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ABSTRACT

A nuclear weapons accident is an extremely unlikely event due to the extensive care taken in
operations. However, under some hypothetical accident conditions, plutonium might be dispersed
to the environment. This would result in costs being incurred by the government to remediate
the site and compensate for losses. This study is a multi-disciplinary evaluation of the potential
scope of the post-accident response that includes technical factors, current and proposed legal
requirements and constraints, as well as social/political factors that could influence
decisionmaking. The study provides parameters that can be used to assess economic costs for
accidents postulated to occur in urban areas, Midwest farmland, Western rangeland, and forest.
Per-area remediation costs have been estimated, using industry-standard methods, for both
expedited and extended remediation. Expedited remediation costs have been evaluated for
highways, airports, and urban areas. Extended remediation costs have been evaluated for all land
uses except highways and airports. The inclusion of cost estimates in risk assessments, together
with the conventional estimation of doses and health effects, allows a fuller understanding of the
post-accident environment. The insights obtained can be used to minimize economic risks by
evaluation of operational and design alternatives, and through development of improved
capabilities for accident response.
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Executive Summary

A nuclear weapons accident is an extremely unlikely event due to the extensive care taken during
weapons operations. Over the past decades, safety provisions in the nuclear weapons program
have been made more stringent, and a large number of safety related changes have been made
to the stockpile. As a result, the risk of an accident has been successively reduced.
Nevertheless, if a nuclear weapon became involved in an accident, radioactive materials might
be dispersed to the environment as a result of fire or the non-nuclear detonation of high
explosive. Such accidents are routinely analyzed for the purpose of minimizing the risks of
operations.

In the event of such an accident, the principal radioactive material of concern is plutonium.
Conventional practice in assessing the consequences of such accidents focuses on the estimation
of radiation doses to maximally exposed individuals, and radiation-induced cancers among the
surrounding populace. It is common practice to consider only a single exposure pathway in such
analyses, namely, direct inhalation of particulates in the cloud or plume of dispersed material.

After passage of the cloud, inhalation of deposited material resuspended by wind or mechanical
disturbances, and ingestion of contaminated food are likely to become the dominant exposure
pathways. In order to protect the populace from the potential hazards, remediation of the site or
long-term interdiction might be required.

For some accident scenarios, publicly available information discussed in this report suggests that
an area of a few square kilometers might be contaminated to a level requiring intervention. In
such an event, the magnitude and phenomenology of the release, the associated meteorological
conditions, and the selected cleanup criterion would all serve to determine the size of the affected
area, detailed estimates for which are outside the scope of this report.

Almost all of the prior U.S. work on the costs associated with potential nuclear accidents has
focused on technical considerations such as the costs and effectiveness of various
decontamination operations. In contrast, the present study is based on the premise that technical
operations need to be considered within the context of the legal and social/political environment
surrounding an accident and its site of contamination. In assessing accident costs, we believe it
is necessary to consider both the action-forcing requirements of Federal law, as well as the
potential legal impediments to prompt action.

A major reason for considering technical factors within the context of the post-accident legal
environment is that decontamination becomes progressively less effective with increased time of
standing. This fact is amply demonstrated in our survey of literature on decontamination, which
is presented in Appendix E. A crucial parameter in remediation is, therefore, the time between
the occurrence of an accident and the initiation of decontamination activities.




The duration of time that might elapse before decontamination is highly uncertain; historical
evidence presented in Appendix A suggests that it could be as long as decades for areas of low
population density. If delayed that long, the effective decontamination of populated areas could
be problematic, and might entail the demolition of some or all structures. Other current factors
disfavoring prompt remediation are the lack of Federal plans for expedited cleanups of populated
areas in the event of a nuclear accident, and the legal requirements for detailed study (with public
participation in decisionmaking), in advance of remediation activities.

The approach taken in this report was to focus on the directly attributable costs' that might be
faced by the government in compensating property owners for loss or damage and in restoring
an accident site. The impact of the current environmental laws on attributable costs is discussed
in the report. The governing laws affect the Department of Energy (DOE) and the Department
of Defense (DoD) equally. The cost estimates derived could thus be used to assess the costs that
either agency might face if weapons-related nuclear material in its custody became involved in
an accident culminating in the release of plutonium to the environment.

