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EXECUTIVE SUMMARY Chapter 1

BEACKGROUND

Under the authority granted by the Atomic Energy Act of 1954 (AEA)
and Reorganization Plan #3 of 1970, the U.S. Environmental Protection
Agency (EPA) is proposing a generally applicable environmental standard
for radiation exposure from the land disposal of low-level radioactive waste
(LLW). This standard includes several separate, individual parts: a
general public exposure disposal standard, a standard for predisposal
management, a groundwater protection standard, a "Below Regulatory
Concern" (BRC) criterion for radiation exposure from the unregulated
disposal of very low activity LLW, and, under the Toxic Substances Control
Act (TSCA), limits for the regulated disposal of certain non-AEA
radioactive wastes containing naturally-occurring or accelerator-produced
radioactive materials (NARM).

LLW is defined as all manmade radioactive waste except hig'h-level
waste, spent nuclear fuel, transuranic waste, and uranium and thorium mill
tailings. Depending on the waste source, disposal of LLW is regulated by
either the Nuclear Regulatory Commission (NRC) or the Department of
Energy (DOE) in accordance with EPA's standard. NARM waste is
extremely diverse and includes items such as mining wastes, medical
radiation sources, and luminescent instrument dials. All types of NARM
waste contain naturally-occurring radionuclides, principally uranium-238,
thorium-232, and radium-226. NARM waste is currently unregulated by
Federal authorities and is regulated to different degrees by State agencies.
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From 1985 to 2004, EPA estimates that 2,900,000 cubic meters of LLW will be
generated by commercial sources, as well as 1,800,000 cubic meters from
DOE sources. It is estimated that the amount of NARM waste found to be
appropriate for regulation at this time will be approximately 6,600 cubic
meters over the same 20-year period.

Economic Impact Assessment

The purpose of this Economic Impact Assessment (EIA) is to quantify
the costs and benefits of EPA's proposed standards. Cost is defined as the
incremental cost of disposal practices (in comparison to current practice)
required to comply with the standards, including costs for packaging,
processing, transporting, and disposing low-level waste. These costs, as
shown in this summary and in the main analysis, are discounted at a 10
percent real rate over the 20-year operating period of a disposal facility,
and are expressed in 1985 constant dollars. Benefits include both
reductions in general population health effects (expected fatal cancers and
first generation genetic effects) estimated over 10,000 years, and reductions
in the maximum annual dose to a member of the Critical Population Group
(CPC). Population health effects have not been discounted. Compliance
with EPA's standards is defined in terms of the expected effective whole

body dose-equivalent (in millirems per year) to a member of the CPC.

The EIA focuses on the economic impacts associated with ‘the disposal
of commercial LLW and NARM under alternative standards for which detailed
cost and risk analyses were conducted. While EPA's proposed standards
will also apply to DOE LLW, a detailed analysis of these impacts was not
performed due_to limitations in the data available to characterize DOE waste.
However, impacts on DOE waste were caiculated for comparison purposes
using EPA assumptions. These EPA assumptions treat DOE waste as if it
were closely analogous to commercial waste (see Appendix C). - -
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SUMMARY OF PROPOSED RULE

EPA's Proposed Rule includes the following three principal parts:

1. LLW Disposal Standard: EPA is proposing that regulated disposal

of manmade LLW should comply with a generally appticable
exposure standard of 25 millirem per year to a member of the
CPC.

2. BRC Criterion: EPA is proposing that exposures of less than 4

millirem per year to a member of the CPG are "Below Regulatory
Concern.” Wastes for which unregulated disposal results in CPGC
exposures of less than 4 millirem per year are thus deemed to be
suitable for disposal without regard to their radionuclide content.

3. NARM Limits: EPA s proposing to regulate the disposal of

higher activity naturally-occurring or accelerator-produced
radioactive material wastes whose specific activity exceeds 2
nanocuries per gram (2 nCi/g), with the exception of a few NARM
wastes which are specifically excluded. Disposal of NARM wastes
that exceed these Ilimits is subject to a generally applicable
exposure standard of 25 millirem. per year to a member of the
CPG.

EPA is also proposing two other components of the Proposed Rule.
These are a groundwater contamination standard expressed as an annual
CPC dose limit and graded by aquifer class, and a predisposal waste
management standard. Two separate options are proposed for the
groundwater protection standard. Under Option |, no degradation would be
permitted for Class | aquifers (generally, essential 'community water
supplies); high yield (over 10,000 gallons per day) Class Il aquifers would
be subject to a 4 millirem per year exposure limit; and Class Il low yield
and Class Ill aquifers (generaily, non-potable water supplies} would be
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included in the 25 millirem per year disposal exposure limit. Under Option
I, no degradation would be permitted for Class | aquifers; all Class |l and
Class IIl aquifers would be subject to a 4 millirem per year exposure
limit. Under the predisposal management portion of the standard,
cumulative exposure to the CPG from all pathways from radioactive waste
management operations occurring prior to disposal and managed by DOE or
licensed by the NRC would be limited to 25 millirem per year. Finally, EPA
is proposing that the standards become effective at the time a commercial
facility is licensed or relicensed, and, for DOE facilities, three years after

promulgation of the standard.

Summary of Regulatory Alternatives

Summarized in Table 1-1 are the five alternative LLW standards
considered in the ElA, along with the economic impacts associated with the
four implementation assumptions. The five alternative LLW standards
include CPG levels of 125, 75, 25, 10, and 4 millirem per year. Summarized
in Table 1-2 are the five alternative BRC criteria considered and the
economic impacts associated with each of these alternatives. The five
alternative BRC criteria include CPC levels of 15, 4, 1, 0.1, and 0 millirem
per year. The economic impacts are reported for four different assumptions
regarding implementation of the LLW standard and BRC criterion by DOE
and NRC. National implementation implies that a single disposal technology
is used at all sites nationwide, while Regional implementation allows for
different disposal technologies, depending on hydrogeologic conditions.
Explicit implementation assumes that both population risk reduction and CPG
risk are considered explicitly by DOE and NRC; Implicit implementation
assumes that anly CPG risk is considered in order to determine compliance
with the standard. Only two regulatory alternatives were considered for
NARM limits: the proposed specific activity limit of 2 nCi/g with an
exclusion of specific NARM wastes and a 2 nCi/g specific - activity limit
without this exclusion.
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SUMMARY OF RESULTS

The major conclusions of the Economic Impact Assessment of EPA's

Proposed Rule are presented below, followed by a brief discussion of each.

The results are first presented for the three major components of the Rule
-~ the LLW standard, the BRC criterion, and the limits for the regulation

of NARM wastes. GCroundwater protection and predisposal management are

discussed last.

Conclusions Regarding LLW Standard

The proposed CPC exposure standard of 25 millirem per year
implies the minimum use of a combination of conventional and
improved shallow land disposal in a manner consistent with NRC
regulations codified at 10 CFR 61 (assuming one disposal method
is used nationwide). Under 10 CFR 61, the maximum dose to the
CPG is estimated by non-site-specific transport and exposure
modeis to range from 0.0009 (in the arid permeable region) to 9.2
millirem per year (in the humid permeable region). Correspond-
ing CPC lifetime risks would range from less than 0.03 in one
million to nearly 270 in one million. The highest CPG risks would
be found in the humid permeable region since water is the
primary pathway of exposure to humans and water transport is
most rapid in this region.

In two of the three hydrogeologic regions studied, however, a
regulated sanitary landfill technology is sufficient to meet the 25
millirem per year standard if the NRC or DOE chooses to
implement EPA's standard on a regional basis (that is, allows the
disposal technology to vary to account for the influence of
hydrogeologic conditions on CPC dose). Of course,- thre NRC and
DOE must take into consideration many other factors that may
result in a sanitary landfill design being deemed unsuitable.
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These other factors include considerations such as intruder
barriers and occupational exposure. Hence, the cost of EPA's
rule depends strongly on both the NRC's and DOE's
implementation. |f the same disposal practice is used for LLW
waste everywhere in the country, the proposed standard will cost
$140 million over the current practice. This cost is attributable
almost entirely to DOE waste and is largely represented by the
differential between conventional shallow land disposal (DOE
current practice) and a disposal method very similar to 10 CFR 61
near-surface technology for the DOE 20-year waste volume. Note
that impacts on DOE waste were not estimated in detail but,
rather, used aggregate EPA assumptions. Accordingly, the $140
million cost estimate represents a rough approximation of the
expected economic impacts. Regional implementation, as mentioned
above, could save a very large portion of this cost if DOE chose
to implement in this fashion. Regional impiementation could also
result in a large savings versus current practice for the
commercial sector (NRC, via 10 CFR 61, currently appears to
prescribe the use of one disposal practice nationwide}. However,
the added cost of National implementation, which requires better
engineering design, may be necessary to surmount local siting
barriers and to meet other regulatory criteria. Nevertheless, at
the proposed 25 millirem standard, Regional implementation could
result in savings as high as $270 million in comparison to current
practice.

Under the expected National implementation scenario, where the
cost-effectiveness of avoiding population heaith effects is not
explicitly considered, a 25 millirem standard will avoid
approximately 3.2 health effects (as opposed to current practice)
over a 10,000~-year period. As with the incremental cests of this
standard, these avoided health effects are attributable almost
entirely to more stringent disposal of DOE waste. Simiiiar to the
DOE cost estimates, however, this estimate of avoided heaith
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effects represents a rough approximation of the expected impacts.
The range in avoided health effects varies significantly depending
on the implementation scenario. Although Regiona! implementation
will result in substantial cost savings, as mentioned above, as
many as 150 additional health effects could occur under this type
of implementation.

4, Based on computer estimates which reflect generic disposal site
parameters, exposure standards lower than 9.1 millirem per year
cannot be met in humid permeable hydrogeologic regions unless
disposal practices more stringent than near-surface 10 CFR 61
methods are employed.

5. Since commercial LLW generators regulated by NRC are already
required to use a disposal practice which meets the 25 millirem
standard (i.e., 10 CFR 61}, this standard will have no financial ‘
impact on commercial generators. However, DOE facilities will be
affected to the extent that current disposal practices must be
upgraded to meet the standard.

Conclusions Regarding BRC Criterion

1. All of the alternative BRC criteria would reduce the regulated
volume of waste substantially. Deregulated volume estimates
range from 25 percent of the commercial and DOE LLW at a level
of 0.1 millirem per year to 43 percent for a 15 millirem criterion,
At the proposed 4 millirem criterion, 34 percent of all LLW could
be disposed in an unregulated fashion. These numbers could be
somewhat different depending on NRC and DOE implementation and
variations on other waste management practices.
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2. Estimates of savings resulting from the deregulation of BRC
wastes range from $490 million to $780 million for the 15 millirem
per year BRC alternative, depending upon implementation, to a
projected cost of $1.5 billion for a zero BRC alternative due to
the regulation of wastes that are currently unregulated (such as
consumer wastes like smoke detectors and time pieces, and
biomedical’ waste deregulated by the NRC). The savings (which
are measured relative to current practice) for both the commercial
and DOE sectors for the proposed 4 millirem BRC criterion are
projected to be between $490 and $620 million, again depending
upon the method of implementation. The corresponding range of
additional health effects from a 4 millirem BRC criterion is from
1.1 to 96 over 10,000 years, again depending upon the method of
implementation. The method of implementation clearly has a much
larger impact on health effects than on costs.

3. The effect of the proposed BRC criterion is to reduce societal
costs. However, about one-third of the savings (for commercial
LLW) results from avoided LLW transportation., This savings
represents an average loss of revenue to existing LLW
transporters of less than 3.6 percent. Small businesses are
unlikely to be affected since LLW disposal services are typically
provided by large companies.

Conclusions Regarding Limits for the Regulation of NARM Wastes

1. A 2 nanocurie per gram limit with the proposed exclusion of
'specific NARM wastes would primarily result in the regulation of
two major NARM waste streams -- radium sources and radium
ion-exchange resins, although small numbers of other items aiso
may be regulated. Regulation of these other items~would not
significantly affect the economic impact estimates.



The cost for the 20-year regulated disposal of radium sources
would be approximately $3.3 million over the cost of unregulated
disposal and would avoid 67 health effects, which implies a cost
per avoided health effect of $50,000. Considerable uncertainty
exists concerning the disposal practices that would be utilized for

radium sources in the absence of any action on the part of EPA.

Therefore, the base case against which to measure the impacts of
the regulation of these items is also highly uncertain. Actual
impacts (with respect to radium sources) may range anywhere
from zero dollars and zero avoided health effects (assuming all
sources would have been disposed of in a regulated manner, even
in the absence of EPA action) to a cost of $3.3 million and a
benefit of 67 avoided health effects over the next 20 years. If
all 67 health effects were avoided as a result of EPA's regulation,
clearly a favorable tradeoff would result; at a value per avoided
health effect of $50,000 or more, radium sources would be
cost-effective to regulate. Since the regulation of these items by
EPA substantially increases the certainty that regulated disposal
will occur, one could conservatively estimate that even in the case
where oniy one health effect would be avoided over the
10,000-year analysis period, the cost-effectiveness ratio would be
$3.3 million per health effect., That is, given a value per avoided
heaith effect of $3.3 million or more, radium sources would be
cost-effective to regulate.

Regulated disposal for radium-loaded ion-exchange resins will cost
approximately $20 miilion over the 20-year period of disposal and
will avoid approximately four health effects relative to unregulated
disposal. These estimates imply a cost per avoided health effect
of $5 million. As with radium sources, the disposal practice for
ion-exchanging resins, absent EPA regulations, 1s ~uncertain.
Therefore, economic impacts could range from zero additional
costs and avoided health effects (assuming all ion-exchange resins
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would be disposed of in a regulated manner in the absence of EPA
action) to an incremental cost of $20 million with a benefit of four
avoided health effects (assuming all ion-exchange resins would be
disposed of in an unregulated fashion).

4., The NARM Ilimit will have a relatively minor impact on munici-
palities that generate radium-loaded ion-exchange resins as waste.
The impact on local small businesses is expected to be negligibie
since costs will be widely distributed.

Conclusions Regarding Groundwater Protection and Predisposal Management

1. A detailed quantitative analysis was not undertaken with respect
to the two proposed options for the groundwater protection
standard. However, incremental costs (beyond those estimated
for the LLW standard, BRC criterion, and NARM limit) were
approximated for these two options.

2. Under Option |, the groundwater limits would have no additional
economic impact on sites located above Ciass {!! or Class !, low
yield aquifers, since the groundwater CPC dose would already be
limited to less than 25 millirem per year by the LLW standard.

3. The proposed groundwater limit under Option | could raise the
costs of disposal site selection if a site must be relocated away
from a Class | or Class Il high yield aquifer. Resiting could
range from $263,000 to $4.8 million per site, depending on the
number of sites considered before an acceptable location is found;
or for the 15 ultimate sites nationwide, the total maximum
incremental cost (over the LLW standard) would be $3.9 million to
$72 million. Note that since the potential benefit (health effects
reduction) of resiting away from Class | or Class Il high yield



aquifers could not be assessed quantitatively, the
cost-effectiveness of the groundwater limit under Option | also
could not be determined.

4. In contrast to resiting, the incremental cost of wusing more
expensive technology to meet the groundwater limits could range
up to $341 million per site (the incremental cost of concrete
canister disposal). The total national cost could range from $2.1
billion (if NRC and DOE implement the standard on a Regional
basis) to $5 billion (if implemented on a National basis).

5. The analysis of the potential impacts of the groundwater limits
under Options | and [l are similiar except that while more
expensive disposal technology may not be needed under Option |,
it is almost certainly required under Option II; since the

groundwater pathway controls the CPC dose in the humid
permeable region, a 4 millirem groundwater limit would require
more expensive disposal technology (e.g., concrete canister).
Relative to 10 CFR 61 disposal practice, the incremental cost
could range from $2.1 to $5 billion (for commercial and DOE
sites), depending on whether the limit is implemented on a
Regional or National basis.

6. The costs and benefits associated with the predisposal management
part of the standard have not been explicitly quantified.
However, the costs are believed to be extremely small, with the
associated benefits being increased protection of the population
from” radiation exposure.

Aggregate Economic Impact of the Standard

1. The combined quantifiable economic impact of the LLW standard,
the BRC criterion, and the NARM limit is estimated to be a net
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savings of between $327 and $890 million. The corresponding
health risk over 10,000 years is expected to range from 73
avoided health effects (due primarily to the NARM portion of the
standard) to 246 additional health effects. These estimates reflect
alternative assumptions regarding the way in which the NRC and
DOE would ultimately implement EPA's BRC criterion and LLW
standard and upon assumptions regarding current practice for
NARM (with respect to radium sources and ion-exchange resins).

The incremental costs associated with the two proposed options
for the groundwater protection standard could range from $3.9
million to $5 billion, depending on NRC and DOE implementation
and on whether resiting or more expensive disposal technology is

necessary to meet the proposed groundwater standard.

The costs and benefits of the predisposal management portion of
the standard are expected to be relatively small.



INTRODUCTION Chapter 2

Under the authority of the Atomic Energy Act of 1954 as amended
[AEAS4], the U.S. Environmental Protection Agency (EPA) is proposing a
generally applicable environmental standard for land disposal of Low-Level
Radioactive Waste (LLW) that includes general public exposure standards,
disposal standards for predisposal management, groundwater protection, a
"Below Regulatory Concern" (BRC) criterion, and, under the Toxic
Substances Control Act (TSCA), limits for the regulated disposal of certain
non-AEA radioactive wastes, The purpose of this Economic Impact
Assessment (ElA) is to assess the costs, benefits, and cost-effectiveness of
each part of EPA's proposed action. Executive Order 12291 requires EPA to
conduct a Regulatory Impact Analysis of Major Rules, generally defined to
include actions with an annual economic impact greater than $100 million.
While EPA does not consider this action to be a Major Rule, the EIA has
been prepared in 38 manner consistent with the requirements of Executive
Order 12291. Thus, the EIA quantifies the costs and benefits (in the form
of health risk reduction) of EPA's proposed standards and compares these
to the costs and benefits of regulatory alternatives.

The EIA focuses on the economic impacts associated with the three
major components of the standards package: (1) a 25 millirem annual
whole-body exposure standard for disposing of LLW, {2) a 4 millirem annyal
exposure criterion that would allow unregulated disposal of BRC radioactive
waste, and (3) regulation under TSCA of certain non-AEA wastes composed
of naturally-occurring and accelerator-produced radioactive 'materials
(NARM). -
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Two other components of the standard, a groundwater protection
standard (ranging from "no degradation” to 25 millirem per year, depending
on aquifer class) and a 25 millirem per year predisposal operations and
management standard, also are discussed in this EIA, as are the economic
implications of the proposed effective date of the standards. However,
since EPA expects the economic impacts associated with these latter
provisions to be small (except perhaps for the groundwater standard,
depending on the option chosen), it did not undertake extensive formal
analysis of the costs and risks of alternatives.

REGULATORY AND LEGAL FRAMEWORK

To a large extent, the economic impact of EPA's proposed standards
depends on the actions of State and Federal agencies outside of EPA, as
well as on legal constraints arising from both Federal and State statutes.
These complexities affect the assessment of economic impacts by
circumscribing the regulatory alternatives available, limiting the degree to
which cost and risk are used as criteria for comparing alternative stan-
dards, determining the manner in which EPA's standards are implemented
by other agencies, and, finally, determining the costs and risks of the
current predisposal and disposal practices of LLW generators, transporters,
and disposal site operators.

Statutory Authorities

Under the AEA and Reorganization Plan #3 of 1970 [AEAS54, EPA70},
EPA has the authority to set "generally applicable environmental standards
for the protec-tion of the general environment from radioactive material."
EPA has interpreted the term '"generally applicable" to mean that it is
prevented from establishing site-specific standards. EPA has the authority
to issue standards in a variety of forms, including "limits on radiation
exposures or levels, ‘or concentrations or quantities of radioactive material."
EPA's standards apply to "the general environment outside the boundaries
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of locations under the control of persons possessing or using radioactive
material." Thus, disposal site operators must comply with EPA's disposal
standard outside the disposal site perimeter during the periods of licensed
operation, site closure, and institutional care. Thereafter, the boundary
effectively disappears and the standard applies outside the disposal area
itself. Similarly, EPA's predisposal management standard applies at the
perimeter of facilities that process waste for disposal, such as regional
incineration or waste transfer facilities. Finaily, EPA's BRC standard
applies to exposures either onsite or offsite at unregulated disposal
facilities, since such facilities and transporters are not controlled with
respect to radiological hazards.

EPA is also proposing groundwater protection standards under its AEA
authority. These standards apply to exposures received from drinking

water, The standard varies by aquifer class. Aquifer classes reflect the_

relative importance of various groundwater supplies as sources of drinking

water.

EPA subscribes to the ALARA (As Low As Reasonably Achievable)
principle and has adopted a policy of setting AEA radiation standards that
consider cost, as well as risk, as a criterion for choosing among
alternatives.* Moreover, EPA has extended this approach to its
determination of an exposure level which is BRC. LLW for which
unregulated disposal meets the BRC standard is deemed suitable for disposal
without regard to its radioactive content. Thus, cost is considered by EPA
to be an important criterion for choosing among alternative BRC standards.

Of course, a variety of other important policy concerns are also’

considered. However, the analysis in this EIA is limited to a
discussion of the costs and risks of regulatory alternatives.”
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EPA has authority to regulate the disposal of commercial NARM waste
under Section 6(a)(6) of TSCA [TSCA76] when it finds that, without this
regulation, disposal of NARM waste "presents or will present an
unreasonable risk of injury to health or the environment." In promulgating
a rule under Section 6(a)(6), EPA must, among other things, publish a
statement of the health and environmental effects of unregulated disposal
and the economic consequences of regulation. In this action, EPA s
proposing to regulate the disposal of certain NARM wastes in a manner
consistent with other LLW since the radioactive hazards and appropriate

disposal mechanisms are similar.

Implementation and Applicability of Existing Regulations

While EPA has the authority to promulgate a LLW disposal standard,
other Federal or State agencies are given the task of implementing this

standard. Since implementation ultimately determines both the costs and
health risks of disposal, EPA must anticipate implementation of the standard
to determine economic impact. For commercial LLW sources, the Nuclear
Regulatory Commission (NRC) or its Agreement States license the land
disposal of commercial LLW according to regulations in 10 CFR 61. Under
the AEA, the NRC has delegated its licensing authority to 27 Agreement
States; the license requirements of these States must comply with EPA's
standard and NRC regulations. For disposal at Department of Energy
(DOE) sites, DOE itself is responsible for implementing EPA standards.
Currently, disposal of DOE LLW is guided by "Radioactive Waste
Management” DOE 5820.2 [DOES820].

Pending EPA's BRC standard, neither DOE nor the NRC have
implemented géneric guidelines for designating BRC waste. However, the
NRC has issued an Advance Notice of Proposed Rulemaking (ANPR) to
address generic radioactive waste considered BRC [NRC86b]. Furthermore,
the NRC is accepting waste-specific BRC applications from its licensees and
has promulgated a rule describing certain biomedical waste as BRC ["the
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BIOMED Rule"; NRC81a]. The NRC has also issued a policy statement
concerning its plans to expedite specific waste stream BRC petitions
[NRC86a].

Disposal of NARM waste is not currently regulated by EPA, but is
controlled to various degrees by the license requirements of some States.
In other States, NARM disposal is currently unregulated. Although EPA
typically would implement 3 regulation under TSCA (the authority by which
it is now proposing to regulate NARM), EPA expects to enter into
agreements with the NRC and DOE for their implementation of NARM
disposal regulation. However, EPA's proposed standard for NARM wastes
will determine which NARM wastes will be regulated and fall within the LLW

disposal, predisposal, and groundwater protection limits,

EPA's Clean Air Act [CAA67] standards for radionuclide emissions (40
CFR 61; Subparts H & 1) already limit the radiation exposure from the air
pathway from all LLW incineration facilities. Similarly, EPA's Fuel Cycle
standards [(EPA77] cover all pathway exposures at the boundaries of
commercial nuclear power plants and uranium and fuel processing plants.
Thus, some exposure pathways for some predisposal management activities
already are regulated. In this action, EPA is proposing comprehensive
predisposal management standards that will cover additional facilities
(industrial and institutional generators; regional transfer or volume
reduction facilities) and additional pathways (e.g., offsite migration due to
spillage and runoff; direct gamma radiation beyond the facility boundary).

Finally, in 1976, EPA promulgated interim primary drinking water
standards [EPA76] for radionuclides under the Safe Drinking Water Act
[SDWA74]. These regulations, which apply to community water supplies at
the point of use, amount to about 4 millirem per year for manmade beta-
and gamma-emitting contaminants.
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Several Department of Transportation (DOT) regulations also
indirectly affect LLW disposal. Since these regulations are already in
effect, they limit current practice and, therefore, the incremental impact of
EPA's proposed LLW standard. DOT has issued regulations that limit the
surface radiation dose rate of radioactive waste containers on transport
vehicles and prescribe standards for waste packaging and labeling [DOT83].
Since these regulations, in part, determine transportation cost, they affect
the analysis of volume reduction strategies and BRC determinations (which
tend to reduce transportation costs).

Formation of State Compacts under LLWPA

Under the Low-Level Radioactive Waste Policy Act of 1980 [LLWPASO],
as amended in 1985 [LLWPAS85], States were given the option to join
together to form Compacts for regional disposal of commercial LLW. Once a
Compact is approved by Congress, it has the authority both to establish
disposal sites within the Compact and to refuse disposal of waste generated
outside the Compact, beginning in January 1993, Currently, seven
multi-State disposal Compacts (including 39 States) have been ratified by
Congress [LLWPABS5] and two States (California and Texas) have elected to
build their own sites (the status of California may change, however). The
composition of some existing Compacts and the status of the remaining
States are currently under debate; however, the wording of the existing
Compact agreements suggests that out-of-Compact waste is unlikely to be
accepted. In addition, individual States typically are expected to host a
site for only 20 years at a time. The implication of these constraints is
that the size of disposal sites receiving commercial LLW will be determined
by the volume of waste to be disposed within a Compact, rather than by
economic considerations of optimum scale. These constraints may not apply
to DOE waste; DOE facilities are typically located very close to the point of
waste generation. -

For this EIA, EPA has assumed that inter-Compact transportation of
commercial LLW, in fact, will not occur and, therefore, that waste
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generated within a Compact will also be disposed in that Compact. This
assumption is recognized in the analysis of economic impacts by including a
transportation cost based on a distance (650 miles) that is roughly
consistent with intra-Compact disposal for the currently ratified Compacts
(it should be noted that some commercial LLW is currently transported
distances much greater than 650 miles, since only three commercial disposal
facilities now accept LLW, i.e., Hanford, Washington; Barnwell, South
Carolina; and Beatty, Nevada). Furthermore, an assumed average disposal
site size of 250,000 cubic meters of waste (as generated) is based on an
assumed eight to 10 commercial LLW disposal sites, each of which operates
for 20 years. It is anticipated that some specific regional facilities will
receive much more or much less than this average amount. The implications
of this volume variation (which is only likely to affect commercial LLW) are
investigated in Chapter 8.

An important final implication of intra-Compact disposal and
accompanying transportation restrictions is that they may preclude LLW
generated in regions where hydrogeologic disposal conditions are less
favorable (e.g., in a Compact with only humid permeable hydrogeologic
characteristics) from being disposed of in sites where better site
characteristics are expected to result in better containment (e.g., in arid
permeable regions).

