even before the passage of RCRA, the poor
state of these interim status facilities was
known.

EPA could have written regulations for fi-
nancial assurance for corrective action, regu-
lations to monitor and gather necessary envi-
ronmental data, and regulations to bring
facilities promptly into compliance or close

Z4 [;, S, ~: II ~, i r~ rl m~ntii]  IJrote[:t  ion Age IIcj’,  ‘‘ ] Iltt!I’  i 111  Stii  t US

(;round-il’ater Monitoring Implementation Study, ” (lr~ft, 1984.
z 5 [ ; , q o / R ( ; E 1 ) - 8 3 - 2 L I  1 ,  ol) c i t .
~f$lll$jd~ b’. 11..A,, Feb. 17, 1984, P. 3.

17[ J,s,  ~; Ilk iron Lnenta i I)rotect ion Agenc}, ‘1’lIe Prt:\aleIlce  of
.Subsurf;ice  hfigraiion  of Hazardous Cht:mical  Substances at
,S(?l(?(ttxi  lndo.$tria] J1’asie  1,aIld  Disposal ,Siteis, SL’I’-634 [\lras}l-
I ngt{jn,  1)(;: Of fi(:[;  of Soli(i t~raste, 1 977),

them down, Instead, the interim status stand-
ards abrogate most of EPA’s authority to reg-
ulate interim status sites until their application
for a permit is acted upon by EPA.

Indicator Parameters

EPA has identified four indicator parameters
to determine whether an interim status hazard-
ous waste facility is leaking. The four indicator
parameters are: specific conductance, pH, total
organic carbon, and total organic halogen. EPA
limited the groundwater monitoring require-
ments for purposes of leak detection to these
four parameters, 28  EPA gave the following rea-
son for choosing these parameters:

Increases in specific conductance indicate
the presence of inorganic substances in the
groundwater. Likewise, increases or de-
creases in pH suggest the presence of inorgan-
ic contamination, Total organic carbon (TOC)
and total organic halogen (TOX) concentra-
tions in groundwater tend to increase as a re-
sult of organic contributions from a hazard-
ous waste facility. The methodology to sample
and analyze for these indicators is presently
available, EPA believes that monitoring these
indicators will be sufficient to make the thres-
hold assessment of whether a facility is leak-
ing.29

However, the more stringent Part 264 stand-
ards for EPA permitted sites30 give the EPA
permit writer the option that the actual waste
constituents or their reaction product be mon-
itored rather than the four indicator parame-
ters. EPA’s guidance to the permit writers says
this about the four indicator parameters:

In some cases, these parameters may not be
the most appropriate, and this use should be
carefully reviewed before they are included
as indicator parameters in a detection moni-
toring program. For example, TOC and TOX
will be of little value at a facility where no
organic wastes are present, and even at facil-
ities handling organic wastes, background lev-
els may reduce the utility of these parameters.
The use of pH and specific conductance may
also not always be appropriate. There are so

ZIW() (;I:R  265, W(b).
294 ~ ~~(;{jeraj Register 331 g~.
‘(’40 (:FR 264.98,
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many geochemical controls on pH, such as
natural buffering capacity, that it is difficult
to predict what changes in pH might occur
in a leach ate migrating through the unsatu-
rated and saturated zones. In addition, unless
extremely acidic or basic, the addition of large
amounts of leachate will likely be required to
significantly alter pH. [consequently, pH may
be suitable only as an indicator of gross con-
tamination. Detectable changes in specific
conductance will similarly require a relatively
large increase in ion concentrations. Conse-
quently, it may also be useful as an indicator
of gross pollution, and then only at facilities
where constituents migrating to ground water
are primarily inorganic ions .31

Further criticism of the ability of the indica-
tor parameters to detect toxic contaminants at
critical concentrations was made at a recent
groundwater symposium:.

. . . there can be highly selective migration of
contaminants that are hazardous to human
health in drinking waters at concentrations
far less than those that would be detected
using the ‘‘indicator’ parameters .32

More recently, EPA has acknowledged that
“the indicator parameters are not functioning
in either an efficient or effective manner . . . “33

Number of Monitoring Wells

The interim status standards require only
three wells for detecting groundwater contam-
ination. This is true regardless of the size of
the facility, the size of the aquifer, the extent
of pollution, or the potential for damage to hu-
man health and the environment. In many cases,
three wells are far too few to give a reasonable
probability of detecting pollution early. In proc-
essing RCRA permits, the number of required
detection wells is generally 4 to 20 for interim
status sites currently operating with 3 wells.
—

11 ( ; (!()’1’ 1’,1 11‘1  , 1 n ( ., “  K(:I<A  f )  f’rrnit  L1’ritcrs  hlanual.  Grountl-

ti iI t~>r [’rot (:( t lf)r],  4[1 (: F R I),irt 26-I Sul]l)a rt l-’. (I(t. 4, 1983. i).
192.
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On the State level, one interim status site in Il-
linois was required by the State to install 40
wells and another over 50,34 and three sites in
New Jersey are required to have over 100 wells.35

RCRA Reauthorization

Congress has addressed several aspects of the
interim status facility issue. The lifetime of in-
terim status has been limited. Existing facilities
will lose their interim status 12 months after
enactment (November 1985) unless application
is made for a final RCRA permit and the site
is certified to be complying with the ground-
water monitoring and financial responsibility
requirements. Existing facilities that become
subject to Subtitle C have 6 months to apply
for a final permit. Interim status surface im-
poundments become subject to minimum tech-
nological requirements for at least two liners,
leachate collection, groundwater monitoring,
and early leak detection, unless certain strin-
gent conditions are met and evidence to allow
an exemption is submitted within 24 months.
Furthermore, upon closure an exempted im-
poundment (e.g., because of a natural clay liner
being present) must remove or decontaminate
all waste residues, all contaminated liner ma-
terial and contaminated soil. If the latter is not
removed the operator must comply with post-
closure requirements. EPA is also given addi-
tional means to seek corrective action at inter-
im status sites by obtaining an administrative
order through a civil Federal court action,

Summary

The facilities that are most likely to leak,
about 2,000 interim status facilities, have a
much less stringent groundwater monitoring
standard then the three permitted and presum-
ably far better designed new facilities. Accord-
ing to EPA, these standards are “minimal and
are specifically designed not to be burden-
some."36 There are no corrective action re-
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quirements or requirements to stop disposal
should groundwater contamination be detected.
Sites found to be polluting will be put on a “fast
track” for issuing a permit so that corrective
action may be required, but so far few Federal
permits have been issued to interim status fa-
cilities requiring groundwater monitoring. Al-
though the recent legislative changes reduce
the risks associated with interim status, a likely
effect may be to hasten the closure of interim
status facilities prior to applying for, or obtain-
ing, full permits. To the extent that a facility
operator perceives that a permit is unlikely to
be issued, or very high costs would be required,
closure could lead to placement on the NPL.

Limitations on Coverage

EPA’s strategy, as evidenced in the ground-
water protection provisions of Part 264 of RCRA,
is to determine when groundwater is becom-
ing polluted enough to threaten public health
and then to require the groundwater to be
cleaned up, However, groundwater monitor-
ing is not a substitute for techniques such as
leak detection systems to analyze the engineer-
ing soundness of the waste management facil-
ity, e.g., to locate a ruptured liner in a landfill
or a leaking storage tank.

Permitted facilities are required to be built
to exacting EPA engineering standards whose
goal is to “minimize the formation and migra-
tion of leachate to the adjacent subsurface soil
or groundwater. “ 3 7  H o w e v e r ,  w h e n  l e a c h a t e
does appear in groundwater, facility operators
are not required to find out what went wrong,
“a landfill liner which has been designed not
to leak does not violate the design standards
if the liner fails at some future time. “38 RCRA
regulations for fully permitted facilities do not
require that the leak be fixed or that the waste
disposal activities be halted. When pollution
may be coming from one of several sources,
there is no requirement to determine which of
them it is. In short, it is not a violation of any
RCRA regulation to pollute. Nor is there cur-
rently any evaluation of the implications of a

“XY  IJetl{:ral  Register 32312.
q P ~’(;(jera] Register 32330.

leak for the continued operation of a facility.
There is only the requirement that the pollu-
tion that has reached groundwater be cleaned
up. This, as will be discussed later, is a very
limited requirement.

Under RCRA jurisdiction, EPA limits the site
owner’s responsibility for site maintenance to
30 years after site closure.39 Since EPA (and
many others) have concluded that it is “inevi-
table” that landfills and disposal lagoons will
leak,40 many of these facilities are likely to even-
tually fall under Comprehensive Environmen-
tal Response, Compensation, and Liability Act
(CERCLA). As firms go out of business, clean-
up costs would shift from facility owners and
users to the government.

RCRA Reauthorization

Several of the above problems have been ad-
dressed legislatively, but it is not yet clear how
the new legislative provisions will be imple-
mented. The minimum technological require-
ments for almost all types of land disposal fa-
cilities include the use of early leak detection
systems; however, the requirement applies only
to new units. Another change concerns regu-
lations and permits issued after enactment. Fa-
cilities must act to control and clean up all re-
leases of hazardous constituents from all units
at the facility, including inactive ones. This re-
quirement may hasten the closure of some fa-
cilities in ways that result in their eventual
placement on the NPL.

Groundwater Monitoring Wells

The hydrogeology of the site is important in
the design of a groundwater monitoring sys-
tem for interim status and permitted facilities.
A good knowledge of the hydrology and geol-
ogy in the immediate area of a waste disposal
site is necessary to know where, how many,
and how deep to locate detection monitoring
wells. In addition, for compliance monitoring
it may also be necessary to create a mathemati-
cal model to get some understanding of the