The costs of such an accident would be depend primarily on local land use, population density,
-and the size of the affected area, with the size of the affected area depending primarily on the
accident conditions and the intervention criteria adopted. Case studies of recent radiation site
cleanups (presented in Appendix A) indicate that the criteria for protection of the public could
be very stringent.

The 0.2 pCi/m? screening level for transuranic contamination, originally proposed by the
Environmental Protection Agency (EPA) in 1977, appears to represent a useful criterion to
estimate the extent of land that might require some type of remedial action, because that, or
similar standards, are currently being applied in government cleanups of small areas. However,
in the event of an actual accident, current laws and regulations are clear in requiring that a
cleanup criterion would need to be selected on a case-by-case basis, considering local factors.

Recent decades have seen a progressive tightening of standards governing radiation exposures.
In Appendices A and B we present several case studies illustrating that tightening, and summarize
pertinent current rulemakings by the EPA and the Nuclear Regulatory Commission (NRC) to
define cleanup standards for radiation sites. These appendices provide evidence of the need to
consider social/political factors as well as legal requirements in the performance of quantitative
risk assessments.

The Federal laws given major discussion in this report are the Robert T. Stafford Disaster Relief
Act, the Atomic Energy Act, the Comprehensive Environmental Restoration, Compensation, and
Liability Act (CERCLA), and the National Environmental Policy Act (NEPA).

! Indirect costs have not been addressed. Examples of such are those associated with loss
of production capacity, litigation, implementation of operational changes in response to an
accident, and societal impacts due to economic multiplier effects; none of which were analyzed.
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Site restoration activities conducted in accordance with current environmental laws could be very
costly and require a long period of time as a result of the involvement of multiple government
agencies at both Federal and local levels and the requirements for public participation in the
remediation decisionmaking.

However, if a vital facility (for example, an airport or major highway) had to be shut down
because of plutonium contamination, a long lapse of time might be detrimental to the national
interest. In such cases there are clear provisions for exemptions or waivers from the pertinent
environmental laws.

We analyzed two types of response actions: "extended remediation,” such as might result from
the full application of current environmental laws, and "expedited remediation" of critical
facilities such as highways and airport runways and mixed-use urban land. It is conceivable that
a combination of these two approaches would be utilized in the event of an accident. For all of
the scenarios analyzed, estimates are provided for cleanup effectiveness as well as the cost of
performance.

In the absence of an exemption from the NEPA and CERCLA requirements, current law calls
for the responsible agency to prepare both an Environmental Impact Statement (for NEPA) and
a Remedial Investigation/Feasibility Study (for CERCLA) before undertaking remediation of an
accident site. These documents describe the remediation alternatives that were considered by the
responsible agency, and the proposed course of action. The ultimate decision on a remedial
action is usually only made after considering comments on this proposal from the host State and
the public. Federal law requires the responsible agency to evaluate potential remedial measures
with public participation, even if only Federal land is contaminated.

Under CERCLA, the public has a much greater role in decisionmaking and more access to
information than it is afforded under NEPA. CERCLA also gives the host State an important
role in remediation decisionmaking that exceeds the formal role of the State under NEPA. But
perhaps of greatest importance is the fact that the EPA has legal authority to review and approve
all response actions taken by the DOE or DoD at a CERCLA site, and is empowered to take
independent actions for protection of the public.

Because of the time required to conduct remediation decisionmaking in accordance with
applicable requirements, relocation of some of the surrounding populace might be performed
before remediation was initiated. A detailed evaluation of the extent of the contamination would
also probably be performed before any major decontamination effort could be mounted. These
evaluations typically require surveys with sensitive field instruments, supplemented with, and
corroborated by, laboratory analyses of environmental samples. A similar evaluation would need
to be performed after remediation in order to identify residual hotspots and/or verify cleanup
effectiveness. The costs of these assessments have been estimated.