REGULATORY OBJECTIVES

To assess regulatory impacts, it is necessary to translate the statutory
criteria of the AEA and TSCA into objectives suitable for economic analysis.
The economic analysis is evaluated by EPA in conjunction with other policy
considerations (e.g., a desire to avoid disrupting current progress toward
Compact formation and toward siting and constructing new LLW disposal
facilities) to choose among alternative standards.




F
L

This EIA uses the economic framework described in Executive Order
12291 to evaluate alternatives. Executive Order 12291 requires that, to the
extent possible, both costs and benefits must be quantified in monetary
terms and that the regulatory alternative which maximizes net benefits to
society should be adopted if possible. Since the statutory objectives of the
AEA and TSCA relate, in this case, to protection of human health from
radiological hazards, net benefits are defined as the difference between the
value of reducing radiation-induced human healith risk (the benefits) and

the cost of more stringent disposal practices.

Two factors serve to complicate the assessment of costs and benefits.,
First, two different measures of risk reduction are included in the analysis:
(1) reduction in total heaith effects to the general population and (2)
reduction in the risk to the Critical Population Group {(CPG) (a measure of
risk to an individual, as will be described in Chapter 3). Second, neither
measure of risk reduction is quantified explicitly in monetary terms.
Cost-effectiveness analysis is used to compare the costs, general population
health effects, and CPGC risk of alternative standards. Given monetary
values for a reduction in total health effects (i.e., a "wvalue of life") and
for a reduction in CPGC risk (e.g., a value per incremental reduction in the
maximum individual risk of fatal cancer), the net benefits of each
alternative standard could be quantified. Except for purposes of
illustration, these values are not inferred or made explicit in this EIA.

SCOPE OF ANALYSIS AND ORGANIZATION OF THE REPORT

The bulk of this EIA covers the economic analyses of regulatory
alternatives for the BRC and LLW standards and for NARM. Chapter 3
outlines the methodology used for these analyses and Chapter 4 discusses
EPA's choice of regulatory alternatives. Chapter 5 characterizes LLW, and
Chapter 6 characterizes NARM and presents an impact analysis of the
proposed NARM limit. Chapters 7, 8, and 9 cover specific segments of this
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proposed action and are described separately below. Chapter 10 addresses

the distributional impact of the proposed standards in qualitative terms.

The Low-Level Waste Disposal Standard

LLW essentially includes all radioactive waste except waste specifically
excluded under the LLWPA. Thus, low-level waste does not include
high-fevel radioactive waste, transuranic waste, spent nuclear fuel, or
uranium and thorium milli tailings. These radioactive waste categories are
defined and regulated under previous EPA rulemakings such as 47 FR 58196
and the Uranium Mill Tailings Radiation Control Act {UMTRCA78]. While
NARM is not covered under the AEA, EPA has the authority to regulate the
disposal of NARM under Section 6(a) of TSCA if it is determined to present
an unreasonable risk of injury to health or the environment. EPA expects
its proposed limit to be exceeded by primarily two types of NARM wastes --
radium sources and radium-loaded ion-exchange r'e'sir'\s."r Both of these

NARM wastes are generated by commercial rather than DOE sources.

Commercial sources of LLW include nuclear power reactors; uranium
hexafluoride conversion and fuel fabrication facilities; industries involved in
the manufacture of radiochemicals, radiopharmaceuticals, sealed sources, or
articles made of uranium metals; and institutions generating LLW during
medical and research activities. [n addition to these commercial sources, a
significant volume of LLW is generated during activities of the Federal
government at DOE facilities involved in nuclear fuel enrichment, defense,
and research activities.

As discussed in Chapter 6, EPA also considered regulating a number
of other NARM wastes. EPA currently expects to consider regulation
of large-volume diffuse NARM wastes in a future action. -
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LLW is also generated during decontamination and decommissioning
(DeD) activities in conjunction with specifically mandated remedial action
programs. These programs include DOE's Formerly Utilized Sites Remedial
Action Program (FUSRAP) for rehabilitating sites formerly used by the
Manhattan Engineer District and the U.S. Atomic Energy Commission, and
the Surplus Facilities Management Program (SFMP). in some cases,
radioactive waste sites are included in the National Priorities List of
hazardous waste sites and remedial actions are carried out under the
Comprehensive Environmental Response, Compensation and Liability Act of
1980 (CERCLA). Under the Superfund Amendments and Reauthorization Act
of 1986 (SARA), disposal of LLW generated during CERCLA cleanups should
comply with Applicable cr Relevant and Appropriate Regulations and
Standards {ARARS) -- including the LLW standard. The D&D of commercial
power reactors will also constitute a significant future source of LLW.
Finally, decontamination of Three Mile Island, activities at the West Valley
Demonstration Project, and ‘potential future nuclear fuel recycling processes
will all also produce LLY. Because these sources are expected to produce
relatively small volumes of waste or because the waste has not been
sufficiently characterized to allow the deveiopment of regulation at this

time, they are not considered further in this analysis.

While the volume of LLW generated by DOE activities will be
significant, EPA's quantitative analysis of alternative standards focuses
principally on disposal of commercial LLW and NARM at commercial sites
licensed by the NRC. DOE has informed EPA that it believes that the
sources of DOE waste are similar to those of commercial waste and that
similar disposal would be appropriate.* Moreover, EPA believes that public
information regarding the volumes, form, and radioactive content of DOE
waste currently is insufficient to aillow EPA to perform a detailed cost and

risk analysis necessary to evaluate alternative standards. In lieu of

—
EPA's position is based on a letter dated June 11, 1982 from Goetz K.

Oertel, Director of the Office of Defense Waste and By Products
Management, Department of Energy [DOES82a]l. DOE has subsequently
reaffirmed ZPA's approach [MEY86¢].
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this information, EPA has relied on DOE's appraisal of the content and
volume of its waste in its consideration of alternative standards and has
based its choice of a standard on the analysis of commercial LLW and
NARM. Moreover, EPA has implicitly assumed that DOE waste, such as
remedial action program waste, and D&eD waste (which each may differ in
composition and form from commercial LLW) will be disposed of in disposal
facilities separate from commercial LLW facilities. Thus, it is analytically
unnecessary to consider these wastes to estimate the health risks prevailing
at commercial LLW disposal sites under alternative EPA standards.*
Accordingly, while estimates of the volumes of LLW from DOE sources are
presented in Chapter 5, estimates of the costs and risks resulting from
disposal under alternative standards are quantified in detail for commercial
LLW and NARM only. In addition, based on EPA's assumption that the
economic impacts from disposal of commercial and DOE wastes are similar,
the reiative disposal volumes of DOE and commercial low- level waste were
used to develop an estimate of the total costs and risk associated with
disposal of DOE waste under both EPA's proposed LLW standard and BRC
standard. DOE waste is not known to include a NARM component, at least
not one of sufficient volume to quantify it.

Below Regulatory Concern Standard

In addition to the proposed 25 millirem LLW disposal standard, EPA is
also proposing a 4 millirem annual exposure standard for unregulated
disposal of LLW. Wastes for which unregulated disposal meets the BRC
criteria are deemed suitable for disposal without regard to their radioactive
content. The EIA evaluates a number of commercial LLW which are
potentially suitable for unregulated disposal. In general, these BRC
"candidates" are characterized by their very low radionuclide
concentrations. As discussed in Chapter 7, BRC candidates likely to meet
the standard include wastes generated by hexafluoride conversion and fuel
fabrication facilities, special source trash and waste generated by industrial

For simplicity, we also assume unit disposal costs are unarfected Dy
the inclusion or exclusion of DOE waste from the market for LLW
disposal.
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facilities, liquid scintillation vials generated by institutions engaged in
medical and research activities, and certain low activity wastes generated
by power plants (waste oils and secondary condensate polishing resins).
Since these low activity wastes constitute a significant fraction of the total
LLW volume, a considerable cost savings will be realized as a resuilt of
EPA's proposed 4 millirem BRC standard. These savings are quantified in
Chapter 7 ("Results of BRC Standards Analysis"), as are the savings from
aiternative BRC standards. As explained in the analysis, these
"candidates" have served as surrogates for the wastes that NRC or DOE
may actually deregulate, in order to estimate the impact of the BRC

criterion.

Regulation of NARM

The third major segment of EPA's proposed LLW standards considers
the disposal of naturally-occurring and accelerator-produced radioactive
material. EPA's analysis focuses on’the specific activity and total activity
of radium-226, wuranium-238, and thorium-232 decay series. While EPA
expects that its proposal will affect only two NARM wastes (radium sources
and radium-ioaded ion-exchange resins), the E!A evaluates the costs and
risks of regulated and unregulated disposal of other discrete sources of
NARM, such as radium dial clocks, smoke detectors, illumination equipment,
and fluorescent lamps, among others. Large volume and diffuse sources of
NARM (such as potash, ammonium phosphate, concrete alum shale, certain
scrap metals, fly ash, and boiler ash) are considered only briefly since EPA
will be considering the evaluation of these types of NARM in a future
regulatory action. Chapter 6 of the EIA describes the NARM wastes more
fully, discusses a preliminary analysis of both diffuse and discrete NARM
sources, and presents a final cost-effectiveness impact analysis of specific
discrete NARM wastes.
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Other Components of the Proposed Standard

EPA is also proposing a groundwater standard (graded depending on
aquifer class) and a predisposal management standard as part of this
action. Quantitative cost and risk analyses for these standards were not
performed; however, EPA believes that the incremental cost of these
provisions will probably be small (except perhaps the groundwater
standard, depending on the option chosen). Each standard is discussed
qualitatively in Chapter 9.

Finally, EPA is proposing that its post-disposal standards and
pre-disposal management standard apply to commercial facilities seeking new
or renewed licenses {but not to facilities already licensed). Application of
these standards is proposed for three years after promulgation for both new
and existing DOE facilities if they are to continue operation. The economic
implications of these implementation dates are also discussed qualitatively in
Chapter 9.




METHODOLOGY Chapter 3

OVERVIEW
This EIA has two primary objectives:

1. To evaluate the impacts of alternative levels of a standard.
2. To compare the impacts of the proposed standard to current

practice.

The purpose of this chapter is to describe each of the analytical steps
required to achieve these objectives, as they apply to the analysis of the
proposed BRC criteria, NARM limits, and LLW standards.

At the outset, the analysis requires quantification of the key
parameters upon which the economic comparisons are based: cost,
population health effects, CPC dose, CPC risk, and cost-effectiveness.
Since cost, health effects, and risk in turn depend on waste
characteristics, disposal practice, and hydrogeologic/climatic setting, these
factors must also be defined and quantified. Thus, the first seven steps of
the methodology logically are as follows:

1.  Waste Definition
. Disposal Practice Definition
Hydrogeologic/Climatic Setting Definition

2

3

4, Estimation of Cost

5 Estimation of Population Health Effects
6

Calculation of Cost-Effectiveness
Definition and Estimation of CPC Dose and CPC Risk
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Once the first seven steps are complete, two additional analytic tasks
are necessary. First, a base case set of disposal practices is designated
for convenience, to aid in evaluating alternative practices. Choosing the
base case as current practice also facilitates the accomplishment of the
second task -- comparing the proposed standards to current practice.
Finally, it is necessary to state explicitly what it means to comply with a
standard. In effect, since impacts are wultimately caused by the disposal
practices used to meet a standard, it is necessary in the EIA to predict
which practices will be used (for each waste, in each setting) to comply
with each alternative standard. Two separate considerations are used to
predict compliance. First, it is assumed that waste generators will attempt
to meet the standard at least cost, after accounting for other existing
constraints on disposal practice (e.g., Compact formation and existing
regulations). This basic economic assumption is the primary linkage
between a comparison of disposal practices and the comparison of alternative
standards. Second, it is recognized that implementation of EPA's standards
by the NRC and DOE may further constrain the disposal practices available
to generators to meet the standard. The implementation assumptions
described at the end of this chapter generally reflect the degree to which
population risk (as well as CPG risk) and the regional variation in health
effects and CPG risk are considered when choosing among alternative

disposal practices.
To summarize, then, the last two steps in the analysis are:

8. Definition of the Base Case - Current Practice
9. Definition of Compliance with Alternative Standards

Each of the first eight steps is described more fully in the sections
that follow. Since the relevant implementation assumptions (Step 9) vary
depending on which part of the standard is considered, implementation
assumptions will be described individually in Chapter 6 (for the NARM
limit), Chapter 7 (for the BRC criterion), Chapter 8 (for the LLW
standard), and Chapter 9 (for the remaining parts of the standard).
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WASTE DEFINITION

Low-Level Wastes

Low-level radioactive waste is generated by a variety of commercial and
DOE sources. However, as indicated in Chapter 2, insufficient information
is available to characterize fully the wastes from the approximately 15 active
DOE facilities that generate LLW. EPA does not possess detailed, publicly
available DOE waste form, radionuclide content, or site characterizations,
which would be needed for an in-depth risk analysis. A calculation of DOE
health effects and disposal costs was made, however, by scaling the results
associated with commercial LLW disposal on the basis of DOE's relative
aggregate waste volume to commercial LLW volume. As described in Chapter
5 and Appendix A, projected DOE LLW volumes for the 1985 to 2004 period
are drawn from recent DOE projections [DOESS6].

Based on detailed records of past LLW disposal at operating commercial
sites and recent NRC analysis, much more information on commercial LLW
was available for EPA's analysis. EPA has segmented low-level waste from
commercial sources into 25 separate waste streams. These 25 waste streams
divide the total commercial LLW into relatively homogeneous categories based
on four factors: volume, source of generation, waste form, and radionuclide
content. These four factors are the principal waste-dependent determinants
of cost and risk. To a large extent, the waste segmentation represents a
tradeoff between analytic convenience and precision. In the present
analysis, some variation within waste streams still remains which could
potentially affect disposal costs and risks; however, large variations have
been accounted for. For example, under current NRC 10 CFR 61
regulations, different disposal practices are required for different classes of
wastes, depending on radionuclide content and waste form. Sufficient
disaggregation is included to model the impact of these regulations.
Conversely, if waste generators could segregate some low activity waste
from a waste stream that otherwise would be regulated, BRC savings in
addition to those estimated in this analysis might be realized. Of course,
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the risk associated with disposal of the remaining waste would also be
affected by such segregation. (Segregation of additional BRC waste is
considered in the Chapter 7 sensitivity analysis.) Since a number of other
factors also limit the accuracy of the analysis (particularly the assumptions
used to estimate risk), the designation of 25 wastes represents a reasonable
tradeoff between simplicity and precision for purposes of analyzing
alternative LLW and BRC standards.

EPA's LLW segmentation is based principally on the definitions used by
the NRC in its detailed assessment [DM81, DMS86]. EPA's 25 wastes
represent a simple aggregation of waste streams identified by the NRC in
its updated database [DM86], prepared in support of the 10 CFR 61
regulations. DOMB86 considered 148 low-level wastes, of which 70 are directly
included in EPA's assessment. The other 78 NRC "non-routine" waste
sources include: TMI 2, West Valley, mixed-oxide fuel fabrication, fuel
reprocessing, and Dg&LC wastes. Most of these wastes are either small in
volume or nonexistent in current practice. Moreover, projections of future
volumes and radionuclide content are speculative at this point. Because of
their speculative nature, and the fact that these wastes would not be
expected to significantly affect the analysis over the 20-year period for
which other low-level wastes are projected, they were not included in the
EPA source term.

The NRC updated database also characterized seven NARM wastes
(contained in two of EPA's six discrete NARM wastes) and two military
wastes that are occasionally disposed of at commercial facilities. EPA's
analysis does not include military LLW in its commercial LLW source term
and EPA has independently characterized its NARM wastes (see Chapter 6).
The 70 different LLW streams from DM86 that are reflected in EPA's analysis
were characterized using records of LLW actually disposed of at commercial
LLW facilities. The characterization reflects the source of the waste, the
waste form, and the average radionuclide content. EPA's 25 waste streams
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are listed in Table 3-1, together with the corresponding NRC streams
(using NRC mnemonics as in DM86) and a mnemonic which will be used to
reference individual wastes throughout the remainder of this EIA. Table
3-1 also notes the waste form assumed for purposes of risk analysis. Four
waste forms are considered: Trash (TR); Absorbed Waste (AW)}; Activated
Metal (AM); and Solidified Waste (SW). A further description of commercial
LLW (activity and volume) is presented in Chapter 5.

BRC Candidates

Of the 25 commercial wastes identified for the analysis of the LLW
standard, 14 wastes (those with the lowest curie concentrations) were also
evaluated as candidates for unregulated disposal under the BRC criterion.
Candidates for unregulated disposal are a group of LLW waste streams that
were designated as surrogate BRC wastes. The analysis was performed
with surrogate waste streams since (1) such BRC wastes do not exist as yet
and (2) EPA does not have the authority to deregulate any specific waste
stream -- that responsibility falls to the NRC and DOE. Conducting the
énalysis in this manner allowed an estimate to be made of the potential

impacts, both in terms of costs and risks, of alternative BRC criteria.

These 14 BRC candidates are designated as such in Table 3-1. In
addition, EPA has characterized four other low-level wastes for analysis in
conjunction with the BRC criterion (also shown in Table 3-1). Two of
these wastes (americium smoke detectors and tritiated radioluminous
timepieces) represent consumer wastes for which disposal is essentially
unregulated. The other two wastes are substreams of two power reactor
wastes that are included in the analysis. These substreams are LWR waste
oil, which is a substream of LWR concentrated liquids, and PWR condensate
resins, which is a substream of LWR ion exchange resins. Both substreams
are generated during power reactor operations but, on average, contain

very low levels of radioactivity. Since the NRC is already considering a
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BRC designation for these wastes (either on a plant-specific or generic
level), they were included as BRC candidates in the analysis. The two
consumer wastes are examples of items essentially unregulated for disposal
but available to the public; they are used as a reference point for evalu-
ating alternative BRC standards. Finally, commercial wastes already de-
regulated under the NRC's biomedical rule [NRC81a] will be considered
briefly (such waste might be regulated under a very low BRC standard)
and are given the mnemonic BIOMED in this report. Like [-BIOWAST and
I-LQSCNVL, BIOMED contains biomedical wastes and liquid scintillation
vials. However, BIOMED only includes waste which meets the NRC bio-
medical rule limits, while 1-BIOWAST and I-LQSCNVL include only wastes in

excess of these limits.

NARM Wastes

As explained more fully in Chapter 6, six NARM wastes have been
designated for analysis in the EIA. These wastes are also listed in Table
3-1. Two of these wastes, radium sources and radium-loaded ion-exchange
resins, are included in the analysis of alternative LLW standards since
EPA's proposed NARM limit will require regulated disposal of these wastes.
These two wastes are also evaluated in terms of the costs and risks
resulting from unregulated disposal. In Chapter 7, both the costs and
health effects of regulated disposal are compared to those of unregulated

disposal to determine the incremental cost per avoided health effect.

DISPOSAL PRACTICE DEFINITION

Regulated Disposal Practices

The costs and risks of LLW disposal depend on the technology used to
package and process the waste as well as the disposai technology. In some
cases, DOT regulations for transoortation aiso prescribe minimum packaging
requirements [DCT83). Thus, packaging, procassing, ‘ransportation, and
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disposal method collectively define a disposal practice. Variations in any of

these components would alter the costs and/or risks of disposal.

EPA has identified nine land disposal methods for analysis of
alternative LLW standards. As shown in Table 3-2, these methods
represent a broad spectrum of technologies, ranging from regulated sanitary
landfill at one extreme to deep geologic disposal at the other. Only two of
the nine options (SLD and ISD) are presently incorporated at operating
commercial facilities in the U.S.; however, the other methods have received
3 considerable amount of engineering analysis and several have been tested
in the U.S. or abroad. One of the methods (EMCB) comprises two
subtechnologies which, in principle, could be used alone; however, separate

use has not been considered in this EIA.

To estimate cost and health risks, each of the nine disposal methods is
associated with an explicit set of engineering assumptions. The principal
differences among the methods reflect variations in the site area and
distribution of waste at the site (which affect CPG risk), the use of
engineered structures, the trench depth, the trench cap integrity, and the

trench cap thickness.

EPA has also considered engineering practices which change the waste
volume and stability characteristics, including packaging the waste as
generated, packaging the waste in a high integrity container (HIC), waste
compaction, absorption of liquid waste, solidification as generated, and
solidification after incineration. Since these practices alter both the costs
and health risks of disposal, they represent "suboptions" that can be
associated with almost any of the nine disposal methods.‘t By combining
disposal methods and packaging/processing suboptions, a significant number
of fully-specified disposal practices could be considered.

Since some of the methods require special waste forms (e.g., deep well
injection and hydrofracture require liquid and slurry, respectively),
suboptions are not always available.
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A list and brief description of the disposal practices considered in this
report are presented in Table 3-2. It should be noted that all regulated
disposal practices assume an amount of waste packaging at least sufficient
to meet existing DOT standards for transporting waste to the disposal site.
Finally, not all disposal practices are appropriate for disposal of all wastes
(e.g., deep well injection requires a liquid waste form; noncompactible
waste cannot be compacted and need not be solidified). For practical
reasons, EPA did not attempt to estimate the health effects, CPG risks, and
costs for all of the waste, hydrogeologic region, disposal method, and
packaging/processing suboption combinations. These limitations are
reflected in Table 3-2. The combinations EPA did consider are listed later
in Table 3-10. '

Unregulated Disposal Practices

To evaluate alternative BRC standards, EPA has also estimated the
costs, health effects, and CPG risks of unregulated disposal practices.
While unregulated disposal can be compared to a single .regulated disposal
practice (such as SLD with waste "as generated"), there is no reason to
expect that unregulated disposal of a given waste will be uniform across the
country. Rather, if a waste is disposed of without regard to its radioactive
content, a number of unregulated disposal practices are likely to be used

for which the costs and health effects may vary.

To estimate the total costs and population health effects of unregulated
disposal, EPA defined five representative disposal practices which differ by
location (i.e., surrounding population and site size), the integrity of the
site (a municipal dump versus a sanitary landfill), and whether incineration
is used as par-t of the disposal practice. Specifically, the five unregulated
disposal practices inciude the following:

3-15




1. Municipal Dump, Rural Setting
Suburban Sanitary Landfill, no incineration
Suburban Sanitary Landfill, onsite incineration

Urban Sanitary Landfill, no incineration

U wWwN

Urban Sanitary Landfill, onsite incineration

While these five unregulated disposal practices adequately describe
unregulated disposal on average, for purposes of comparisén, the costs and
health effects of disposal at a medical or university incinerator were also
quantified, since these facilities are sometimes used to destroy certain
biomedical wastes. This sixth facility type was also used to estimate the
costs and risks of unregulated disposal of the wastes deregulated by
NRC81a ({the biomedical rule). Table 3-3 lists the salient characteristics of

the six unregulated disposal practices considered in the EIA.

The total costs and population health effects that would result from
unregulated disposal of a given waste are calculated by combining the
characteristics of the five primary unregulated disposal practices. The
weighting of practices reflects an estimate of the proportion of the waste
that would be disposed in each type of facility if disposal of the waste were
unregulated. For example, fuel cycle waste is generated in plants located
principally in rural or suburban areas; hence, over the next 20 years, it is
assumed that 47.5 percent of this waste would be disposed of in municipal
dumps, 47.5 percent in suburban landfills (with or without incineration),
and five percent in urban landfills. The derivation of these weightings is

discussed in more detail in Appendix B.

HYDROGCEOLOGIC/CLIMATIC SETTING DEFINITION

To account for the impact of hydrogeologic and meteorologic
characteristics on the estimation of health risk, EPA has characterized three

sets of generic site conditions. The site characteristics have a substantial
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impact on the estimates of population health effects and CPGC risk and
include the following salient features: (1) annual rainfall pattern; (2) soil
permeability and composition; (3) relative distance from and local use of a
well; (4) vertical distance to nearest aquifer; (5) horizontal distance from
and use of a local stream; (6) aquifer wvelocity and thickness; (7)
prevalence of local farming; (8) local wind conditions; and (9) local
population. These three generic sites, which EPA assumes will encompass
the potential characteristics of actual future LLW regulated disposal sites,

are identified as follows:

1. Humid Permeable Region -- site of moderate rainfall with soil of
moderate permeability.

2. Humid Impermeable Region -- site of moderate rainfall with soil of

low permeability.

3. Arid Permeable Region -- site of low rainfall with soil of moderate

permeability.

Except for the assumed local population and the distance to local
streams and wells, these same hydrogeologic characteristics are used to
assess regional variations in the health effects and CPGC risks from
unregulated disposal in the analysis of alternative BRC criteria. A similar

analysis is used in the comparison of alternative NARM limits.

ESTIMATION OF COST
The objective of the cost analysis is to measure the incremental
increase in costs to society that results from implementing EPA's standard.

Costs are measured in constant 1985 doilars. 1In this ElA, social costs are




characterized by the before-tax cash costs paid by the generator of LLW.*
The general approach is to estimate unit costs (per cubic meter as
generated) for each waste and each disposal practice. The unit costs are
then multiplied by annual disposal volume. to calculate total annual cost.
Finally, the present value of costs is estimated by employing a2 real discount
rate of 10 percent over an assumed 20-year horizon (the operating life of a
disposal site), unless otherwise noted (a discount rate sensitivity analysis

is included in Appendix E).

Costs include four components in the waste disposal process --
packaging, processing, transportation, and disposal method. For several of
the shallow land disposal options, the first three cost components are the
same for a given waste form. Thus, these components sometimes "cancel
out" when incremental costs are calculated. However, some practices do
require different waste processing (e.g., solidification and incineration) and
some alter the assumed transportation distance (e.g., hydrofracture and
deep well  injection occur onsite or close to the point of waste
generation). Thus, it is necessary to consider all cost components to

quantify incremental cost correctiy.

Various definitions of social cost have been employed in other studies.
The definition wused here is convenient, since it generally uses
observable market prices as the measure of social cost. Other
definitions (e.g., the summation of the before-tax wvalues added at
each stage in the production chain for each good or service consumed)
presume that taxes distort the use of price as a market measure of
social cost. This distortion is attributed to the assumption that taxes
represent  a transfer of wealth rather than a use of real resources.

The definition used here assumes the other extreme -- that tax effects
included in the prices are, in fact, social costs and represent levies
on the use of public goods, e.g., law enforcement, public roadways,

etc. In fact, taxes probably represent a combination of public goods
and wealth redistribution.