.  .  .  .  .
~~~~ f;~-~ ZG4. 117 and 2fj5.  117.
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speed and direction of the movement of con-
taminants,

In determining the location, depth, number,
and type of monitoring wells a great many as-
sumptions have to be made about the under-
ground geological structure and the location,
depth, quantity, direction, and speed of under-
ground water. Furthermore, the proper loca-
tion of monitoring wells depends on a knowl-
edge of how all the above parameters may vary
with season, rainfall, tidal water, and ground-
water usage. These latter factors can cause
groundwater flow to greatly increase, decrease,
or even change direction over time.

Hydrogeological structures have physically
hidden characteristics that must be inferred
from limited data, Data are obtained from sources
such as core samples, well drilling logs, and
historical records of rainfall, The difficulty of
doing this was summarized picturesquely in a
recent review by the Princeton University Wa-
ter Resources Program:

Imagine that we cannot see the sky, we can-
not tell the direction or velocity of the wind,
and we ask: Is the factory (with its thousands
of little chimneys) polluting the air? That is
our ground water monitoring problem—at its
easiest. It is made more difficult because the
geological properties of the soil vary with
depth and direction, and this variation is un-
known or uncertain. When we look up in the
sky, we observe the spatial variation of the pol-
lutants. If we could look up only through a
small tube or telescope, then the information
we gathered from the one sighting might not
be representative of what we would see if we
looked everywhere. The small tube into the
sky is like our groundwater monitoring well:
the data we gather may not tell us too much
about what is occurring in other nearby loca-
t ions .41

One of the few studies of operational land
disposal sites was an investigation of 50 typical
hazardous waste disposal sites conducted in
1976-77 for EPA.42 This study concluded:

At sites presently monitored the use of wells
as an aid in evaluating groundwater condi-
tions is generally poor, due to inadequacies
with respect to one or more of the following
parameters: number of wells, distance of wells
from potential contamination source, position-
ing of wells in relation to ground water flow,
selection of screened intervals, use of proper
well construction materials, sealing against
surface water contamination, or inter-aquifer
water exchange, completion methods (such as
development, maintenance, and protection
against vandalism),

Of the 50 sites evaluated, 32 had existing
groundwater monitoring systems, usually in-
stalled to meet the requirements of State law.
Of the 32, the study found seven monitoring
systems (or 22 percent) so inadequate that they
had to install new wells to conduct the rela-
t ively basic  monitoring required by the
contract.

More recently, EPA has found considerable
problems with monitoring wells. Of 148 inter-
im status facilities that had implemented
groundwater monitoring programs in response
to RCRA interim status regulations, 64 facil-
ities (or 43 percent) had “deficiencies related
to the number, depths, and/or locations of mon-
itoring wells. ”43 Among the problems encoun-
tered were:

• background wells not in the uppermost
aquifer,

Ž background wells affected by the facility,
Ž downgradient wells not located in the di-

rection of expected contamination move-
ment, and

 • downgradient wells not located at depths
which would intercept contaminants.

These studies show that the percentage of un-
satisfactory monitoring systems was 22 percent
in the 1977 study and 43 percent in the 1983
study. These two studies are not comparable,
so it is simplistic to conclude that groundwater
monitoring had deteriorated in those 6 years.



744 ● Superfund Strategy

But there is no basis for believing, in spite of
improvements in technology, that the practice
has gotten better, There are several possible ex-
planations (not mutually exclusive) for this
state of affairs, First, monitoring may be mostly
a procedure to reassure the public.

One expert pointed to limitations in the state
of the art as a second explanation. He observed,
for example, that “contamination migration in
fractured rock is complex and generally unpre-
dictable” and that “prediction . . . is generally
beyond the state of the art. Pollutant movement
is easiest to predict in sand and gravel. Ironi-
cally, sand and gravel make the worst base for
land disposal because pollutants move very
rapidly in these porous soils. Soils that have
good containment properties and are hydro-
geologically predictable are found in only about
10 to 20 percent of the United States,44

There are many other hydrogeological con-
ditions that make the design of groundwater
monitoring systems very difficult:

●

●

●

●

There can be connections between differ-
ent aquifers that are difficult to detect.45

Groundwater flow can change direction
because of intrusion of tidal water, season-
al recharge patterns, or nearby production
wells.
Leachate does not always flow straight
down to an aquifer, but under some geo-
logical conditions would flow at an angle
and enter an aquifer downstream of the
monitoring wells.46

Liquid contaminants in an aquifer do not
always flow in the same direction as the
groundwater.

A third possible explanation for lack of prog-
ress is that a proper groundwater monitoring

44J. A. Cherry, “Contaminant Migration in Groundwater  With
Emphasis on Hazardous Waste Disposal,” WOrkSIIOp on Cround-
~iater Resources and Contamination in the United  States, Mar.
14 and 15, 1983 [\ Washington, DC: Di\ision  of l>olic~ Research
and A nal~sis, National 5’cience Foundation); J. A. Cherr~’, p~~r-
sonai communication, Dec. 7, 1983.

45[;,  .5’, EII I,iron n]enta]  {>rote<;  tier] ~genc~r, 6 ‘[>eIY1lit  i~ ‘1’iters
Training Course on ~round~trater  Alonitoring,  RCRA  264. Sub-
part F“ (blrashington, DC: Oflice of Solid JVaste,  ]UIJ  1983), pp.
3-7,
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system takes a great deal of money, time, and
expertise. In order to meet governmental reg-
ulatory requirements without spending too
much, reliance is placed on engineering judg-
ment rather than hard data. This warning ap-
pears in the EPA RCRA permit writers guide:

Experience with the installation of monitor-
ing systems for compliance with the Interim
Status Regulations has indicated that most
owners/operators who have hired a ground-
water consultant to install the groundwater
monitoring system have not envisioned spend-
ing the time or money to conduct as thorough
an investigation as is suggested in this chap-
ter. To retrieve all of the information neces-
sary to design the system in accordance with
considerations in this document, test-boring
and piezometer installation programs will be
necessary, Though some local geologic re-
ports usually exist in the region of most facil-
ities, site specific considerations almost invar-
iably require extensive test borings. Because
of the lack of time and funds, in most cases
parameters such as the direction of ground-
water flow and the nature of subsurface ma-
terials have been determined through evalua-
tion of local topography and, to the extent
possible, evaluation of existing building foun-
dation borings. Monitor wells are usually
located on the basis of this information and
completed to just below the water table. Varia-
tions in ground-water flow direction and geo-
logic variability have usually not been consid-
ered because of lack of information. The
primary factors for minimizing the pre-mon-
itor well installation field investigation have
been time and cost.47

A similar point about cost was made at a con-
gressional hearing in 1982 on EPA’s Part 264
groundwater protection standards:

There are, of course, certain geologic envi-
ronments in which monitoring becomes ex-
tremely expensive and may not be cost-effec-
tively employed, In order to obtain credible
information, dozens of wells and hundreds of
groundwater samples may be required to de-
velop an adequate analysis of the hydrogeo-
logic system, Although there are probably a
large number of existing land disposal sites
located in such areas, it is my recommenda-

47Geo7’rans,  Inc., op. cit., p, 16.
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tion that no new land disposal facilities be
allowed under these conditions regardless of
engineering design. 48

What is required for a facility operator to de-
tect groundwater pollution? The hazardous
waste disposal facility operator must want to
detect groundwater pollution and must deter-
mine how effective monitoring will be, given
the geology of his site. The operator must be
willing to hire experts, spend time, and spend
money (probably far in excess of EPA’s mini-
mum requirements), Finally, sampling and
analysis procedures must be designed that op-
timize the ability to detect contamination, even
if they are more stringent than EPA’s proce-
dures (see the section in this chapter on statis-
tical procedures). Some facilities operate this
way, although they are not required to do so,
but they are not required to report to EPA the
results of anything over the minimum re-
quirements,

At the other extreme is the facility operator
who fulfills only the minimum requirements
of the law. Consultants may not be used to op-
timize the efficiency of the groundwater detec-
tion system, Under these circumstances, ground-
water detection systems have a low probability
of detecting contamination. Many of the sites
on the National Priorities List had such ground-
water monitoring systems.49

The latest EPA Part 264 regulations (July 26,
1982), while an improvement over the Part 265
standards, do not acknowledge the past failure
of regulatory groundwater monitoring systems,
nor the unsuitability of many geological forma-
tions. They continue to rely on regulatory
groundwater monitoring in any terrain to de-
tect leaks. But the minimum requirements of
the regulations are inadequate to-ass
probability of detection.

ht:i]ring of the Huu.w Suhc~]m&ittee  on Natural Resourck~s, Agri-
{:u]ture  Rcscar~’h and En irironment,  NOIr. 30, 1982.

4Y[ r, ,>7,  En ~riron Mt?rltal Prote(;tion  Agen(:~’,  Hazardous 11’ast(’
,Sitc II f:sc:riijtions: A’ational  Priorities [,ist,  FinaI  Rulf?, and I+(j-
Jx).se(f  ( ~pf]a~e [fl’ashington,  1)(;: office  of Solid \Vastc an(j Em(;I-
g(’11(  }“ [<os[)(111s[?!  .~u~u$t 1 983).

Contaminant Tolerance Levels

The RCRA regulations for EPA permitted
land disposal facilities,50 unlike those for inter-
im status facilities,51 provide for detection mon-
itoring of the specific contaminants being dis-
posed as an alternative to the use of the four
indicator parameters (at the discretion of the
EPA permit writer). This would overcome the
problem of indicator parameters mentioned in
the section on “Interim Status. ” Upon close ex-
amination, however, this process raises other
issues having to do with the tolerance levels
of these contaminants.

In regulatory parlance, the tolerance level of
a chemical is the concentration that is accept-
able to the regulatory agency. The Part 264
RCRA regulations do not have explicit toler-
ance levels for groundwater contaminants ex-
cept for the 16 chemicals listed in the EPA pri-
mary drinking water standard. However, for
the hundreds of toxic constituents listed in the
RCRA regulations52 there is an implicit toler-
ance level. The regulations specify that the
EPA publication “Test Methods for Evaluating
Solid Waste, Physical/Chemical Methods”53 be
used to determine whether a sample contains
a given toxic constituent.54

For most substances, this publication lists
more than one analytical method, Some meth-
ods are more sensitive than others. In issuing
permits, EPA plans to use relatively low-cost
scanning techniques, which are the least sen-
sitive methods, explaining:

The Agency feels that a special hierarchical
approach is appropriate for this purpose.
These approaches will first use scanning tech-
niques designed to detect broad classes of
compounds. If the presence of a particular
class of compound is detected, more specific
analysis to determine which constituents are
actually present can then be initiated. Al-
though some sensitivity may be sacrificed by

5(]40 CFR 264.
51qo  ~~7R  2fj5,
wo c FR 2EiI al][lend  ices VII and VI 11.
~~ [J S ~ ntr i ron  me nta] ~)rot  ect  ion Ag f?ncjT, T’est hfeth~ffs  for”.

[<~,]loating  Solid il’aste, l>l]~rsi(;al/[~ht:n]i(:al Alethods,  S\\’ -846,
2(1 cdltion  (it’ashington, E)(;:  office of Solid Waste, 1982].

54Ao  [: FR PM app(; ndi x ] II.
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such an approach, the range of detection of cer-
tain scanning methods are clearly adequate . . .

Therefore, the detection limit of the scanning
methods, which are the least sensitive of the
required test methods, constitutes a de facto
tolerance level, since no further action will be
taken if the scan does not detect contamina-
tion. Furthermore, there are more sensitive test
methods than those chosen, and EPA has dem-
onstrated in the case of dioxin that more sen-
sitive methods can be developed when required.
The RCRA regulations do not explain why cer-
tain test procedures were chosen and others
were not. Finally, tolerance levels are implicit
rather than determined for most cases,

Table 5-9 illustrates that these implicit toler-
ance levels are quite high, when certain EPA
health effects projections are considered. The
first column shows the minimum concentra-
tions at which 12 selected chemicals can be
detected using the RCRA procedures,” The
second column shows EPA’s estimate of the
concentration that EPA projects will cause one
cancer per 100,000 people drinking 2 liters a
day of the water over a lifetime. These cancer
estimates are based on animal studies. There
are substantial disagreements about the accu-

racy of such projections, and the values listed
in table 5-9 are not universally accepted. How-
ever, they continue to be used by EPA, although
they may be changed. Since it is EPA’s criteria
which determine whether a site should be in-
cluded in CERCLA, these projections are rele-
vant to this study.

The projected number of cancers per 100,000
is estimated in column three. For example,
table 5-9 shows that a hazardous waste disposal
site operator, permitted by EPA, may, without
violating his permit, pollute groundwater with
up to 2,500 nanograms per liter of dieldrin,
This is a concentration which EPA projects
may cause 3,500 cancers per 100,000 people
who drink the water over their lifetime,

EPA is currently seeking to ban the use of
pesticides for which the cancer risk is as low
as 1 in 100,000.58 Therefore, it is likely that a
facility which is polluting groundwater at a lev-
el projected to cause 3,500 cancers per 100,000
would come to the attention of CERCLA.

Next, consider the explicit tolerance levels
associated with the 16 contaminants for which
there is an EPA drinking water standard. EPA
allows that for pollutants for which there is an

55(J .S. Environmental  Protection Agency, SW-846, op. c:it.

Table 5-9.—EPA Detection

se~~estjcjde  & To,yj~ Chemjca]  News, vol. 12, No. 4, Jan. 11,
1984, p. 15,

Limits for Some Carcinogens

Concentration projected* ●
Highest permitted to cause one cancer per

EPA detection limit 100,000 peoplett Projected ● ● cancers per
Chemical (nanograms/liter) (t) (nanograms/liter) 100,000 people

aldrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,900 0.74 2,600
dieldrin . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,500 0.71 3,500
1,1 ,2,2 -tetrachloroethane. . . . . . . . . . . . . . 6,900 1,700 4
3,3’ -dichlorobenzidine . . . . . . . . . . . . . . . . 16,500 103 160
heptachlor. . . . . . . . . . . . . . . . . . . . . . . . . . 1,900 2.78 680
PCBs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36,000 0.79 46,000
benzo(a)pyrene . . . . . . . . . . . . . . . . . . . . . . 2,500 28 90
benzidine. . . . . . . . . . . . . . . . . . . . . . . . . . . 44,000 1.2 37,000
chlordane . . . . . . . . . . . . . . . . . . . . . . . 14 4.6 3
DDT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,700 0.24 20,000
“A nanogram IS a billionth of a gram One nanogram per liter IS approximately one part per trillion:
“ ‘Projections based on the consumption of 2 liters (a Itttle  over 2 quarts) a day of the contaminated drinking water over a lifetime ProjectIons are also based on animal

studies that include assumptions on the transfer of results from animals to humans, and extrapolate ion from high doses to low doses Despite the uncertalnt  Ies intro-