A review of data on the effectiveness of decontamination techniques (presented in Appendix E)
indicates that one reliable approach to remediation of a contaminated site that is not critical to
national security would be acquisition of property, demolition of structures, removal of debris,
and scraping of surface soil.

Acquisition, demolition, and soil removal might be more costly than the thorough cleaning of
structures, but it affords the potential of a much greater cleaning effectiveness. The principal
base of this conclusion is that the ability of decontamination to remove contaminants decreases
rapidly with time if cleanup is delayed for more than a few weeks.

Land use of an affected area might dictate the need for an expedited response. If called for due
to national security concerns, there are clear provisions under law whereby an expedited response
could be mounted, thus bypassing the CERCLA and NEPA processes. -

If the full CERCLA and NEPA decisionmaking processes were followed, historical evidence
(presented in Appendix A) suggests that the complete decontamination of the affected area might
not be completed for years. After several years without maintenance, most structures would
deteriorate to the point that they would not be worth saving, and the effectiveness of
decontamination would be doubtful.

Radioactive debris generated during decontamination would require disposal either on-site or at
an off-site government or commercial facility. Most of the debris would have such a low level
of radioactivity that the legal constraints associated with its transportation and disposal are
minimal. However, despite the low radioactivity and potential for causing radiation exposures,
the public aversion to plutonium might result in logistical or legal obstacles to the ultimate
disposition of the waste material. If this were the case, additional delays could result and this
could lead to increased costs.

The full economic liability associated with relocation of populace, compensation for losses,
environmental surveys, and remediation of the site would rest with the Federal agency that had
custody of the material at the time of the accident.

Costs of extended remediation were estimated for mixed-use urban land, Midwest farmland, arid
Western rangeland, and forested areas.” The types of land uses considered represent the
overwhelming majority of the U.S. land area and population. Accident costs were highest for
urban areas. Accident costs for Midwest farmland and arid Western rangeland were found to be
similar,

> Costs were not estimated for very high density urban areas (centers of large cities),

coastlines, or wetlands. Nuclear weapons operations scrupulously avoid city centers. Coastal
lands or wetlands would require site-specific information outside the scope of this report.
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We estimated the costs of compensation for damaged property and lost income, site
characterization, decontamination, demolition, transportation, waste disposal, and ecological
restoration by developing conceptual designs for typical residential areas, commercial sites,
industrial areas, vacant land, and streets that would compose a mixed-use urban area. Similar
conceptual designs were developed for Midwest farmland and Western rangeland. Each such
area was typical of its type, in the sense that it matched national or regional averages of similar
land-use areas.

Decontamination and remediation activities for each area type were broken down into individual
operations. The cost of each operation was calculated using industry-standard methods
incorporating engineering judgment and standard contractors’ bidding formulas and estimating
methods.

Our method of cost estimation entailed many assumptions: site characteristics, remediation goals,
strategies employed, operations performed, equipment used, efc. In many instances, the basis of
our assumption was very clear, and we were able to state a reason for our choice. In other cases,
there was no obvious best choice, and we chose paths that engineering judgment suggested were
reasonable. Alternative plausible assumptions (in many cases equally plausible), can readily be
envisioned. The evaluation of the effects of alternative assumptions was beyond the scope of the
current effort, but could be investigated in sensitivity and uncertainty studies.

We estimated the costs of off-site disposal by obtaining current prices from organizations
engaged in the transportation and disposal of radioactive waste. Off-site disposal costs were
estimated by postulating that it would require transportation to a commercial shallow land burial
facility at an assumed distance of 1609 km (1000 miles).

For on-site disposal, given the historical reluctance of many communities to accept waste disposal
sites, we developed a conceptual design for an on-site disposal confinement system incorporating
a higher level of protection than is called for by current regulations and estimated its cost using
data on the costs of labor and material. Despite the very conservative design of the on-site
disposal system, our estimated cost for on-site disposal is substantially lower than the estimated
cost for off-site disposal.