Packaging and solidification costs are based on engineering estimates of
the direct cost of labor and materials used for each waste. Average unit
transportation costs were derived from actual tariffs for transporting LLW.
In general, a 650-mile transport distance is assumed for regulated disposal.
Other cost components, including compaction, incineration, and disposal
method, are based on engineering cost analyses of hypothetical compaction,
incineration, or disposal facilities, since most of these facilities do not
presently exist (hence, market prices are not available). The analysis is
constructed so that the facility operator (assumed to be a privately financed
organization) earns a return on the required investment and pays tax at a
46 percent rate.* Based on explicit assumptions regarding site size and
period of operation, the unit disposal cost is estimated in 1985 dollars to
provide a 10 percent real return. The methodology employed in this
engineering analysis is described in more detail in NRC81b, NRC82d,
TRW83a, EEI84b, RAE86a, and in Appendix C.** The costs of disposal site
closure, post-closure, and 100 vyears of institutional care are included.
Sites for shallow land disposal and intermediate depth disposal are sized to
receive 250,000 cubic meters of waste (as generated volume) over 20 years.
This site size represents EPA's expectation for an average commercial LLW
site. Given the volume estimates presented in Chapter 5, it implies that

about eight commercial sites wili be required. Site sizes for other disposal

_Note that the disposal method unit costs were derived from previous
work complieted in 1986 or earlier, at which time a 46 percent corporate
income tax rate represented a reasonable assumption for Federal income
taxes. Hence, the impact of the Tax Reform Act of 1986 has not been
considered, but could alter costs to the generator. Note that the
discount rates used for these financial projections of private sector
disposal service prices are not necessarily equal to the social rate of
discount used to determine the present value of social costs.

* %
Most of the engineering costs and financial calculations represent
modifications of the work originally presented in NRC81b, altered to
reflect a smaller site size. Scale-dependent costs were assumed to
vary in proportion to relative site volume raised to the 0.6 power.
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practices are based on the probable volume fraction of the waste that would
use the specific disposal method, out of a 250,000 cubic meter reference site
volume, assuming co-location of different trench types (e.g., I1SD and
SLD).

As mentioned above, cost represents the sum of packaging,
processing, transportation, and disposal. Since packaging and processing
typically occur at the point of generation or at a regional facility, volume
increases or reductions raise or lower the associated transportation and
disposal costs. In order to account for such volume changes, estimates of
the volume of LLW and NARM used to determine total cost (presented in
Chapters 5 and 6) are based on the waste form "as generated," which is
defined as the waste volume shipped for disposal prior to any special
processing (e.g., compaction, incineration, or solidification). Volume
increases and reductions thus serve to increase or decrease the effective
unit cost of disposal, measured as the disposal cost per cubic meter of

waste as caenerated. This procedure allows for comparison of unit costs

across disposal practices on a consistent basis. Table 3-4 presents the unit
cost of disposal for "as generated" waste for each disposal option. Table
3-7 presents ‘the volume increase and reduction multipliers that apply to
transportation and disposal cost for each low-level waste as a function of
waste processing. The cost of packaging, processing, and transportation
(per cubic meter of waste handled) are shown in Tables 3-5, 3-6, and 3-8,
respectively. Differences in costs across waste types reflect the greater
handling costs and additional materials required to deal with higher activity
waste, Note that while Tables 3-6 and 3-7 show costs and volume
multipliers for compaction, solidification in cement, and incineration followed
by solidification in cement, the health effects due to these processing
options were r;ot quantified. These options, therefore, are not considered

further.

The costs of unregulated disposal include only transportation and

disposal costs. Unregulated disposal packaging costs are assumed to be
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Table 3-4

DISPOSAL COSTS
BY DISPOSAL PRACTICE

BURIAL COST
(1985 Dollars per

DISPOSAL OPTION Cubic Meter)
REGULATED SANITARY LANDFILL 238
SHALLOW LAND DISPOSAL 393
IMPROVED SHALLOW LAND DISPOSAL 507
INTERMEDIATE DEPTH DISPOSAL 732
DEEP WELL INJECTION 5,244
HYDROFRACTURE 3,027
DEEP CEOLOGICAL DISPOSAL 959
EARTH MOUND/CONCRETE BUNKER 520/4,040
CONCRETE CANISTER 540

September 1987
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Taote 3-5

PACKAGING CCST DATA

PHB
ESTIMATE (1)
EPA (1985 dollars VOLUME

WASTE STREAM per cu. meter, INCREASE

MNEMONI[C as generated) FACTORS
P-COTRASH (2) 303 1.0
B-COTRASH (2) 303 1.0
L-NCTRASH (3 383 1.0
L-IXRESIN (%) 449 1.0
P-FCARTRG  (95) 449 1.0
L-FSLUDGE (4) 449 1.0
L-CONCLIQ (4) 512 1.0
L-DECONRS (6) 449 1.0
F-COTRASH (2) 303 1.0
F-NCTRASH (3 355 1.0
F-PROCESS (2 303 1.0
U-PROCESS (2) 303 1.0
N-SSTRASH (2) 303 1.0
N-SSWASTE 2) 303 1.0
N-LOTRASH  (2) 303 1.0
N-LOWASTE (2) 303 1.0
L -NFRCOMP 6 501 1.0
N-1SOPROO (7) 449 1.0
N-TRITIUM (S) 501 1.0
N-TARGETS (5) 501 1.0
N-SOURCES S) SO 1.0
{-COTRASH () 303 1.0
1-BIOWAST (8) 1,451 1.92
1-ABSLIQD (8) 1,879 3.0
[-LASCNYL (8) 1,879 3.0
R-RASOURC (D) . S0 2914.0
R-RAIXRSN (10) 449 1.0

(1) ALL ESTIMATES INCLUDE COMPCNENT CCSTS FOR LABOR, MATERIALS, AND UTILITIES, AND REFLECT
VOLUME INCREASES WHERE APPROPRIATE.

(2) ESTIMATE REFLECT PACKING IN A DRUM ONLY. COSTS ALSO INCLUDE LABCR (FCR A TOTAL
PER DRUM COST OF $50 [N 1980, OF WHICH $22 REPRESENTS THE COST OF THE DRUM ALONE).

(3) ESTIMATE REFLECTS MIX OF DRUMS AND BOXES AND INCLUDES LABOR. COSTS ARE ALSO ASSUMED 7O
DEPEND ON ACTIVITY (HIGHEST FOR B-COTRASH, THEN P-COTRASH, THEN F-NCTRASH).

(4) ESTIMATE REFLECTS DAUM PACXING, BUT ALSO REFLECTS OEWATERING COST AND ASSUMES THAT
DRUMS WILL BE SHIPPED [N REUSABLE SHIELDED CASKS (CASK COST [NCLUDED IN TRANSPORT COST).

(5) ESTIMATE REFLECTS MIX OF DRUMS AND (APPARENTLY) BOXES, AND INCLUDES LABCR. COSTS ARE ALSO
ASSUMED TO DEPEND ON ACTIVITY. FILTER CARTRIDGE ESTIMATE REFLECTS TRW83a ASSUMPTION THAT
FILTER CARTRIDGE COSTS ARE THE SAME AS RESINS AND SLUDGES.

(46) ESTIMATE REFLECTS MIX OF DRUMS AND (APPARENTLY) BOXES, AND INCLUDES LABOR. COSTS ARE ALSQ
ASSUMED TO DEPEND ON ACTIVITY.

(7) ESTIMATE REFLECTS TRW83a ASSUMPTION FOR PACKAGING AT A COST EQUAL TO RESINS. THIS COST IS
APPROXIMATELY THE SAME AS 1/2 L-CONCLIQ AND 1/2 F-NCTRASH, SINCE N-]SOPROD IS HALF LIQUID
AND HALF SOLID.

(8) ESTIMATE REFLECTS COST OF A DRUM, LABOR AND ABSORBENT, AND A VIF OF 1.92 (1-BIOWAST)
OR 3.0 (1-ABSLIGD AND [-LQSCNVL).

(9) ESTIMATE REFLECTS ASSUMPTION THAT PACKAGING COSTS FOR R-RASOURC ARE THE SAME AS
M- SOURCES.

(10} ESTIMATE REFLECTS ASSUMPTION THAT PACKAGING COSTS FOR R-RAIXRSN ARE THE SAME AS

L-IXRESIN.

SEPTEMBER 1987
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Table 3-8

TRANSPCRATIQON CCSTS PER CUBIC METER
ASSUMING NQ PROCESSING
(IN 1985 DOLLARS)

650 MILES 2300 MILES
P-COTRASH (1) 134 405
B-COTRASH (1) 134 405
L-NCTRASH (2) 548 1,380
L-IXRESIN (1) 1,176 3,991
P-FCARTRG (1) 1,176 3,991
L-FSLUDGE (1) 1,176 3,991
L-CONCLIO (1) 821 2,782
L-DECONRS (3) 5642 1,820
£-COTRASH (1) 134 405
F-NCTRASH (2) 455 1,148
F-PROCESS (1) 134 405
U-PROCESS (1) 134 405
N-SSTRASH (1) 134 405
N-SSWASTE (1) 134 405
N-LOTRASH (1) 134 405
N-LQOWASTE (1) 134 405
N-NFRCOMP (3) 542 1,820
N-1SOPROD (3) 3N 923
N-TRITIUM (3) 542 1,820
N-TARGETS (3) 542 1,820
N-SOURCES (3) 542 1,820
1-COTRASH (1) 134 405
1-BICWAST (3) 271 813
1-ABSLIGD (3) 271 813
1-LQSCRVL (3) 27 313
R-RASOURC (&) 542 1,820
R-RAIXRSN (5) 1,176 3,998

NOTES:
(1) THESE COSTS WERE CALCULATED OIRECTLY FROM SL80; COSTS WERE REPORTED
FCR THREE WASTE CATEGCRIES--DRY ACTIVE WASTE, RESINS & SLUDGES, AND
CONCENTRATES.

(2) THESE COSTS WERE REPCRTED IN TRW83a BASED ON ANALYSIS IN: "A HANDBOOK
FOR LOW-LEVEL RADIOACTIVE WASTE OISPOSAL FACILITIES," ROGERS & ASSOCIATES
ENGINEERING CORPCRATION, RAE-2Q0-5, SEPTEMBER 1982.

(3) THESE COSTS WERE ADOPTED OIRECTLY FROM TRWB3a. COSTS WERE FIRST DEFLATED
FROM 1982 TO 1980 DCLLARS BY USING A FACTOR OF 1.2 THEN WERE INFLATED FROM
1980 DOLLARS TO 1985 BY USING A FACTCR OF 1.3,

(&) COST ASSUMED TO BE EQUAL TO N-SOURCES.

(5) COST ASSUMED TO BE EQUAL TO L-IXRESIN.

SEPTEMBER 1987
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negligible and the transportation distance is much smaller (disposal occurs
at a local site near the waste generator). Costs are based on a 1986
survey of tipping fees conducted by the National Solid Waste Management
Association and reflect charges for transfer stations, transportation, and
landfilling [NSWMAS86]. Table 3-9 presents the unit disposal costs used for
each of the six unregulated disposal practices, as well as the weighting
each practice is given in calculating average unregulated disposal costs and
health effects for each waste category. As before, the present value of
disposal cost is calculated from the unit disposal costs using a 20-year
horizon and a 10 percent real discount rate. Appendix C provides more
detailed documentation of how these regulated and unregulated disposal

costs were derived.

ESTIMATION OF POPULATION HEALTH EFFECTS

Population health effects represent one of two risk measures and are
defined as the cumulative fatal cancers and serious genetic effects to the
general population that result from a given disposal practice. Serious
genetic effects are defined as genetic effects which result in death,
hospitalization, or major surgery. Cumulative population health effects
incurred over a 10,000-year period (undiscounted) are compared to the base
case population health effects to calculate the benefits of alternative
standards in the form of population risk reduction. It should be noted that
only human health effects from radiologic hazards are included in the
estimate of benefits; thus, reduction in other health effects or
environmental impacts due to the standard are not considered
quantitatively.

More specifically, population health effects are calculated as the sum of
expected fatal cancers and expected first generation serious genetic effects
resulting from radiation. Morbidities resulting from non-fatal cancers are

not quantified. In addition, fatal cancers and genetic effects have been
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given equal weighting as measures of risk. This treatment of genetic
effects is environmentally conservative (i.e., benefits are overstated) if the
value attributed to an avoided health effect is interpreted as a "value of
life" and the value of avoiding a genetic effect is smaller than the value of
avoiding a fatal cancer. Practically, however, expected genetic effects are
generally much fewer than expected fatal cancers, so the impact of this

assumption on the calculation of health effects is very small,

Linear, No Threshold Dose/Response Assumption

In estimating population health effects, EPA assumes that health risks
are proportional to the level of exposure and that this linear relationship is
constant down to zcro exposure. This assumption has two important
consequences for the analysis of economic impacts. First, it implies that an
exposure threshold (below which health effects are either zero or decline
rapidly) cannot be used to justify a de minimis level of exposure, since any
incremental exposure causes at least some additional health effects. This is
one reason why the economic analysis of alternative BRC criteria considers
both the costs and health effects of alternative criteria rather than just the
level of risk. Second, the "Linear, No Threshold" assumption implies that
the total incremental health effects resulting from LLW disposal are
independent of the level of risk faced by any single individual. Thus,
population health effects are the same when 1,000 people face an individual
risk of one in one million and when a3 single person faces a risk of one in
1,000 (the total population risk is one i;m 1,000 in both cases). In addition,
risks that may result from background radiation do not affect the analysis
of incremental risk due to LLW disposal and, thus, need not be quantified.*
The BRC criterion and LLW standard are, therefore, defined in terms of
"above background" exposure limits.

Strictly speaking, since EPA wuses a relative risk projection model

which depends on the underlying vital statistics of the cohort group,

background risks do affect the calculation of health effects. See the

Background Information Document for further discussion of EPA's
health risk calculations [EPAS87].
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Exposure Pathways and Time Horizon Included in Analysis

The analysis of population health effects was conducted using the
PRESTO family of computer models.* The analysis considers a 10,000-year
horizon. Health effects incurred from exposure to the local population
during the first 1,000 years (referenced hereinafter as the Primary
Analysis} are modeled in detail based on explicit transport mechanisms and
exposure pathways. Health effects incurred outside of the local population
or beyond 1,000 years (referenced hereinafter as Basin Effects) are
estimated using a more aggregate procedure employed in earlier EPA
analyses.M In brief, Basin Effects depend on the total activity reaching a
stream before 10,000 years, the fraction of this activity that causes
exposure (which depends on EPA assumptions regarding regional water
consumption), and the health effects per unit of activity released. Only
two mechanisms result in no exposure from a radionuclide: (1) radionuclide
decay before release from the trench or the ground (i.e., to a stream or
well) and (2) radionuclide capture in the trench or failure to reach a
stream or well through groundwater transport within 10,000 years. In all
other cases, radionuclides are released to the environment and at least some

* Kk k
exposure is assumed to occur.

See the Background Information Document and the User's Manuals for a
description of these models [EPA85a, EPABSb, EPA85c, EPASSd,
EPA87]. The models include PRESTO-EPA-POP, PRESTO-EPA-DEEP,
and PRESTO-EPA-BRC.

* *

See EPAS8Se.
* k%

The health risks due to atmospheric releases of radionuclides during
LLW incineration are not quantified in the analysis relative to this
standard setting activity, Atmospheric rejeases from  waste
incinerators were one of the releases examined in establishing
Radionuclide Clean Air Act Standards (40 CFR 61) and are subject to
those requirements. However, the activity remaining in the
incinerated LLW ash is reduced by the activity released to the air.
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During the Primary Analysis period, the movement of radionuclides is
traced through the local environment to the local population via each of five
basic exposure pathways. The analysis tracks 40 radionuclides which
represent essentially all radionuclides present in significant concentrations
with half-lives greater than five years, as well as six nuclides with shorter
half-lives that are present in significant concentrations in some waste. Of
the nuclides, 16 are present only in NARM waste {the dominant NARM
nuclides are uranium, thorium and radium). The population health effect
exposure pathways modeled in the analysis include the following: (1)
ingestion of water from a local well or stream; (2) ingestion of plants
irrigated with contaminated groundwater drawn from a local well or stream
or contaminated through deposits of airborne radionuclides; (3) ingestion of
animals (e.g., beef, poultry) contaminated through local contaminated plant
food or through drinking contaminated groundwater from a local well or
stream; (4) inhalation of airborne radionuclides; and (5) direct gamma

exposure from contaminated air or surface soil.

The population health effects due to exposure outside the Primary
Analysis period (the Basin Effects) are estimated indirectly by quantifying
the amount of radionuclides that reach a stream within the first 10,000
years (excluding the radionuclides for which exposure is already accounted
for in the Primary Analysis). As mentioned above, these Basin Effects
radionuclides are assumed to cause a fixed number of health effects per
unit of activity released, based on an estimate of the fraction of nuclides
likely to cause exposure {(which depends principally on water consumption
habits in the area) and on an estimate of the health risk per unit of
radionuclide exposure. This aggregate risk estimation procedure is

identical to that employed in previous EPA analyses.

Differences Between Estimates for the LLW and BRC Standards

The estimation of population health effects for the regulated and

unregulated disposal alternatives is identical, with minor exceptions. First,
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the population health effects from nuclides released into the air from
unregulated incinerator scenarios are quantified explicitly, assuming even
release over 20 years (constant operation); this exposure pathway is not
modeled in the case of regulated disposal. Furthermore, in the analysis of
requlated disposal options, risks resulting from disposal operations and
waste transport are excluded. Exposure to onsite workers and transporters
for regulated disposal are excluded from this rule, under AEA authority;
therefore, their risks have no basis for being factored into this analysis.
Regulated radiation workers are subject to other EPA actions and EPA has
recently issued new Federal GCuidance on these exposures which s
obligatory for all Federal agencies, including DOE and NRC. In contrast,
worker risks are included in the risk estimates for unregulated disposal.
Transportation CPG risks are also included in the estimates for unregulated
disposal but not in the estimates for regulated disposal. DOT has statutory
responsibility for regulating the shipment and transportation of radiocactive
materials and for protecting the public from unwarranted exposures to

radioactive materials while in transit,

From an economic perspective, it might also be argued that laborers
knowingly working in the presence of a radiologic hazard are assumed to
charge a risk premium for their work; in contrast, workers in municipal
waste disposal do not knowingly assume such a hazard and the cost of this
hazard is not included in their wages.*r Provided that the premium each
worker charges is equal on average to the value placed on avoided risk,
this treatment yields an estimate of societal net benefits identical to that
derived by explicit analysis of worker and transportation risks from
regulated LLW disposal.

This is a- conservative assumption, since some economists might argue

that workers in municipal disposal in fact may be aware of such

hazards, thus charging a risk premium for their work. In addition,
wage rate assumptions used in the cost analysis are the same for all

regulated disposal options, so worker risk differences may not be fully
captured in the analysis.
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CALCULATION OF COST-EFFECTIVENESS

To facilitate comparing alternative standards, a cost-effectiveness
(C-E) ratio was defined for each alternative, in which the letter "r"
represents the real discount rate and "t" represents time in years. For

any single disposal practice:

20 3 25
—_ *
Total Cost = UCi VOLtai
Z Z Z (1+r)"
t=1 a=1 i=1

10024 20 3 25
Health Effects = Z z z UHEain * VOLtai
n=24 - t=1 a=1 i=1
and:
*
t = index across years
a = index across hydrogeologic regions (three regions)
i = index across wastes (25 commercial LLW)
r = social discount rate for costs (10 percent real rate is
assumed)
n = year in which health effects occur
VOLtai = volume (m3) of waste i in region a, year t
UCi = unit cost of disposal practice (dollars per cubic meter)
for waste i, assumed to be constant in real terms
UHEai = unit health risk (fatal cancers and genetic effects per

cubic meter) over 10,000 years, from disposal of waste i

in region a

"t" equals 20 in the final year since costs and health effects are based
on a site with a 20-year life.
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The C-E ratio is then defined as follows, comparing any two disposal
practices A and B:

C-E Ratio = Total Cost (B) - Total Cost (A)
Health Effects (A) - Health Effects (B)

The C-E ratio represents the incremental cost (dollars) per avoided
health effect (fatal cancers plus serious genetic effects) of each alternative,
compared to another alternative (normally, the base case of current disposal
practice). If current practice is used for the comparison as practice A,
given a value per avoided health effect, alternatives with C-E ratios less
than or equal to this value would result in positive net benefits to society,

based solely on population health effects reduction.

A C-E ratio comparing any two alternatives can also be constructed
(named the "marginal" cost-effectiveness ratio) to determine the preferred
alternative giver a value per avoided hezalth effect. If the marginal C-E
ratio is greater than the value per avoided health effect, alternative A is
preferred; otherwise, alternative B is preferred. However, in some cases,
an alternative has both higher costs and greater health effects compared to
the base case or some other alternative. These alternatives are said to be
"dominated" since another option clearly is preferred no matter what the
value per avoided health effect. Dominated options, which typically result
in @ negative C-E ratio, can be eliminated from consideration without regard

to cost-effectiveness.

In addition to the overall C-E ratio defined above, the
cost-effectiveness of different disposal practices was assessed for each

waste within each hydrogeologic region.

To calculate the C-E ratio comparing alternative LLW standards, the
disposal practice required to comply with each alternative must be
determined. Since unit costs and unit health effects are quantified for each

disposal practice, a single disposal practice must be associated with each
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waste stream in each hydrogeologic region for each regulatory alternative.
This association is determined by finding the least costly disposal practice
that complies with the standard, given assumed implementation actions by
the NRC or DGCE. These implementation actions determine whether the
disposal practice for a given waste must be the same in all hydrogeologic
regions (referred to hereinafter as National implementation) or whether it
may vary from one hydrogeologic region to another to account for the
impact of hydrogeology on CPG risk (referred to hereinafter as Regional

implementation).

Two further distinctions regarding implementation can also be made.
If compliance with the standard depends only on meeting the CPG dose level
(i.e., population health effects are not considered), the term Implicit
implementation is used. This connotes the fact that protection of the
general population is implicit or inherent in the protection of the Critical
Population Croup. That is, by imposi.ng a limit on annual CPC dose, it is
assumed that the c¢eneral population is receiving at the same time the
appropriate and prudent level of protection. In the case where an explicit
consideration of population protection is made by cohsidering not only the
CPGC limit but also the cost-effectiveness of imposing more stringent
requirements on disposal, the term Explicit implementation is used. The
various combinations of these four different implementation assumptions
procuce four separate irﬁplementation cases. These four cases -- National
Implicit, National Explicit, Regional Implicit, and Regional Explicit -- are
each examined in this EIA. The implementation assumptions are described
further in Chapters 6, 7, and 8.

DEFINITION AND ESTIMATION
OF CPG DOSE AND CPG RISK

CPC dose is a committed effective whole body dose equivalent and is
defined as the maximum annual exposure in millirems per year to an

individual within the Critical Population Group. CPG risk is the incremental
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carcinogenic risk resulting from a given CPG dose, measured as the
probability of fatal cancer (expressed as a fraction), assuming that the CPGC
dose is received every year over a 70.7565-year lifetime {MEY86al. A time
horizon of 10,000 years is used in the analysis of CPGC risk; maximum risks
are assumed to occur within the local area and are measured at the
boundary of the disposal site. CPG dose was typically only calculated over
the first 1,000 years since initial model runs verified that maximum doses
were received within this period. Basin Effects are assumed to be much
lower on an individual basis. The relationship between CPC risk and CPG
dose is derived from EPA's DARTAB model of radiologic dose/response
(DARTAE is also used to analyze population risk and represents a subpart
of PRESTO)}. This relationship is constant: the lifetime risk from a 1
> [MEY86a].

Maximum CPGC dose is wused in all cases to determine compliance with

millirem per year CPC exposure is equal to about 2.8 x 10

alternative LLW standards and BRC criteria.

Critical Population Croup Exposure Calculations

To determine maximum CPG dose and risk, a different approaéh is
used to model disposal. While determining total cost and total health effects
depends on average conditions at representative disposal sites, maximum
CPC dose and risk depend on credible "maximum exposure" conditions
(generally, the maximum volume of a specific mix of wastes that could be
disposed at a single site). EPA has defined 13 CPG scenarios for
unregulated disposal, as described later in this chapter. In addition,
maximum CPG dose and risk were estimated for direct gamma exposures to
transportation workers when hauling BRC waste from a generator site to
a disposal site. The methodology employed in this analysis is described in
EPAS87, RAES6c, RAEB86d, and PEI86a. The 13 CPG scenarios each assume
one of the six disposal practices defined above (including the university
incinerator); in addition, each CPG scenario also includes assumptions
regarding the volume and mix of low-level waste at the disposal site. The
volume and mix assumptions reflect the assumed waste generators and are
described in EPA87 and later in this chapter. Appendix D outlines
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the general methodology used in estimating the CPGC dose and risk for each

scenario, based on EPA's risk modeling results.

CPC dose is determined by estimating the exposure in the year of
maximum exposure over the first 1,000 years in each CPG scenario. The
maximum CPG dose is then defined as the maximum exposure across all CPG
scenarios. Each CPG "scenario" embodies an explicit set of assumptions
which define how a single individual could be exposed to radiation from one
or more pathways. The CPG dose scenarios differ for the regulated and

unreqgulated disposal practices, as explained below.

CPG Scenarios For Regulated Disposal Practices

The estimation of CPG dose for regulated disposal practices as used in
the LLW standard analysis is described more fully in EPA87. All of the
pathways included in the population health effects énalysis are also included
in the CPC dose analysis. However, the CPGC dose analysis employs
scenarios which assume, in effect, that an individual is exposed at the
boundary of the LLW disposal site instead of at an average distance away.
The total CPG dose from regulated disposal includes component exposures
from four pathways: (1) ingesting water from a site-boundary well; (2)
ingesting plant or animal food grown or grazed at the site boundary; (3)
inhaling airborne material at the site boundary; and (4) direct external
gamma radiation from site boundary contamination. It should be noted that
the CPG dose from regulated disposal used in the comparison of alternative
LLW standards does not include ingestion of food grown onsite or external
gamma radiation exposure from exposed waste. Excluding these '"intruder"
scenarios reflects EPA's view that such incidents are not reasonably
controlled by a generic, generally applicable standard. EPA is considering
more qualitative guidance to accompany the standards as a more
effective approach. Table 3-10 describes the CPC scenarios quantified in
the analyses of LLW standards (including sensitivity analyses).
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CPG Scenarios for Unregulated Disposal Practices

For CPC doses from wunregulated disposal, as wused in the BRC
criterion analysis, 11 exposure pathways are considered in each of 13
scenarios. The 13 CPG scenarios represent different unregulated disposal
"sites" and are listed in Table 3-11. Unlike the regulated disposal CPG
scenarios, some unregulated disposal CPG pathways affect an individual
within the site boundary. The 11 exposure pathways considered in each
CPC scenario are described in EPA87. These pathways also include direct
gamma exposures to transportation workers from unregulated disposal. In
contrast to the analysis used for the regulated LLW standard, for the
unregulated disposal CPG scenarios, the entire radionuclide inventory
present at an unreqgulated disposal site can contribute to the dose received
from each pathway (that is, it is not assumed fofr the analysis of any one
pathway that the inventory is depleted through the movement of nuclides
through the other available pathways). Hence, the maximum CPGC dose
represents the maximum single pathway exposure across all pathways and
scenarios rather than the sum of exposures in each scenario across the 11
pathways.* The summation of doses from the different pathways is
unnecessary since it can be shown that from any given scenario, one
pathway will dominate. The unregulated disposal CPGC methodology is
discussed more fully in EPAS7.

While the waste volumes and site characteristics for each unregulated
disposal CPC scenario are based on EPA assumptions, the rationale for each
scenario is generaily as follows (Scenarios 11 and 12 represent two

additional reference scenarios not used in the actual analysis):

This approach tends to overstate the maximum CPG dose; however, in
practice, only a few of the pathways turn out to be significant.
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Scenarios 1 and 2: Represent a three-unit PWR and two-unit BWR complex,

respectively, contributing waste to a municipal dump in a rural setting.
These volumes represent the actual worst case (i.e., highest wvolume)

reactor complexes underlying our U.S, volume assumptions.