duced  by these assumptions, these are the projections EPA uses Column 3 has been calculated by OTA by dividing column 1 by column 2 This calculation converts
back to high doses Uncertainties Introduced into column 2 by high.to-low dose extrapolations are thus partially corrected for in derlvlng  column 3. Column 3 contains
no correction for uncertainties Introduced by applying an!mal  results to humans

tU S Environmental Protection Agency, Test Methods  for Eva/uat/rrg  Solid  Waste, Hrysica//Chern/ca/  Methods, SW-846, 2d ed. (Washington, DC Office of Solid  Waste,
EPA, 1982)

ttReference 45 FR 79325-79341



Ch. 5—Sites Requiring Cleanup ● 147
—

existing EPA primary drinking water standard,
RCRA permitted facilities may contaminate up
to the standard.57 The primary groundwater
pollution standards are shown in table 5-Io. As
in table 5-9, this table also projects the cancers
per 100,000 for those substances for which data
are available from the EPA. In addition, the
fourth column indicates the substances known
or believed to be carcinogens.

For some of these pollutants, there may be
no zero effects level and any amount of the sub-
stance is considered a risk to human health.
For example, cadmium is carcinogenic58 and
is not considered without risk at any level.59

Arsenic, lindane, and toxaphene are thought
to be carcinogens and, as shown in table 5-10,
are associated with significant cancer risks at
the EPA tolerance level.

“)”’1 {Jrl(I\  H,III[;y , 1<( :K:\/(;  [;f{(; [.:! hotline,  ( r .S. EII\lr(IIl m[~nt,]]
l’rt)t[If,t io]l A:[:n(}  , ijrlt  at[~ I,om mu[lit.at  ion, NOI,  2$], I [)8:].

“’8[ ‘ S. 1)(;[)(I  rt m(~tlt of I{calth  an(] Itllman S(:r\i[c\,  t?(~glstr,l
f~f ‘/’{J\ I( I;II(I[  t f~l’ (,’/IfIrrIi[{I)  ,5’IIII\t{fn[;CS  (\l’,i~tli II~t{I  n, 1 )(;: l) Lll)-
11(, 1 l(:dlth S(;ri I( t;, ( ;(:r)t(]r~  for I)IS(J;ISC  (;ontrol,” Nciti(~n,ll 1 II St I-
t (It{’ t(~r ()( ( u[):itl(jnal 1 { calth iln(f SaffJtj,  F’[?t)ruar}’  1 982].

~’+(  ‘, S, 1; II ~ I rf)[l III(I II t:) ] I ‘IV )tc(, t 1011 Agf;ll[, y. .5’(. 1(?11 tific’ ~ll{i  ‘I’{’( ‘h

1]){ ,11 .\ s$f’~$lr](’fl(  h’(’~~f~rl [jr] (,’{) [lt)lium,  l; 1),1-600-7”  3-()():) (\\’Cl\ll-
] r) ~t I )11 , 1)( ; ( )ff ]( [’ of R(!>(’ii [( II ,) II [1 I)~I\ (,]()]) l~](>l~t , Lli) [( t] 1 [1 7,5]

Regarding tolerance levels, not all toxic pol-
lutants that can cause a site to be regulated
under CERCLA are monitored under RCRA.
A conspicuous example is dioxin contaminated
soils. Although sent to RCRA regulated land-
fills, EPA has not been able to require that the
soil be monitored for some dioxins, although
they have proposed doing so.60

Table 5-11 lists other hazardous substances
regulated under CERCLA that are not regu-
lated or monitored under RCRA.61 A reportable
quantity (RQ) is the quantity of a hazardous
substance which if spilled must be reported to
the National Response Center62 to determinate
if any response under CERCLA is necessary.
RQs are based on six criteria: aquatic toxicity,
mammalian toxicity, ignitability, reactivity,
acute toxicity, and carcinogenicity. They are
in five reporting levels: 1, 10, 100, 1,000, and
5,000 pounds, The lower the RQ, the more haz-
ardous the substance.

Table 5-10.— Data on RCRA Pollutants With Primary Drinking Water Standards

EPA Primary Drinking Concentration projected” ● to cause Projected ● ‘ cancers per
PolIutants Water Standard (µg/l)* one cancer per 100,000 people† (fig/l) 100,000 people Comments

a r s e n i c 50 0.022 2,300 a
barium ., . . . . . 1,000 — — b
c a d m i u m 10 — — a
c h r o m i u m 50 — — —
l e a d 50 — — —
m e r c u r y  . 2 — — —
n i t r a t e  ( a s  N ) 10,000 — —
s e l e n i u m

—
10 — — —

s i l v e r 50 —
f l u o r i d e  . ,  . . .

— —
1,400-2,400 — — —

e n d r i n 0.2 — — —
I i n d a n e 4 0.186 22 b
methoxychlor . . . 100 — — —
t o x a p h e n e  . . . 5 0.0071 700 b
2 , 4 - D 100 —
2,4,5,-T, Silvex

— —
10 — — —

.
aknown  human carcinogen ( t t 1

—

bprobable  human carcinogen based on animal  studies (tt)

“ ~~gl I m Icrog  ram Per I lter  or ml I I Ionth  of a gram per I Iter 1 pgll IS approximately one part per b! I I ion
‘‘ Project Ions based on the consumption of 2 I!ters  (a I!ttle  over 2 quarts) a day of the contaminated drlnklng  water over a I Ifetlme  Except for arsenic projections are

also based on arwmal  s[udles  that Include  assumptions on the transfer of results from animals  to humans, and extrapolations from h!gh doses to low doses For
arsen IC projections are extrapolated from the effects of htgh doses I n humans Desptte  the u ncertal  ntles  I nt reduced by these assu m pt Ions these are the p rolect  Ions
EPA uses Column 3 has been calculated by OTA by dlvldlng  column 1 by column 2 This calculation converts back to high doses Uncertalntles  Introduced Into
COIU mn 2 by h! gh to low dose ext rapolatlons  are thus part Ial Iy corrected for ! n derlvl  ng CO I u m n 3 Except for the arsenic number which Is based on human data
column 3 retal ns the uncertarn  I{es  Introduced by app(ylng  an [real resu Its to humans

preference 45 FR 7932579341
t t U S Department of Health and Human Services /?eg/stry  of TOXIC  Effecfs  of Chern/ca/  Substances (Washl ngton  DC Public  Health Sew Ice Centers for Disease Con
trol,  National Instlfute  for Occupational Health and Safety February 1982)
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Table 5-11 .—Some Pollutants Regulated Under
CERCLA (Reportable Qualities) But Not Under RCRA

Proposed Oral
reportable (mammal) LD50*

Pollutant quantity (pounds)† (mg/kg) (23)

carbofuran. . . . 10 11
chlorpyrifos. . . 1 97
diazinon . . . 10 76
dichlone . . . . . . . . . 1 —
a l p h a - e n d o s u l f a n 1 —
beta-endosulfan . . 1 —
endosulfan sulfate. . 1 —
endrin aldehyde . . . 1 —
guthion . . . . . . . . . . . 1 13
mercaptodimethur . . 10 34
mevinphos . . . . . . . . 10 3.7
naled . . . . . . . . . . . . . 10 250
f48 FR 23552.23595
. LD,,—Lethal  Dose Fifty—a  calculated dose of a substance which IS expected
to cause the death of 50°i0 of an entire defined  experimental animal popula-
tion  It IS measured In milligrams of substance Ingested per kilogram  of antmal
body weight For comparison purposes note that the oral toxlclty of iodine  IS

14,000 mg/kg,  arsenic ac{d IS 48 mg/kg,  and potassium cyanide IS 10 mg/kg

Table 5-11 lists those hazardous substances
that have proposed RQs in the two most haz-
ardous categories (1 and 10 pounds) and which
are not regulated under RCRA. The proposed
rules do not indicate the basis of the rating for
each substance; therefore, it is possible that it
is inappropriate to regulate some of these haz-
ardous substances under RCRA, but no discus-
sion of this issue has been found.

The significance of table 5-11 is that these
substances could be leaking into groundwater
from a RCRA permitted facility without vio-
lating the permit, yet would be candidates for
regulations under CERCLA. Even more to the
point, if these substances are spilled in trans-
portation or manufacturing operations in ex-
cess of their RQ, they must, under CERCLA,
be cleaned up and disposed in a RCRA regu-
lated facility where RCRA regulations would
not require their monitoring.

Table 5-12 addresses those contaminants of
concern to CERCLA that are also regulated
under RCRA. In many cases, the groundwater
detection levels are higher under RCRA, as
much as 1,000 times higher, This is another ex-
ample of the puzzle that occurs in comparing
RCRA regulations with CERCLA. The cure is
considered more protective of public health
than the prevention, Thus a RCRA regulated

Table 5-12.—Some Examples of Groundwater
Detection Levels of Hazardous Chemicals Which

Are Higher Under RCRA than Under CERCLA

CERCLA RCRA
detection detection

Pollutant levels (ng/l)††† levels (rig/l)
dieldrin . . . . . . . . . . . . . 5 2,500†
DDT . . . . . . . . . . . . . . . . . 10 4,700†
DDE . . . . . . . . . . . . . . 5 5,600†
DDD . . . . . . . . . . . . . . . . 10 2,800†
heptachlor . . . . . . . . . . . 5 1,900†
heptachlor epoxide . . . . 5 2,200†
aldrin . . . . . . . 5 1,900†
antimony. . . . . . . . . . . 20,000 32,000††
arsenic . . . . . . . . 10,000 53,000††
cadmium . . . . . . . 1,000 4,000††
lead . . . . . . . . . . . . . . . . . 5,000 42,000††
selenium . . . . . . 2,000 75,000††
thallium . . . . . . . . . . . . . . 10,000 40,000††
tu.s  Environmental Protection Agency, Test MefFrods  for Evaluaffng  So/Jd Waste,
F%yslca//Chern/ca/  Methods, SW-846, 2d ed (Washington, DC Off Ice of Solid
Waste, EPA, 1982)

t tLee M Thomas, Assistant Administrator, U S Environmental Protect Ion Agen-
CY, Memorandum to the Adml  nlstrator Pro Posing addlt  ional  test methods for
reference 17, Oct 17, 1983

tttU S Environmental Protect Ion Agency, “Statement of Work, Organlcs
Analysls,  Contract Laboratory Program” (Washington, DC EPA, September
1983) U S Enwronmental  Protect Ion Agency, “Statement of Work, Inorganlcs
Analysls,  Contract Laboratory Program” (Washington, DC EPA, May 1982)

site may pollute groundwater to a level toler-
ated by RCRA but come to the attention of
CERCLA for the same pollution.

The last, and perhaps most important point
with regard to tolerance levels, is that for many
of the several hundred hazardous constituents
for which EPA has published test procedures
to monitor groundwater, the level at which
these contaminants can be detected has not
been published or determined by EPA.63 More-
over, the test protocols were set more by con-
siderations of analytical chemistry than human
health effects; thus some of the detection limits
might be too high to protect human health,
while others might be lower than necessary.
Some of the hazardous constituents for which
EPA does not yet know the detection limits are
listed in table 5-13. The substances shown were
selected because they are alleged carcinogens
and preliminary EPA research has given them
high hazard ratings, Although research is under-
way to determine detection levels, RCRA rules
permit groundwater contamination by these
and other substances to a currently undeter-
mined level.



Table 5-13.—Some
Which EPA Has Not

Carcinogenic Chemicals for
Yet Determined the Levels at

Which They Can Be Detected in Groundwater
by the Methods of Reference

afIotoxin
4-aminobiphenyl
aziridine (ethyleneimine)
bis-(chloromethyl)ether
chloromethyl methyl ether
1,2-dibromo-3-chloropropane (DBCP)
diethylnitrosamine (n-nitrosodiethylamine)
diethylstiIbesterol a

dimethylaminoazobenzine
7,12-dimethylbenz(a)anthracene
dimethylcarbamoyl chloride
1,2-dimethylhydrazine
ethyl methanesulfonate
hydrazine
methyl nitrosourea
nitrosomethylurethane (n-nitroso-n-methylurea)
n-nitosopiperidine
n-nitrosopyrrolidine
streptozotocin a

2,3,7,8-tetrachlrodibenzo-p-dioxin (TCDD)
ethylene dibromide (EDB)

aTest methods not ye! publlshed  by EPA as of Jan 19 1984

SOURCE U S Environmental Protect (on Agency Test  Methods  for Eva/uat(ng
So/(d  Was(e Phys/ca/  Chernfca/  Me(hods, SW 846 2d ed IWash!ngton
DC Off Ice of Solld  Waste, EPA 19821

In addition, the RCRA test procedures man-
ual indicates that when several chemicals are
mixed together, as is usually the case in
groundwater monitoring, the ability to detect
a specific chemical by a given test procedure
is reduced. These analytical interferences raise
the detection limits by an undetermined
amount. 64 Not being able to detect carcinogens
reliably, which can be of concern at very low
levels of contamination, is dangerous to human
health and increases the likelihood of CERCLA
involvement.

The effects of this can be illustrated with the
example of ethylene dibromide (EDB). EPA re-
cently has canceled the use of EDB as a fungi-
cide because of its carcinogenicity. In congres-
sional testimony, EPA’s pesticide program
director said:

. . . we believe that the risks posed by EDB in
drinking water at levels in the low parts per
billion are roughly comparable to the risks
posed by grain fumigation. In both cases we
consider these estimated risk levels to he un-

“~1 t)l(l
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acceptable for a lifetime of exposure . . . Ac-
cording to our information, the State of Flor-
ida has acted to provide alternative drinking
water for approximately 500 wells found to
contain EDB at or above 0.1 parts per billion
(ppb). This appears to be a responsible and ef-
fective way of dealing with these potential
risks. In short, the risks of EDB being reported
in Florida ground water (typically 1 to 20 ppb)
are probably similar to risks posed by grain
products .65

EPA does not list a detection level for EDB,
but it does list detection levels for 21 other
volatile organics. These range from 1.6 to 7.2
parts per billion. Thus, the RCRA tolerance lev-
el for EDB might be substantially greater than
the 0.1 parts per billion indicated as “respon-
sible” in the EPA testimony quoted above.

In summary, CERCLA is required to address
releases of any “hazardous substance, ” that is,
any substance designated under CERCLA and
four other acts administered by EPA, EPA has
chosen to have RCRA regulate a narrower uni-
verse of substances and many of those are not
regulated with the same stringency as in other
EPA programs. Therefore, compliance with a
RCRA permit will not necessarily be sufficient
to prevent a site from becoming a CERCLA
site. However, proposals being considered by
EPA might lower CERCLA requirements rath-
er than increase RCRA ones.

Monitoring in the Vadose Zone

EPA regulations for permitted facilities re-
quire that groundwater detection monitoring
wells be placed in the uppermost aquifer at the
edge of the waste disposal area.66 Any contami-
nant detected by the well may first have trav-
eled anywhere from a few feet to several hun-
dred feet under the waste disposal area before
it reaches the aquifer. Then the contamination
may have traveled anywhere from a few feet
to several thousand feet in the aquifer before
it reached the well, Then, if the leading point

fit ~;dti.  j 11 I,, j oh n son, [)i r(:(;  to r ( ) f t h(] of fi(, e of ]’t>s~ i ( 1(] (> 1) 1’[ )-

u I.a [n$ [‘, S,  EjIlvlr[)Il n]f;ntal [}r(]tc[,  tlon A~f311(;  \’, t(!it i In(  ~ IIy t 1(’f[ )1’t’n .,
the S[JnatP ( ;onlrnittpc  (JI1 ,.!gri(,lllturc,  N’llt  rlti(~n ,ln(i l;[)r[lit  [ I ,
1,111, 23, 1984,

qo ( : ~J R 26-I  ,98[  h )



150 . Superfund  Strategy

of the plume of contamination is between two
monitoring wells, it could travel some distance
past the wells before it is detected, Therefore,
even if a detection monitoring system works
well, considerable environmental damage could
occur before the contamination is detected.

The vadose zone is the ground above the up-
permost aquifer. In humid areas of the United
States it is rarely over 100 feet deep and is usu-
ally much less. In arid western areas, however,
the vadose zone can be several hundred feet
deep. Water and associated contaminants from
a land disposal facility will travel through the
vadose zone to an aquifer at a rate determined
by the soil characteristics, the depth of the
vadose zone, the amount of fluids in the waste,
and the amount of water. It can take anywhere
from a few months to many decades.

By the time contamination is discovered in
a groundwater monitoring well, the vadose
zone could have stored significant amounts of
contamination. Thus toxic materials could con-
tinue to pollute the groundwater for many dec-
ades even if disposal is halted and the ground-
water is cleaned. Furthermore, the trend is to
require land disposal facilities to be located in
areas with low-porosity clay soils, with great
depth to groundwater, This may postpone the
time it takes contamination to reach ground-
water, but also increase the amount of contam-
ination stored in the vadose zone,

Not all contamination that reaches the aqui-
fer is carried away by the groundwater. Some
contaminants may be adsorbed on solid sur-
faces or otherwise contained in the aquifer and
gradually released or desorbed in small amounts
to pollute the groundwater, One important ex-
ample is the class of halogenated immiscible
hydrocarbons such as paint thinners, pesti-
cides, and PCBs. Thus, by the time this type
of contamination is detected in groundwater
the vadose zone may be significantly contami-
nated. Thus it would be useful to detect leach-
ate contamination in the vadose zone beneath
a hazardous waste disposal site before it
reaches groundwater. It might help avoid the
costs of groundwater and contaminated soil
cleanup and human health and the environ-

ment would be better protected. EPA does re-
quire vadose zone monitoring for land treat-
ment of hazardous wastes67 in the standards