For accidents occurring in forested areas, the estimated costs of decontamination and waste
disposal were found to be so high that it is unlikely such areas could be feasibly remediated.
This is due to the very large volume of waste that would require disposal. CERCLA provides
for situations where remediation is unfeasible by allowing the imposition of long-term accgss
controls instead of performing decontamination.

We identified three major components of attributable costs: compensation for lost or damaged
property, decontamination, and waste disposal. The potential costs of medical monitoring and
assessment for exposed individuals were deemed too uncertain to include in our estimates; the
historical background of such programs is described in Appendix H.




The average acquisition cost for property can be estimated in a straightforward manner although
there are substantial uncertainties. Uncertainties regarding decontamination and waste disposal
costs are probably somewhat larger. There is also uncertainty because of the variability in land
and usage characteristics; this uncertainty could be minimized by the use of site-specific data
when accidents are postulated to occur at specific locations.

Despite these uncertainties, the estimates provided are intended to be useful for quantitative
assessments of the risks of nuclear weapon operations by the DOE and DoD.

Estimated accident costs for both on-site and off-site waste disposal are tabulated. In an average-
density urban area, with a population of 1344 persons/km?, the costs for extended remediation
under CERCLA were estimated to be $400 million/km? for off-site disposal. For Midwest
farmland, with a population density of 12 persons/km?, the comparable cost was $39 million/km?2.
We also calculated costs for unpopulated Western rangeland, which would be slightly less than
costs for farmland.

The second type of response action, expedited cleanup with waivers from NEPA and CERCLA,
was analyzed for contaminated highways, airport runways, and average-density urban land. We
did not separately analyze the expedited cleanup of farmland or rangeland, because the costs for
those land use types were found to be similar to that for extended remediation, except for the cost
of acquisition.

The cost of expedited decontamination of major highways built to Interstate standards was
estimated to range from $16 to $58 per m? of highway surface, not including the cost of
constructing detours around the contaminated area. The cost of decontaminating nearby vacant
land was estimated to be approximately $74 per m2.

The cost of expedited decontamination of airport runways was estimated to be the same as the
cost for highways. The cost of decontaminating unoccupied land between runways would be
similar to the cost of decontaminating land adjacent to highways. The potential costs of
decontaminating airport terminals or hangars or of constructing alternate facilities were not
addressed.

For expedited cleanup of urban areas, we considered three options: (1) nondestructive cleaning
of the exterior and interior with the owner’s permission, (2) a somewhat more intrusive
decontamination, with compensation for resultant damages to the property, and (3) acquisition
of the property by condemnation, followed by demolition, soil scraping, and disposal of debris.
The degree of decontamination to be achieved would depend on a number of factors: primarily,
the contamination level and the cleanup goal. And these would then serve to govern the choice
of option to be followed.




We calculated a cost of $127 million per km? for the first option, $178 million per km? for the
second option, and $396 million per km? for the third option; with these costs being estimated
for mixed-use urban land with the national average population density of 1344 persons/km2. The
estimated costs were derived separately for residential, urban, and industrial districts, and then
combined according to national-average statistics on the relative proportion of these land uses in
urban areas.

The simple acquisition and long-term access control of average-density urban areas (without
decontamination), was estimated to cost $176 million per km?, plus a continuing cost of $250,000
to $540,000 per km? per year. Acquisition and long-term interdiction might be considered as an
alternative to demolition for some types of heavily contaminated urban areas, and we have thus
estimated the associated costs.

All of the cost calculations were performed using computer spreadsheets. The details of the
calculations are reproduced in their entirety in Appendix G. In addition, a standalone computer
program incorporating the spreadsheet calculations is being developed by Sandia National
Laboratories as part of the RADTRAN transportation accident code system. The software thus
being developed is intended to support sensitivity and uncertainty studies, and will allow the
substitution of alternative parameter values.