Scenario 3: Represents the equivalent of two large universities, medical
centers, or hospitals in an urban setting. For each complex, a total volume
of 4,000 cubic meters (as generated) is assumed; this total is apportioned
among the four institutional wastes based on U.S. total volumes. The 4,000

cubic meter assumption is derived from earlier BRC analyses.

Scenarios 4 and 5: Represent the equivalent of a large university, medical

center, or hospital, several fow-activity waste generators, and one fuel
fabrication facility in a suburban setting. Low activity waste volumes
represent one-half of the largest contribution by any single State, as
estimated by PHB's total volume projections, which reflect historical
State-by-State industrial waste generation patterns. Fuel fabrication waste
volumes represent an actual "average" facility (e.g., in South Carolinaj.
Scenario 5 is the '"waste incineration" version of Scenario 4; wvolumes are
reduced by the volime reduction factor in incineration, which is assumed to
be 6.

Scenario 6: Represents a two-unit PWR complex, small university or
hospital, and low activity industrial generators in a rural setting. PWR
volumes (three wastes) are two-thirds of Scenario 1 volumes; since Scenario
1 included a three-unit reactor. All other volumes (six wastes) represent
one-eighth of urban setting volumes (as in Scenario 4), which represents a

reduction sfightly greater than the three to one population ratio.

Scenario 7: Represents .a single uranium hexafluoride processing facility.

Volumes reflect estimates for an actual facility derived from U.S. total
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volume projections. Since only two facilities exist, the scenario volume is
about one-half the total U.S. volume. A rural setting is used (to reflect,

for example, the Kerr-McGee facility in Sequoyah County, OK).

Scenario 8: Represents a spent uranium foundry generating special-source

wastes in a rural setting. The N-SSTRASH volume is derived from earlier
BRC analyses; the N-SSWASTE volume is based on the ratio of U.S. total
volumes for N-SSTRASH and N-SSWASTE.

Scenarins 9 and 10: Represent consumer wastes disposed in suburban and

urban settings, respectively. Volume estimates reflect the product of the
assumed local populations for these facilities (175,000 and 1,000,000,
respectively), and the per capita volume generation assumptions underlying
the U.S. total volume projections. These scenarios are for reference
purposes, since neither consumer waste is currently disposed in regulated

facilities.

Scenarios 11 and 12: Represent a reference analysis based on the NRC's

biomedical waste rule limits (10 CFR 20.306). A total waste volume of 4,000

meters is assumed, as in Scenario 3.

Scenario 13: Represents a large university/medical center/hospital with

onsite incineration and a dedicated landfill, in a suburban setting. Volumes

(as generated) are derived from Scenario 3.

Scenarios 14 and 15: Represent large metropolitan areas with consumer

waste, a two-unit PWR complex, and one large university/medical
center/hospital in a suburban and urban setting, respectively, with
incineration at the disposal site. Volumes are derived from previous

scenarios (3, 4, 7, 10, and 11).

Ceneration of COTRASH and NCTRASH at UF_. facilities is not expli-
citly considered in the State-by-State total waste volume estimates.
Fuel fabrication facility volumes are used as surrogates. '
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Determination of Maximum CPG Dose and Risk

In addition to the exposure pathways and scenarios, the estimation of
CPG dose and risk also depends on the volume and mix of LLW disposed at
a site. For regulated LLW facilities, the waste mix and cumulative LLW
volume depend on the BRC criterion (since this criterion determines which
wastes are unregulated and, hence, which are available for unregulated
versus regulated disposal}. Accordingly, it is necessary to account for a
variety of waste volume and mix assumptions to analyze alternative BRC
criteria. The analysis of BRC criteria is described before the analysis of
alternative LLV standards, so that the rationale for deleting certain wastes
from the LLW analysis can be presented (i.e., those wastes expected to

meet the proposed BRC criterion).

In the BRC analysis, the contributions of individual wastes to the CPG
dose from unregulated disposal are assumed to be approximately independent
{(see Appendix D for methodology). This assumption is made for
computational convenience, since it allows consideration of many different
waste ‘mix assumptions with a limited number of computer model runs.
Provided that the year at which the maximum CPGC dose is attained does not
change with a different combination of BRC wastes, this computational
assumption holds true. Hence, the CPG dose resulting from alternative
waste mix combinations could be calculated easily as a linear combination of
unit CPGC dose contributions, based on a single computer analysis of the
unregulated disposal site. In theory, the CPG dose from disposal of
radioactive waste is not a linear combination of individual waste
contributions, nor can the nonlinear relationship be easily approximated
outside of the computer model. When an individual waste is no longer
assumed to be included in the disposa! trench, the mix of radionuclides
changes along with the volume of waste; this can alter the maximum CPG
dose in a nonlinear fashion by changing the peak year, the dominant
pathway, or the dominant disposal scenario. In fact, our analysis of
regulated disposal indicates that maximum CPGC risk is sensitive to the
volume of waste included at a site (in large part because the site
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dimensions are affected). Conversely, the independence assumption for the
BRC analysis appears to be a good approximation, since the most significant
factor, total site volume, is not greatly affected by the volume of BRC
waste. The principal difference between regulated and unregulated disposal
is that, at an unregulated site, volume is determined principally by the

large amount of municipal waste assumed to be present.

At a regulated disposal site which includes only radioactive wastes,
total disposal volume (and, hence, site volume) will change significantly by
excluding individual wastes from the analysis. Since CPG dose depends
strongly on site dimensions, separate computer runs were required for each
LLW waste mix evaluated. Furthermore, since the analysis of alternative
LLW standards requires an estimate of the least-cost method of compliance,
it is conceptually necessary to consider a range of waste/disposal option
combinations before the least-cost disposal practice is determined. Since
only a limited number of computer runs could be performed, the least-cost
disposal practice could only be approximated for each alternative LLW
standard evaluated. However, this approximation is believed to be a very

close one.

Relationship Between Population Health Effects and CPC Risk

Population risk and CPG risk are distinct measures of health risk
which incorporate different exposure assumptions. As used in this EIA,
population risk refers to the total statistical health effects in all exposed
individuals on an expected value basis. In contrast, the CPC risk refers
to the maximum risk to a single individual in the Critical Population Group,
assuming that .exposure occurs. In theory, CPG risks should be included
in population risk on an expected value basis, by weighting each CPC

exposure scenario by its probability of occurrence. In practice, the
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contribution of CPC risks to total expected risk is assumed to be negligible,
*

so this explicit analysis is not required.

DEFINITION OF BASE CASE - CURRENT PRACTICE

To determine economic impact (as opposed to the cost-effectiveness) of
a level of a standard, the costs and benefits of alternatives are compared to
a base case. The base case differs for different categories of waste. For
this proposed standard, EPA has defined the base case to be '"current
disposal practice." That is, without EPA's standard, current practice is
assumed to continue for at least 20 vyears. Under current practice,
commercial LLW is disposed of in compliance with 10 CFR 61, where shallow
land disposal (SLD) is used for NRC designated Class A waste in the
as-generated waste form; SLD is used for solidified Class B waste and
improved shallow land disposal (ISD) is used for solidified Class C waste
(hereinafter, this combined practice is designated 10 CFR 61 disposal). For
purposes of quantifying the impact of alternative standards, 10 CFR 61 is
assumed to be the practice that would be used in the absence of an EPA
standard. 10 CFR 61 disposal combines two of nine land disposal practices
explicitly considered by EPA; thus, it is associated with particular as-
sumptions regarding site size, period of operation, trench depth, integrity
of trench cover, and post-closure and institutional care. These assump-
tions underlie in both the cost and risk analyses and are explained further

below. 10 CFR 61 is also used as the base case for comparing alternative

This assumption is based upon the determination that the collective
exposure “to the relatively small CPC is very small as compared to the
collective exposure of all releases and exposures of all members of the
population over thousands of years. However, it should be noted that
the wvalue of CPG risk reduction derives principally from equity
considerations (i.e., a desire to prevent any member of the population
from bearing a high risk), rather than from efficiency considerations
(reduction of overall risk, no matter how that risk is distributed).
Both types of risks have been considered in evaluating alternative
standards.
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BRC criteria. For each alternative BRC criterion, the total cost savings
and additional health effects of deregulation are measured by comparison to
the costs and risks of 10 CFR 61 disposal for commercial LLW. However,
since almost all BRC candidates originate from Class A commercial LLW and
Class A LLW under 10 CFR 61 are disposed of using SLD, this comparison
is normally equivalent to a simple comparison with the SLD practice (as

generated).

Disposal of DOE LLW currently conforms to DOE5820. This practice is
most nearly characterized by SLD (waste as generated) within the
framework of this analysis. Hence, the base case disposal practice for DOE
waste is SLD. The base case for NARM limit is considered separately in

Chapter 6.

Finally, current practice for NARM waste varies by waste stream and
is subject to varying and inconsistent State regulations. Current practice
for NARM, and State-to-State wvariations in disposal requirements, are
discussed in detail in Chapter 6. Since these wastes are not currently
regulated at the Federal level and since there is inconsistency and voids in
the State regulation of MARM wastes, current practice for these wastes is
uncertain. Therefore, a range of possible base cases is assumed; at one
extreme, R-RASOURC and R-RAIXRSN are assumed to be currently
regulated with the other four NARM being treated as unregulated waste; at

the other extreme, all six NARM wastes are assumed to be unregulated.
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SELECTION OF RECULATORY ALTERNATIVES Chapter &4

For each section of the Proposed Rule, EPA has considered several
alternatives. Both the form and the level of the standard vary between the
different sections. The form varies from an exposure standard for LLW
and BRC wversus a specific activity limit for NARM. The alternatives
considered vary in level from 4 millirem per year to 125 millirem per year
for LLW and zero to 15 for BRC. The alternative NARM limits vary not by
level but by form, i.e., a specific activity limit of 2 nanocuries per gram
with certain wastes explicitly exempted, or alternatively, with no
exemptions. EPA has described its choice of regulatory alternatives more

fully in the Preamble to the proposed standard.

The purpose of this chapter is (1) to establish the relationship
between the costs and benefits of alternative levels of the standard and the
various forms of the rule EPA has considered, and {2) to define explicitly
those regulatory alternatives included in this analysis. Since the statutory
authority for regulating NARM is different than that used for the LLW and
BRC standards, the NARM alternatives are discussed separately in Chapter
6. '

FORM OF THE LLW AND BRC STANDARDS

EPA is proposing LLW and BRC standards based on the maximum
annual whole-body effective dose equivalent to an individual in the Critical
Population Group (CPGC). The definition of the CPGC was discussed in
Chapter 3. An annual dose equivalent (measured in millirems per year) is
defined as the yearly average absorbed dose received by an organ, after
accounting for the differing degrees of biological damage caused by
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different types of radiation (e.g., photons; beta and alpha particles). A ‘
whole-body effective dose equivalent normalizes the individual dose
equivalents from specific radionuclides to specific organs in terms of
external radiation to the body, at a level of equivalent total risk. A
whole-body dose of 1 millirem per year is equal to a risk of fatal cancer of

about 2.8 x 107° over a 71-year life [MEY86a].

It is useful to note the relationship between different forms of the
standard and the results of the cost/benefit analysis. Among the forms

EPA considered, seven can be summarized as follows:

A limit on expected population health effects
A limit on cumulative population exposure

A maximum individual lifetime risk

s W N -

A maximum annual whole-body dose equivalent to the CPG (the

form chosen) .
5. A generic limit on the total activity released per site

6. Specific activity limits on individual radionuclides released to the
surrounding environment

7. Site-specific design standards

With respect to economic impacts, the critical difference between these
various forms is the degree to which they are correlated with the costs and
the benefits of EPA's rule. Site-specific design standards (alternative 7)
are directly related to the cost of the rule, since costs are determined by
the actual disposal practices used to comply with the standard. Depending
on how such design standards are constructed, they could also be well
correlated with both measures of the benefits of the rule -- reduction in
population risk and reduction in individual (CPGC) risk. From an economic
perspective, one could thus expect that *site—speciﬁc design standards

would result in the most "efficient" rule, i.e., one which maximized net

when determining the most cost-effective design that would meet the

Assuming that the regulators are as informed as the site operators .
regulatory objective.
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tenefits in all hydrogeologic regions and for ali waste types. However,
EPA is effectively proscribed from choosing this form due to its limited
authority under the AEA. Rather, site-specific design requirements are

devised by the NRC or DOE in response to EPA's standard.

Alternative forms 1 through 4 differ primarily in whether they are
strongly correlated with reductions in total risk (alternatives 1 and 2) or
with limits on individual risk (alternatives 3 and 4). Since EPA has chosen
a form of the standard based on individual exposure, the standard is
"efficient" with respect to individual risk reduction, but not always with
respect to reductions in total population risk. The differences between
alternatives 1 through 4 relate primarily to whether the dose/response
function (which determines the risk received from a given dose) s
incorporated implicitly in the standard (alternatives 1 and 3) or whether its
consideratior is left to implementation of the standard (as in alternatives 2
and 4). Finally, neither alternative 5 nor 6 would a priori be expected to
be as well correlated with population risk reduction or individual risk
reduction as standards phrased explicitly in terms of these benefit
measures. In addition, alternatives 5 and 6 migh't be difficult to implement.
However, either form potentially could result in a more efficient standard
overall, since they reflect factors which relate both to individual and
population risk rather than to just one of these two. Such a determination
of related economic efficiency would require empirical analysis not included
here; however, waste activity does appear to be well correlated with

population risk, as discussed in Chapter 8.
CHOICE OF STANDARDS FOR ANALYSIS

For the LLW and BRC standards, EPA has chosen several discrete
levels of the standard for inclusion in this EIA., These alternatives, which
all refer to maximum annual whole-body effective dose equivalents to an

individual in the CPG, are as follows:
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Low-Level Waste Disposal Alternative CPC Dose Standards:

1. 125 millirem per year
2. 75 millirem per vyear
3. 25 millirem per year
u, 10 millirem per year
5. 4 millirem per year

Below Regulatory Concern Alternative CPC Dose Standards:

1. 15 millirem per year

2. 4 miilirem per year

3. 1 millirem per year

4, 0.1 millirem per year

5. 0 millirem per year (i.e., no BRC waste)

For the LLW alternatives, the 25 millirem standard is similar to the
existing EPA standards and to the NRC LLW performance standards at 10
CFR 61. The 4 millirem aiternative is identical to the 4 millirem National
Interim Primary Drinking Water Standard for manmade radionuclides (which
reflects a single exposure pathway). In total, the LLW aiternatives span a
range such that only a regulated sanitary landfill (the least-cost regulated
option) would be required for all waste (at the 125 millirem per year option)
to a point where at least some disposal sites would be required to use
practices more stringent than the 10 CFR 61 standards of the NRC (4
millirem). The 4 millirem standard is essentially equal to "Best Available
Technology" for LLW disposal, given the range of disposal practices
considered in this ElA.

The BRC alternatives likewise span a range in which most of the BRC

candidates would be deregulated (15 millirem per year) to a point where




only a few of them would be suitable for unregulated disposal and where
some currently unregulated consumer wastes would require regulated
disposal (0.1 millirem). As with LLW disposal, 4 millirem is also included as
an option. The 0 millirem standard is equivalent to a prohibition of the

unregulated disposal of LLW.
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CHARACTERIZATION OF LOW-LEVEL RADIOACTIVE WASTE Chapter 5

This chapter discusses briefly the nature of the 25 commercial LLW
streams, two LLW substreams, two consumer wastes, and BIOMED waste, as
designated by EPA for analysis. Although the EIA presents a rough cal-
culation based on EPA assumptions of the economic impacts associated with
Department of Energy (DOE) conventional LLW, an explicit analysis of the
risks and costs resulting from disposal of DOE low-level waste was not
performed due to the Ilimited availability of data. However, DOE has
estimated that 1.83 million cubic meters of conventional LLW will be
generated by DOE facilities between 1985 and 2004, as well as 1.53 million
cubic meters of other types of low-level wastes (principally contaminated
soils and building debris) from DOCE-administered remedial action programs
(DOES6].

waste generated from DOE-administered remedial action programs or from

As noted in Chapter 2, this EIA does not consider low-level

future decontamination and decommissioning (D&¢D) of nuclear power
reactors. DOE's "Integrated Data Base for 1986" [DOEB86] provides some
information regarding the classification and radionuclide content of the D&D
waste. Based on an assumed 40-year operating life, seven currently
operating nuclear power plants are expected to shut down between 1985 and
2004, In addition, however, DgD activities are likely at five nuclear
facilities which have already ceased operation: Shippingport
(Pennsylvania), Humboldt Bay (California), Three Mile lsland 2
(Pennsylvania), Dresden 1 (lllinois), and Indian Point 1 (New York). The
quantity of DgD generated low-level waste anticipated from these 12
facilities has not been estimated. Waste generated by the Fort St. Vrain

{Colorado) high temperature gas reactor also has not been included.

The 20-year period from 1985 to 2004 was chosen by EPA as the pericd
of analysis for waste generation included in this ElA.
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The following discussion is divided into two parts. First, the esti-
mates conducted for this EIA of the total LLW volume generated over the
1585 to 2004 period are presented; key sources of variation in these
estimates are alsc discussed. An estimate of DOE conventional LLW volume
by hydrogeologic region is also included.* Second, the nature of LLV is
briefly reviewed, focusing on the key determinants of cost and risk (waste
form and radionuclide content) and on the classification of certain LLW

streams under the NRC's 10 CFR 61 waste classification scheme.

ESTIMATED VOLUME OF LLW: 1985-2004

In total, 2.9 million cubic meters of commercial LLW will be generated
between 1985 and 2004, The two LLW substreams (P-CONDRSN and
L-WASTOIL) account for 29,000 cubic meters of this wvolume. The two
consumer waste streams account for an additional 102,000 cubic meters.
Waste already deregulated by NRC31a (BIOMED waste) and not included
here is estimated to total 267,000 cubic meters over the same 20-vyear
period. Estimates of the volume of each LLW stream are listed in Table
5-1. The estimates are presented for each of the three hydrogeologic
regions for which population risks and CPGC risks have been estimated.
A further description of the methodology used to derive the regional volume

estimates in Table 5-1 is presented in Appendix A.

Four key factors are likely to contribute significantly to variations
between these estimates and the actual LLW generation over the next 20
years: (1) differences between expected completion dates for nuclear power
reactors and a_ctual completion and operation dates; (2) changes in the use
of nuclear technologies; (3) use of volume reduction techniques; and '(u)

uncertainty in the composition of Compacts under LLWPASS.

The term '"conventional"™ LLW is used to differentiate this DOE LLW
from other LLW generated during DOE remedial action programs, or
from D&D activities. The latter sources of LLW are not considered in
this EIA. Co
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PROJECTED COMMERCIAL LLW BY REGCION, 1985-2004
Cubic Meters as Cenerated

Waste

Commercial LLW

P-COTRASH
B-COTRASH
L-NCTRASH
L-1XRESIN
L-FSLUDGE
L-CONCL!IO
P-FCARTRG
L-DECCNRS
L-NFRCOMP
F-COTRASH
F-NCTRASH
F-PROCESS
U-PROCESS
I-COTRASH
I-BIOWAST
I-ABSLIQD
I-LQSCNVL
N-SSTRASH
N-SSWASTE
N-LOTRASH
N-LOWASTE

Table continued on following page.

Humid

Permeable

151,330
169,128
245,540
46,590
68,784
208,845
7,006
1,346
38,056
121,688
21,510
40,312
21,387
105,963
2,828
4,184
5,656
112,307
19,819
51,901
30,849

Table 5-1

Humid

Impermeable

54,941
153,568
156,736

37,766

56,218

77,450

2,873
800
16,160
7,359
1,301
2,438
0
106,035
2,830
4,187
5,660
180,054

31,774

30,621

18,200

5-3

Arid

Permeable

59,014
9,521
75,934
14,772
5,768
4y, 352
2,954

101
10,294
50,434
8,915
16,708

69,749
1,862
2,754
3,723

67,101

11,841

18,940

11,258

U.S.
Total

265,285
332,217
478,210
99,128
130,770
330,646
12,833
2,241
64,510
179,481
31,725
58,457
21,387
281,747
7,520
11,126
15,040
359,462
63,435
101,462
60,307



Table 5-1 {Continued)

PROJECTED COMMERCIAL LLW BY REGION, 1985-2004
Cubic Meters as Generated

Humid Humid Arid U.S.
Waste Permeable Impermeable Permeable Total
N-1SOPROD 3,207 1,700 5,060 9,967
N-TRITIUM 468 6,130 34y 6,941
N-TARGETS 20 190 13 223
N-SOURCES 290 182 110 582
Total 1,479,008 955,173 491,522 2,925,702
LWR Substreams
*
P-CONDRSN 4,360 1,419 1,590 7,368
L—WASTO!L" 12,667 6,646 1,934 21,246
Consumer Waste
C-TIMEPCS 5,124 2,534 2,742 10,400
C-SMOKDET 45,323 22,419 24,258 92,000
Biomedical Waste
BIOMED i 100,300 100,300 66,100 266,700

X Substream of L-IXRESIN
Substream of L-CONCLIQ

SOURCE: Putnam, Hayes & Bartlett, Inc., March 1987. Projections based .
on State-by-State generation estimates, as detailed in Appendix
A.
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DOEB86 also estimates the volume of LLW generated by commercial power
reactors over the next 20 vyears. However, DOE's estimates reflect
"officially announced'" commercial operation dates for power reactors,
including some reactors which have since been formally cancelled or for
which completion dates are highly uncertain. As a result, DOE's estimate
of as generated waste volume from commercial power reactors is 11 percent
higher than that presented in Table 5-1, which is based on power reactor
completion dates assumed in DM86 (also likely to be an optimistic forecast).
DOE's 1986 projected volumes were reduced from DOE's 1984 projections
{|DCE8u} to meet allocation numbers in the Low-Level Radioactive Waste
Policy Act of 1985 [LLWPASBS]. Volumes reported in DOE86, which
represent as-shipped waste, are 50 percent lower than those presented in
Table 5-1, reflecting the volume reduction that would be necessary to
comply with the wvolume limits set in LLWPAB5. Nonetheless, substantial
uncertainty does exist regarding the completion of about 35 nuclear power
plants. The degree of difference between these two estimates only partially

reflects the magnitude of this uncertainty.

The degree to which new nuclear technologies are used in the future,
and to which existing ones grow or decline in use, will determine the actual
volume of LLW generated by institutional and industrial generators. The
estimates in Table 5-1 are based on the different historical growth rates for
institutional and industrial waste, but assume that no new technologies
creating large quantities of LLW will arise. In addition, the year-to-year
growth in institutional and industrial waste is also likely to vary. This
variation would affect estimates of cost (on a present value basis), but may

not necessarily affect aggregate volume estimates.
The use of volume reduction techniques also contributes to uncertainty

in the volume estimates, which in turn affect both cost and health effects

estimates. Estimates of waste volume in this EIA are presented on an "as
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generated" basis, and the effect of waste processing (e.g., solidification or
incineration) on volume is accounted for in the analysis. Some generators
and disposal site operators may choose to use volume reduction technigues
in order to reduce cost, since the cost of volume reduction may be more
than offset by transportation and disposal cost savings. If it occurs, the
volume reduction will also change waste form and the as disposed volume,
which affect the estimates of risk. Based on the cost estimates underlying
the unit costs used in this EIA, volume reduction techniques do not, on
average, result in overall cost savings; hence, volume reduction was not
generally assumed to occur unless it was necessary to meet the standard.
Finally, a significant amount of volume reduction may be necessary under
LLWPABS. The estimates of commercial LLW volume as disposed presented in
DCOEZ6 reflect this mancatory volume reduction (unlike Table 5-1, which

reflects "as generated'" volume).

After 1993, some Compacts may require volume reduction as part of
their inter-State agreements or simply require that disposal sites be used as
efficiently as possible. Based on the potential volume reduction through
incineration, total commercial LLW wvolume could be reduced as much as 58
percent.* Such reduction could either reduce the total number of commercial
operating sites from eight to four, or reduce the average size of a site
{and, hence, increase the unit disposal cost) from about 250,000 cubic
meters {(as disposed) to about 105,000 cubic meters of waste, assuming the

same 20-year operating life.

An additional factor influencing the per-site disposal volume is the
formation of waste Compacts. While several Compacts were ratified by
LLWPABS, the grouping of the other States into proposed Compacts is stilt
uncertain. The significance of this uncertainty for this analysis stems from

two factors. First, the number of Compacts formed is likely to determine

Based on volume reduction factors in DM86.
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the number of disposal sites constructed and, hence, the average volume of
waste disposed at each site. Moreover, the composition of individual
Compacts (by including or excluding States) determines the volume of waste
to be disposed of within a Compact. Since disposal sites presumably will be
sized to handle the waste generation of all the States in the Compact, some
Compacts may not reach an economically "efficient" scale (i.e., they will not
handle enough waste to make unit disposal costs as low as could otherwise
be the case). Second, the particular States in a given Compact determine
the range of potential sites to be chosen. Hence, changes in Compact
status may change the volume of waste disposed in the most favorable
hydrogeologic regions and, thus, the overall estimate of population health
effects. Since most proposed Compacts include only contiguous States, this
impact is likely to be small. Finally, it should be noted that each Compact
agreement may include other specifications regarding waste transportation
and disposal. These specifications may also affect the impact of EPA's
proposed standards, since they can limit the degree of flexibility in disposal

practice that would be present in the absence of EPA's standard.

Finally, DOE86 was used as the basis for projecting DOE LLW volume
by hydrogeologic region from 1985-2004. Table 5-2 presents the results of
this analysis and shows that 1.83 million cubic meters of DOE waste will be
generated. All of the DOE waste volume projections in DOE86 assume 2

constant generation rate.

Using the historical five-year generation of the major DOE sites and
known location of these sites, DOE86 data were also used to assign the
projected DOE waste generation to hydrogeologic region. As shown in
Table 5-2, virtually no waste is generated in humid impermeable regions and
over half is generated in arid permeable regions. The remainder is

generated in humid permeable regions.
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Humid

Permeable

795,360

SOURCE:

Table 5-2

PROJECTED DOE LLW VOLUME BY REGION, 1985-2004

Cukic Meters As Cenerated

Humid Arid Uu.s.
Impermeable Permeable Total
403 1,035,937 1,831,700

Putnam, Hayes €& Bartlett, Inc., March 1987. Based on
Tables 4.4 and 4.13 in DOEB86. Excludes saltcrete produced at
the Savannah River Plant. See Appendix A for further

details.
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WASTE CHARACTERISTICS AND NRC CLASSIFICATION

The 25 commercial LLW streams, two power reactor substreams, two
consumer product wastes, and BIOMED waste were described briefly in
Chapter 3 (see Table 3-1). These wastes represent the generation from
five different types of generators: commercial nuclear power reactors (PWR
and BWR wastes); uranium conversion and fuel fabrication facilities; in-
stitutional generators (hospitals, medical and educational research labs);
industrial generators (including generation of source and special nuclear
material trash and waste, low activity waste and trash, and high activity
wastes); and consumer products (tritiated radiocluminous dials and smoke
detectors using americium-241). Waste form assumptions for each of the
wastes were presented in Table 3-1 and are repeated in Table 5-3. How-
ever, it should be noted that solidified and incinerated wastes are treated
the same in the risk analysis, assuming that incinerated wastes are always
solidified before disposal. Table 5-3 also presents the estimated specific
activity (in curies per cubic meter} and total activity of each waste, in-
cluding all of the 40 radionuclides in EPA's analysis. The breakdown of
these activities by the 40 radionuclides tracked individually in the risk

analysis is presented for each waste in EPAET.