for EPA permitted facilities of July 26, 1982.
The preamble to the regulations states that
“EPA believes that adequate technology and
expertise is available to develop effective and
reliable systems. “68 Yet in the same regulations
vadose zone monitoring is not required for
landfills, surface impoundments, and waste
piles where the need and the benefits would
appear to be far greater.

The technology for which there is the most
experience in waste disposal monitoring in the
vadose zone is the suction lysimeter, a porous
ceramic cup placed in the vadose zone to col-
lect a sample of the fluids. In the interim status
standards for existing land disposal facilities,
EPA rejected the use of lysimeters with this ex-
planation:

Available leachate monitoring technology
generally involves the placement of probes
(lysimeters) beneath the disposal facility.
Since each probe is not generally capable of
monitoring a large area, many of them would
have to be placed under a facility in order to
detect a localized flaw in the landfill design.
It may not be possible to place such devices
below an existing landfill or surface impound-
ment without completely removing the waste
and redesigning the facility. Moreover, once
such a system is in place, the probes tend to
fail over time due to deterioration or plugging.
It is difficult to determine when such a fail-
ure occurs and, if discovered, the damage is
generally irreparable. Under these circum-
stances EPA does not believe that leach ate
monitoring should be a general requirement
for landfills and surface impoundments dur-
ing interim status.69

Other commentors have pointed out that ly-
simeters do not work well in subfreezing or
conditions of low soil moisture70 or very hot and

“’[’h is method is used for less than I per(:ent  of wastes that
iir~: laIld disposed; it is also known  as land sprea(iing  or lan(i
farming  uf f~astes.

6H47 [~t;(jeral ~egister 32329.
WW~ ~’[;(]ertl] Register 33191, M~\I 19, 1 ~~~.
701J{l~%, ~~llgillef?ri  ng Testi w (;().  ~ “I,ysimeter  Evaluation Stud\r”

(il’cishingtorl,  DC: American I]ctroleum  Institute, 1983J.
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dry conditions.71 Are these arguments valid?
The first point, that the “probe is not general-
ly capable of monitoring a large area” is con-
tradicted by field experience. Some data indi-
cate that a suction lysimeter located 10 feet
below an impoundment could measure a dis-
tance of 10 to 30 feet laterally .72 Second, plac-
ing suction lysimeters under existing land dis-
posal sites can and has been done by the
technique of drilling at a slant. Third, the plug-
ging problem can be largely overcome by pack-
ing the sampler with silica flour,73 a standard
technique which appears in EPA manuals.74

Fourth, the statement that the “damage is gen-
erally irreparable” is unclear since what has
been placed ought to be replaceable.

As for the other comments, it is not very rele-
vant that lysimeters do not work well in con-
ditions of freezing or low soil moisture since
these are not conditions in which there would
be much leachate. And as for hot and dry con-
ditions, vadose zone monitoring is currently
being conducted in Beatty, Nevada. In any
event, it is not necessary that lysimeters work
perfectly (no technology does) or that they be
convenient to use. The important question is
whether they are cost effective in reducing
groundwater cleanup costs through early de-
tection of contamination.

Lysimeters have been used for many years
for monitoring land disposal sites. At least one
State, Texas, uses them for regulatory moni-
toring. Wisconsin has been requiring vadose
zone monitoring since the mid-1970s and there
are 19 solid waste sites there with either suc-
tion lysimeters or collection lysimeters.75 Cal-
.

‘1‘1’f’r r\ 1,. ‘1’h~j~~tn,  (~ onoc;  o I II(:,, let  ter to U, S, En\’ Iron ment a ]
[)rrjt[:{,tl{)rl ~~R[;ll(,} (jo[;ket for regulations of JUIY 26 1982 (~~
[’K 32274) ,  docket  N() f) I,I)F 11 090.

7-’ R[~hert 1). Alor-riw)n, Kenneth A. I,epic,  and John A. Baker.
“\’a(io~e Z(~n(J  hlonitor-ing  at a Hazardous Waste  Disposal Fa-
(. illt\ ,“ ~]a~wr prcwntw]  at the conference (Jhi]r:]ctf;rizat;or]  and
.llon~toring”  in thf: 1‘ado,sf?  Zonf} spor~tored”  h\’ the National  \Vater
Llrell A~\()(  Iatlon , l.a~ \’fIRas,  N\’, Dec. 8-10,  1983.

“ i I ) r, I,, ( j ]{\”fJrf:t  !, K a m f! n ‘1’ f:rn])o,  j]r i irat f) r;o  m m u n i(: at ion,
\l d r 2:}, 1 !)84.

“q [,, (;, [t i(’ ret t, 1,. (j. LIT i I LX) n, a n d E, L\’. H o\’1 rn a n, ‘‘ L’a  d OS(’
Zon~” hlonlt(]rin~  for Hazardou~  b\raste  Sites, ” performed uncfcr
(, [ ) rl t r CI[ ~ t IX(). [jH-()  R~-x)$)o for t hc [1, S. E n ~i r-on me nta 1 f)rotw, t io n
~\gf:n[ \ [Sa nt;i H(irharti, (;A: Kamcn ‘1’ernpo),  p[). 5-[j3.

“5 [J[ ‘t (’ r h rn(; t, \lr I w:()  n si n I)c ~),~ rt m [;n t of Nat (]ral Rcsoll r( ‘(’~,
IJr]i ,It[’  ( (]mrnuni( atlon.  hlar,  20, 1 9 8 4 .

ifornia has proposed regulations that would re-
quire vadose zone monitoring in new installa-
tions.

The U.S. Geological Survey (USGS) has in-
stalled suction lysimeters (albeit, not without
difficulty) at two existing low-level nuclear
waste landfills. This research projected was
started by USGS in 1981.76

A 2-year study of three sanitary landfills by
the Illinois State Geological Survey placed lysi-
meters under the existing landfills; all three had
contamination in the vadose zone that had not
been detected by groundwater monitoring
wells.77 In one site the lysimeters showed that
a clay liner had ruptured and in another site
lysimeter monitoring showed that contamina-
tion detected by a monitoring well was com-
ing from a different site. The researchers did
not experience the difficulties reported by
EPA,

There is also field experience with geophysi-
cal vadose zone monitoring techniques. A com-
mercial hazardous waste disposal facility in
Oregon uses a vadose zone monitoring system
that “integrates lysimeters, dual purpose ten-
siometers/lysimeter units, and geophysical ar-
rays to provide an early warning leak detec-
tion and sampling system. ”78 A firm in Las
Vegas has installed three resistivity grids since
1980 at hazardous waste lagoons, and they are
all reported to be working well.79

Many techniques available for monitoring in
the vadose zone for both new and existing land
disposal facilities have been evaluated. In 1980,
the University of Arizona Water Resources Re-
search Center reviewed a number of tech-
niques for vadose zone monitoring below waste
disposal sites for EPA.80 Many of these are

781)r, John [3. Robertson, U .S, Geological SurIc\, pri~at(; (:on-
mun i[;ation,  hlar.  23, 1984,

77 Th[)mas  M. Johnson and Keros Cartn’right,  hlonitorln~ Of
l,ea{;hatc ,llr’~ration in the [ ‘saturated Zone in the \’icr’njtJ  ()/
Sani(arj Landfills. Circular 51 LI (Urbana, I I,: State  Ceologi(:al
Sur\ey [)ilision, Illinois  Institute of Natural Resources, 1980].

7BNI o rrlso  n, f?t al., Op. cit.
7“I)r, Rohert Kaufmann, Conkrerw Consultants, I/as \’ega~,  Ni’,

prik’atc  (:omrrlllrli(:ation,  hlar.  20, 1984.
~(1], (;, \$’ i ] son, hfon  jforjng jrr the i ‘a ffosf;  Zone:  A R(?1‘r’(’l\’ c~f

Tcf; hni(;d] Elements and hff~thod. s, Fli’A-600/7-80-l  34 (lJas \’cgCi\,
Xl”: [ (,S, Iin~ir[Jnr~l(?rlt;]l  Prote(;tion  Agenc\, June 1980),
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commercially available and are in common
use. Another survey for EPA evaluated state-
of-the-art techniques and techniques under re-
search or development that are capable of lo-
calizing liner leaks.81

EPA, in rejecting the use of vadose zone
monitoring in 1982, referred to the University
of Arizona work but discussed only one of the
26 techniques evaluated, the suction lysime-
ter. 82 This technique was rejected largely be-
cause of cost, although no analysis was made
of the trade-off of avoiding the cost of clean-
ing the contaminated groundwater. The many
applications of vadose zone monitoring were
not reviewed. The extent to which the require-
ments in the reauthorized RCRA for leak detec-
tion systems might lead EPA to require vadose
zone monitoring is not clear.

Vadose zone monitoring techniques are not
generally easy to use nor are they inexpensive.
No one technique is universally applicable and
to get a reasonable assurance of detecting
leachate, several may have to be used at any
given site. However, the techniques for ground-
water monitoring are also difficult, fallible, and
expensive. The cost of cleaning groundwater
can be tens of millions of dollars, depending
on the amount of contamination. Thus, even
if the technology for vadose zone monitoring
is more difficult and less reliable than ground-
water monitoring there can be substantial ben-
efits from detecting pollution early.

Delays in Starting Corrective Action

Under the Part 264 EPA standards for EPA
permitted facilities in a detection monitoring
mode, 83 if hazardous constituents are detected
by the groundwater monitoring system a “com-
pliance monitoring” program must be insti-
tuted. This program consists of two parts, First,
the EPA permit writer will establish a “ground-
— —.

al M. j. Wa]]er  and J. L. Davis “Assessment of Techniques to
Detect Landfill Liner Failings, ” Land Disposal of Hazardous
Waste, EPA-600 KI-82-002 (Cincinnati, OH: Municipal Environ-
mental Researc;  h Laboratory, March 1982), p. 239.

‘U.S. Environmental Protection Agency, “Summary  and Anal-
ysis of Comments (40 CFR Part 264, Subparts F, K, L, M and
N)” (Washington, IX: Office of So]id Waste, July 9, 1982), p. 72.

~t40 (~FR part  264, Subpart F.

water protection standard” for the unit, which
will be specified in the permit for the facility.
Second, a new groundwater monitoring pro-
gram will be instituted to determine whether
the unit is in compliance with its groundwater
protection standard. This new program will
consist of monitoring at the compliance point,
i.e., the edge of the disposal area, to detect any
statistically significant increase in the concen-
tration levels of hazardous constituents.

The groundwater protection standard includes
the hazardous constituents to be monitored or
removed if necessary, the concentration limits
for each hazardous constituent that trigger cor-
rective action, the “point of compliance” for
measuring concentration limits, and the com-
pliance period,

The regulations require that the concentra-
tion limits be set at the background level of the
constituent in the groundwater or the maxi-
mum concentration limits for drinking water
established for any of the 16 hazardous con-
stituents covered by the National Interim Pri-
mary Drinking Water Regulations, The facil-
ity owner may ask for a variance to establish
an alternate concentration limit (ACL) if he can
demonstrate that the constituent will not pose
a substantial present or potential hazard to hu-
man health or the environment.

If the groundwater protection standard is ex-
ceeded, then another step, the corrective ac-
tion program, is instituted. This program at-
tempts to bring the facility into compliance
with the groundwater protection standard by
removing the hazardous waste constituents
from the groundwater or treating them in the
aquifer. The regulations require that corrective
measures be taken to clean up the plume of
contamination that has migrated beyond the
compliance point but not beyond the property
boundary.

Earlier it was shown that even in a well de-
signed and properly functioning groundwater
detection monitoring system, a long time (even,
in some cases, decades) could elapse before
contamination from a leak from a hazardous
waste disposal site reached a detection moni-
toring well. However, because of the structure



of the EPA regulations, a long time could also
elapse between the time the contamination
reaches a monitoring well and the time any-
thing is done about it. Table 5-14 shows a sce-
nario where this elapsed time is over 2 years.
This example does not present a “worst case”
scenario, but simply illustrates times required

Table 5-14.—Scenario for Instituting Corrective Action
at a RCRA Permitted Site in Detection Monitoring

Jan. 1, 1984. —Contamination reaches groundwater detection
monitoring well.

Apr. 1, 1984. —Sample is drawn from monitoring well. Well
must be sampled semi-annually (40 C.F.R. 264.98(a)).
Assume average time to detect contamination is 3 months,

May 1, 1984. —Determination is made that there is a statisti-
cally significant increase over background. This deter-
mination must be made “within a reasonable time period”
(264,98(g)(2)). Assume 1 month, however, discussion in
next section will show this is optimistic.

Aug. 1, 1984, —Submit request to EPA for permit modifica-
tion to establish compliance monitoring program. This
must be done within 90 days (264.98(h)(4). Include notice
of intent to seek a variance for alternate concentration
limits under part 264.98(b) (264.98 (h)(4) (iv)).

Nov. 1 1984.—Submit data to justify variance under part
264.94(b) for every hazardous constituent identified under
part 264.98(h)(2), This must be done within 180 days of the
time that a determination is made that there is a statistical-
ly significant increase over background (264.98(h)(5)(ii)(B)).

Mar, 7, 7985. —EPA rejects request for variance and issues
draft revised permit for compliance monitoring. No time
limit specified in the regulations. Assume it takes 4
months for EPA to review the data and prepare a draft per-
mit. Notice is given for public comment.

Apr. 15, 1985.—End public comment period. Regulations re-
quire 45 days (124.10(b)).

May 15, 1985. —EPA issues revised draft. No time limit
specified in regulations. Assume it takes EPA 1 month
to review public comments and revise permit according-
Iy. Compliance monitoring begins.

Aug. 15, 1985.—Submit request to EPA for permit modifica-
tion to establish corrective action program. This must be
done within 90 days (264.99(i)(2) and 270.14(c)).

Sept. 1, 1985. —Submit engineering feasibility plan for cor-
rective action program. This must be done within 180 days
of the time that the request for variance is rejected, i.e.,
Mar. 1, 1985 (264,98(h)(5)(ii)).

Dec. 1, 1985. —EPA issues draft revised permit for corrective
action. No time Iimit specified i n the regulations. Assume
it takes 4 months for EPA to review the data and prepare
a draft permit. Notice is given for public comment.

Jan. 15, 1986. —End public comment period, Regulations re-
quire 45 days (124.10(b)).

Feb. 15, 1986. —EPA issues revised permit. No time specified
in the regulations. Assume it takes EPA 1 month to review
public comments and revise the permit, Corrective action
begins,

Total elapsed time: 2 years 1½ months not including delays
from statistical analysis.

SOURCE Off Ice of Technology Assessment –
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to work through the many steps prescribed by
the regulations.

The action required is that the plume of
groundwater contamination be cleaned up
from the edge of the disposal area to the prop-
erty line. There is no requirement to find the
source of the leak and to repair it; and there
is no requirement t to stop disposal operations.

Statistical Analysis

Contamination in a well must be shown to
be a statistically significant increase over back-
ground levels, But doing this within 1 month
(see table 5-14) is very unlikely,

In sampling groundwater, there is consider-
able variability due to factors other than the in-
troduction of waste-related contamination.
These include seasonal fluctuations, geochem-
ical processes, perturbations introduced by the
monitoring well, contamination or other changes
introduced by the sampling technique, natural
and nonwaste contamination, variability in
chemical analysis, and a great many others. It
is necessary to distinguish changes in ground-
water due to contamination from those due to
random or periodic effects. The EPA regula-
tions for both Part 264 and Part 265 state that
when a sample of the groundwater is taken
from a monitoring well and analyzed for the
required contaminants, the results should be
compared with the previously determined back-
ground levels to see if there is any “statistically
significant “ increase in contamination .84 Sta-
tistical significance is determined by one of
several mathematical formulas approved by EPA.

There are four possible outcomes from such
a calculation:

1. The test could indicate that groundwater
is contaminated when in fact it is not (false
positive),

2, The test could indicate that groundwater
is contaminated when in fact it is (true
positive).

3. The test could indicate that groundwater
is not contaminated when in fact it is (false
negative).