In assessing the risks of operations involving nuclear weapons, the consideration of economic
costs, in addition to the conventional consideration of doses and health effects, can lead to a
fuller understanding of the impacts of potential accidents. The insights obtained may prove
useful in ongoing government efforts to minimize the risks of operations.
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AFB
ALI
ARARs
BBS
BOMARC
CC1
CERCLA
CFR
CPI
CWG
DCF
DEIS
DF

DIL
DNA
DoD
DOE
DOI
DOT
DQOs
EA

EIS
ENO
EPA
FDA
FEIS
FEMA
FIDLER
FONSI
FR
FRERP
FRMAP
FRP
GAO

Glossary of Acronyms

Air Force Base

Annual Limit on Intake (as specified by the ICRP)
Applicable or Relevant and Appropriate Requirements
Bulletin Board System

Boeing Michigan Aeronautical Research Center (McGuire AFB, NJ)
Construction Cost Index

Comprehensive Environmental Restoration, Compensation, and Liability Act
Code of Federal Regulations

Consumer Price Index

Community Work Group

Dose Conversion Factor

Draft Environmental Impact Statement
Decontamination Factor

Derived Intervention Level

Defense Nuclear Agency

Department of Defense

Department of Energy

Department of the Interior

Department of Transportation

Data Quality Objectives

Environmental Assessment

Environmental Impact Statement

Extraordinary Nuclear Occurrence

Environmental Protection Agency

Food and Drug Administration

Final Environmental Impact Statement

Federal Emergency Management Agency

Field Instrument for Detection of Low Energy Radiation
Finding of No Significant Impact

Federal Register

Federal Radiological Emergency Response Plan
Federal Radiological Monitoring and Assessment Plan
Federal Response Plan

General Accounting Office




1G

IHE
IMP
INACC
keV
LET
LFA
LLW
LSA
M&O
MDA
NARP
NCP
NCRP
NEPA
NRC
NTS
OSC
OSHA
OSWER
OTA
PAG
PRPs
RAGS
RCA
RCRA
RD/RA
RERF
RFP
RFRAG
RI/FS

Glossary of Acronyms (Continued)

Inspector General

Insensitive High Explosive

"in situ van" (a tracked vehicle for radiation detection)
Joint Nuclear Accident Coordinating Center

kilo electron-Volt

Linear Energy Transfer

Lead Federal Agency

Low Level Waste

Low Specific Activity

Management & Operating

Minimum Detectable Activity

Nuclear Weapon Accident Response Procedures (DoD 5100.52.M)
National Contingency Plan (40 CFR 300)

National Committee on Radiation Protection and Measurements
National Environmental Policy Act

Nuclear Regulatory Commission

Nevada Test Site

On-Scene Coordinator (DOE) or On-Scene Commander (DoD)
Occupational Safety and Health Administration

EPA Office of Solid Waste and Emergency Response
Office of Technology Assessment

Protective Action Guide

Potentially Responsible Parties

Risk Assessment Guidance for Superfund
Radiological Control Area

Resource Conservation and Recovery Act

Remedial Design/Risk Assessment

Radiation Effects Research Foundation

Rocky Flats Plant

Rocky Flats Risk Assessment Guide

Remedial Investigation/Feasibility Study



Site Restoration: Estimation of Attributable
Costs From Plutonium-Dispersal Accidents

1.0 Introduction

In the extremely unlikely event of an accident involving nuclear weapons, it is possible that
plutonium could be dispersed to the environment. The principal mechanisms for dispersal would
be fire or the non-nuclear detonation of high explosive. Such an event is termed a plutonium-
dispersal accident. In such an event, the dispersed plutonium could be transported by winds and
deposited on soil, vegetation, or structures. The principal phenomenon of concern during cloud
passage is direct inhalation. Unintended nuclear explosions are not being considered.

Conventional analyses of the consequences of plutonium-dispersal accidents generally focus on
the inhalation dose during cloud passage. However, because of the long-term hazard posed by
resuspension of the deposited plutonium and ingestion of contaminated foods, some fraction of
the area in which plutonium was deposited could be considered uninhabitable or unusable without
remediation. Remediation of these contaminated areas should almost always be technically
feasible, but might be very costly in some cases, depending on the local conditions.

Previous U.S. work estimating the cost to protect public health and safety in a post-accident
environment has generally focused on purely technical factors such as the cost of cleaning
surfaces, sometimes extending the scope to include a weighing of cleanup costs against the
benefits to be achieved by the cleanup. In contrast, our study considers current and proposed
legal requirements, social/political factors, and current Federal policies and plans, as well as
technical factors.