Under the classification scheme presented in the NRC's regulations at
10 CFR 61, certain high activity wastes and wastes with unstable forms
(e.g., liquid wastes) are designated as Class B or Class C waste. These
wastes must be disposed of using more stringent practices {such as more
stable containers and, in the case of Class C wastes, in deeper disposal
trenches -- a practice designated as "improved shallow land disposal" in

this analysis).

In anticipation of later analysis in Chapter 7, the wastes exceeding the
Class A concentration and form criteria are noted in Table 5-3. Seven of
the 25 LLW streams are thus designated as Class B or C: L-IXRESIN,
L-FSLUDGE, L-DECONRS, N-TARGCETS, N-TRITIUM, N-SOURCES, and
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Table 5-3

WASTE FORM, ACTIVITY, AND CLASS OF COMMERCIAL LLW

Average

As Cenerated Specific Total Ac‘civity++ NRC

Waste Activity " 1985-2004 Waste

Waste Form® (Ci per m3) {Curies) Class

Commercial LLW

P-COTRASH TR 6.73 E-2 1.784 E+4 A
B-COTRASH TR 3.18 E-2 1.056 E+4 A
L-NCTRASH TR 3.35 E1 1.605 E+5 A
L-IXRESIN AW 1.45 E+1 1.437 E+6 B
L-FSLUDCE AW 8.46 E+0 1.108 E+6 B
L-CONCLIQ AW 1.29 E+0 4,253 E+5 A
P-FCARTRGC TR 4.54 E+0 5.824 E+4 A
L-DECONRS AV 2.34 E+1 5.243 E+4 C
L-NFRCOMP AM 1.00 E+2 6.450 E+6 A
F-COTRASH TR 3.24 E-5 5.796 E+0 A
F-NCTRASH TR 3.09 E-5 9.805 E-1 A
F-PROCESS AW 6.28 E-4 3.739 E+1 A
U-PROCESS AW 7.45 E-4 1.593 E+1 A
I-COTRASH TR 1.18 E-1 3.314 E+4 A
[-BIOWAST AW 2.15 E-1 1.616 E+3 A
I-ABSLIQD AW 2.13 E- 2.365 E+3 A
I-LQSCNVL AW 9.60 E-3 1.440 E+2 A
N-SSTRASH TR 1.15 E-5 4,129 E+0 A
N-SSWASTE - AW 2.23 E-4 1.417 E+1 A
N-LOTRASH TR 3.67 E-2 3.705 E+3 A
N-LOWASTE AW 2.21 E-2 1.332 E+3 A

Table continued on following page.




Table 5-3 (Continued)

WASTE FORM, ACTIVITY, AND CLASS OF COMMERCIAL LLW

Average
As Cenerated Specific Total Activity++ NRC
Waste Activity " 1985-2004 Waste
Waste Form" (Ci per m3) (Curies) Class
N-1SOPROD TR 8.37 E+1 8.339 E+5 C
N-TRITIUM TR 2,21 E+2 1.536 E+6 B
N-TARGETS AM 7.30 E+2 1.739 E+5 B
N-SOURCES - AM .81 E+2 5.711 E+5 C
LWR Substreams
P-CONDRSN” AW £.95 E-u 6.613 E+0 B
L—WASTOIL” AW 6.56 E-5 1.3917 E+Q
Consumer Waste
C-TIMEPCS TR 3.62 E+1 3.765 E+5 A
C-SMOKDET TR 2.17 E-3 1.996 E+2 A
Biomedical Waste
BICMED AW 4,50 E-2 1.198 E+4 A
:+ TR = trash, AW = absorbed waste, AM = activated metal.
Activity -for 40 nuclides included in EPA's risk assessment. See
. EPAS87Y.
Substream of L-IXRESIN. This waste is designated Class B due to
o waste form, not radionuclide content.

Substream of L-CONCLIQ.

SOURCE: Putnam, Hayes & Bartlett, Inc., March 1987. Projections based

on State-by-State generation estimates, as detailed in Appendix
A. The BIOMED specific activity is likely to be a high estimate
but is used as a conservative estimate.
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N-1SOPROD. In addition, it should be noted that the NRC stream
B-NCTRASH would also be classified as Class B or C waste; however, the
aggregate EPA stream, L-NCTRASH, meets the Class A criteria and, thus,
will be treated as Class A waste in this analysis. Furthermore, while the
variation in the radionuclide content of all the LLW received at a given site
is likely to be close on average to the values listed in Table 5-3, individual
shipments from certain generators are likely to deviate significantly from
the average. For example, the NRC study of the BRC waste stream,
P-CONDRSN, indicated that individual samples varied by a factor of 1,310
and that only 75 percent of the samples had a total curie content within one
order of magnitude of the average [DM84]. In this E!A, variations in the
radionuclide content of individual waste shipments are assumed not to affect
the disposal practice employed for the waste (i.e., designation of
"substreams" is assumed not to occur). However, the substream issue will

be addressed in sensitivity analyses.




CHARACTERIZATION OF NARM AND
IMPACT ANALYSIS OF A NARM LIMIT Chapter 6

Unlike LLW, naturally-occurring and accelerator-produced radioactive
material (NARM) is not subject to AEA regulation, which covers only
uranium or thorium ores used for nuclear fuel and manmade radionuclides
associated with nuclear fission or defense activities.* While disposal of
NARM waste is currently unregulated by Federal authorities, it is regulated
to differing degrees by State agencies as a result of licensing and

registration requirements.

EPA is proposing to regulate, under the authority of the Toxic
Substances Control Act (TSCA), the disposal of higher activity NARM
wastes, defined as wastes whose specific activity exceeds 2 nCi per gram.
In addition, some types of wastes will be exempted from this proposed limit
of 2 nCi per gram due to the high costs associated with their regulated
disposal. These wastes generally are widely distributed among consumers,
resulting in high collection costs if regulated. Because of this wide
distribution, unregulated disposal of these wastes generally involves
dispersion throughout 'the environment. However, in order to prevent large
individual risks from a possible large source or a package containing many
sources, an overall total activity cut-off of 0.05 mCi per item or package
also is specified as part of EPA's proposed regulation of NARM. If any
item or package containing NARM items exceeds 0.05 mCi, that item or
package would no longer be exempted from the proposed 2 nCi per gram

limit.

Technically, the AEA covers "source, byproduct, and special nuclear
material."
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In support of this regulation, EPA has investigated the many different
sources of NARM waste and has characterized these wastes at a level
sufficient to estimate the costs and risks of regulatory alternatives. The
primary purpose of this chapter is to summarize the characteristics of NARM
waste (such as waste volume, form, and radionuclide content) that affect

the Economic Impact Assessment,

Materials that contain naturally-occurring radionuclides (including,
principally, wuranium-238, thorium-232, and radium-226 and their decay
products) are diverse.* In some cases, the NARM nuclides are incidental
contaminants (as in certain building materials and coal) and, in other cases,
they are recovered from naturally-occurring ores to provide specific
properties (such as radium used as a source for medical radiation therapy
and thorium used in metal alloys). When the use of such materials or
devices ends, a waste containing NARM radionuclides is generated (e.g.,
demolition building materials, boiler ash, obsolete sources, and scrap
metal). ARM waste can also arise from target irradiation during the use
of accelerators for physics research {which results in radioactive waste
during operations and eventually during decommissioning of the facility) and
when ion-exchange resins are used to remove naturally-occurring radium or
uranium from groundwater (resulting in radium- or uranium-loaded waste

resins),

The NARM analysis was conducted in two parts. A preliminary
scoping analysis was conducted to determine which types of NARM waste

warranted further consideration for purposes of establishing a regulatory

NARM includes a large number of nuclides. CRCPD81 lists 41 examples
of naturally-occurring nuclides and 50 examples of accelerator-
produced nuclides. However, the great majority of these nuclides
have short half-lives and, therefore, decay quickly and are not a
disposal problem. While uranium and thorium are often contained in
AEA materials, some natural ores contain an insufficient concentration
of fissionable material (e.g., U-235) to be classified as source
materials under the AEA. Hence, U-238 and Th-232 are also contained
in NARM,
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limit. The preliminary analysis was followed by a more detailed assessment
of these remaining NARM wastes. On the basis of preliminary analysis,
"diffuse" NARM wastes (i.e., those wastes characterized by relatively large
volume and low average radionuclide concentration) were not included in the
detailed cost and risk assessment presented below. The disposal
technologies that are likely to be most appropriate for diffuse wastes differ
substantially from those generally considered for LLW; EPA believes that
these different technologies may require consideration in a later regulatory
action. Finally, the NARM wastes considered in the preliminary analysis do
not specifically contain accelerator-produced radionuclide material, since a
detailed radiological characterization of accelerator waste is not currently
available. However, the radioactive waste generated by currently operating
accelerators 1s extremely small {about one drum per vyear); this waste is
disposed in regulated disposal facilities, usually in conjunction with AEA

material [PEI85a, Appendix Al.

Appendix H presents the results of the preliminary scoping analysis
which considers nine NARM waste categories. This appendix characterizes
the wastes and compares the costs and risks of regulated and unregulated
disposal of the four "diffuse" wastes and five other wastes (labeled
"discrete"). The preliminary analysis supports the notion that "diffuse"
NARM wastes are generally not cost-effective to regulate (using typical LLW
disposal technologies), while some discrete NARM are generally very
cost-effective to regulate. Consequently, the first section of this chapter
presents a more detailed characterization of the remaining five discrete
NARM categories; this characterization provides the background for the
final cost and risk analysis, which is presented in the last section of this
chapter and is summarized in Chapter 8. For the final analysis, these five
NARM categories were rearranged into six categories to provide a more
accurate analysis of the costs and risks of various disposal practices. In
part, this redefinition of discrete NARM waste categories was necessary to
incorporate the consideration of collection costs that would be incurred if

certain NARM wastes were disposed in regulated facilities; collection costs

6-3



are also discussed in the first section of this chapter. The second section
of the chapter describes current disposal practice for discrete NARM wastes
and the wvarious State requirements for NARM disposal. Current disposal
practice for some NARM, as described here, is somewhat uncertain. Since
current practice normally would define the base case against which the
economic impacts of regulation would be measured, this uncertainty results
in a range of possible base cases. Finally, the last section of the chapter
presents the economic impacts associated with regulating certain NARM

waste streams.

CHARACTERIZATION OF DISCRETE NARM
SCURCES FOR FURTHER ANALYSIS

Descripticn and Segmentation

Based on the preliminary NARM analysis, discrete NARM wastes were
redefined for the final analysis. This redefinition was prompted by three
considerations: (1) the unit costs and risks of disposal for radium and
radium-beryllium saources appear to be fairly similar; (2) some substreams of
the NARM category R-INSTODIF are frequently already disposed of in
regulated facilities; and (3) many other NARM substreams would require
unusually high regulated disposal costs not included in the preliminary
analysis. These high costs arise from the need to identify and collect
these items from widely distributed locations (these items are generally in
the possession of consumers who may be unaware of their radioactive
content). The redefinition resulted in six discrete NARM waste categories,

as follows:

1. R-RASOURC: This category includes the preliminary categories
of R-RABESRC and R-SOURCES. It includes radium-beryllium
neutron sources, medical radium sources (needles, plaques, cells,

and nasopharyngeal applicators), radium thickness gauges, and
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oilwell borehole logging instruments containing radium. In
general, medical sources are assumed to account for more than 80
percent of the projected waste volume [PEI85a, Appendix B].
The different types of sources contain between 14 and 1,000
millicuries of radium-226 each.. The generation and radionuclide
assumptions for this waste category are based on PE|85a;
however, the NRC [DM86] has also characterized two of the sub-
streams (radium-beryllium neutron sources and four different
types of medical radium sources), as well as a "non-medical
source" category. The NRC characterization is based in part on
data collected by EPA's Montgomery, Alabama, Eastern
Environmental Radiation Facility (EERF). The EERF data also
provide the basis for the NRC regional allocation of waste volume

presented in DM86.

R-RAIXRSN: Radium ion-exchange resins are used to filter
groundwater used for public water supplies to remove radium-226
dissolved in the water and to process waste water from uranium
recovery operations. "These resins are still being developed and
are not vyet in widespread use. Known areas‘ of radium-
contaminated groundwater are located in Maine, lowa, lllinois, and
New Hampshire; however, few U.S. public water supplies have
been fully characterized. .According to DM86, a pilot program
conducted by Dow Chemical Company predicts that waste resins
will have a radium loading of 1 millicurie per cubic foot (35.3 mCi
per cubic meter), but expects that commercial generation will not
begin until the 1990s. PEI8Sa assumes a lower average
concentration of 18 mCi per cubic rr;eter. This lower
concentration is used in EPA's risk assessment, but is associated
with a higher 20-year waste volume (6,600 cubic meters) than
would be predicted by DM86, which assumes generation of 212.4
cubic meters per year starting in 1990, for a total of 3,186 cubic
meters between 1985 and 2004. 'Hence, the total disposed radium
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activity differs by less than six percent between the NRC and
EPA analyses.

R-GLASDS1:  This category includes all of the substreams
originally included in R-GLASDIS, except uranium glassware.
These substreams include: ophthalmic glass, sun and germicidal
exterior lamps, incandescent mantles (uranium-238 and
thorium-232), illumination equipment and high-pressure mercury
vapor lamps, fluorescent lamps, and ceramic artificial teeth. The
wastes in R-GLASDS1 are generally believed to be widely
dispersed and currently in the possession of consumers who may
be unaware of their radioactive content. As discussed below and
in Appendix C, regulated disposal of these wastes would be more
costly than for typical LLW, since the cost to identify and collect
them for shipment to a regulated facility could be substantial.

R-GLASDS2: This category includes the single substream of
uranium glassware. This material consists of certain types of
glass and ceramic dinnerware that have been coated with a glaze
containing uranium-238. PEl85a reports that the use of such
glazes is no longer permitted in the U.S.; however, some
materials may enter the country inadvertently. EPA assumes that
this very small volume waste would not be subject to the
collection costs described above for R-GLASDS! (although no
additional costs are added in the analysis, cost would depend on
the means of locating the material; some glassware may be
intercepted at the point of import to the U.S.).

R-INSTDF1:  This category includes all of the substreams

originally included in R-INSTDIF, except for commercial and

military radium aircraft dials and personnel neutron dosimeters

(which contain thorium fluoride). About 80 percent of the waste

volume is accounted for by timepieces (clocks and wristwatches)

with faces that were painted with a radium-containing
6-6




radioluminous paint. Other substreams include radium-containing
smoke detectors, static eliminators (containing polonium=-210),
radium-painted radioluminous aircraft dials wused in private
aircraft, radium dial watches (differentiated from timepieces by a
higher radium content per piece, but much fewer in number), and
uranium-containing paints (which constitute about 14 percent of
the volume). All of the waste in this category is assumed to be
subject to the collection costs described above for R-GLASDS!.

6. R-INSTDF2: This category contains radium dials used in military
and commercial aircraft instruments, and personnel neutron
dosimeters (which contain thorium fluoride). According to
PEI85a, all of the items in this category are currently disposed of
in regulated LLW facilities. Since these items are relatively easy
to locate, and because a disposal system is currently in place,
collection costs are assumed not to apply to these wastes.

Volume, Waste Form, and Radionuclide Content

Table 6-1 summarizes the regional volumes and waste form used in the
final cost and risk assessment of discrete NARM wastes. Volume by
hydrogeologic region is derived using the methodology described in
Appendix A; in general, volumes for wastes other than R-RASOURC were
allocated based on State population. Radium source volumes were allocated
based on the NRC regional distribution cited in DM86 and by State
population within NRC region. As in the preliminary NARM analysis,
volume estimates assume a3 constant generation for 20 years, from 1985 to
2004. _

Table 6-2 summarizes the average concentration of the three principal
NARM radionuclides for each of the six wastes, together with total U.S.
voiume and the concentration in selected substreams. These data are used
to determine compliance with alternative NARM limits, as discussed
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later in this chapter, and are based on average substream concentration
estimates presented in Appendix B of PEI85a. As with the preliminary
NARM analysis, the concentration of the long-lived decay products of the
principal radionuclides was determined, assuming secular equilibrium.
Because of limitations in the PRESTO-EPA risk assessment models, three
radionuclides were dropped from the final assessment (bismuth-212,
radium-224, and tho_rium-230). Radon risks were calculated outside of the
PRESTO-EPA models using a separate methodalogy.

Collection Costs

The derivation of costs for typical regulated LLW facilities includes
component costs for packaging, processing, transportation, and disposal.
The cost derivation assumes that the cost of identifying the waste is small
and that a sufficient volume of waste is generated at each generator facility
for economic transportation quantities (e.g., a full truckload) to be
available. For low-level wastes (e.g., from power reactors), these implicit
assumptions are generally true. However, for consumer-type wastes (such
as those included in R-GLASDS! and R-INSTDF1), identification and
collection costs could be significant, since each '"generator" possesses a
very small volume of waste. While unregulated disposal would simply entail
discarding the item in the trash, any regulated disposal practice would
incur unusual collection costs. »

Appendix C includes a detailed derivation of collection costs for
consumer-type wastes. In general, the analysis assumes that the waste
would be transported by the consumer to a local post office, where it would
be returned by mail to the manufacturer. The manufacturer is then
assumed to incur a disposal cost that is typical of LLW, since economic
disposal quantities would be present. The coliection cost analysis includes
seven separate cost components, including packaging, transportation,
postage, and the value of time required to package and mail the item. The
analysis does not include other potentially significant cost items, such as
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the cost of helping consumers identify those items needing regulated
disposal.

_ Based on the average weight and density of an item [PEI85a],
collection costs for regulated disposal of R-GLASDS1 and R-INSTDF1 are as

follows:

Collection Cost

Waste ($/cubic meter)
1. R-GLASDS!H $220,000
2. R-INSTDF1 $250,000

As can be observed by comparing these estimates with other typical LLW
disposal cost components (described in Chapter 3), collection costs are very
significant on a per-cubic-meter basis; these costs, therefore, have a
substantial impact on the cost-effectiveness ratios that are calculated later
for these wastes. '

STATE REGULATION OF NARM AND CURRENT DISPOSAL PRACTléE

The NRC is the Federal agency with responsibility for licensing all
commercial AEA radioactive material. The NRC has delegated its licensing
authority to 27 States, called "Agreement States." Agreement State
licensing requirements must abide by NRC guidelines. However, under the
Atomic Energy Act of 1954 and Reorganization Plan #3 of 1970, only certain
radioactive material falls under NRC purview, namely nuclear source,
byproduct, an::i special nuclear material. Therefore, NRC's authority does
not encompass wastes containing NARM,

Currently, proper disposal of NARM waste is left within the domain of
State jurisdiction. In general, if a State has statutory authority to license
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possession of NARM, it also has authority to regulate proper disposal.
Usually, licenses are granted with provisions which govern the acquisition,
distribution, use, possession, transfer, and disposal of all radioactive
material. However, disposal requirements are often no more specific than
requiring transfer to an authorized recipient. Among non-Agreement
States, regulation of NARM is also inconsistent, as summarized in Table
6-3.

States that issue licenses for possession of NARM and regulate its
disposal must draw such authority from their own enabling legislation. This
is typically done in two ways. The NRC may delegate licensing authority to
the State (which becomes an Agreement State), provided that the State
incorporates Federal regulations (or more stringent requirements) on
licensing and waste disposal into State statutes. Agreement States usually
have enabling legislation which redefines radioactive material to include
NARM (or at least naturally-occurring radium). Currently, 33 States
license NARM. A non-Agreement State can also draft comprehensive
legisiation that separately regulates licensing and disposal of NARM
radioactive waste. Non-Agreement States that license NARM are the
following: Delaware, lllinois, New Jersey, Pennsylvania, South Dakota, and
Virginia, Licensing States have often relied on the "Suggested State
Regulations for Control of Radiation" (SSRCR), which are published and
sponsored by the Conference of Radiation Control Program Directors, Inc.
(CRCPD), to formulate licensing requirements for naturally-occurring
radium. A recent revision to Part D of the SSRCR has incorporated a
Class C limit of 100 nCi/g for radium. On May 18, 1986, the CRCPD
adopted a resolution urging each State to provide for disposal of discrete
NARM sources_in their regional LLW disposal facility in addition to urging
DOE to promote within Congress the acceptance of above-Class C NARM at
DOE disposal facilities.
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States that do not license NARM (and, therefore, do not regulate
NARM disposal) wusually register possession of radium sources. Unlike
licensing States, registering States have much less control over conditions
of possession, use, transfer, or disposal of radioactive material. The
following States only register radium sources: Alaska, the District of
Columbia, Hawaii, Indiana, lowa, Massachusetts, Michigan, Minnesota,
Missouri, Ohio, Oklahoma, Vermont, West Virginia, Wisconsin, and Wyoming.
Currently, Connecticut, Maine, Montana, Puerto Rico, and the Virgin
Islands neither register nor license NARM.

Current Disposal Practice

PE!85a3 reports that, in the past, R-RASOURC, R-RAIXRSN, and
R-INSTDF2 usually have been disposed of in regulated LLW facilities,
except for radium thickness gauges (a substream of R-RASOURC).* PEI185a
also reports that past disposal practice for R-GLADS1, R-CLADS2, and
R-INSTDF!1 involved disposal at a public landfill; given the types of wastes
invoived (namely, consumer-like wastes), current disposal practice is not
likely to deviate from past practice. However, in the case of those wastes
previously disposed in regulated LLW facilities, considerable uncertainty
exists with regard to current disposal practice due to the absence of

Federal regulation and widely varying State requirements.

Licensing States usually regulate the disposal of NARM waste under
the terms of the license. Typically, three general provisions affect
radioactive waste disposal under State license. Radioactive waste may be
released into sanitary sewage systems or landfills, if such wastes are
diluted to acceptable concentrations, as provided in the State emission

PEI85a also reports that lightning rods made with radium, uranium
used in counterweights, uranium radiation shielding, and chemical
catalysts containing antimony uranium oxide all also are disposed of at
regulated LLW disposal facilities. Except for lightning rods, all of
these wastes are diffuse wastes. None is included in the six discrete
NARM wastes considered in the final analysis.
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concentration table. Second, the waste material may be held in storage for
decay until it decays down to levels suitable for disposal in a sanitary
landfill. For instance, the State of Delaware has a provision that decay
through storage is allowed for isotopes with half-lives .no greater
than 65 days. In the case of radium, which has a half-life of 1,620 years,
this alternative clearly is not feasible, although storage for decay is
practiced for accelerator-produced nuclides. Finally, radioactive waste may
be transferred to an "authorized recipient," as provided for in the licensing
regulations. An authorized recipient can be another user with a license
that allows for such transfer, a licensed disposal site, or a Federally-
licensed facility (such as a LLW disposal facility). In all cases, the
recipient must be authorized to receive the specific radioactive material
under the terms of its license.

As is evident in later discussion in this chapter, of the three NARM
wastes that have been disposed of at regulated facilities in the past,
characterizing current disposal practice is most important for two of those
wastes, R-RASOURC and R-RAIXRSN, given their contribution to total cost
and population health effects.

Because of the very high levels of activity for radium sources
(R-RASOURC) and uncertainty over future regulatory requirements, the
majority of this NARM waste is usually kept in storage or transferred for
disposal to a regulated LLW facility. However, as of fall 1986, only two
currently operating LLW facilities were accepting NARM (Hanford,
Washington and Beatty, Nevada).* The Hanford facility will only accept
discrete radium sources which are packaged so that the package activity
does not exceed 100 nanocuries per gram by stabilized weight (this limit
precludes disposal of many radium sources). Until recently, the Nevada

Based on telephone conversations with William Dornsife of the CRCPD,
September 11, 1986.
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facility was accepting NARM in high tech sealed containers.* The cost for
packaging NARM material can range up to $2,000 for one radium needle.
As a result, most NARM waste remains in storage under licensed conditions
or is transferred from one user to another for storage. At the same time,
anecdotal evidence also suggests that some sources have been disposed of in
an unregulated manner, or have been lost or misplaced.** Therefore,
considerable uncertainty exists as to the appropriate base case to use in
measuring the impacts associated with the regulation of R-RASOURC.

Disposal of radium-loaded water treatment ion-exchange resins
(R-RAIXRSN) has also been guided by license requirements. In New
Hampshire, radium-loaded resins previously were accepted for disposal in
State sanitary landfills under the assumption that each resin filter did not
exceed a certain activity level. Such disposal is no longer permitted. lon-
exchange resin disposal alternatives are currently under examination at the
University of New Hampshire.“* Another significant source of uncertainty
arises in determining the current disposal practice associated with
R-RAIXRSN since large scale use of ion-exchange resins in municipal water

facilities is not expected to occur until 1990,

Due to the greatly increased cost of disposal, and reluctance on the
part of site operators to accept this type of waste, NARM was actively
disposed of more in the past than it is today. From 1974 to 1981, NARM
waste was collected and voluntarily stored at EPA's EERF in Montgomery,
Alabama. The program represented a coordinated effort between the U.S.

The facility at Beatty, Nevada recently discontinued accepting NARM,
according to statements by Terry Devine, Technical Assistant to the
CRCPD, February 24, 1987.

ke
Memorandum from Sheldon Meyers, Director, Office of Radiation
Programs, to Charles L. Elkins, Director, Office of Toxic Substances,
U.S. Environmental Protection Agency, July 20, 1987.

ok ke
Based on telephone conversations with Diane E. Tefft, Program
Manager, Radiological Health Program, New Hampshire, September 22,
1986.
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Department of Health, Education and Welfare (HEW) and EPA. While in
operation, EERF collected about 150 grams of radium from 13,000 sources
[NRCB86a]. This waste was later transferred to the LLW disposal site at
Hanford.* EPA and HEW maintained detailed records of these NARM
materials; this database provides much of the NARM characterization data
underlying this analysis.

A pilot project currently being undertaken by the CRCPD has
estimated that at least 125 curies of orphaned discrete radium sources are
still stored for disposal [CRCPDBG].M The CRCPD obtained approval from
the State of Nevada to use the Beatty disposal site. EPA agreed to furnish
6-M overpack containers to dispose of radium sources in conjunction with
the use of a specialized 55 gallon drum containing a steel capsule for
discrete source encapsulation.*" Some of these containers are
being made available to selected States. In the context of this analysis,
such disposal is probably closely analogous to using high integrity

containers for solidified waste disposal.