~~~() (: ~: K ~[j~ ,$] T(ll] ~] 11(] ~(j~ .$] ~(~)].

38-745 0 - 85 - 6
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4. The test could indicate that groundwater
is not containinated when in fact it is not
(true negative).

A test for statistical significance attempts to
minimize the false positives and the false neg-
atives. This can be done by increasing the sam-
ple size, i.e., by increasing the number of mon-
itoring wells, the frequency of sampling, and
the number of samples taken. But for a given
sample size, any test of statistical significance
that reduces the probability of false negatives
also increases the probability of false positives
and vice versa.

There are two ways to design a test for sta-
tistical significance. One is to decide in ad-
vance the probability of detecting groundwater
contamination one wishes to achieve (the prob-
ability of detection being one minus the prob-
ability of a false negative). In this case the prob-
ability of a false positive will be a function of
the sample size and the variability of the data.
Another way is to determine in advance the
probability of a false positive and allow those
same factors to determine the probability of de-
tection. In the former case the probability of
a false positive will not be known in advance
and in the latter case the probability of detect-
ing contamination will not be known in ad-
vance, EPA has chosen the latter approach.

The cost of a false positive could be several
thousand dollars; e.g., the cost of additional
sampling and testing to establish that there is
actually no contamination. The cost of a false
negative, groundwater contamination that goes
undetected, could be large additional cleanup
costs and increased threats to human health
and the environment. And if the owner can-
not afford the necessary corrective action, the
site might become a candidate for CERCLA ac-
tion. Minimizing the occurrence of false posi-
tives reduces the short-range costs of disposal
site operators but OTA found no mention in
any EPA document of why this approach was
chosen over the other.

EPA proposed standards for monitoring in-
terim status sites on December 18, 1978, 85

which included a statistical test with a proba-
‘-L1543 Fe(~er~] Ileglster 5 8 9 8 2 .

bility of false positives (the level of significance]
of 5 percent. In the final regulations adopted
in 1980, EPA decreased the probability to 1 per-
cent, But this increased the probability of false
negatives. In the preamble of the regulations,86

it is implied that the change was made because
of industry concerns over the cost of a false
positive. There does not seem to have been an
attempt to balance this against the cost of false
negatives borne by industry and the public.

In the 1982 regulations for EPA permitted
sites, EPA raised the probability of false posi-
tives to 5 percent once again, explaining:

EPA is fixing the level of significance for the
Student’s t-test at 0.05 for each parameter at
each well. When the Agency proposed this
significance level for interim status ground-
Water monitoring, it received some criticism
that this would produce too many notifica-
tions of contamination where none had ac-
tually occurred.

EPA recognizes that this could be a prob-
lem, particularly when there are many com-
parisons being made for different parameters
and for different wells. However, EPA is con-
cerned that a lower significance level would
unduly compromise the ability to detect con-
tamination when it did, in fact, occur.87

EPA did not, however, raise the probability
of false positives from 1 to 5 percent at the in-
terim status sites. No explanation was given for
not including interim status facilities in this
decision,

OTA has tried to find an estimate by EPA of
the probability of detecting groundwater con-
tamination by this statistical procedure. While
EPA documents contain many discussions and
calculations of false positives, OTA could not
find an estimate of the probability of a false
negative. The only related material is a study
for EPA that was to “estimate the false positive
and false negative probabilities for various sta-
tistical procedures. ”88 However, the study esti-

JJ1345  Federa]  Register 33195.
13T47 Federa]  Register 32303.

J88 R13  Associates, “Evaluation of Statistical Procedures for
Croundwater Monitoring” in U .S, Environmental Protection
Agency, Ground-water Monitoring Guidance for Owners and
Operators of Interim Status F’aciiities,  SW-963 (Washington, IX:
(Iffice  of Solid Waste and Emergency Response, March 1983).
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mated the probabilities of false negat il~es for
onlj’ one statistical proccdu  re, and that one is
not the one that EPA uses.

hfore recently, EPA has :l(:kl~~)\\l[](lg[}[~  that:

. . . the t-test, as it is [;urrenfly  being applied,
is i 11 equippe(i  to deal ~~’it  h t be i’er~’ small data
sets t)[!i  n,g generate(]  . . . nor can it eff(;(; tik’eljr
han(ll[)  th(; w’i(ie an(] largel~. unknolt’n  varia-
bilities  d[ie to spatial. t(~m~)ora], sarn~]ling, arl(]
a n a 1 j’ t i (, ~) rob 1 [: IT1 .s. 8’)

The conference report for the recent ly reau-
thorized R~ RA that deals with surface im-
poundments notes that in addition to a statis-
t icall~ sign ificant  increase o~rcr background
con cent rat ions “other  ct’idencc  of l e a k i n g ,
su(; h as ~’isible leaks or su(lden  drops in liquid
level of the impoundment, also ~iould  be suf-
ficient, ‘‘~0 I t is not ~ le a r, howe~’er, to what ex-
tent EPA might act on this use of adjuncts to
stat i st ic al analysis.

Compliance Monitoring

Compliance monitoring at permitted facili-
ties measures the degree and extent of the
ground ~t’ater contaminant ion. Results are espe-
c i all}’ i rnportant  i n designing a n(l e~aluat  ing
correct ikre actions. Su(:b rnon itoring  is (lifficult
a n d e x ] ] c ns i ~’ e:

1 n a t~pi(;a]  (:ase . . . determining the extent
a n ( 1 s(: IT e r i t }’ () f’ a ~) 1 u m e e m a n a t i n g f’r () m o n e
single sou r(:e in a sh a I loik aquifer requires
(loze ns () f mo rl i to r i n g ;t’el IS a II(1 h u n(l re(ls  () f
sa mi)les.  I t also takes ii ~r-eat (ieal of t i me an(l
s(: [’[: r:11 h u n (i r-[;(i t h () u sa n (i ( i()11 a I-s. I f t h (: g(:-
olog  J’” is mo r(; (;() m [)1(:x  () r s(; i’era 1 pot en t i al
(;() 1) t:] m i na t i [Jr] sou r-(, ()~ [:x i st, t h [: (;0s!  \tri11 })[;
on t ho or(]er of’ h a 1 f a m i 1] ion (]01] ars. I n a (:a se
itrh  er[) t h [: aq u i f’f:r is (i e[)~) or su rf’ace feat u rcs
(;a nnot h(:ll) in (let(!rnli  n i ng t )](; t)jr(lr’og(;ologj’,
(:() sts (:oulci soar  t () $2 () r $3 m i 11 if) n .[]l

Here again, as with the placement of the
monitoring wells, the science of hydrogeolog~’
enters, but with the additional requirement to
model and predict underground contaminan~
flow. Such modeling is not a routinelj  a\aila-
ble technique like well drilling or chemical
analysis; it is state-of-the-art scientific research
generally carried out by universities and a fe~~’
companies. Where modeling ground~~’ater  flo~t’
is possible, predicting cent am i nant ilow  ma]’
still be very difficult if possible at al 1 (see the
section on the vadose  zone in this chapter]. As
pointed out in 1982:

It is not prcsentljr  possil)lo”  to (ieieJIIn  in[; ho~l
thousands of inditidua]  (:hem icals  iirill react
in the grwun(i  ~i’ater  entri ron m(; nt or to con f’i-
cientlj’ predict the aggregate ef’fe(:ts of’ n u mer -
OUS ])ro(;esses such as iitten[lat  ion, (i is])ersioll,
a n (i c1 i ffu si () n. A vast a mOLI n I () f’ fi [;l(i d a t a
t~ould be required to de~relo~) ;I reliable basis
for such predictions.

It is frequently suggested that mo(lelin~
coul(i serx~e  as an adequate ])redi(:t  i~re t 001 for
this purpose. Ilowevcr.  e~’en  deta ileci in~est  i-
gat ions which might cost on the or(ier  of
$250,000 tO $500,000 per site ma] not ])ro[i(ie
enough data t () de~’elo~) a model  t () t)e u s(; (I i n
this capacitj. Furthermore, :1 rf:lat i~ely su(:-
(;essful  model based on adequate data (:a n only
be expecte[i  to yield results ~lithirl  an or(i(:r
of magnitude of the actual s ituat ion. This I(N(:I
of” a(; (;{lra(:y  rnajr  not be a(:(:el)t  able ~fhen ])~lb-
lic health is at risk an(~ (:rit i(;al (;ol](;(:rltr;] tiorls”
are mea SL1 red i n parts per  b i ] ] ion.

“1’hc process of obtaining the data for j)re-
(i i(; t ing ground water (;ond it ions, i nterprct i ng
the information and  makin~  a(; (:uratc  dc(: i-
sions  to implement complian(:e  monitori” ng is
a s [; i e n t i f’i (: endeavor. I t c a n o n 1}. b e (: a r r i cd
out in a confident manner t)yr ~~’ell t rai n(:(i
groun(iwater  technicians. There is ~)resently’
a se~’ere  shortage of trained grou n(i II’ at (;I
scientists in the public an(i pri~’at (~ st:(:t  ( )r, tin(i
it is doubtful that t her(} is su ff’i(:i(!nt  t a l(:nt
available to work on more t ban a re]at i~’e]~
sma 11 percentage of the existing sit (?s t h ;I t
~vou ld fa 11 u n d er the (:()  m p 1 i a n ( :(; m ( ) n i t () r i n H
aSpWt S of the II(:W’  haza I’(i OUS ~~’ast [: regu ] ;I -
t ions .q2

“ I ),I\ i[~ \l’. k 1 I I It’r  , ( 1(’r(i p,ll t \ K h 1 il 1(’r,  1 rl[  t[’~t I rr]c)fl  1’ t]{ ‘i I I I t’

tl[),i] IIIg I )f t]}f) ] ] ( )iist>  SII!N ( )rll]llittt>t> ( III N,)t l]r’,il I{f>>l)llr(  ()~, \:l’i-
( Ii I t \I I (~ ]<f~~t,,i  r( II ,1 rl[ \ F: Ill I r~ )rl ll}f~rlt. N (J\ :10, 1 ‘H\2.
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EPA seems to understand these shortcom-
ings for modeling and predicting contaminant
flow. The preamble to the regulations states:

The way to meet this objective [of protec-
tion] is to avoid regulatory schemes that prin-
cipally rely on complicated predictions about
the long term fate, transport, and effect of haz-
ardous constituents in the environment. Such
predictions are often subject to scientific un-
certainties about the behavior of particular
constituents in the hydrogeologic environ-
ment and about the effects of those constitu-
ents on receptor populations.93

However, the RCRA permit writers’ manual
in its instructions for evaluating the design of
a corrective action program takes a somewhat
different view of the capability of hydrogeol-
ogy in predicting contaminant flow:

Predictions of groundwater flow patterns
throughout the contaminated areas, including
the drawdowns and hydraulic gradients, that
will be established by the recovery system
should be provided. On the basis of predicted
withdrawal rates, estimates should be pro-
vided for the time required to exchange an
amount of groundwater equivalent to that
originally contaminated,

The applicant will need to use either ana-
lytical solutions or numerical (computer)
models to provide these predictions of the re-
sponse of groundwater on site to the proposed
recovery system.

To summarize, the requirement that compli-
ance monitoring predict plume movement is
a regulatory requirement t that depends on a
technology which does not really exist. Thus,
EPA is putting more reliance on state-of-the-
art technology to clean up pollution than it does
to prevent pollution.

Corrective Action

Corrective action regulations for permitted
facilities require that contaminated groundwa-
ter be cleaned to background levels. Background
contaminant levels can be, and frequently are,
extremely low if they are known at all. The reg-
ulations require technology which is capable

9347 Federal  Register 32283

of removing contaminants to below the level
of detection. But again, the corrective action
requirements ask for technology that does not
really exist. This is acknowledged by EPA in
the preamble to the regulations which states:

. . . the technology of performing corrective
action is new. The Agency’s and the regulated
community’s experience in conducting reme-
diation activities (beyond the feasibility study
stage) is fairly limited to date.94 The standards
are based on the hope that technology will be-
come available in the future as stated in the
preamble. The national experience with ground-
water cleanup . . . is relatively limited at this
time. EPA expects that over time, the state of
knowledge about groundwater cleanup meas-
ures will improve.95

The most comprehensive study of attempts
to clean up sites where groundwater had been
polluted was made by EPA in 1980.96 This was
a study of 169 hazardous waste sites requiring
remedial action. Groundwater was polluted at
110 sites. In most cases the groundwater supply
was abandoned and replaced by a pipeline to
another source. In very few cases, because of
the high costs, was there any attempt to clean
up the groundwater, and none were cleaned
to background levels.