Industry-standard methods have been used to estimate the costs of remediation if rangeland,
farmland, forests, highways, airport runways, or mixed-use urban areas were to become
contaminated with plutonium. The cost estimates thus derived are applicable to the majority of
the U.S. land area. Not addressed, because of their complexity, are coastal regions, wetlands, and
the centers of large cities.

Although only publicly available information has been utilized, the results of this study are
intended to be useful for classified research undertaken by the government to minimize the risks
of operations, as well as for public information documents such as Environmental Impact
Statements (EISs).
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2.0 Assessment Methodology

2.1 Potential Extent of Contamination

The current research was initiated with a review of public information on nuclear weapons
accidents, referred to by the Department of Defense (DoD) as Broken Arrows. Cuddihy and
Newton (1985) and Gregory and Edwards (1988) give comprehensive descriptions of reported
nuclear weapons accidents. For the same purpose, a summary of nuclear weapon accidents
worldwide by the Stockhelm International Peace Research Institute (1977) was reviewed. It was
also helpful to study the proceedings of an informal workshop on plutonium cleanups (DOE,
1991). Appendix A of this report presents a series of case studies describing past and current
cleanup experience. The recent cleanup experience corroborates the cost estimates of this report.

Apart from the published reports on the Palomares, Spain and Thule, Greenland incidents,
publicly available data on the possible extent of contamination following a high explosive (HE)
detonation accident are sparse. In discussing the accidental detonation of the HE associated with
nuclear weapons, Langham, et al. (1956) stated that,

Information collected in the field has clearly indicated that contamination (to a level of
significant residual hazard for which something must be subsequently done) certainly
extends for ten miles or more in a downwind direction from ground zero.

The area and distance estimates given above for HE detonation are consistent with a graph
presented by Boughton and DeLaurentis (1992), based on an unclassified summary by Shreve and
Thomas (1965), of ground contamination levels measured during Operation Roller Coaster at the
Nevada Test Site (NTS) in 1963. Under stable meteorology and flat terrain, the graph of results
from the Clean Slate 1 shot shows plutonium contamination levels exceeding 10 pg/m? (roughly
0.7 uCi/m?) in a cigar-shaped region that extends beyond a distance of 10.4 km from ground zero.

It is important to note that the worst-case combination of release magnitude and meteorology is
not the most likely occurrence. In the Project 57 and 58 series of safety shot tests conducted in
the late 1950s on flat terrain at the Tonopah Test Range (TTR), contamination to a level
exceeding 0.2 pCi/m? was limited to a downwind distance of eight km or less (DOE, 1995a).
The TTR data also shows that the area contaminated to that level from a single safety shot did
not exceed seven square kilometers.> However, it is worth noting that the Roller Coaster tests
differed from the safety shots in that Roller Coaster was intentionally conducted under "worst-
case" meteorological conditions.

* Some shortcomings of the TTR data are discussed in Section 5.1.
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In a textbook for British military personnel, Grace (1994) states that the crash of an airplane
carrying a nuclear weapon poses the greatest risk of plutonium dispersal; a fire is likely, and the
HE might burn or detonate. He states that this could contaminate an area of "perhaps a few
square kilometers," with fissile material,” and in such an event, "thorough removal of
contaminated soil is essential."

In the unlikely event that a plutonium-dispersal accident were to occur, there are many factors
which would combine to determine the size of the contaminated arca and the degree of
contamination. Bounding estimates of the contaminated area and distance such as that presented
by Drell et al. (1990) should not be used to estimate the likely costs of accidents.

The area exceeding the criterion for continuous occupation, a highly uncertain parameter, could
range from a small fraction of a square kilometer in the case of a fire to a few square kilometers
for an accident involving HE detonation. HE detonation is less likely than involvement of
weapons in a fire. The area contaminated in any specific hypothetical accident scenario would
need to be estimated by calculations involving scenario-specific parameter values for the amount
of material at risk, initial cloud size and thermal buoyancy, particle size distribution, ambient
meteorology, and surrounding terrain characteristics, all of which are outside the scope of the
present study.