The principal problem when determining the disposition of NARM waste
comes from the great uncertainty .in States which do not license NARM. As
mentioned briefly, registering States do not regulate disposal. Although
these States recommend that NARM waste be transferred to licensed disposal
facilities, the high cost of disposal could result in improper disposal or

Based on conversations with Jeannine T. Lewis, Center for Devices
and Radiological Healith, Food and Drug Administration, January 1986.
L X
Although "a definitive determination was not possible, conversations
with CRCPD representatives suggest that new radium sources are no
longer manufactured (radium has- been replaced by other isotopes).
PEI85a notes that radium sources are often still useful for calibration
purposes due to the long half-life of radium.
L2 % ]

Detailed- disposal guidelines are contained in CRCPD86.
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unsafe storage. Unlike licensees, which must renew their permits
periodically to retain possession and continue use of NARM material,
non-licensing States have only informal inspections and enforcement
mechanisms. The net result is that disposition of NARM waste in
non-licensing States is highly uncertain,

Base Case Assumption

For purposes of analysis, a base case assumption must be made so that
the economic impacts associated with current practice (projected over 20
years) can be estimated. As mentioned above, disposal practice for
R-GLADS!1, R-GLASDS2, and R-INSTDF1 has in the past been consistent
with unregulated disposal and is likely to remain as such. Therefore, the
base case for these wastes assumes unregulated disposal as representative
of current practice. Given the uncertainty with the current disposition of
R-RASOURC and R-RAIXRSN, a range of possible base cases is assumed.
Effectively, in the absence of Federal regulation, the base case could range
from assuming all of R-RASOURC and R-RAIXRSN would be disposed of in a
regulated manner to assuming all of these wastes would be disposed of in an
unregulated manner. Since it is known that the majority of radium sources
are stored currently, assuming that all of this waste would be disposed of
in an unregulated manner might be viewed as an unrealistic assumption.
However, significant health risks may be associated with improper storage
or handling. EPA has not estimated these risks since storage is believed
not to be amenable to risk modelling.* Since the costs and health effects
associated with the regulated and unreguiated disposal of R-INSTDF2 are
very small, as highlighted in the next section, the significance of
characterizing _current practice is reduced. For simplicity, the base case
assumes unregulated disposal for R-INSTDF2. Given the curie concentration
and stability of R-RAIXRSN and R-RASOURC, these wastes would likely be
treated as Class C, if regulated, while the other four NARM would likely be
treated as Class A wastes.

* .
Memorandum from Sheldon Meyers to Charies L. Elkins, op. cit.
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FINAL COST-EFFECTIVENESS ANALYSIS
AND EVALUATION OF NARM LIMITS

This section presents the results of the economic analysis of
alternative limits for NARM waste disposal. This analysis provides both a
comparison of the costs and population health effects of regulated and
unregulated disposal for the six NARM wastes and compares alternative
levels of a limit for those shown to be the most cost-effective to regulate.

Wastes Included in the NARM Analysis

As described previously, six NARM waste categories are considered in
the detailed analysis of alternative NARM standards, including:
R-RASQOURC, R-RAIXRSN, R-GCLASDSt, R-GLASDS2, R-INSTDFt, and
R-INSTDF2. For purposes of analysis, current disposal practice for these
"wastes will be considered to range from unregulated disposal for all six
NARM to regulated disposal for R-RASOURC and R-RAIXRSN, with
unregulated disposal for the other four NARM. '

RESULTS OF THE NARM ANALYSIS

Costs, Population Health Effects, and Cost-Effectiveness

Table 6-4 presents the costs and population health effects of regulated
and unregulated disposal of the six NARM wastes. Unregulated disposal
would cost less than $500,000 (in present value terms) over the next 20
years, but wauld resuit in about 78 health effects. About 86 percent of
the population health effects are attributable to R-RASOURC. While
regulated disposal of the six NARM wastes would reduce the health effects
by nearly 98 percent (to about 1.7 health effects), this reduction would
cost nearly $5.9 billion, primarily as a resuit of the very high collection
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costs associated with regulated disposal of the two consumer-like wastes,
R-GCLASDS1 and R-INSTDF1. The contribution to cost and health effects
for both regulated and unregulated disposal is negligible for both
R-CLASDS2 and R-INSTDF2.

The uneven distribution of cost and population health effects across
wastes implies a large difference in the cost-effectiveness of regulated
disposal. The cost-effectiveness ratios, which compare regulated and
unregulated disposal for each of the three hydrogeologic regions and the
U.S., are presented in Table 6-5. For the U.S. on average, ratios vary
by nearly five orders of magnitude, from less than $50,000 per avoided
health effect for regulation of R-RASOURC to nearly $1.4 billion per
avoided health effect for regulation of R-GLASDS!. At values for an
avoided health effect ranging from $6 million (a value which R-RASOURC
and R-RAIXRSN would both fall under) just up to $28 million (which
effectively excludes R-GLASDS2), only R-RASOURC and R-RAIXRSN are
cost-effective to regulate. However, the economic impacts of values
between $28 million and $320 million are virtually identical. Between these
values, both R-GLASDS2 and R-INSTDF2 would be regulated and would
contribute an insignificant incremental fraction of total costs and risks (less
than $60,000 in cost and less than 0.01 health effects for either regulated
or unregulated disposal).

Evaluation of Alternative NARM Standards

As discussed in Chapter 4, EPA has fairly broad regulatory authority
under TSCA to establish a form of a standard; however, the ElA is limited
to considering_the alternate forms of a standard believed by EPA to be the
most appropriate methods for regulating those NARM wastes thought suitable
for regulation at this time.

The 25 millirem CPG standard proposed for the disposal of LLW
includes higher activity NARM wastes. The rationale for this decision is

that higher activity NARM wastes exhibit the same properties and hazards
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as LLW and, therefore, should be disposed of in the same facilities subject
to the same levels of control. This requirement is also the Ileast
burdensome since NARM volumes are very small; there is little economic
justification for sending these higher activity NARM to sites other than
those already sited and designed to accept LLW. The alternative disposal
limits EPA considered for NARM waste disposal concern the values to use in
delineating higher activity NARM covered by the LLW standard from the
lower activity NARM not suitable for disposal in LLW facilities.

In considering methods of setting a limit for higher activity NARM
waste, initial consideration was given to constructing a single method to
define what constituted a higher activity NARM waste. A total activity limit
was considered as a method of accomplishing this. However, a total activity
limit alone was dismissed because NARM wastes vary from individual discrete
sources to voluminous diffuse waste streams. Consequently, a single value
for total activity might not completely define the NARM wastes that EPA
intends to regulate (for example, large piles). Because of this, a limit
relating to specific activity was also considered. Specific activity delineates
higher activity NARM wastes resembling AEA wastes (those wastes that EPA
believes are appropriate for inclusion in this regulation as low-level
radioactive NARM wastes at this time). As a second alternative, a specific
activity limit with certain waste streams explicitly exempted was considered
as an alternative form to ensure the inclusion of those streams considered
for regulation by EPA while excluding those deemed to be a very low risk
and not cost-effective to regulate.

These last two alternatives, a specific activity limit and a specific
activity limit with waste stream exemptions, were considered to be the two
viable forms of the limit. A specific activity limit is measured in nanocuries
(1.00 E-9 curies) per gram (nCi/g). For a discrete item (such as a
source) that has a uniform size and weight, a specific activity limit is
similar to a limit on total activity per item. The analysis in this section
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relies on the nuclide concentrations listed in Table 6-2 and the average
density assumptions listed in Table H-2, Appendix H. The limit applies to
the combined specific activity of the three nuclides, radium-226,
uranium-238, and thorium-232 (and applies, of course, only to NARM
wastes). The limit of the standard, 2 nCi per gr'am, is equal to the DOT
limit on materials classified ‘as radioactive for transportation packaging
purposes.

The second form of the limit considered, a specific activity limit with
waste stream exemptions, would retain the specific activity limit as outlined
above but would exempt from regulation those wastes that are deemed to be
a very low risk and not cost-effective to regulate. Those wastes explicitly
exempted from the 2 nCi per gram limit include the uranium glassware
(R-CLASDS2) and the waste substreams found in the two consumer-like
NARM wastes -- R-GLASDS1 and R-INSTDF1.”

Tables 6-6 and 6-7 summarize the economic impacts of the two
alternative NARM standards. The two impacts tables differ in the base case
assumption made with regard to current disposal practice for NARM, These
two assumptions concerning current practice cover the range of possible
base cases and, therefore, the range of possible economic impacts. In
Table 6-6, R-RASOURC and R-RAIXRSN are assumed to be regulated under
current practice, whereas the other four NARM are assumed to be
unregulated. In Table 6-7, the base case assumes that all of the six NARM
waste volumes are unregulated under current practice. Based on this

Some substreams of R-GLASDS! and R-INSTDF1 may not be explicitly
exempted.-in the regulatory language proposed for the NARM limit since
these substreams are expected to meet the 2 nCi per gram limit on
average. Conceivably, a portion of these non-exempted items may
exceed the 2 nCi per gram limit given variations in radionuclide
concentrations over the particular substream; however, EPA expects
this to occur infrequently. Therefore, the economic impacts will not
be significantly different from those presented in this chapter.
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analysis, a NARM standard consisting of only a 2 nCi per gram
concentration limit would have an incremental cost of $540 to $563 million
over current practice (depending on the base case assumption) and would
avoid from 1.7 to 72.2 health effects. In addition to regulating
R-RASOURC and R-RAIXRSN, this form of a standard would also require
the regulation of R-GLASDS2 and R-INSTDF1, resulting in an average
cost-effectiveness of $7.8 to $325 million per avoided health effect.*

The proposed form of the standard, the 2 nCi per gram concentration
limit and an explicit exemption of some waste streams, has impacts that are
drastically different due to the exclusion of two streams -- R-GCLASDS2 and
R-INSTDF1. The incremental cost ranges from zero to $23 million,
depending on the base case, versus the $540 to $563 million for the 2
nanocuries limit alone, a savings of about $540 million regardless of which
base case is assumed. In the case in which R-RASOURC and R-RAIXRSN
are regulated under current practice, total health effects avoided are zero,
as opposed to 1.7 for the 2 nCi per gram limit with no exemptions, a
reduction of 1.7 avoided health effects. Or, in the base case where all
wastes are currently unregulated, avoided health effects are 70.5 for the 2
nCi per gram limit with waste exemptions vis-a-vis 72.2 effects with no
exemptions -- again, a reduction of 1.7 avoided health effects.
Consequently, regardless of the base case assumed for current practice,
the marginal cost-effectiveness ratio in moving from the 2 nanocurie specific
activity limit without waste exemptions to the specific activity limit which
includes exemptions is $325 million per avoided health effect. Since the
marginal cost-effectiveness is a measure of this incremental cost per avoided
health effect associated with moving from one form of the limit to another,
this relatively. high cost of $325 million per avoided health effect suggests

Without explicit exemptions, some substreams of R-GLASDS1 would be
regulated at the 2 nCi/g limit, although, on average, R-GLASDS!
would meet this limit. Consistent with other analysis in the EIA,
explicit consideration of the impacts on waste substreams was not
considered.
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that within a2 broad range of reasonable values for an avoided health effect, .
including waste exemptions would be an economically justified form of the
NARM limit,
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ECONOMIC IMPACTS OF ALTERNATIVE BRC CRITERIA . Chapter 7

INTRODUCTION

This chapter presents the results of the economic analysis of
alternative criteria for the non-regulated disposal of lesser activity LLW
wastes (i.e., nonregulated with respect to the radioactive component only).
Unregulated disposal of lesser activity LLW, termed "Below Regulatory
Concern" (BRC) disposal, is congruent with EPA's BRC concept. This
concept attempts to define radiation exposures associated with radioactive
waste disposal that are so low that regulation of such waste with respect to
its radiation hazard is not warranted. The establishment of a BRC level
allows lesser activity wastes to be disposed of in a less restrictive manner
at substantial cost savings without subjecting the  public to any
unreasonable or significant health risks.

The analysis relies principally on a comparison of the costs, population
health effects, and CPG risks of regulated and unregulated disposal. By
determining those wastes for which unregulated disposal is permitted under
various standards, the costs and risks of alternative regulations are
estimated. As discussed in Chapter 3, the BRC analysis focuses on
commercial LLW, since a sufficient characterization of DOE waste is not
available. However, the economic impacts of alternative BRC standards,
including a hypothetical BRC component from DOE waste, are also calculated
and shown later in this section. EPA must make several assumptions
concerning the similarity of DOE and commercial waste characteristics in
performing these calculations. These assumptions are detailed in Appendix
G.
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The BRC analysis addresses the primary question of which wastes are
cost-effective to dispose in regulated facilities and which are suitable for
disposal without regard to their potential radiation hazards. By identifying
those wastes that are cost-effective to regulate, the results of this chapter
allow for the calculation of the aggregate cost-effectiveness of alternative
BRC levels and lay the groundwork for the analysis of alternative LLW
disposal standards in Chapter 8.

Summary of BRC Methodology

To determine the cost-effectiveness of regulating a particular waste,
both regulated and unregulated costs and population health effects must be
estimated for comparison. In addition, CPG risks associated with
unregulated disposal are estimated to determine what mix of wastes would
meet the aiternative BRC criteria.

The estimation of regulated and unregulated costs is explained in
greater detail in Appendix C. To summarize briefly, the unregulated unit
costs for transportation and disposal of waste is estimated for the five
unregulated disposal settings -- Municipal Dump (MD), Suburban Sanitary
Landfill (SF), Urban Sanitary Landfill (UF), Suburban Sanitary Landfill
with Incineration (SI), and Urban Sanitary Landfill with Incineration (Ul).
To allow for a simple comparison of unregulated versus regulated disposal,
a weighted average cost is calculated for these five disposal settings. As
described in Appendix B, the weights were based on a subjective choice
concerning what percentage of a given waste is placed at the five types of
unregulated disposal settings. The weighted average unit cost for each
waste is then muiltiplied by the waste volume to determine the total cost of
unregulated di;posal for that particular waste.

Regulated unit costs are calculated, assuming 10 CFR 61 disposal
technology, for four separate components -- packaging, processing,
transportation, and disposal. Each cost component has an associated volume
increase factor; i.e., the as generated volume of waste may change due to
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items such as the inclusion of additional packaging materials or the
incineration of the waste. Total unit costs are calculated by multiplying the
unit cost of each component by the volume increase factor and then
summing up costs over the four components. Total costs then are
calculated by multiplying total unit costs by waste volume. '

Civen regulated and unregulated costs, the BRC savings associated
with the set of wastes that meet an aiternative BRC criterion can be
calculated by the difference in these two costs. Since BRC savings are
measured relative to current practice, a net savings will result if a waste is
currently regulated, because regulated disposal is more costly than
unregulated disposal. On the other hand, if a waste is currently
unregulated (such as the consumer wastes), then additional costs (i,e.,
"negative" BRC savings) will result if a waste does not meet an alternative
BRC criterion.

As with costs, the population health effects associated with regulated
and unregulated disposal are compared in the BRC analysis. Unit health
effects of unregulated waste disposal are calculated by the PRESTO-BRC
risk model for the five unregulated disposal settings mentioned above. The
same methodology employed in determining unregulated costs is used to
calculate a weighted average for the population health effects associated
with unregulated disposal. Total population health effects are calculated by
multiplying the weighted average unit health effects by waste volume.

Unit population health effects associated with regulated disposal (using
10 CFR 61 technology) are calculated by the PRESTO-EPA risk model.
Volumes are multiplied by unit health effects to estimate total health effects
of regulated disposal. The additional health effects associated with
alternative levels of the BRC criteria can be calculated by the difference
between regulated and unregulated health effects. The cost-effectiveness
of regulation can also be calculated by dividing the BRC savings by these
additional health effects.
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Finally, CPGC risks are estimated for different mixes of wastes for
purposes of determining what mix of wastes will meet a given level of the
BRC criteria. The CPC risks associated with unregulated disposal are
estimated by the PATHRAE computer model for 15 BRC disposal scenarios.
(See Chapter 3 and Table 3-11 for the specification of these 15 scenarios.)
Appendix D discusses in further detail the methodology used in the
derivation of the maximum CPG dose for the BRC analysis. Briefly, the
methodology involves an iterative process whereby the maximum CPG dose
over all 15 disposal scenarios is estimated for different mixes of BRC
wastes. As a result, the mix of wastes that will meet a given alternative
BRC criterion can be determined.

The economic impacts of alternative BRC criteria can be evaluated
given the above information on disposal costs, population health effects,
and CPGC risks. In addition, the economic cost of one alternative BRC
criterion relative to another can be measured by the marginal
cost-effectiveness between those two alternatives. Recall that the marginal
cost-effectiveness is defined as the value per avoided health effect, i.e.,
the resources expended to avoid one additional health effect.
Mathematically, the marginal cost-effectiveness equals:

(BRC savings for alternative A - BRC savings for alternative B)

(Additional H.E. alternative A - Additional H.E. alternative B)
where H.E. = Heaith Effects
Thus, the marginal cost-effectiveness associated with moving from one

alternative to another measures the cost to society of avoiding an additional
health effect.




Wastes Included in the BRC Analysis

As described in Chapter 3, 14 wastes (those with the least activity) of
the 25 commercial LLW streams that are currently disposed of in regulated
facilities have been included in the BRC analysis. In addition to these
principal streams, the BRC analysis considers two substreams of commercial
power reactor wastes (P-CONDRSN and L-WASTOIL, which are substreams
of L-1XRESIN and L-CONCLIQ, respectively). These substreams have been
segregated for purposes of analysis since NRC identified P-CONDRSN and
L-WASTOIL as likely BRC wastes. Furthermore, a review of NRC
documents suggested that the generation of these wastes is relatively
homogenous and, thus, generally easy to segregate [DM81, DM84, DM86].
Current disposal practice for all 16 of these wastes conforms to the NRC's
10 CFR 61 requirements. Except for P-CONDRSN, all are Class A wastes
according to NRC definitions; hence, 10 CFR 61 practice is modeled by
shallow land disposal (SLD) of the waste as generated. Since L-IXRESIN is
a Class B waste, current practice under 10 CFR 61 for its substream,
P-CONDRSN, is modeled by SLD with the waste in a solidified form.
Finally, the BRC analysis also considers two currently unregulated
consumer wastes containing AEA nuclides (C-SMOKDET and C-TIMEPCS)
and BIOMED waste, which refers to the biomedical waste that was
deregulated under the NRC's Biomedical Waste Rule* [NRC81a]. These
three wastes are included to provide a reference point for comparison with
the other currently regulated wastes and, in the case of BIOMED waste, to
evaluate the impact of very low (or zero) BRC standards when applied
uniformly to all materials containing AEA radionuclides.

Two wastes that are currently regulated, |-LQSCNVL and I-BIOWAST,
have similar characteristics to BIOMED. However, due to the higher
activity of these wastes, |-LQSCNVL and [-BIOWAST have not been
deregulated under NRC's Biomedical Waste Rule.



RESULTS OF THE BRC ANALYSIS

Results from the Analysis of Cost and Population Health Effects

Table 7-1 preserits the total costs and population health effects
resulting from regulated and unregulated disposal over the next 20 ye.ars
for the 19 wastes included in the analysis. Since EPA does not have the
authority to wunilateraily deregulate any specific waste which also is
regulated by the NRC and DOE, the wastes considered as candidates for
BRC disposal generally will be referred to as BRC '"surrogates" to
emphasize that these wastes are representative of the wastes that could be
considered for unregulated disposal. Unregulated disposal of all of the
wastes in Table 7-1 is estimated to result in 310 health effects over the
next 10,000 years, but would cost only $14 million in 1985 present value
terms. Regulated disposal of all 19 wastes reduces population health effects
by a factor of 22 compared to the risk from unregulated disposal; however,
disposal costs increase by a factor of 157.

Five wastes (including I-COTRASH, [|-BIOWAST, |-ABSLIQD, N-
LOTRASH, and BIOMED) account for 93 percent of the population risk from
unregulated disposal, but only 31 percent of the cost. This uneven
distribution of cost and risk implies that the cost-effectiveness of regulation
will vary significantly across wastes. Table 7-2 presents the
cost-effectiveness ratios for each of the 19 wastes in each hydrogeologic
region and for the U.S. on average (the incremental cost and avoided
health effects by waste and region are listed in Appendix F). In general,
the variation of cost-effectiveness across wastes is more significant than the
variation across hydrogeologic regions. The cost-effectiveness ratios for
different wastes vary by six orders of magnitude, from less than $1 million
per avoided heaith effect for |-COTRASH and |-BIOWAST to more than $100
billion per avoided health effect for L-WASTOIL, N-SSTRASH, F-COTRASH,
and F-NCTRASH. Eight currently regulated wastes have cost-effectiveness
ratios exceeding $1 Dbillion per avoided health effect in all three
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Table 7-1

COSTS AND POPULATION RISKS OF REGULATED AND UNREGULATED
DISPOSAL OF BRC SURROGATES

Unregulated Disposal* Regulated Disposnl**

. Cost Population Risk Cost Population Risk
Waste (S Millions) (Health Effects) (S Millions) (Health Effects)
P=-COTRASH 1.7 2.6 LS 0.06
P=-CONDRSN 0.05 0.0 19 0.0
L-WASTOIL 0.14 0.0 16 0.0
B=COTRASH 2.2 1.6 120 0.01
I-COTRASH 1.9 230 100 8.5
I-BIOWAST 0.05 11 8.7 0.43
I-ABSLIQD 0.07 14 18 0.51
I-LQSCNVL 0.10 0.56 25 0.02
N-SSTRASH 2.3 0.0 130 0.0
N=SSWASTE 0.41 0.0 22 0.0
N-LOTRASH 0.66 23 36 1.03
N-LOWASTE 0.39 7.4 21 0.3
F=-PROCESS 0.38 0.0 21 0.0
U=PROCESS 0.14 0.0 7.6 0.0
F-COTRASH 1.2 0.0 63 0.0
F=NCTRASH 0.20 0.0 16 0.0
C=SMOKDET*** 0.61 . 1.4 670 0.25
C-TIMEPCS*** 0.07 7.3 - 430 0.02
BIOMED* L8 L 17 2.9

TOTAL+ 14 310 2,200 14

* Unregulated disposal represents a weighted average of five unregulated disposal
facility types. (See Chapter 3 for a discussion of these unregulsted disposal
facilities.)

i Regulated disposal is SLD As Generated, except for P-CONDRSN which {s SLD Solidified.

ik These wastes are currently unregulated.

+ Figures do not add up due to rounding.

NOTE: Costs represent values at a 10 percent real discount rate, expressed in 1985 dollars.

Health effects include fatal cancers and genetic effects over 10,000 years and are
not discounted. Costs and health effects are presented for commercial LLW only.

September 1987
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hydrogeologic regions (P-CONDRSN, L-WASTOIL, N-SSTRASH, N-SSWASTE,
F-PROCESS, U-PROCESS, F-COTRASH, and F-NCTRASH). Clearly,
regulated disposal of these wastes is very costly in terms of population risk
reduction. Finally, regulated disposal of BIOMED waste actually increases
population risk, versus unregulated disposal (as indicated by a negative
ratio), in two hydrogeologic regions.* The cost-effectiveness of regulating
consumer waste is $29 million or higher per avoided health effect in all

three regions.

Results from the Analysis of CPG Risk and Dose

As mentioned in Chapter 3, maximum CPG risk is calculated over 11
exposure pathways and 15 exposure scenarios. (These pathways and
scenarios are discussed more fully in EPA87.) Similar to the results
presented on cost-effectiveness, contribution to maximum CPC dose also
varies by waste and region, as shown in Table 7-3. (CPG dose and CPC
risk are related by a constant factor of about 2.8 E-5 per millirem per year
(MEY86a]; hence, while the following discussion is presented in terms of
CPGC dose, it applies equally well to CPG risk. See EPA87 for further
discussions on the relationship between CPC dose and risk.) The CPG
doses listed in Table 7-3 are not additive, however, since the maximum dose
associated with each waste may occur in different CPG exposure scenarios.

In almost all cases, the direct gamma exposure pathway was the
dominant pathway for each waste. Since gamma exposures do not depend
on region, CPG doses from BRC CPGC exposure scenarios exhibit very little
variation by hydrogeologic region. At the high end, direct gamma
exposures to workers during transportation of B-COTRASH and P-COTRASH

This counterintuitive result also occurs for some other wastes under a
couple of the five unregulated disposal options, although when
calculating the weighted average, this result is masked. See the
discussion in the sensitivity section of this chapter for a possible
explanation of this anomaly.
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could cause CPG doses in excess of 270 millirem per year (cobalt-60 and
cesium-134 contribute the majority of the dose). Conversely, for eight
wastes (including L-WASTOIL, N-SSTRASH, N-SSWASTE, I[-LQSCNVL,
F-COTRASH, F-NCTRASH, C-TIMEPCS, and C-SMOKDET), the highest
contribution to CPC dose in any region from any scenario is less than 0.1
millirem per year. While BIOMED waste was excluded from the analysis of
CPG scenarios, the maximum CPGC dose from this waste is assumed to be

*
less than 0.1 millirem per year.

Economic Impacts of Alternative BRC Criteria

As described in Chapter 4, quantification of the costs and risks of
alternative BRC standards requires specific assumptions regarding
implementing the standard (i.e., the analysis requires a decision rule which
specifies which wastes are reguiated and unregulated in each region, at
each level of the standard). Since the NRC will implement EPA's standard
for commercial LLW, EPA must predict the method of implementation for
purposes of estimating economic impacts.

Other things being equal, it is generally assumed that compliance with
each standard is achieved at least cost. For alternative CPG dose limits,
least-cost compliance means that deregulated disposal is permitted for a
waste, provided that the CPC doses from all BRC scenarios, including all of

This assumption is consistent with maximum CPG dose contributions of
1-LQSCNVL and |I-BIOWAST, which are each less than 0.2 millirem per
year. Thus, the BIOMED assumption holds as long as its average
specific activity is a factor of 2 lower. Note that while the BIOMED
rule is stated in terms of maximum specific activity, the CPG analysis
is framed in terms of average specific activity for each waste. The
consequences of using average activity are addressed in the sensitivity
analysis.
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the deregulated wastes, are less than the standard. In addition to least-
cost compliance, three other implementation assumptions will be addressed,
as follows: (1) whether population cost-effectiveness as weil as CPC dose
will be wused as an EXPLICIT criterion by the NRC for permitting
unregulated disposal, or whether population cost-effectiveness will be used
only IMPLICITLY, through EPA's choice of a BRC standard (i.e., assuming
that protecting the CPG at the same time adequately protects the general
population); (2) whether the NRC will consider deregulation only on a
NATIONAL basis {(where, in effect, the worst hydrogeologic region
determines whether a waste would qualify for unregulated disposal anywhere
in the entire country regardless of regional hydrogeologic characteristics),
or whether REGIONAL deregulation will be allowed, that is, a consideration
of deregulation on a hydrogeologic region-by-region basis; and (3) whether
partial waste streams will be deregulated (e.g., based on the activity of
individual waste packages or on waste characteristics from a single waste
generator). Current EPA analysis does not permit the third question to be
assessed, although rough estimates of the potential economic impacts are
presented in the sensitivity analysis later in this chapter.