Although experts have little experience in re-
storing polluted groundwater to below detec-
tion levels, some attempts have been made to
restore groundwater to some degree. It is dif-
ficult, very expensive, and the results have been
mixed. Typically, treatment of a plume is con-
sidered adequate when levels of volatile organ-
ics are at or below 100 µg/l. Operating costs for
a single site can run over a million dollars a
year for 20 or 30 years. One expert summed
up the situation:

Substantial efforts are now being made to
reclaim polluted groundwater. In the south-
western U. S., where highly prolific alluvial
aquifers are common, a number of problems

9447 Federa]  Register 32313.
9547 Federal Register 32286.
WIN. Nee]y, D. Gillespie, F. Schauf, and J. Walsh, U.S. Envi-

ronmental Protection Agency, Remedial Actions at Hazardous
Waste Sites: Survey and Case Studies, EPA 430/9-81-05, SW-91O
(Washington, DC: Oil and Special Materials Control Division,
January 1981).
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can be encountered when attempting to re-
claim polluted groundwater. First, many of
the zones of polluted water are large—often
in the range of thousands or tens of thousands
of acre-feet. This results in the need to pump
substantial amounts of water, which must
then be treated and/or disposed. Decades will
be required to remove polluted water in many
situations. Second, pumpage of groundwater
for reclamation often has legal constraints.
Third, land ownership often presents a formi-
dable problem, because polluted zones fre-
quently extend beyond property controlled by
the responsible entity. Fourth, relatively deep
water levels usually allow substantial amounts
of pollutants to be in the vadose zone, where
pumping is not effective. Fifth, pumping
schemes are inherently inefficient in hetero-
geneous, non-isotropic alluvial aquifers, due
to inflow of unpolluted water during pump-
ing. Because of the many limitations of recla-
mation, groundwater quality management
should focus on aquifer protection.97

The regulations permit two basic corrective
approaches. The first is to pump out the con-
taminated groundwater. This is not always
simple:

in very arid portions of the country,
groundwaters are generally located well
below the ground surface. Therefore, it may
be extremely difficult, if not impossible, to
pump such underground waters. In complex
geologic environments, contaminants may
perch on clay layers, In such circumstances,
even if pumping of surrounding waters were
possible, such pumping would not succeed in
bringing contaminants to the surface. In ad-
dition, in these circumstances, the depth of
the contaminant layer may prohibit trenching
to reach the contaminants . . . Shallow aqui-
fers may not have sufficient waters to permit
effective pumping. In addition, certain tight
clay formations may prohibit effecting pump-
ing from shallow aquifers. In these circum-
stances, if excavation is not possible, it is im-
possible to remove all contaminants.98

8TKenneth D. Schmidt,  “Limitations in lmp]ementing  Aquifer
Reclamation Schemes,” paper presented at Third  National  Sym-
posium on Aquifer Restoration and Groundwater  Monitoring
sponsored by the National Water Well Association, Columbus,
OH, 1983.

““’’Comments on Interim Final Hazardous Waste Regulations
Promulgated by the United States Environmental Protection

The EPA RCRA permit writers’ guide recog-
nizes these difficulties and gives technological
approaches for handling them. Where there is
insufficient groundwater for efficient pumping,
then fresh water must be injected into the aqui-
fer by injection wells to flush out the plume of
contamination. But the plume itself is the lesser
problem:

. . . the removal of additional amounts of
water, frequently many times in excess of that
originally contaminated, will be required to
reduce contaminant concentrations to accept-
able levels . . . Many of the hazardous constit-
uents present in any plume of contamination
migrating from a hazardous waste manage-
ment facility will likely be subject to some
amount of adsorption to the geologic materials
on site . . . as contaminated groundwater is re-
moved from the subsurface and replaced by
water of lower contaminant concentrations,
contaminants will desorb from subsurface sol-
ids and establish new equilibrium concentra-
tions of contaminants in the groundwater.
Thus, the process of restoring groundwater
quality will become a process, in most cases,
of not only removing contaminants originally
present in groundwater but also of removing
contaminants adsorbed to subsurface solids.

The expensive process of pumping huge
amounts of water for decades does not guar-
antee that cleanup standards will be met. The
issue of whether EPA will insist on full com-
pliance with its standards when faced with
such costs becomes important. In addressing
such public concerns, an EPA official wrote:
“It may be costly and take decades, but it can
be done and under the regulations the owner
is required to undertake it.”99 However, EPA’s
instructions to their permit writers are less op-
timistic:

. . . the permit writer should also consider the
relative costs of these measures when deter-
mining the adequacy of flushing rates pre-
dicted for proposed recovery systems. In-

Agency Pursuant to Sections 3004 and 3005 of the Resource Con-
servation and Recovery Act, Docket 3004, Permitting Standards
for Land Disposal Facilities” (Washington, DC: The American
Petroleum Institute, Nov. 23, 1983].

~Lee M. Thomas, Assistant Administrator, U.S. Environmen-
tal Protection Agency, letter to Senator Robert C. Byrd, Dec. 30,
1983.
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creasing flushing by increasing pumping rates
and the number of wells, well points, and/or
drains will certainly increase the costs asso-
ciated with the recovery system. Similarly, re-
quiring the use of injection wells and/or in-
creasing their number and rates of injection
will increase cost. In some cases, particularly
as flushing rates become higher, the cost of
increasing flushing rates by requiring these
design changes will become disproportion-
ally high relative to the additional flushing
achieved and the advantages gained.

Thus, the permit writer will need to balance
a number of factors when reviewing the ade-
quacy of flushing rates expected from a pro-
posed recovery system.

The EPA permit writers’ guide also points
out many problems that may be encountered
in attempting corrective action and it does not
have solutions to all of them. For example, the
problem of cleaning up immiscible fluids is
poorly understood.

Once contaminated water is pumped out of
the ground, something must be done with it.
One solution is to remove the contaminants
and return the cleaned water to the aquifer.
This has been tried at some CERCLA sites.
Table 5-15 shows some examples of the kind
of levels of cleanup that can be practically
(albeit at great cost) achieved using the most
common techniques. Although impressive,
these results are far from background levels,
and are higher than generally accepted safe
levels.

A second technology that the RCRA ground-
water protection standards allow for correc-
tive action is “in situ” treatment. This is the
introduction of chemical or biological agents
into the aquifer to react with and destroy the
hazardous constituents. If anything, even less
is known about these technologies than those
discussed above, as the permit writers’ guide
points out:

. . . to date in situ treatment has been applied
in only limited circumstances, and little ex-
perience is available that can be related di-
rectly to the cleanup activities required in Part
264 corrective actions programs. In most cases,
use of’ these techniques will assume the char-
acter of a field experiment.

Table 5.15.—Removal of Selected Specific Organics
From Groundwater

Process effluent concentration range*

Organic compound Adsorption Stripping Biological
phenol . . . . . . . . . . . . . . <10 — 10-50
toluene ., . . . . . . . . . . . <100 <10 10-50
benzene. . . . . . . . . . . . . <50 <10 1o-1oo
ethyl acetate . . . . . . . . — — 10-20
formaldehyde . . . . . . . . — — 50-100
aceton . . . . . . . . . . . . . . — — 10-20
methyl ethyl ketone . . — 25,000 10-20
aniline . . . . . . . . . . . . . . <10 10-50
nitroaniline . . . . . . . . . . 50-100 - 10-50
methanol . . . . . . . . . . . . — 15,000 10-50
isopropanol. . . . . . . . . . — 10,000 10-50
isobutanol . . . . . . . . . . . — 40,000 10-50
methylene chloride . . . <100 200 <50
trichloroethylene . . . . . <10 5-1o <10
1,1 ,1-trichloroethane . . <10 50 10-50
1,1,2-trichloroethane . . <10 50 10-50
tetrachlorethylene . . . . 5-1o 5-1o 10-200
nitrobenzene. . . . . . . . . <10 — 100-1,000
Wow: All values in Pg/1 or ppb.

SOURCE: J. R. Absalon  and M. R. Hockenbu~, “Treatment Alternatives Evalua-
tion for Aquifer Restoration” (paper presented at the Third National
Symposium on Aquifer Restoration and Groundwater  Monitoring spon-

sored by the National Water Well Association, Columbus, OH, May
19s3).

The purpose of this discussion is not to con-
demn available technologies for cleaning up
contaminated aquifers. However, it is possible
to see the predicament facing a facility opera-
tor with a need to take corrective action. To
abandon his facility, thus making it a Super-
fund site, may seem an attractive option.

Estimating Future Needs

Data to Illustrate the Scope of the Problem

About 2,000 hazardous waste land disposal
facilities required to conduct groundwater
monitoring have filed for interim status. Many
more may require regulation, particularly sur-
face impoundments. (Note that injection wells
are regulated under another statute and not by
the RCRA groundwater protection standards
although they are used for hazardous waste
disposal.) Various EPA data provide some in-
dication of the number of hazardous waste
management facilities that might threaten
groundwater: surface impoundments, 770;
landfills, ZOO; injection wells, 700; land treat-
ment, 70; waste piles, 170; and storage and
treatment tanks, 2,040.



C)rI’i\  l)iiS ilIli]lJrZ(?(l th(l (i[lttl  from E 1)/l’S  1981

stu(l~’ of ~j’ast(;  nlanagcn~[:~)t  to examine the c.x-
tont ‘ t o  ~~’hi(:h  lan(]  disposal  fa(:ilitie.s  re(:ei~’c
t ox i(; hazardous Jt’astes.  Tox i(: Llastcs ~)rcscnt
long- te rm (:hroni(: health risks and arc to bc
(:ont  rastwl 1~’ith ~~’astes  that a r[? haza r(lous  onl~r
on the basis of (:llar[~(:t(}r’isti(:s  such as reac-
t itit~,  ignitabilit}r,  and  corrosilrit~r.  The da~a in-
(li(:ate that a significant t fr:](~tioI]—p(:rh:]i).s  a
majori[~r-of  the [~rastcts  being placed  in land
(Iisposa]  facilities nation ~~’ide  arc to.yic chem-
icals that Lt’ould pose long-term health prob-
lems if released into the eni’ironment.  For sur-
face impoundments and lfindfills  almosl
LI’ astes  ma}’ be toxic, \\’h ile for i nje(:t io
a b o u t one-third o f t h e w’as t es ma}’ be

Number of Future NPL Sites

all the
1 I\’ells
toxic.

Planning needs to take into account the pos-
sibility}’  that currently operating RCRA hazard-
ous ivaste  facilities will become future NPL
sites. The reasons are:

● Hazardous waste land disposal facilities
ha~’e a poor record of performance. They
continue to be used for toxic materials pos-
ing long-term problems. Even w’ith the
man}’ changes in the recent RCRA reau-
thorization, including the etrentual  limits
on some land disposal, low’ -cost land dis-
posal will remain widely used for some
time.

●

●
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‘1’he  (:urrent groun(]~~’atcr  ])rotc(;t  ion st al)(l-
a rds are so i n a d eq u a t c that, t! II (: II ~~’ i t h
perfect compliance, the} l$oul(l  not ])r(?-
~’en t the release of hazardous subst  a n (:(:s
from man~  of the faci]it ies thc~r  (:oicr.  R[)-
l e a s e s  are unlike]}’ to tw (Icte(:t(xl  earl~
enough i n al] cases t o ] i m i t (;(III  t a n) i na t ion

to l(l\’~lS that ~~’ould or (;oul(i  be cffc(:t  i~(;l~
cleaned L1 p b}; R~ RA faci ] i t ~’ o]wra  t {)rs.
One important conscquen(;e  of th(; r(:au-
thorized R~RA ma} bc to l~astc]~ the (:los-
ing of the worst  hazardous ~t’aste  fa(: i lit ies.
Man\ owners find opera t(lrs  ma}’ escape
near-term and possibl}’  long-term respo  n-
sibilit~’  for cleaning up sites that ha~’c scri-
ous enough problems to e~~entuall~’  place
them on the NFL.

As indicated earlier, it is possible onl} to esti-
mate the number of facilities that might be-
come future NPL sites. On the basis of the anal-
ysis in this chapter, OTA helic~’es that a rea-
sonable estimate is that at least half of the ap-
proximately 2,OOO operating hazardous waste fa-
cilities that are or should be subject to RCRA
groundwater  protection standards will become
NPL sites. Many more sites may require clean-
up, but they might be cleaned up b~’ their own-
ers or users.

THE SITE SELECTION PROCESS

This section describes EPA’s current proc- tification, and Federal resources are not being
ess for selecting sites for the NPL (figure 5-I]. supplied. EPA policy is to place highest priority
This process was analyzed to ascertain the like- on evaluating already identified sites. Only a
lihood that sites that merit cleanup will not be few States, including New York, Michigan, and
placed on the NPL. California, have developed programs to iden-

tify additional sites, However, even without
emphasis on discovering new sites, the nation-

Site Identification al inventory has been growing steadily, to

There is a large backlog of about 12,000 sites, about 19,000 by late 1984. -

that have not y& been evaluated. Efforts to dis- The argument has been made that the vast
cover sites have slowed. For the most part, majority of the worst sites have been identified.
States do not have the resources for site iden- But there are likely to be older, abandoned sites
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Figure 5.1 .—Summary Site Scoring Flowchart
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SOURCE Office of Technology Assessment
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and sites that pose indirect environmental haz-
ards that have not been identified.

Setting Priorities for Sites

As a result of the “desk-top” preliminary
assessment (PA) based on known information,
priorities for subsequent actions at the site are
established. Each site is given a high, medium,
low, or no priority ranking. Without priority,
a site is retained in EPA’s basic site inventory,
ERRIS (Emergency and Remedial Response In-
formation System), High-priority sites are im-
mediately inspected; the others wait their turn,
Sites with low priority are unlikely to get at-
tention. (Although some States may request in-
spection of low-priority sites, this does not yet
appear to be happening. ) Documentation is re-
quired only if a low or no priority status is
assigned, There are no national EPA guidelines
or criteria for setting priorities, The process is
subjective, rests on professional judgment, and
provides little assurance of consistency among
EPA Regions or States. No national data are
available on the numbers of sites in the vari-
ous priority categories. On most occasions, lit-
tle attempt is made to verify the completeness
or accuracy of the information upon which the
priority judgment is made.

Although States usually conduct PAs, region-
al EPA offices, EPA contractors, and Field In-
vestigation Teams (FIT), also conduct them.
The States are supposed to perform this task
to a greater extent in the future. For fiscal year
1985, EPA has budgeted $1,800 per PA for
State work. An example of the type of guidance
provided by some Regions is given in figure 5-2
for EPA Region 5. The guidance is minimal.
In addition, as a practical matter, sites that do
not affect a large population are less likely to
receive a high priority, even though they may
present serious hazards,

Figure 5-2.— Region 5 Prioritization Criteria

High
priority

for
inspection

1. Known hazardous waste onsite.
and

2. Known contamination of surface, water,
groundwater, or air,

or
Potential to affect large population

I
Medium
priority 1. Known or suspected hazardous waste onsite.

for and
2. Potential to contaminate surface water,inspection groundwater or air,

or
I Potential to affect any population. I

Low
priority

for
inspection
(pending)

I
1. Known or suspected hazardous waste onsite,

and
No potential to contaminate surface water,

groundwater, or air,
and

No potential to affect any population.