2.2 Likelihood of Occurrence

Cuddihy and Newton (1985) present a summary of the nuclear weapons accidents that occurred
between 1950 and 1980. The vast majority of those accidents occurred during the height of the
Cold War and were associated with strategic bombers on either airborne or ground alert, i.e. with
nuclear weapons loaded on aircraft and either in the air or ready for take-off.

It should be noted that these few accidents dispersing plutonium occurred during a period when
the number of nuclear weapons actively deployed was much larger than at present, and that the
frequency of accidents per weapon-year was extremely low.

Airborne alert flights were terminated after the B-52 crash at Thule, Greenland in 1968. Further,
as of September 1991, the U.S. no longer maintains a ground alert status for its strategic bomber
force. That is, nuclear weapons are no longer routinely loaded onto bombers as part of readiness
exercises. The termination of air and ground alert status for the strategic bomber force has
yielded great reductions in accident risks, see Simmons (1993).

Also notable is the extremely low probability of such accidents because of the extensive
precautions taken in nuclear weapon operations. Safety precautions and operational rules have
been made more stringent. There have also been several important safety-related changes to the
stockpile, such as the use of insensitive high explosive (IHE), crash-resistant containers, and fire-
resistant pits. As a result of these changes (many of which were at least partially motivated by
the weapons accidents of the 1950s and 1960s) very large reductions in accident risks have been
achieved, see Drell (1993).




Also important to note in regard to the diminishment of nuclear weapon accident risks is the fact
that as a result of arms control treaties for strategic weapons such as SALT and START, the
number of weapons in the stockpile has been significantly reduced. In addition, the Intermediate
Nuclear Forces (INF) treaty eliminated an entire class of weapons from Europe. Furthermore,
the U.S. Army has totally eliminated the active deployment of nuclear weapons with its troops,
and the U.S. Navy no longer routinely fields tactical nuclear weapons on surface ships. As a
result of these changes, and DoD/DOE practices that greatly minimize the use of air
transportation for nuclear weapons, the likelihood of accidents in which dispersal of plutonium
might occur have been driven to extremely low levels.

2.3 Exposure Pathways

Radiation exposures to humans can result from a number of different pathways, but because of
the radiological and chemical characteristics of weapons grade plutonium (over 99% by mass
alpha-emitting ?*?*°Pu), inhalation dominates over the other exposure pathways considered in
other types of radiological assessments such as those for nuclear power plant accidents. The
other exposure pathways commonly considered for reactor accidents are cloudshine, groundshine,
and ingestion.

Immediately following a plutonium-dispersal accident, the bulk of the exposure to the populace
would be via direct inhalation of the cloud as it traveled downwind. If there were no advance
warning of an accident, exposures could occur without the opportunity to implement protective
actions such as sheltering or evacuation. Risk assessments of such accidents typically report
radiation doses to maximally exposed individuals, in units of rem or sieverts (Sv), as well as the
collective dose (in units of person-rem or person-Sv).

Health effects such as cancer in lungs or other organs might subsequently occur.* In accordance
with guidance from authoritative bodies such as the International Commission on Radiological
Protection (ICRP) and the National Committee on Radiation Protection and Measurements
(NCRP), DOE risk assessments utilize the assumption that the dose-response relationship
observed from high doses and high dose rates (such as at Hiroshima and Nagasaki) can be
extrapolated linearly without a threshold to estimate the risks of cancer at the low doses and dose
rates that would result from a plutonium-dispersal accident.

In comparing the numbers of cancer health effects that could result from a plutonium-dispersal
accident to those that could result from a severe accident at a commercial nuclear power plant,
it is readily apparent that the health consequences and costs of a severe reactor accident could
greatly exceed the consequences of even a "worst-case" plutonium-dispersal accident because the

* The potential toxicological effects of weapon materials are not addressed in this report.
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quantities of radioactive material in nuclear weapons are a small fraction of the quantities present
in an operating nuclear power plant.’