The first two implementation issues result in four different
implementation assumptions, labeled NATIONAL-EXPLICIT,
NATIONAL-IMPLICIT, REGIONAL-EXPLICIT, and REGIONAL-IMPLICIT
implementation. Tables 7-4, 7-5, 7-6, and 7-7 present the economic impacts
for each of these four assumptions. Each table presents the BRC savings
(versus current practice), additional health effects, and marginal
cost-effectiveness of six alternative standards, ranging from 15 millirem per
year down to zero. The second column of each table lists the maximum CPG
dose actually predicted by EPA's risk assessment models. The fifth column
lists the BRC "surrogates" which fail to meet the standard. Finally, for
purposes of comparison, the top row in each table presents the costs and
health effects for unregulated disposal of all 16 currently regulated BRC
surrogates.
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The marginal cost-effectiveness ratio, reported in the last column,
compares any two adjacent standards; very low ratios imply that a lower
(more stringent) standard would be preferred, based on population risk
reduction alone. Assuming that EPA limits the BRC criteria to a level
below 15 millirem per year (a criterion which rejects P-COTRASH and
B-COTRASH), the economic choice* of a standard depends on the value
placed on avoided health effects and the assumed NRC implementation. For
example, under National-Implicit (Table 7-4), at a value of $5 million per
avoided health effect, a BRC criterion of 0.1 millirem per year is preferred.
However, this same value is consistent with a standard anywhere between 1
and 15 millirem per year under National-Explicit implementation since no
additional wastes are regulated under this implementation scenario until a
0.1 millirem alternative is considered (Table 7-5). The economic impacts of
Regional-Implicit (Table 7-6) and National-Implicit implementation are
identical. The economic impacts associated with Regional- and
National-Explicit implementation are also very similar.

EPA believes that the two most likely implementation assumptions on
the NRC's part are the National-Explicit and the National-implicit cases
(impacts are shown in Tables 7-4 and 7-5) based on past experience with
NRC. Significantly, these two implementation assumptions cover the range
of economic impacts. Under these assumptions, the proposed 4 millirem
standard is projected to save between $310 and $400 million versus current
practice (for commercial waste only) and to cause from 0.55 to 53 additional
health effects over 10,000 years. The economic impacts, with DOE waste
included, will be discussed subsequently.

Of course, a variety of other important policy concerns are also
considered by EPA.
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Tables 7-8 and 7-9 illustrate the limiting wastes, CPG scenarios,
exposure pathways, and radionuclides at each level of the BRC standard for
the National-implicit and National-Explicit implementations, respectively. As
shown, direct gamma exposure from cobalt-60, cesium-134, and cesium-137
is the primary determinant of economic impact for standards between 1 and
15 millirem per year,

BRC Impacts, Including DOE Waste

Due to the lack of data sufficient to characterize the form and
radionuclide content of DOE waste, the costs and risks for disposal of this
waste could not be evaluated. However, since EPA expects its BRC
standard to apply to DOE waste under the AEA, EPA has assumed that DOE
costs and risks are equal to commercial waste costs and risks on a volume
for volume basis, except that regulated disposal costs for DOE waste are
adjusted downward to reflect a lower average transportation distance (since
DOE disposal facilities are typically near the point of generation). EPA's
assumptions are explained in more detail in Appendix G. To analyze the
impacts of multiple standards under multiple implementation assumptions on a
consistent basis, EPA's assumption is equivalent to assuming that each
commercial waste stream has a "DOE analog" in each hydrogeologic region,
the volume of which depends on the aggregate commercial and DOE volume
in that region.

Using EPA's assumptions, the aggregate economic impacts of alternative
standards were calculated, including both commercial and DOE waste. The
results of these calculations are shown in Tables 7-10, 7-11, 7-12, and 7-13
for each of the four implementation assumptions discussed above (each table
assumes that -NRC and DOE implementation will be idéntical). Because of
the reduced transportation costs for unregulated disposal of DOE waste,
marginal cost-effectiveness ratios are reduced slightly, as compared to the
impacts tables with commercial waste alone. Under the National-Explicit and
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National-Implicit implementation assumptions (the implementation cases EPA
deems most likely), the proposed 4 millirem standard will result in a savings
of between $490 and $620 million and will cause between 1.1 and 96
additional health effects over the next 10,000 years. These results assume
that a total of 759,000 cubic meters of commercial LLW (including nine
wastes) and about 535,000 cubic meters of DOE LLW will be disposed of in
unregulated facilities over the next 20 years.

SENSITIVITY ANALYSIS

The purpose of a sensitivity analysis is to test the relative importance
of key assumptions or parameters. If resuits change significantly with a
change in the assumption or parameter being considered, then the
importance of this variable should be emphasized. This section analyzes the
sensitivity of the results to changes in several key assumptions that were
made when calculating the economic impacts associated with alternative BRC
standards. The key assumptions or parameters that will be tested include:
1) the possibility of segregating wastes into substreams for purposes of
unregulated disposal, 2) the weightings which determine what proportion of
BRC waste is disposed of in the five unregulated facilities, and 3) the CPGC
scenario definitions, specifically, analyzing the volume of waste assumed for
each CPG scenario.

Substream Segregation

With the exception of the two LLW power reactor substreams, the BRC
analysis does not account for the possibility that wastes could be
segregated by- activity, thereby allowing a low activity substream to meet
the proposed 4 millirem BRC standard. The significance of waste
segregation is that current estimates of the BRC savings would be
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understated, as would the additional health effects associated with the
unregulated disposal of substreams.

The following substream sensitivity analysis will use P-COTRASH and
B-COTRASH as an example since at least one independent study [AIF85]}
has estimated the proportion of these wastes that, if segregated, would
meet a 1 millirem BRC alternative criteria. When interpreting the resulits
from this sensitivity analysis, two caveats should be mentioned. First, if
segregation is practiced, the CPG doses calculated in the LLW analysis will
be understated, since an average regulated disposal facility will be smaller
and will contain waste with a higher specific activity.* Second, waste
segregation presumably is not costless. Therefore, the increase in BRC
savings would be offset somewhat by the cost increase associated with
segregating waste into substreams. Segregation costs are not included in
the analysis below, however,

A study prepared for the Atomic Industrial Forum [AIF85] suggests
that 90 percent of the volume for B-COTRASH and 65 percent of the volume
for P-COTRASH would be able to meet a 1 millirem per year BRC standard.
If these percentages of B- and P-COTRASH volumes can be segregated
costlessly, deregulation of the substreams would increase BRC savings by
$164 million, but three additional health effects would result.**

in the AIF study, the estimated volumes of P-COTRASH and
B-COTRASH would meet a 1 millirem alternative standard, based on some
very specific assumptions. These volumes available for BRC disposal are

Sensitivity results shown in the LLW analysis (Chapter 8) support the
notion that CPG dose is related to specific activity (curies per cubic
meter) and disposal facility size.

*R

The estimate overstates additional heaith effects, since it is based on
average waste activity before segregation. Since the specific activity
of the deregulated substream will be lower on average, additional
health effects would likely be less than three.
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based on limiting activities associated with disposing 435 cubic meters per
year of B-COTRASH and 136 cubic meters per year of P-COTRASH at a
sanitary landfill located in the southeast (i.e., humid permeable region).
These assumptions are equal to a total disposal volume of 8,700 and 2,720
cubic meters over 20 years, respectively, compared to 32,413 and 12,500
cubic meters as assumed by EPA (BRC CPG Scenarios 2 and 1).
Therefore, the percentages estimated by the AIF study may not be
consistent with the results of the BRC analysis. An approximation, based
on assumptions consistent with the BRC analysis, can be made to determine
the percentage of B-COTRASH and P-COTRASH volume that would meet a 1
millirem aliternative standard. The methodology used in estimating these
percentages involves scaling down the average specific activity of the
individual waste by the ratio of the 1 millirem standard to the maximum CPG
doses calculated in the BRC analysis. This calculation provides the
maximum waste specific activity that will meet the 1 millirem alternative.
The percentage volume of a waste that meets a 1 millirem alternative then
can be determined, using the distribution of specific activity by waste
volume.

The volume' distribution of specific activity for B-COTRASH and
P-COTRASH is reproduced from DM86 in Table 7-14, The maximum CPG
doses from the BRC analysis for B-COTRASH and P-COTRASH are 500 and
21,5 millirem; respectively, Using the above methodology, these CPG doses
translate into a maximum specific activity to meet a 1 millirem standard of
3.94E-5 Ci/m3 for B-COTRASH and 2.56E-3 Cilm3 for P-COTRASH. As
seen in Table 7-14, 70 percent or less of B-COTRASH volume and 26
percent or less of P-COTRASH volume will meet a 1 millirem standard.
Thereforé, the maximum BRC -savings would increase by $105 million (versus
$165 million using AIF85 assumptions), with 70 percent of B-COTRASH and
26 percent of P-COTRASH deregulated. About two additional health effects
would result, however., At EPA's proposed "4 millirem criteria, 49 percent
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Table 7-1&

DISTRIBUTION OF GROSS CONCENTRAIION IN LWR
COMPACTABLE TRASH WASTE STREAMS

Concentratign Volume Average Concentration
Range (Ci/m’) Percent in Range (Ci/m™)

P-COTRASH:

0 - 9.16E-3 26 6.29E-3
9,61E-3 - 1.93E-2 23 1.56E=-2
1.93E-2 - 7.70E-2 35 6.22E-2
7.70E-2 - 1,93E-1 12 1.27E-1

over 1.93E-1 b 3.16E-1
Weighted average: 5.40E-2

B-COTRASH:
0 - 6.83E-3 70 . L.23E-3
6.83E-3 - 1,37E-2 13 1.22E-2
1.37E-2 = 5,45E-2 11 2.95E-2
5.45E-2 - 1,37E-1 4 9.48E-2
over.1.37£-1 ' 2 4.07E-1
Weighted average: 1.97E-2

SOURCE: Adopted from DMB6, page A-58.

September 1987
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or less of P~-COTRASH would meet the standard and, as with the 1 millirem
alternative, 70 percent or less of B-COTRASH would meet 4 millirem per
year. Total BRC savings would increase by a maximum of $126 million with
2.3 additional health effects resulting.

Unregulated Disposal Option Weightings

The unregulated disposal option weightings are used to refiect the
proportion of waste volume that is disposed at each of the five
representative unregulated disposal facilities. (Recall that the five
unregulated disposal methods include a municipal dump, suburban sanitary
landfill with and without incineration, and an urban sanitary landfill with
and without incineration.) If unregulated disposal is permitted for any
given waste, all five unregulated disposal methods might be used by
different generators. Since the population and CPG risk analyses will have
different estimates for the five alternative unregulated disposal practices,
weighting unregulated facilities is necessary so total cost and total risk can
be calculated for unregulated disposal. BRC scenario weightings are less
important in estimating disposal costs, however. Our current database on
unregulated disposal costs suggests that unit costs depend more on location
in the country than on whether the disposal site is located in an urban,
suburban, or rural area.* In neither case is the variation in unregulated
disposal cost significant, relative to the much higher cost of regulated
disposal p('ac%ices. Therefore, unit costs are assumed not to vary by
proximity to metropolitan areas. If the waste is incinerated, however, unit
costs vary slightly -- by about $1.50 per cubic meter, according to the
NSWMAS86 survey. Since two of the BRC disposal options involve
incineration, the scenario weightings are relevant (albeit to an almost
insignificant degree) in calculating unregulated costs.

Unregulated disposal costs are based on a survey of tipping fees for
landfills, transfer stations, and resource recovery plants, conducted
by the National Solid Wastes Management Association [NSWMAB86] in the
fall of 1985. (See Appendix C for more details.)
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The weights were chosen on a subjective basis, based on our general
knowledge of the location of LLW generators and the types of facilities they
are likely to use. Since cost estimates will not vary significantly across the
unregulated disposal options, emphasis is placed on the variation in risk
estimates. If risk estimates vary significantly by the type of BRC disposal
option, the need for refining these subjective weightings is of greater
importance.

Determining the sensitivity of the BRC results to changes in the
scenario weightings involved a methodology which considered each BRC
disposal scenario separately. That is, cost-effectiveness of the 18 wastes
included in the BRC analysis was calculated for each of the five disposal
scenarios. (BIOMED waste is not included, since a different facility
type is used to model unregulated disposal of this waste, i.e., incineration
at a large university or medical facility.) Therefore, the methodology is
equivalent to an extreme weighting scenario that assumes a 100 percent
weight for the disposal option considered and zero percent weight for the
four other options. An upper and lower bound, therefore, can be placed
on the results by using this methodology.

The sensitivity analysis suggests that, while the incremental costs
associated with regulation do not vary much across the five unregulated
disposal practices, the avoided heaith effects do vary significantly. For
each hydrogeologic region and each unregulated disposal option, Appendix
B reports the results from the sensitivity runs; incremental costs, avoided
health effects, and cost-effectiveness ratios are presented for the 18 wastes
considered in the BRC analysis and for the six NARM wastes analyzed in
Chapter 6. In addition, the weighted average of these five options is
presented as a reference in Appendix B.

The discussion below will focus on comparing the aggregate results for

the total U.S. However, one counterintuitive result is apparent in the
regional tables presented in Appendix B. That is, for some wastes, three
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of the unregulated disposal options actually result in lower health effects
than the regulated alternative. These three options are: unregulated
municipal dump and unregulated suburban sanitary landfills with and
without incineration. This counterintuitive result generally occurs in the
arid permeable region, although, for one option -- suburban sanitary
landfill with incineration -- the humid impermeable region also has greater
health effects associated with regulation.

EPA believes two modelling assumptions may account for this
counterintuitive result. First, in estimating health effects associated with
incineration of unregulated waste, a volatilization factor is assumed whereby
90 percent of H-3 nuclides and 75 percent of C-14 nuclides are lost up the
smoke stack at the incineration facility. Since current practice for
regulated disposal does not involve incineration, the inventory of nuclides .
in the regulated disposal scenario is significantly greater than in the
unregulated disposal scenario, resulting in a greater number of health
effects for reg(:lated disposal.

A second modelling assumption that may explain the counterintuitive
results found in the arid permeable region, even in the without incineration
case, involves the differences assumed for the surface area for regulated
and unregulated disposal sites. The surface area for unregulated disposal
is smaller than for regulated disposal since it is assumed that, at an
unregulated site, the waste is stacked in deeper columns to reduce land
requirements. Given the smaller surface area, less leaching occurs at an
unregulated site during rainfall. In the humid hydrogeologic regions,
enough rainfall occurs over 10,000 years to wash out all the mobile nuclides
(such as C-14) from both regulated and unregulated sites. Therefore, the
slower leaching rate at an unregulated site does not become a factor in
the risk model. However, in the arid permeable region, EPA hypothesiies
that the lower amount of rainfall results in a smaller proportion of the
mobile nuclides being washed out from the unregulated site. Therefore,
heaith effects, which are directly correlated with nuclide inventories
released into the environment, may actually be lower with unregulated
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disposal vis-a-vis regulated disposal. Further documentation of the risk
modelling assumptions is presented in EPA87.

These counterintuitive results notwithstanding, the incremental costs
associated with the five BRC disposal options are very similar, varying by
less than $2 million in aggregate over the total U.S. for the 18 wastes
included in BRC analysis. The total U.S. avoided health effects of these
18 wastes, on the other hand, range from u8 effects for disposal at an

unregulated suburban sanitary landfill with incineration (SI) to 776 effects
for an urban sanitary landfill without incineration (UF). As a result of
this wide variation in avoided health effects, the aggregate
cost-effectiveness ratios also vary significantly, ranging from about $2
million per avoided health effect for UF to $39 million for Sl.*

To determine if the relative weights assigned to the five unregulated
disposal scenarios could have a significant effect on the economic impacts
associated with the proposed 4 millirem BRC criteria, attention should be

'focused on the five wastes that are assumed to be cost-effective to

regulate. Although aggregate cost-effectiveness ratios for all 18 wastes
vary significantly, the range in the cost-effectiveness ratios associated with
the five wastes assumed to be cost-effective is relatively small. These five
wastes include: [|-COTRASH, I|-BIOWAST, I[-ABSLIQD, N-LOTRASH, and
N-LOWASTE. In Table 7-2, these five wastes are ranked by their relative
cost-effectiveness. N-LOWASTE, with the highest cost-effectiveness ratio
of the five wastes, therefore, can be considered the limiting waste, that is,
the last waste worth regulating. Using the weighted average of the five
BRC disposal options, the cost-effectiveness of regulating N-LOWASTE is $3
million per avoided health effect. By comparison, under the extreme
weighting of 100 percent S|, the maximum cost-effectiveness associated with
regulating N-LOWASTE is $12 million per avoided health effect. Therefore,
under less extreme weighting scenarios, the set of wastes considered to be
cost-effective to regulate is not likely to change. For illustration purposes,

-
See Appendix B, especially Tables B-13 and B-17.
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however, if a $5 million value per avoided health effect is assumed, then
four of the five wastes would no longer be considered cost-effective to
regulate (i.e., all but I-COTRASH), assuming S! is the only unregulated
disposal option considered. {See Table B-13 in Appendix B.) BRC savings
would increase by $83 million, but about 11 additional health effects would
occur under National-Explicit implementation at the 4 millirem proposed
standard.

At the proposed 4 millirem BRC standard, inspection of Table 7-2
shows that the next most cost-effective waste to regulate (excluding
BIOMED as mentioned above and P-COTRASH since its CPG dose is too high
to meet 4 millirem) is |-LQSCNVL. This waste is considered to be a limiting
waste, since |-LQSCNVL is next in line for regulation but was determined
not to be cost-effective under the National-Explicit implementation
assumption. Using weighted averages, the cost-effectiveness of regulating
I-LQSCNVL is $45 million per avoided health effect. Under the extreme
weighting of 100 percent UF, however, the cost-effectiveness of regulating
I-LQSCNVL is as low as $17 million per avoided health effect.

The next most cost-effective waste to regulate is C-TIMEPCS, with a
cost-effectiveness ratio of $23 million for UF disposal. Cost-effectiveness
ratios are extremely large for other wastes; C-SMOKDET is the next most
cost-effective waste to regulate, with a $375 million ratio, assuming UF
disposal. Therefore, if the extreme weighting scenario of 100 percent UF is
assumed and the value placed on an avoided health effect is greater than
$23 mi‘llion, I-LQSCNVL and C-TIMEPCS would be considered cost-effective
to regulate. Under National-Explicit implementation, BRC savings at the 4
millirem standard would decrease by $456 million since the regulated dispos;al
of C-TIMEPCS- is very expensive due to collection costs. This would avoid
20 heaith effects, however. |[f only I-LQSCNVL is considered cost-effective
to regulate, then BRC savings would be reduced by $25 million and health
effects would be reduced by less than two.
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In summary, the results of the sensitivity analysis suggest that, while
the incremental costs associated with regulation do not vary much across
the five unregulated disposal practices, the avoided health effects do vary
significantly. Consequently, cost-effectiveness ratios can vary significantly
as well. However, the economic impacts at the proposed 4 millirem BRC
standard will not change under National-Explicit implementation if the
valuation per avoided health effect exceeds $12 million but is less than $17
million, assuming an extreme weighting scheme of either 100 percent S| or
100 percent UF, the two Ilimiting disposal options. For illustration
purposes, however, a $3 million to $5 million valuation per avoided health
effect would increase BRC savings by $83 million and resuit in 11 additional
health effects, assuming S| is the only unregulated option considered. |If a
valuation of $23 million to $374 million is used, BRC savings would decrease
by $456 million with 20 less health effects occurring, assuming UF is the
only unregulated disposal option considered.

CPG Scenario Defiﬁition

The following sensitivity analysis evaluates the importance of the
volume assumptions which were made in defining the 18 CPC disposal
scenarios described in Chapter 3. These BRC disposal scenarios were
constructed to estimate the maximum CPG dose from unregulated disposal by
estimating the maximum LLW volume likely to be disposed in a single
unregulated disposal facility. Clearly, disposal volumes would vary and the
actual “worst case" disposal facility could have either more or less LLW.
Therefore, the analysis below evaluates the change in the economic impacts
at the proposed 4 millirem standard resuiting from increasing or decreasing
the assumed waste volume by a factor or two.

Again, under the National-Implicit implementation assumption,
N-LOWASTE and 1-ABSLIQD, among others, would meet the 4 millirem BRC
standard. If waste volumes are increased by a factor of two, however,
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N-LOWASTE will no longer meet the standard, although I-ABSLIQD would
continue to meet a 4 millirem per year limit. Net BRC savings at the
proposed 4 millirem standard would fall by $35 million, but about 22 health
effects would be avoided.

Under the National-Explicit implementation assumption, N-LOWASTE s
considered cost-effective to regulate., Consequently, at the 4 millirem
standard, BRC savings would not be affected by doubling waste volumes
since population risk cost-effectiveness, rather than CPGC dose, is the
~controlling factor. For the same reason, decreasing waste volume
assumptions by a factor of two would not affect the economic impacts
associated with the 4 millirem standard under National-Explicit
implementation.

Decreasing CPGC scenario volumes by a factor of two will not affect the
economic impacts at the 4 millirem standard under the National-Iimplicit
implementation assumption, either. Under National-Implicit implementation,
1-COTRASH, with a maximum CPGC dose of 12 millirem per year, will not
meet the proposed standard. With a CPG dose of this magnitude,
decreasing volumes by a factor of two will not be sufficient to allow
I-COTRASH to meet the 4 millirem standard. Larger reductions in volume
assumptions may be sufficient, however. If I-COTRASH could meet a 4
millirem standard, BRC savings would increase by $98 million, but 218
additional health effects would occur. High volume decreases would be
necessary for P- and B-COTRASH to meet the 4 millirem standard, given
that unregulated disposal would result in CPG doses for these two wastes of
270 and 500 millirem per year, respectively (due to transportation).

SUMMARY OF ECONOMIC IMPACTS FOR BRC STANDARDS

Table 7-15 presents the combined aggregate economic impacts,
including commercial and DOE LLW, under the proposed BRC standards.
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Under National-Explicit and National-Implicit implementation, total net
savings (versus current practice) will range from $490 to $620 miilion,
including commercial and DOE LLW. From one to 96 additional health effects
might be expected. The other implementation scenarios have been included
for comparison. The BRC savings of $620 million and the 96 additional
health effects for Regional-Implicit implementation are identical to the
economic impacts associated with National-implicit implementation. The
impacts for Regional-Explicit implementation fall within the overall range of
possible impacts with BRC savings of $530 million and 3.6 additional health
effects occurring.
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RESULTS OF LOW-LEVEL WASTE STANDARDS ANALYSIS Chapter 8

INTRODUCTION

Presented in this chapter are the results of the analysis of alternative
standards for LLW disposal. As with the analysis of alternative BRC
standards, the methodology 'used to evaluate aiternative LLW standards
relies on a quantification of costs, population health effects, and CPG
risks. As explained in Chapter 3, costs are expressed in present value
1985 dollars, discounted at a 10 percent real rate over the 20-year assumed
disposal period; population health effects are expressed as the cumulative,
undiscounted statistical total of fatal cancers and genetic effects over 10,000
years resulting from the 20-year volume of LLW. Unlike the CPGC risk
analysis for the BRC standard, the contributions of individual waste
streams to the CPG risk from LLW disposal depend on the volume and mix
of other low-level wastes present at the site. Hence, a precise analysis of
the economically "optimal" disposal practice that would meet each alternative
level of the standard was not possible; rather, the analysis concentrated on
the determination of aggregate differences among disposal options, focusing
on those options most likely to be used. Although the "optimal" disposal
practice is not known with certainty due to limitations on the number of
combinations that could be considered, the costs and health effects
associated with the approximations presented in this analysis are not
believed to differ significantly from those of the least-cost optimum.

BRC Wastes Excluded

As mentioned in Chapter 7, the analysis of regulated disposal of LLW
excludes wastes that, on average, are expected to meet EPA's proposed

8-1



4 millirem BRC standard under the National-Explicit implementation
assumption.* Nine currently regulated wastes are excluded from the
analyses, including four fuel cycle wastes (F-COTRASH, F-NCTRASH,
F-PROCESS, and U-PROCESS), two source and special nuclear material
wastes (N-SSTRASH, N-SSWASTE), two commercial power reactor
substreams (P-CONDRSN, L-WASTOIL), and an institutional waste
(1-LQSCNVL). In addition, BIOMED waste, the two consumer wastes, and
four of the six discrete NARM wastes considered in Chapter 6 are expected
to remain unregulated and are not included here. Since two of the NARM
wastes, R-RASOURC and R-RAIXRSN, will be regulated using TSCA
authority  and co-disposed with LLW, these wastes are included in the LLW
analysis of alternative standards. The analysis in this chapter assumes
NARM will be regulated, as would an AEA LLW under the proposed 25
millirem standard (i.e., solidified and disposed of in ISD trenches, as for
Class C waste),

Calculation of DOE Impacts

The base case analysis excludes LLW generated at DOE facilities, since
the limited availability of data does not allow for the separate evaluation of
health risks and costs associated with the disposal of DOE waste. However,
EPA expects that the LLW standard will apply to DOE waste. To
approximate the potential economic impact of the LLW standard on DOE
waste, EPA has assumed that DOE waste is analogous in character to
commercial LLW. Using EPA's assumption, the combined economic impacts
associated with alternative standards are calculated for commercial and DOE
waste. In this calculation, treatment of DOE waste under current practice
is assumed to be consistent with shallow land disposal, with waste in the
"as generated". waste form. A more detailed description of the DOE impacts

The Nationai-Explicit implementation assumption is environmentally the
most conservative case since the smallest volume of waste is
unregulated at 4 millirem and, in addition, results in the least amount
of BRC savings.




calculation is presented in Appendix G, with the basis for EPA's

assumptions.

Definition of 10 CFR 61 Disposal

Since a determination of the degree to which EPA's proposed standard
and the NRC's existing performance standards are congruent is a primary
objective of this analysis, it is important to characterize the set of disposal
option/waste stream combinations that closely matches the NRC's 10 CFR 61
standard. To the extent that EPA's proposed standard is not congruent
with 10 CFR 61, the differential impact of such a standard on the
commercial sector could be significant, as is evident in the economic impacts
tables presented later in this chapter. The economic impact of EPA's
proposed standard on DOE waste disposal will also be calculated based on
EPA assumptions discussed in Appendix G.

Based on the discussion in Chapter 5, three of EPA's 25 LLW, as well
as two of the NARM wastes, were treated as Class C waste under the NRC's
classification system, as assumed in EPA87. Under 10 CFR 61, these wastes
would thus require solidification and disposal using the "improved" shallow
land disposal method. The Class C wastes -- N-ISOPROD, L-DECONRS,
N-SOURCES, R-RASOURC, R-RAIXRSN -- account for 0.9 percent of the
total volume for commercial LLW and NARM (excluding DOE waste and
wastes expected to meet the proposed 4 millirem BRC standard). Four
wastes were deemed by EPA87 to be Class B waste -- L-IXRESIN,
L-FSLUDGE, N-TRITIUM, and N-TARCETS. Under 10 CFR 61, these
wastes would be solidified and disposed of using the shallow land disposal
method. Class B waste accounts for 10.8 percent of total volume of
commercial LLVQ and NARM. The remaining 11 LLW wastes were treated as
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Class A waste, accounting for 88 percent of the volume. Under 10 CFR 61,
Class A waste can be disposed of in the as generated waste form using the
shallow land disposal method. Figure 8-1 illustrates the distribution of
waste volume by hydrogeclogic region and NRC classification. The allocation
of States to Compacts and Compacts to hydrogeologic regions is discussed in
Appendix A. The allocation of States to Compacts is necessary since waste
volumes are projected on a State-by-State basis. The allocation of
Compacts to hydrogeologic regions is significant since the analyses assume
the same hydrogeologic characteristics are present across an entire
Compact. As a result of these allocations, the volume of waste generated in
a given hydrogeologic region can be estimated. Since the risk model
estimates unit health effects by hydrogeologic region for each waste, total
health effects can be calculated by multiplying these regional waste volumes
by regional unit health effects.