2. Site has been or is being evaluated and State
is taking action.

3. No known hazardous  waste onsite, but the
potential exists.

No
further I 1. No hazardous waste onsite.-- I
action I 2. Site has been cleaned up. I

or
3. Hazardous material onsite, but handled correctly.

Complete documentation needed to justify

SOURCE Office of Technology Assessment

Site Inspections

Most site inspections (SIs) are conducted by
EPA FIT contractors with the purpose of ob-
taining data to evaluate and score the site to
determine its eligibility for placement on the
NPL. SIs involve considerable field work, often
with limited sampling and analysis. For fiscal
year 1985, EPA has budgeted $16,800 per SI
for State work. The order in which sites are in-
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spected  does not necessarily reflect the prior-
ities assigned in the earlier step. Instead, in-
spection schedules take into account geograph-
ic distribution and other logistical factors.
~Tithin the same region, the completeness Of
the information entered into the S1 form ~aries
(:onsiderabl~’ according to who conducted t h~~
i nspe(;t ion, prior known facts  about the site,
suspected hazards, and other factors. ‘1’he  lack
of detailed guidance can lead
inaccuracies that can have an
on site scoring.

to data [roids or
important effect

Site Scoring

Sites are scored by an established procedure
called the Hazard Ranking System (HIM), ~1’hicll
can be regarded as a crude hazard or risk
assessment. A n initial scoring is conducted h}r
the State, the region, or the FIT. ‘f’h~~r~: are re-
views at the EPA regional and headquarters
levels, with EPA headquarters assigning the
final score. All the facts pro~’idwl in the file arc
assumed correct. The c u t o f’f sc o rc of’ 28. ~ LIT as
(:hosen to proi’ide  an original N PI, of 400 sites,
the minimum required by statute. E’I’A has re-
tained this cutoff for a[ir?lix]i.strati~~f: (:omven-
icncc and consistenc~  o~~er  time, t?ITen thou~~h
there is no technical justification !hr tmlic~’in,q
that sites writh lower  scores do not mcrif  cleal]-
~]p. Sites dcs ignated by States as their highest
~)rioritl  site are exam~)tccf  from t hf: (:utoff. As
of SeJ)tember  1984, onl}’  se\7en sites ii’ i t }1 sf;ort)s
ICSS than 28.5 were on the NP1..

The H KS methodology has been crit ized else-
where, and the major prok)lcms 11

7 ill bc sum-
ma rized only b r iefl y here. 100 The  final score is
a co rnpos ite of’ three migration route s(:ores  f’o r
grou  Ild water , Su I’f’ace Lva ter, ~Ild iii r. s o m e  of’
the major problems i~rith  the H RS are:

● ‘1’here is a ~rer} strong bias t(]~tra r(i human
health effects, with  little chaJ](:(~  of” a site

~etting  a high score if ther[: art} ])rimaril}
e n~’i ro n mental haza  r(ls or t h r(:a ts.

● 1“() 1’ hU  Hli+ 11 heii Ith Cff M:t S, t h[;l’[; iS {i St1’01)~
I)ias in faker of high aff’e(:ted  ~)tj])ulations.

“’’’s(’(’  [ I’(){’A  +/)( )/) 01) ,s( ‘/(‘[ /10/)  [)/ 1 /(//,1 /”{/01/  \ I 1 ‘(l $(( ‘ .s/ /( ‘~ /()/’
,s///)( ‘1 ”/[/1)(/ /’/) /lo//l L/, [ I s S(,l),lll,  ( :[)111111  Itt(v’ (1[) :\l)[)I’[)~)l’l( ltloll\,

\l(l 1’( 11 1 ‘182.

For the air route there must be docunlen-
tation  (e. g., laboratory data) of’ a release,
b u t  ther~] is n o  su(:h  I’equircm(?nt  foI”  th(:
Lt’ater routes.
S(:oring  f o r  toxicit}’/pt;]sistell[:c  ma} be
based on a site contaminant, ~th i(;h is Ilot

ne(;essa rily one with a kno~vn or potential
relca se.
A site tvith a ~cr~’ high score  for on[! migra-
t ion route but zero or ier}r low” s(; ores for
the other twro routes can get a re]at i[~el~’
low total score, ~~’hile  a site with  moder-
a t e scores for all three routes might get a
hi~her  score: in other ~~ordst a~[!raging the
rou tc scores c rca tes a bias against a site
~l~ith one parti(;~l]arlj’  important hazar’d.
Onlj  the quantit~  and not the distribution
of [vaste is considered, ct’en though s i nli-
lar quantities ()~’er ma rke(il}r  differ[; nt
areas pose d i f’f’e  re n t t h rea ts,

Variability Among EPA Regions

‘1’able  5-16 presents data, arranged hj I~I~A
Region, on a number of aspects of’ the site selec-
tion process. No matter ~vhat  statist i[; is exam-
i n[; d, there is (:() n si(lf:rahle \Ta riabi  1 it~ a nlon~
t h[?

●

●

●

●

●

●

Regions.  Some examples are:

‘h:  p(H’C(Hlt O f  ~jKKIS Sk thilt hN(!  hC-
c o m e  NP1, sites  \raries  from  1.1 per(;ent
(Region 7) to 5.3 percent (Region 2],
The percent of tllf; national ERR] S in\cn -
tor~’  by Region ~rarie,s  from 3 per(;ent  (Re-
gion 8) to 20 per(:ent  (Region 5).
‘1’he percent of the national NP1, hj Region
i~aries from 3 per(:ent  (Regions 7 and 8) to
26 ~)er(;cnt  (Region 5).
Sei’era] Regions ha~e a high fraction of’
NpI,  sites (:(jllll)tllTecj  to ERKIS sites (Kc-
gions  1, 2, 3, and 5]. TLtro Reg ions  ha~e
much smaller f’ra[; t ions of the N]]) I. s itcs
(;om])ared to F1 RRIS sites (Regions 6 and 7).
F’or f’is(;al  ~ear  1985, plans to ~)erf’orm  PAs
as a f’ract  ion of the Keg ional  E R R 1,S n u nl-
ber Irarics f’rom 4 percent (Region 6) to 38
percent (Region 8).
fJO1° f’iS(;al }’(~aI’ 1 {]8~, ~)hillS to PWfoI’111 SIS
as a fraction of the Regional ERRIS num-
ber Iarics  frOITI  1 percen t  (R(:gi(~ns 5 an(]
7) to 7 percent (Region 1 O).
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Table 5-16.—Site Selection Variability Among EPA Regions

ERR IS

Region Number

1 . . 937
2 . 2,313
3 . 1,741
4 3,423
5 3,689
6 2,289
7 1.318
8  576
9 1,388
10 : 878

% N P L

4.8
5.3
3.4
19
3 8
1.3
11
31
19
2.4

% of national FY 85
total Preliminary Assessments (PAs)

ERR IS NPL Number (%, ERRIS) $(000)

5 8 240 (26) 432
12 23 NA NA NA

9 11 NA NA
18 12 1,135 (33) 2,043
20 26 1,295 (35) 2,331
12 5 100 ( 4) 100

7 3 290 (22) 522
3 3 220 (38) 396
7 5 NA NA NA
5 4 260 (30) 468

SOURCE Office of Technology Assessment US ing data from various EPA documents

● Regions 4 and 10 appear to ha~’e planned
for a large PA/S I effort for fiscal jear 1985
as (;ompared  to their fra(; tion  of the na-
tional ERRIS sites. Con~erse]y,  Regions 5,
7, and ~ hate relativel}r small efforts (;onl-
parcd to their fraction of the national ERRIS
sites.

Data on trariations  in total and t:omponent
H KS data for EPA Regions and the Nation arf;
~i[’cn in table ,5-17. While the Iariation  a nlon~
total scores for the regions is not great, there
:~ re (: o ns i (Ic rab 1 e ~’ a r i a t i o ns for t h e c o m po n e n t
scores. This sug~ests  problems in the Hazar(]
Ranking Sj’stem.

I n part i(:ular, for most regions the air route
s(; o res are ~er~’  Ioit’, t~r it h the notable ~:x(:ep-
t ions  of” Rf;gions 1 and fi ~~’hic:h ha~re r[?lt]ti~(:])’
h i~h s(;ort;s  ~trith  high (:orrc]at  ions oi’ those

FY 85
Site Investigations (SIs)

Number (% ERRIS) $(000)

55 (6) 921
NA NA NA
NA NA NA
190 (6) 3,183
25 (1) 419

100 (4) 4
10 (1) 168
15 (3) 251

NA NA NA
65 (7) 1,088

FY 85 PA/Sl
Total

$(000) % Tota l

1,353 7
1,775 10
1,820 10
5,226 28
2,750 15
1.869 10

690 4
647 3
805 4

1.556 8

scores LV ith the total  scores. To ascertain the
extent and significance of the national 1’ a ri a-
bility  in air scores, a more detailed anal~.sis  ii’as
done;  thf; results are giten in tat)lf; 5-18.

In examining the number of’ sites writh a non-
zero a i r s(; ore, i t is seen that Regions 4, 5, a no
{] h[l~c rt}l a t i~’el}’  ]ow’  fra(; t ions. For all l-legions,.
20 percent of the N PI. sites recci~’cd  nonz{)ro”
a i r S(: o res, but w i th ou t Regions 4, 5. a n ( i 9 t h ~] t
fraction increases to 29 per(;ent.  Of’ morf! i m-
portance  is the number of sites  it’ i(h :~1] air
score for ~~’hich  placement on t h[! N’ P 1, is (: ru -
c i al ] }r dependent on that a i r sc f) rc ( t ~] OSC sit [!s
that would  ha~’e a total H KS score b[;lo~~ 28.5
Lt’ ithout  their air scores). (~onsidcr  t h[! f’ra(: t ion
of” crucial sites relati~rc to the nu mbf}r of h’ ]}],
sites. W’ithout  Regions 4, 5, and !1, n i nc ))er(;(;II t

of’ IX PI, sites depend on t hci r air  S( :or(?s  for ,N 1) 1,
stat us, (:() m pa red t o 6 pcr(;  e nt f’o r a 11 R [;(q  i ( ) ns.

Table 5-17. —Summary Statistics on Hazard Ranking Scores

EPA Regton Number  NPi- sites Mean total Mean GW R GW-total

1 45 466 67,3 0.557
2 122 449 627 0.468
3, 59 403 492 0.525
4 . . . 66 42,9 68,5 0.777
5 137 425 68,6 0.710
6 29 435 59,0 0557
7 . . . 14 385 52.7 0748
8 18 459 61 1 0722
9 . . 28 392 515 0.578
10 21 409 525 0.443
A l l 539 425 593 0712

Mean SW

207
203
195
16.0
129
190
19 3
390
202
137
201

R SW-total

0.433
0443
0475
0173
0272
0,120
0,431
0652
0.368
0.282
0.435

Mean A

169
139
207

228
379

249
118
878
642

19.3
129

R A-total

0.570
0390
0299
0012
0232
0539
0179
0270
0007
0335
0.055
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Table 5-18.—Analysis of NPL Sites With Air Route HRS Scores

Sites with-air scores
—

Number Number/percent N-umber/percent Crucial sites,
Region of NPL sites of NPL sites crucial for Iistinga percent of NPL sites

1 . . . . . . . . . . . . . . . . . . 45 ‘1 2/27 3/25 7
2 . . . . . . . . . . . . . . . . . . . . . . 122 30/25 9/30 7
3. . . . . . . . . . . . . . . . . . 59 22/37 9/41 15
4 .  .  .  .  .  .  .   .  .  .  .  .  .  .  . 67 3/5 0/0 o
5 . . . . .  .  .  .  .  .  .  . 141 11/8 2/18 1
6 .  .  .  .  .  .  .  . 30 13/43 2/15 7
7 . . .  .  .  .  .  .  .  .  .  .  .  .  . 14 4/29 1/25 7
8. . . . . . . . . . . . . . . . . . . . 18 3/17 0/0 o
9 . . . .  .  .  .  .  .  . 29 3/10 2/67 7
10 . . . . . . . . . . . . . . . . . . . . . 21 7/33 3/43 14

Total . . . . . . . . . . . . . . . . . . . 546 108/20 31/29 6
Without regions 4,5,9... . . . . . ..., . . 309 91/29 27/30 9—. —
aA ~(te has a ~rUclal alr Score ,f ItS total  HRS score without the alr score would be below 285 the cutoff fOr Placement on the NpL

SOURCE US Environmental Protection Agency, NPL dated September 1983

If the 9 percent is applied to the NPL sites of
Regions 4, 5, and 9 (and accounting for the four
crucial sites), then there is an indication that
17 sites may have been missed due to the pro-
cedures followed in these three Regions. This
discrepancy could increase if more attention
is given to Subtitle D landfills, which often pose
problems of methane generation.

Although the groundwater route clearly has
the highest scores and the highest correlation
with total scores in table 5-I7, here too there
is considerable variation among the regions.

Most of the variations are difficult to explain
other than through administrative, procedural,
or policy variations among the Regions and
States. The one exception is probably for Re-
gions 1, 2, 3, and 5 (and to a lesser extent for
Region 4), for which an argument could be
made that these locations have a substantially
greater number of uncontrolled sites resulting
from earlier periods and higher densities of in-
dustrial activities as compared to the rest of the
Nation.

Estimate of Future NPL

Many sites may not be making it through the
site selection system, Available statistical data
support this view.

Table 5-19 gives the results of a 1983 survey
of States conducted by the Association of State
and Territorial Solid Waste Management Offi-

cials (ASTSWMO), States were asked to iden-
tify the number of sites that might require
cleanup and the number of sites needing a
cleanup response. This table also gives the
number of sites in EPA’s ERRIS inventory and
on the NPL (as of August 1984), These data re-
veal marked differences between the estimates
made by States and EPA data for the total pop-
ulation of uncontrolled sites, even though the
totals appear similar, about 18,000 for each. It
appears that some States believe there are
many more sites than EPA estimates, and in
other cases the reverse appears the case. Only
a few States have estimates within about 10
percent of the ERRIS data. If the highest figures
are used for each State, then the universe of
uncontrolled sites appears to be about 24,000.

The responding States estimate about 8,000
sites will require cleanup. That is, the States
foresee the need for a large NPL. According
to the States, about 40 percent of all uncon-
trolled sites will need cleanup. But less than
5 percent of current ERRIS sites have been
placed on the NPL, and EPA’s projection of
about 2,000 NPL sites out of a total ERRIS of
20,000 amounts to a 10 percent placement for
the NPL. The problem of estimating the future
size of the NPL is further shown by the con-
siderable variation among the State estimates.
Seventeen States believe that 50 percent or
more of sites will need cleanup and 13 States
believe that 10 percent or less will require
cleanup.
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Table 5-19.—ERRlS/NPL v. State Officials Views on Site Cleanup Requirements

Region /:
Maine ., . . . . . . . . . . . .
Vermont ... ... . . . . .
New Hampshire .
Massachusetts ., ... . . . . . . . .
Connecticut . . . . . . . . . . . . . . .
Rhode Island . . . . . . . . . . .

Subtotal . . . . . . . . . . .

Region II:
New York . . . . . . . . . .
New Jersey ., ..., .
P u e r t o  R i c o
Virgin Islands . . . . . . . . . .,

Subtotal . .

Region Ill
Pennsylvania .
Maryland ...., . . . . . . .
Delaware. . . . . . .
Virginia . . . . . . . . .
West Virginia . . . . . . . . . . . . .
District of Columbia. . . . . . . . . . . . . . . . .

Subtotal ..., ..., . .

Region IV:
North Carolina ..,... . . . . . . . .
South Carolina . . . . . . .
Georgia. .
Florida . . . . . . . . . . ..., .
Alabama . . . . . . . . . . .
Mississippi . . . . . . . . . . . . . . . . . .
Tennessee . . . . . . .
Kentucky . .

Subtotal . . . . . .

Region V:
Ohio . . . . . . . .
Indiana . . . . . . . . . .
Michigan. . . ..., . . . . . . . .
Illinois. . .
Wisconsin .. ... . . . . . . . . .
Minnesota . . .

Subtotal . . . . . . . . .

Region VI:
Arkansas. . . . . . . . . . . . . .
Louisiana . . ..., . . . . . . . . . .
Oklahoma . . . . . . . . . . .
Texas . . . . . . . . . . . . . . . . . .
New Mexico. ..., . . .

Subtotal . . . . . . . . .

Region VII:
Iowa . . . . . . . . . . .
M i s s o u r i
Kansas . . . . . . . . . . . . . .
Nebraska ..., ..., . . . . .

Subtotal . . . . . . . . . .
Region VIII:

North Dakota  . . . . . .  . .  . . .. . .       .   .         .....,.. . .
South Dakota. .
Wyoming . . . . . . . ..., . . . . . .

ASTSWMO data

Total sites Response needed

—
12
95

350
200

—

657

750
1,500

—
1

2,251

1,200
100
80

275
200

3

1,858

—
30

300
237
400
250
650
150

2,017

40
200

1,200
550
750
125

2,865

300
—
50

1,300
200

1,850

—
100
150
150

400

15
50
—

—
6

50
53

200
—

309

200
800

—
o

1,000

600
11

8
15
—

o

634

—
30

150
90

100
25

500
75

’ 9 7 0

40
200
700
100
500

90

1,630

20
—
15

150
100

285

—
65

100
15

180

0
2

—

ERRIS/NPL data

Percent Total ERRIS Total NPL Percent

—
50
52
15

100
—

47

27
53
—

o

44

50
11
10

6
—

o

34

—
100
50
38
25
10
77
50

48

100
100
58
18
67
72

57

7
—
30
12
50

15

—
65
67
10

45

0
4

78
22
74

455
230

78

937

1,132
1,041

139
1

2,313

1,008
166
69

280
213

5

1741

646
203
589
373
402
272
622
316

3.423

855
696
779
896
241
222

3,689

248
319
449

1,109
164

2,289

280
604
260
174

1,318

31
38
74

5 6
2 9

10 14
16 4

6 3
6 8

45 5

29 3
85 8

8 6
0 0

122 5

39 4
3 2
9 13
4 1
4 2
0 0

59 3

3 <1
9 4
5 1

28 8
7 2
1 <1
6 1
7 2

66 2

22 3
17 2
48 6
11 1
20 8
23 10

141 4

6 2
5 2
4 1

10 1
4 2

29 1

3 1
7 1
4 2
0 0

14 1

1 3
1 3
1 1
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Table 5-19.—ERRlS/NPL v. State Officials Views on Site Cleanup Requirements—Continued

ASTSWMO data ERRIS/NPL data

Total sites Response needed Percent Total ERRIS Total NPL Percent-. —

Montana . . . . . . . . . . . . . . . . . . . . . . . . 79 20 25 81 5 6
Colorado. . . . . . . . . . . . . . . . . . . . . . . . . . . 20 8 40 242 9 4
Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . — — — 110 1 1

Subtotal . . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘- 164 30 18 576 18 3

Region IX:
Arizona . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 50 25 225 6 3
Nevada . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 15 10 118 0 0
California ..., . . . . . . . . . . . . . . . . . . . . 4,750 2,000 42 955 19 2
Hawaii . . . . . . . . . . . . . . . . . . . . . . . 50 5 10 77 0 0
Guam . . . . . . . . . . . . . . . . . . . . . . . . . . . — — — 13 1 8

Subtotal . . . . . . . . . . . . . . . . . . . . . . . . . . .
—

5,150 2,070 40 1,388 26 2

Region X:
Idaho, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . — 8 — 114 4 4
Oregon . . . . . . . . ..., . . . . . . . . . . 45 8 18 167 3 2
Washington . . . . . . . . . . . . . . . . . . . . . . 500 — o 501 14 3
Alaska . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 2 20 96 0 0

Subtotal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 555 18 3 ’ 878 21 2—

Totals . . . . . . . . . . . . ,.., ..., . . . . . 17,767— 4 U 3

SOURCE Office of Technology Assessment

It is not possible for OTA to calculate exactly
how much the current site selection process
might underestimate future NPL sites. But an
estimate can be made. First, it should be noted
that the results of the ASTSWMO survey and
the ERRIS data do not include most Subtitle
D solid waste facilities nor Subtitle Chazard-
ous waste facilities examined in the two pre-
vious sections of this chapter. Thus, the Follow-
ing estimates do not include those categories.

Three main parameters can be examined to
make an estimate. First, the size of the ERRIS
inventory can vary. As shown in table 5-20,
OTA has considered a low and high case, with
the low case representing EPA’s current esti-
mate of 22,000 sites, and the high case assum-
ing an inventory of 32,000 sites. The high case
assumes that the steady increase in ERRIS over
the past 2 years, amounting to several thousand
sites, will continue. If site discovery and iden-
tification is given renewed emphasis, an inven-
tory of 32,000 appears possible within 5 to 10
years,

The fraction of sites that receive a site inves-
tigation after the preliminary assessment has
been 28 percent. The fraction of sites that have
received a site investigation and have been

scored, and which then have been placed on
the NPL, has also been 28 percent. If it is as-
sumed that the inconsistencies discussed above
were corrected, including removal of the arbi-
trary 28.5 cutoff score and that environmental
problems were recognized, then both of these
fractions could increase significantly. OTA
has, therefore, used two additional fractions of
35 and 45 percent for each of these step-downs.
Note that in 1982 and 1983 the fractions of sites
investigated that were placed on the NPL were
42 and 38 percent, respectively, Also, in a study
of 11 civilian agencies with uncontrolled sites
(excluding the Department of Defense) it was
found that 39 percent of sites which had re-
ceived preliminary assessments had completed
site investigations, with more SIs possible.101

These higher fractions also recognize that if the
site selection system were improved, the sites
that have been eliminated from the NPL could
be reevaluated and contribute to the NPL,

The range of step-down fractions for the two
levels of ERRIS in table 5-20 yield a wide range

I (] 1 [ I ,,$ ( ; (:1) [:1;] I l\( (;( )1] 1) t 1 [)g () f’f 1 (’(}, ,5’t,l t (l,s ()/ (,’i~.~/i(f/] F’e(/erd/
.l<q(lf)(it’s Iiflorfs  ‘/’() ,l({[frms  }fdzdr[~oi~s tt’asfc  })rol)l(’n).b  [)f]
‘/’h(Iir l,dt)(]~,  R(: Ii 1)-84-  I Htj ((j:]itll(~rsl)[]]g,  NI I): [ 1,S. ( j{II]tIr,i I
A( (t){]lltlng  ( )ff i(:t~, S(>pt, 28, 1 984].
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Table 5.20.– Range of Estimates for Future Size of the NPL

Estimated future Site investigations Additional Estimated
E R R I S  s i t e s  - PAs completed = PAs to complete - to complete - sites for NPL + Current NPL = future NPL—
22,000 (low) 6,859 15,141 4,239

32,000 (high) 6,859

5,299

6.813

25,141 7,039

8,799

11,313

NOTE: PA Preliminary assessment

SOURCE Off Ice of Technology Assessment

(280/o) 1,187
1,484
1,908

(35%) 1,484
1,855
2,385

(45%) 1,908
2,385
3,066

(280/o) 1,971
2,464
3,168

(35%) 2,464
3,080
3,960

(45%) 3,168
3,960
5,091—

(28%)
(35%)
(45%)

(28%)
(35%)
(45%)

(28%)
(35%)
(45%)

(28%)
(35%)
(45%)

(28%)
(35%)
(45%)

(28%)
(35%)
(45%) . 

538
538
538

538
538
538

538
538
538

538
538
538

538
538
538

538
538
538—

1,725
2,022
2,446

2,022
2,393
2,923

2,446
2,923
3,604

2,509
3,002
3,706

3,002
3,618
4,498

3,706
4,498
5.629

for a future NPL based on an improved site se- believes that with an improved site selection
lection process. In comparison to EPA’s pre- process an additional 2,000 sites might be rec-
jection of about 2,000 sites on the NPL, OTA ognized as requiring cleanup.
projects an additional 1,000 to 3,000 sites. OTA

SUMMARY ESTIMATION

On the basis of the information in this chap-
ter, OTA concludes that the number of uncon-
trolled waste sites that may merit cleanup and
placement on the NPL will be markedly greater
than EPA’s current estimates. There are some
basic benefits to be derived from a site selec-
tion system that maximizes early identification.
With early identification, better decisions can
be made about priorities and the allocation of
resources for cleanups. There will be less
chance that the worst sites will be neglected.

As discussed in chapter 3, setting national
priorities requires as complete a picture as pos-
sible of total cleanup needs facing the Super-
fund program. It is not now possible to under-
stand whether it makes sense, environmentally
and economically, to let 50 percent of the NPL
sites go unattended, while at the same time

some 30 percent are receiving remedial clean-
up, and another 20 percent receive attention
of some sort. Placement on the NPL establishes
eligibility for cleanup, and there is some indica-
tion that a site’s score establishes priority for
determining whether it receives an initial re-
sponse, a remedial cleanup, or studies to se-
lect a cleanup option.

OTA finds that the contribution from solid
waste facilities to an expanded NPL could eas-
ily be 5,000 sites, and perhaps more, The con-
tribution from operating hazardous waste fa-
cilities could to be 1,000 sites. Improving the
site selection process could add another 2,000
sites. Therefore, together with the 2,000 sites,
which would result from current procedures
and policies and which OTA agrees merit
cleanup, the total NPL could reach 10,000 sites.
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The largest uncertainty is for the contribution
from solid waste facilities, both open and
closed. Assuming that only 5,000 sites from this
category might require cleanup is conservative;
it could be two to three times greater.

The 10,000 figure is consistent with the re-
sults of the survey of State officials; they esti-
mated a need for about 8,000 cleanups. But it
is unlikely that the estimates of State officials
included many sol id waste faci l i t ies .l02 I t
should also be noted that State officials also
concluded that the more than 10,000 sites that
were not put into the highest priority category
still had “the potential to threaten public health
and the environment. ”

Finally, consider EPA’s recent analysis of fu-
ture Superfund needs.103 It concluded that “the
current inventory of sites and anticipated new
additions will produce an NPL of 1,500 to 2,500
sites over the next several years. ” Although
EPA discussed a number of potential sources
of additional NPL sites, including some that
OTA did not, the major factors that lead to their
lower projection include:

● EPA did not consider surface impound-
ments, even though: a) according to their
data such sites are the single largest source
of NPL sites, about one-third, and b) the
surface impoundment problem is acknowl-
edged in EPA’s Ground-water Protection

IOZThis  view is supported by the basic similarity in the States’
estimates of total number of uncontrolled sites to the number
in ERRIS,  and their dissimilarity from the numbers of solid waste
facilities. (ERRIS  does contain some solid waste facilities, some-
thing over z,000 sites according to EPA; but this is a small  frac-
tion of the total universe of Subtitle D facilities.)

103u.  s. Environment] Protection Agency, “Extent of the H=-
ardous  Release Problem and Future Funding Needs, CERCLA
Section 301(a)(l)(C) Study” (Washington, DC: Office of Solid
Waste and Emergency Response, December 1984),

●

●

●

●

Strategy. In OTA’s analysis, 340,000 such
facilities were considered.
EPA did not consider closed as well as
open industrial landfills. OTA estimated
that there were twice as many closed as
open ones (150,000 sites).
No basis was provided for concluding that
there were only twice as many closed mu-
nicipal landfills as open ones. OTA used
data for several States to develop an esti-
mate of three times as many closed as open
facilities (42,000 such sites).
EPA did not account for the more strin-
gent 1984 amendments to RCRA for haz-
ardous waste facilities that could lead to
more failures of companies. Nor was there
any reference to EPA’s problems with
groundwater protection standards, which
could lead to the creation of uncontrolled
sites. EPA’s Interim Status Ground-Water
Monitoring Implementation Study sub-
stantiates this problem. OTA estimated
that 1,000 hazardous waste facilites could
become NPL sites; EPA’s estimate was
about half this figure.
EPA gave limited consideration to the site
selection process and changes in it that
could result in more ERRIS sites, with
more of them becoming NPL sites. Never-
theless, there is some indication that EPA
believes that an improved site selection
process (without further site identification)
could add an additional 1,670 to 2,170 sites
to the NPL. OTA’s estimate from further
site identification and improved site selec-
tion was 2,000 additional sites.

EPA has said that a full examination of the
problem of future sites could lead to a situa-
tion where the funding needed “would over-
whelm” the Superfund program. But OTA’s
point is that by acknowledging the full extent
of future needs, rather than underestimating
them, effective planning can prevent a crisis.