Disposal Practices Evaluated

As discussed in Chapter 3, nine regulated disposal practices have been
considered for the LLW analysis -- regulated sanitary landfill (SLF),
shallow land disposal (SLD), improved shallow land disposal (ISD),
intermediate depth disposal (IDD), earth mounded concrete bunker (EMCB),
concrete canisters (CC), deep geologic disposal (DGD), hydrofracture
(HF), and deep well injection (DWI). The last two options can be used for
slurried or liquid wastes only. In addition, four disposal "suboptions"
relating to the waste form are considered -- packaged as generated (AG);
solidified (S): incinerated, then solidified (1/S); and packaged in a high
integrity container (HIC). The anaiysis assumes that a given disposal site
may represent- a combination of the above options and suboptions for each
of the three NRC waste classes. In theory, 108 combinations of disposal
options are possible (9 options x 4 suboptions x 3 waste classes).
However, only one "option" is technically practical for HF and DWI, a'nd
only one option has been engineered to a degree sufficient for cost and risk
analyses for CC and EMCB. These limitations still leave 64 potential
disposal practices. Obviously, an analysis that considers all 64
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possibilities would be time-consuming and expensive. Moreover, a good .
understanding of the effect that disposal option and waste form have on

costs and health effects can be achieved by analyzing a much smaller set of
disposal options. Table 8-1 summarizes the 17 disposal practices,
representing a reasonable range of disposal possibilities, that are analyzed

in this chapter.

Organization

This chapter is divided into three parts. In the first section, the
regulated disposal costs, pobulation health effects, and CPC risks are
summarized, excluding the nine LLW wastes expected to meet the BRC
standard (including the two LLW power reactor substreams) and DOE
wastes. The second section then presents the evaluation of alternative LLW
standards, as defined in Chapter 4. In addition to estimating the economic
impacts of alternative standards associated with the disposal of commercial
LLW and NARM, an approximation of the aggregate impacts when DOE waste

is included in the analysis also is presented in this section. The third
section discusses the sensitivity of the results with respect to assumptions
regarding NRC implementation, the exclusion of NARM, discounted health
effects, and the distribution of waste volumes across Compacts. Finally,
changes in the assumptions used in estimating CPG, such as disposal site
size, waste mix, the inclusion of BRC wastes, and the exclusion of
greater-than-Class C wastes, also are evaluated. '

RESULTS FROM THE ANALYSIS OF RECULATED DISPOSAL
COSTS AND HEALTH EFFECTS FOR COMMERCIAL LLW AND NARM

As mentioned above, analyzing the impact of alternative LLW standards
necessitates removing BRC waste since this volume of waste will not be
co-disposed with other LLW. Hence, the waste remaining for regulated
disposal is then both reduced in volume and increased in average activity.
The remaining 18 commercial LLW wastes considered in the analysis below
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1.

2.

3.

5.

6.

10.

11.

12.

Mnemoic

SLF

SLD

SLD1

SLD2

SLD/1SD

SLD/1SD2

SLD/1ISD3

SLD/ISD4

SLD/ISD5

10CFRé61

ISD

DD

Table 8-1

DISPOSAL PRACTICES FOR LLW DISPOSAL

Burial Option

Sanitary Landfill
Shallow Land Disposal

Shallow Land Disposal
Shallow Land Disposal

A: Shallow Land Disposal
B: Shallow Land Disposal
C: Improved Shallow Land

A: Shallow Land Disposal
B: Shallow Land Disposal
C: Improved Shallow Land

A: Shallow Land Disposal
B: Shallow Land Disposal
C: Improved Shallow Land

A: Shallow Land Disposal
B: Improved Shallow Land
C: Improved Shallow Land

: Shallow Land Disposal
B: Shallow Land Disposal
C: Improved Shallow Land

A: Shallow Land Dispossl
B: Shallow Land Disposal
C: Improved Shallow Land

Improved Shallow Land
Disposal

Intermediate Depth Disposal

Table continued on following page.

Packaging/Processing Suboption

As Generated

As Generated

A:
B:
C:

As Generated
Solidified
Solidified

Incinerated/As Generated
Incinerated/Solidified
Incinerated/Solidified *

As Generated
As Generated
As Generated

High Integrity Container
High Integrity Container
High Integrity Container

As Generated
High Integrity Container
Solidified

As Generated
As Generated

: - As Generated

Incinerated/As Generated
Incinerated/Solidified
Incinerated/Solidified *

As Generated
Solidified
Solidified

As Generated
Solidified
Solidified

A8 Generated
Solidified
Solidified

(HIC)
(HIC)
(HIC)

(HIC)



Table 8-1 (Continued)

DISPOSAL PRACTICES FOR LLW DISPOSAL

Mnemoic Burial Option Packnging/?rocessiggﬁSuboption
13. DWI Deep Well Injection As Generated
14, HF Hydrofracture As Generated
15. EMCB A: Earcth Mound ) A: Solidified
B: Concrete Bunker B: Solidified
C: Concrete Bunker C: Solidified
l6. CC Concrete Canister Solidified
17. DGD Deep Geologic Disposal Solidified

Existing Mine

NOTE: A, B, and C refer- to waste class under NRC 10 CFR 61 definition., For purposes of
analysis, NARM is considered to be a Class C waste,

* Incinerated waste form used where possible; otherwise the indicated form was used,
with the exception of NARM wastes whose form was "as {s" if not incinerated.
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will comprise about 2.2 million cubic meters of the total amount of LLW
estimated to be generated over the next 20 years; the two NARM wastes
that constitute the bulk of that which EPA is proposing to regulate will
make up about 6,600 cubic meters of waste over the same 20-year period.*
The regional distribution of LLW involves 720,000 cubic meters being
generated in the humid impermeable region, 1,120,000 cubic meters being
generated in the humid permeable region, and 330,000 cubic meters being
generated in the arid permeable region. Figure 8-2 illustrates the
distribution of this waste by Compact." Two of the Compacts, the
Southeast and Northeast, will generate 48 percent of the waste,

In total, the 2.2 million cubic meters of commercial LLW and NARM are
projected to contain about 13 million curies of activity.“* Five wastes
account for more than 88 percent of the activity -- L-NFRCOMP,
L-IXRESIN, N-TRITIUM, L-FSLUDGE, and N-ISOPROD. Nine wastes
account for less than one percent of the activity. Figure 8-3 presents the
distribution of activity by waste stream and radionuclide. Although one

nuclide, Fe-55, accounts for 31 percent of the curies, it produces very few

®
The 6,600 cubic meters for NARM assumes an as generated volume of

0.445 cubic meters for R-RASOURC, which reflects the small volume of
the bare sources. Based on limitations on the maximum activity per
drum, R-RASOURC is projected to have a 20-year as disposed volume
of 1,297 cubic meters. See Appendix C for a derivation of this
volume.

Wk
As noted above and in Chapter 5, estimation of economic impacts
requires that disposal volumes be assigned to hydrogeologic regions.
For purposes of analysis, this involved two steps: assigning States to
Compacts, and assigning Compacts to regions. In assigning States to
Compacts, some judgment by EPA was required, since the current
disposition of all States has not been decided. Some Compacts have
not been- ratified. In addition, some States have not signed any
existing Compact agreements. The assignment of Compacts to
hydrogeologic regions also involved some judgment by EPA. A
sensitivity analysis evaluates the effect of reallocating some of the
Compacts to different hydrogeologic regions, however.

*k
Measures of activity refer to the 40 long-lived nuclides included in
EPA's risk assessment.
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of the health effects since Fe-55 is relatively immobile and has a half-life of

only 2.6 years. Conversely, six "significant" nuclides -- tritium (H-3),
carbon-14 (C-14), iodine-129 (!-129), cesium-137 (Cs-137), cobalt-60
(Co-60), and radium-226 (Ra-226) -- comprise 47.5 percent of the curies

(these nuclides are responsible for the majority of population heaith effects
and CPG risk). However, C-14, 1-129, and Ra-226 contain less than 0.1
percent of the activity. These nuclides nevertheless account for a
significant portion of population health effects and CPGC risk since C-14,
1-129, and Ra-226 are highly mobile nuclides with long half-lives.

The following discussion focuses on characterizing the absolute costs
and health risks associated with the 17 disposal practices considered in the
analysis. The absolute measures associated with each disposal method then
are used to calculate the incremental costs and avoided population healith
effects relative to the base case (defined as current practice, i.e., 10 CFR
61 disposal for commercial LLW). The fnarginal cost-effectiveness associated
with moving from one disposal practice to another then is calculated for
purposes of determining the set of economically "efficient" disposal methods
(in terms of least-cost compliance or with respect to the cost-effectiveness
of avoiding population health effects). From this set of disposal methods,
the most efficient disposal method that will meet a given LLW alternative
standard is determined,

Results of Costs Analysis

For the 17 disposal methods considered, the disposal of commercial LLW
and NARM could cost from $1 billion, for waste disposed of at a regulated
sanitary landfill in the as generated waste form, to over $8 billion, for deep
geologic disposal in a shale repository containing the solidified waste.
Figure 8-4 presents the variation in disposal costs among all 17 disposal
methods.

These disposal costs include four components: packaging, processing,
transportation, and disposal technology. Figure 8-5 illustrates the relative
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importance of each cost component for 10 disposal methods, assuming all
classes of waste are treated the same. Packaging costs are included in
processing costs if the waste is solidified. Using shallow land disposal,
as generated (SLD, AG) for comparison, note that packaging,
transportation, and disposal technology costs account for roughly equal
proportions of total cost. Relative to this option, solidification (included in
processing costs) accounts for the bulk of the cost difference among
disposal options.

Since unit costs for transportation and packaging vary by waste,* and
considering the differences in waste volume, the contribution to total cost
by waste varies significantly. For 10 CFR 61 disposal, seven wastes
account for 77 percent of total cost -- L-NCTRASH, L-CONCLIQ,
B-COTRASH, L-FSLUDCE, I[|-COTRASH, P-COTRASH, and L-1XRESIN.
Figure 8-6 illustrates the relative contribution of these wastes to the total
cost of 10 CFR 61 disposal.

Results of Population Health Effects Analysis

Having characterized the costs associated with the 17 disposal practices
considered in the analysis of alternative LLW standards, the discussion now
turns to characterization of health effects. Disposal of the 20-year volume
of commercial LLW and NARM could result in population health effects
ranging from about seven effects for disposal of solidified waste in concrete
canisters (CCs) up to 187 health effects for disposal of waste as generated
in a regulated sanitary landfill (SLF, AG). Figure 8-7 illustrates the
variation in total population health effects among disposal methods for all 17
methods. Most of the risk reduction benefit of more stringent disposal is
gained during “the first 1,000 years, due to longer site integrity (i.e., time
to cap failure) and the slower transport of nuclides resulting from
solidification. Figure 8-8 demonstrates the variation in population risk over
time for selected disposal practices.

Transportation and packaging costs vary by waste due, in part, to the

variation in activity among wastes. See Appendix C for a more
detailed discussion of these cost components.
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Disposal consistent with 10 CFR 61 regulations is expected to result in
about 28 health effects over 10,000 years. Of this total, fatal cancers
account for about 25 health effects or 89 percent of the total. As with
other disposal options, the contribution to total risk varies strongly by
waste for 10 CFR 61 disposal, as demonstrated in Table 8-2. Class A waste
comprises over 15 health effects, which is not surprising since this waste
class represents 88 percent of the total volume. Class B waste, on the
other hand, represents only 10.8 percent of waste volume but accounts for
almost half of the total health effects. Class C and NARM waste contribute
an insignificant amount of the total, due to the more stringent treatment of
this waste.* For 10 CFR 61 disposal, six wastes account for 70 percent of
the population health effects: [-COTRASH, N-TRITIUM, L-IXRESIN,
L-CONCLIQ, L-NFRCOMP, and N-LOTRASH. Note that the dominant
contributors to cost and population health effects are not the same. Figure
8-9 shows the contribution to total health effects by waste for 10 CFR 61
disposal.

The regional contribution to total health effects also is demonstrated in
Table 8-2. Under 10 CFR 61 disposal, the regional contribution of health
effects is roughly proportional to the regional volumes. The humid
permeable region represents 52 percent of the total commercial and NARM
volume and 47.6 percent of the health effects; the humid impermeable region
represents 33 percent of total U.S. volume and 38.5 percent of the health
effects; the arid permeable region represents 15 percent of volume and 13.9
percent of health effects under 10 CFR 61 disposal. This proportionality
of volumes to health effects should not be construed to suggest that
hydrogeology does not play a role in estimating health effects, however.
Due to a higher percentage volume of lower activity waste in the humid
permeable region, the role of hydrogeology is masked somewhat. Under 10
CFR 61 disposal, if the same distribution of waste volume is assumed in
each hydrogeologic region, twice as many health effects would occur in the

*
. For conventional shallow land disposal as ‘generated, these wastes

account for 39 percent of the population health effects, however.
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Table 8-2
CONTRIBUTION IO TOTAL POPULATION HEALTH EFFECIS

BY CLASS OF WASTE AND HYDROGEOLOGIC REGION
FOR 10 CFR 61 DISPOSAL

Total Health Effects

Humid Permeable Humid Impermeable Arid Permeable
Waste Class Region Region Region U.S. Total
Class A 8.6 3.9 3.2 15
Class B 4.7 7.3 0.72 13
Class C 0.0084 0.0011 0.0012 0.0107
NARM Q.16 0.0006 0.0069 0.16
TOTAL 13 11 L 28
NOTE: Health effects include fatal cancers and genetic effects over 10,000 years and are

not discounted. Includes commercial LLW and NARM only, excluding DOE waste and
wastes expected to meet the & mrem BRC standard. See Appendix F for a summary of the
contribution to total population health effects, by class of waste and hydrogeologic
region, for all 17 disposal methods.

September 1987
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humid permeable region as in the other two regions; an equal number of
health effects would occur in the arid permeable and humid impermeable
region,

Results of the CPG Dose Analysis

The final area of analysis that is relevant to the evaluation of economic
impacts for alternative LLW standards invoives the CPC risk results.*
Unlike the population health effects analysis, CPG risk depends on the
waste mix and site volume, as well as disposal option and waste form. Our
analysis employs standard assumptions for mix and volume (i.e., U.S.
average mix for commercial LLW and NARM and a 250,000 cubic meter
disposal site) and evaluates the 17 disposal practices.

The modelling results indicate that CPG risks depend strongly on
hydrogeologic region. Table 8-3 summarizes this information. The highest
CPC doses for all disposal scenarios occurred in the humid permeable
region. CPG dose ranges from 82 millirem per year in the humid permeable
region (Class A -- SLD, AG; Class B -- SLD, HIC; Class C and NARM --
ISD, S) to essentially zero in the arid permeable region (concrete canister,
solidified). Disposal consistent with 10 CFR 61 results in an annual CPGC
dose of 9.2 millirem per year in the humid permeable region, 0.03 millirem
in the humid impermeable, and 0.0009 millirem in the arid permeable region.
These resuits highlight the importance of hydrogeoiogy in meeting the LLW
standard. If humid impermeable sites can be found in the generally humid
permeable region, for example, compliance with EPA's LLW standard could
be accomplished through resiting, rather than employing a more stringent
disposal option. In the sensitivity analysis section of this chapter,
economic impac'ts are estimated under the assumption that the hydrogeologic
characteristics of the humid impermeable region might be found in the humid

Similar to the BRC analysis in Chapter 7, this discussion considers
CPC dose only. However, since dose and risk are related by a
constant factor [MEY86a], the discussion applies to CPG dose as well.
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permeable region. Given the uncertainty of the availability of such sites,
however, base case economic impacts are calculated under the conservative
assumption that more favorable site characteristics are not available in the
humid permeable region,

In general, disposal practices with higher costs are expected to lead to
lower CPC doses. However, the risk modelling did not always confirm this
expectation. The clearly unattractive disposal practices (i.e., for which
another practice has both lower cost and lower CPC dose) vary by region.
However, four disposal practices produced unexpected (i.e., more
expensive but less protective) resuits in all three regions: the two
practices using high integrity containers (HICs), earth mounded concrete
bunkers, and improved shallow land disposai. (See Figure 8-10.) The
explanation of these counterintuitive resuits and EPA's risk modelling
assumptions are described in EPA87,

Figure 8-10 presents a plot of total disposal costs and CPC doses for
15 of the 17 disposal m.ethods considered in the analysis. (Hydrofracture
and deep well injection are excluded since only a subset of the wastes
considered in the LLW analysis were included for these two technologies
when running the computer model that estimates CPG risk. Recall that
these two technologies apply only to the disposal of liquid wastes.) The
curve drawn in the figure highiights the set of least-cost disposal options
that would meet alternative CPGC dose limits. Least-cost disposal options are
relevant since, under the implicit implementation assumption (i.e., where
population risk cost-effectiveness is not a consideration), compliance with
EPA's proposed CPC dose standard presumably will be accomplished by a
commercial disposal facility at the lowest possible cost. In Figure 8-10, the
"least-cost compliance curve" indicates that 10 CFR 61 disposal (current
practice) is almost identical in cost and risk to the least-cost option that
would meet the proposed 25 millirem standard.
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ECONOMIC IMPACT OF ALTERNATIVE STANDARDS

Interpretation of Cost-Effectiveness Ratios

In general, more costly disposal options are expected to result in
fewer health effects. The cost-effectiveness ratio provides a relative
measure of the value of more costly disposal and is defined as the ratio of
incremental ¢osts to avoided health effects. In our analysis, incremental
costs and avoided health effects are calculated by comparing any two dis-
posal options (A and B); consequently, a mathematical formulation of this
is:

Cost-Effectiveness = Cost (A) - Cost (B) = Cost/Avoided H.E.
Ratio H.E. (B) - H.E. (A)

In this analysis, the average cost-effectiveness is calculated by
comparing the costs and risks of any particular option to the base case of
10 CFR 61 disposal. Therefore, average cost-effectiveness measures the
value of the disposal option under consideration relative to the base case.
By comparison, the marginal cost-effectiveness measures the value of a
given disposal option relative to another disposal option (i.e., not
necessarily the base case). The marginal cost-effectiveness is aiso used in
the economic evaluation of alternative standards to compare each standard
with higher or lower aiternatives.

The base case implementation scenario used in the LLW analysis of
alternative standards assumes NRC will implement the standard on a
national, rather than regional, basis, without explicit consideration of the
population risk cost-effectiveness (i.e., National-Implicit implementation).
Another consideration in estimating the economic impacts associated with
alternative standards concerns whether current disposal practice would be
relaxed in the event that a higher standard is chosen. The analysis
considers five discrete alternative standards -- 125 millirem per year, 75
millirem, 25 millirem, 10 millirem, and 4 millirem. At higher standards, a
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less stringent disposal option (in comparison to current practice) would be
sufficient to meet the standard. Since EPA is proposing a 25 millirem
standard, our analysis does not necessarily imply that less costly disposal
will be used to meet a higher millirem standard. However, since these less
costly disposal options are true economic alternatives to the status quo, the
opportunity that society forgoes by choosing to employ more stringent
disposal technology is represented by the incremental cost and avoided
health" effects associated with the less stringent disposal. Thus, in
estimating economic impacts, the least-cost method of compliance is assumed
for all alternatives, including those which are less restrictive than current
practice.

Table 8-4 presents the economic impacts associated with the disposal of
commercial and NARM waste under the National-Implicit implementation (the
base case implementation assumption). I[ncremental costs and avoided health
effects are measured relative to current practice, i.e., 10 CFR 61 disposal.
Costs, in 1985 dollars, are incurred annually from 1985 to 2004 and
discounted to 1985 at a 10 percent rate. Health effects, statistical fatal
cancers and genetic effects, occur over 10,000 yéars, beginning in 2008.
As mentioned previously, costs and health effects exclude all unregulated
wastes (including nine commercial wastes expected to meet the BRC
standard) and DOE waste.

The regulated disposal practices that meet each alternative standard at
least cost are also shown in Table 8-4. Given the uncertainty associated
with applying to actual disposal sites the results from the CPG risk model
(which is based on a characterization of a "generic" disposal site), EPA has
increased the predicted maximum CPG dose by a factor of two for purposes
of determining whether a given disposal method would meet an aiternative
LLW standard, an environmentally conservative assumption."r This factor of

This factor was not used in the BRC analysis since environmentally
conservative assumptions were already built into the analysis through
the specification of "worst case" BRC disposal scenarios.
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two is not inconsistent with the results of the sensitivity analysis presented
later in this chapter, which explores the effect of changing some modelling
parameters such as site size, waste mix, the exclusion of NARM, and the

inclusion of BRC wastes.

At EPA's proposed 25 millirem annual exposure standard, the economic
impacts associated with the least-cost option are fairly small -- $9 million in
savings with little impact on health effects. From a practical standpoint, it
is not within the resolving power of our analysis to distinguish between the
least-cost option at a 25 millirem annual exposure standard and 10 CFR 61
disposal. Moreover, a deviation from current practice is probably unlikely
at a 25 millirem annual exposure standard. Therefore, the economic impacts
on commercial and NARM waste generators would be nonexistent by
definition (compared to current practice) at the proposed 25 millirem
standard.'

The last column of Table 8-4 shows the marginal cost-effectiveness
associated with moving from a higher to a lower standard. For example,
moving from a 100 millirem standard to a 50 millirem standard would require
shallow land disposal, as generated (SLD, AG) rather than a regulated
sanitary landfill, as generated (SLF, AG). The marginal cost-effectiveness
from a 100 to 50 millirem annual exposure standard is about $1.1 million per
avoided health effect. The marginal cost-effectiveness associated with
moving from a 50 to a 25 millirem annual exposure standard is $16 million
per avoided health effect. The marginal cost-effectiveness ratio increases
significantly as successively more stringent standards are considered.

Im addition to estimating the economic impacts of alternative standards
associated with the disposal of commercial LLW and NARM, an approximation

Recall that the cost and avoided heaith effects associated with
regulating R-RAIXRSN and R-RASOURC were already captured in the
estimates of NARM impacts in Chapter 6. In this chapter, ISD
solidified is defined as current practice for NARM, to avoid
double-counting impacts.
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of the aggregate economic impacts including DOE waste is presented as well.
The costs and risks of DOE waste disposal have not been specifically
modeled, due to the limited availability of data. Rather, using EPA
assumptions, the costs and risks for DOE waste were calculated by
adjusting estimates derived from commercial LLW by the relative volume of
DGCE waste and commercial waste. EPA's calculation procedure (explained in
detail in Appendix G) requires several important assumptions, such as: (1)
DOE waste can be described by the same set of waste stream characteristics
as commercial; (2) the concentration and distribution of radionuclides is the
same for each waste; (3) although aggregate volumes differ, the
distribution of waste volume is the same within each hydrogeologic region;
(4) DOE will have the same percentage of ERC waste as commercial; and (5)
the unit costs of disposal are assumed to be the same for DOE and
commercial, with the exception of transportation costs. Since most DOE
waste is expected to be disposed of onsite, a 10-mile transportation distance
is assumed rather than the 650-mile distance assumed for commercial. This
transiates into about a 96 percent savings in transportation costs. Current
disposal practice for DOE waste is assumed to differ from commercial.
Under current practice, DOE waste is disposed of at a shallow land disposal
site with waste in the as generated waste form.

Since current practice for DOE waste assumes a less stringent disposal
option than what would meet a 25 millirem annual exposure standard, the
economic impacts are more significant when DOE is included in the analysis.
Table 8-5 presents the economic impacts for alternative standards associated
with the disposal of commercial, NARM, and DOE waste. Assuming
least-cost compliance, a 25 millirem annual exposure standard would cost an
additional $140 million, but would avoid three additional health effects. The
marginal cost-effectiveness of moving from a 50 to a 25 millirem standard in
the aggregate is_$19 million per avoided health effect (in comparison to $16
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million for commercial and NARM only)}. |If the impact on DOE were to be
considered in isolation, the marginal cost-efféctiveness of moving from a 50
to a 25 millirem annual exposure standard would be on the order of $47
million per avoided health effect.

SENSITIVITY ANALYSIS

A great number of important assumptions are embedded in the
preceding analysis of alternative standards. This section discusses the
sensitivity of the resuits to five of the key assumptions that were made.
First, an analysis of the economic impacts under different NRC
implementation assumptions is performed. Regional impiementation and the
explicit consideration of population risk cost-effectiveness is evaluated.
Second, the sensitivity of the above results to the exclusion of NARM waste
is analyzed. Third, the sensitivity of the results to discounting heailth
effects will be discussed. Fourth, the variation in CPG dose is analyzed
under different risk model assumptions relating to disposal sife size, waste
mix, and the inclusion of BRC waste. Fifth, reassignment of compacts to
different hydrc;geologic regions is analyzed, and, finally, waste
segmentation is considered qualitatively.

NRC Implementation Assumption

The implementation assumption that has been used in this analysis to
calculate the incremental impacts of alternative standards on the commercial
sector is actually two separate assumptions. The first assumption is that
the same disposal technology’ will be used throughout the nation, regardless
of hydrogeological region. This assumption is based on past NRC
regulations as evidenced by 10 CFR 61 and is referred to as the National
case. The National case contrasts with the case in which the disposal
technology used to meet a given standard is allowed to vary by
hydrogeologic region (recall the previous discussion of the large differences
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in CPC for any given method in the different hydrogeologic regions).
Implementation done on a region-specific basis will be termed here the
Regional case. Since CPG doses are relatively low in two of the three
hydrogeological regions (thus, potentially allowing a less costly disposal
option to be used to meet the 25 millirem standard in those two regions),
considerable cost savings could be realized if NRC implements EPA's
standard on a regional basis. However, the number of health effects would

increase.

The second assumption used to construct the base case for this
analysis is that the least-cost disposal option will be utilized, rather than
the most cost-effective option that meets each CPG dose standard. These
are termed the ImBIicit and Explicit assumptions, respectively. Under the
Implicit implementation assumption, the economic impacts are estimated for
the disposal technology that meets an alternative standard at the lowest
possible cost. Under the Explicit implementation assumption, the economic
impacts are estimated for the disposal technology that meets an alternative
standard at the lowest cost per avoided health effect, relative to the base
case disposal technology (10 CFR .61).

The significance of this second assumption can be emphasized by
comparing the set of economically efficient disposal options that resuit under
the Implicit assumption and under the Explicit assumption. Since a
different set of disposal options may result depending on which
implementation assumption is used, the economic impacts associated with the
alternative LLW standards can differ.

The methodology uséd in determining the set of economically efficient
disposal options (with respect to avoiding population health effects) is
worth -highlighting since this underlies the construction of the economic
impact tables presented in this chapter. The following discussion focuses
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on the determination of the set of economically efficient disposal options that
result under the Explicit impiementation assumption. An analogous
methodology was employed to determine the set of efficient options lying on
the "least-cost compliance curve" (plotted in Figure 8-10). As discussed
above, the least-cost compliance curve was used to determine the disposal
option that would meet an aiternative standard at least cost (under the

Implicit impiementation assumption).

The marginal cost-effec