2.4 Criteria For Acceptable Exposures

In the unlikely event of a dispersal accident, costs would be incurred by the government as a
result of mitigative actions taken to protect public health and safety within the affected area. The
definition of the boundaries of the affected area depends on the choice of a derived intervention
level (DIL). The DIL is a numerical criterion used to distinguish between acceptable and
unacceptable contamination levels in the environment.

Under the authority of the Atomic Energy Act of 1954, as amended (42 USC § 2011 et seq.), and
various Executive Orders, the Environmental Protection Agency (EPA) has the responsibility to
set generally applicable standards for protection of the public from radiation.

As of January 1996, no fixed standards defining what constitutes an acceptable level of
contamination from radioactive contamination have been issued; but the EPA would have
authority to set such standards on a case-by-case basis. The EPA (1977) has proposed a
numerical criterion that could be used as a "screening level” for transuranic contamination. The
0.2 pCi/m?* screening level was intended to distinguish between areas that indisputably satisfied
the criteria for acceptability and areas that required further study through a detailed analysis of
exposure pathways and doses. Recent cleanups discussed in Appendix A show that what was
originally intended for screening has evolved into a de facto cleanup standard.

In a report to Congress, the EPA (1993d) described numerous inconsistencies in the legal
requirements for protection from hazardous materials that have led to difficulties for the agencies
tasked with enforcement. Furthermore, the General Accounting Office (GAO) (1993; 1994a;
1994b) has repeatedly criticized the involved Federal agencies for their inability to define
consistent radiation protection standards.

The lack of fixed standards introduces substantial uncertainty into assessments of costs from
potential accidents. Nevertheless, case studies of radiation cleanup experience presented in
Appendix A indicate that the cleanup standards for an accident occurring in the future, could, in
situations involving relatively small areas, be much more stringent than the standards utilized in
the past decades.

> Commercial power reactors can each contain several kilograms of plutonium created by
neutron capture in the uranium fuel, but plutonium gives a negligible contribution to reactor
accident consequences because its volatility is much lower than that of fission products.

2-4




An extensive discussion of Derived Intervention Levels (DILs) for plutonium, the relative
importance of the various exposure pathways, and current EPA and NRC rulemakings that may
define a site cleanup standard applicable to radiation accidents is provided in Appendix B.

2.5 Attributable Costs

There are a number of different approaches that may be taken to estimate costs. The approach
selected for this report is to derive a methodology to estimate the costs that could be incurred as
direct liabilities by the DOE or DoD if a nuclear weapon or weapon component in its custody
is involved in an accident resulting in plutonium dispersal to the environment. This report does
not address in any manner the render-safe and reclamation procedures performed by explosive
ordinance disposal (EOD) personnel and the near-term activities that might be required for the
protection of classified information.

What will be addressed are the costs associated with the protective actions that could be
performed to assure adequate protection of the public from the radiation hazards associated with
a plutonium-dispersal accident. Over the period following such an accident, these actions could
take a number of forms, ranging from a precautionary advance evacuation of nearby individuals,
to, over subsequent years, access control, decontamination of the environment, waste disposal,
and ecological restoration.

The costs predicted using the described methodology have two principal components: (1) disaster
relief and compensation costs to those facing losses and (2) costs of the actions that the
government might perform in order to restore the surrounding environment and ensure the long-
term health and safety of the affected population.

Some types of costs are highly uncertain, for example, the cost of litigation, and this report
makes no attempt to quantify legal expenses. Government compensation to affected individuals
is assumed to be limited to actual costs because current law prohibits the award of punitive
damages. Current law also provides for government payment of a claimant’s legal expenses only
if those expenses satisfy criteria for reasonableness.

After remediation and restoration of a contaminated site, the land would have value and could
be sold to offset government costs. For the expedited remediation of light- and moderate-
contamination areas, we assumed that properties acquired by the government would be resold
without loss.

The possible economic costs to society associated with premature cancer deaths or indirect losses
likely to be absorbed by the economy of the affected region are not addressed. In any case, those
non-attributable economic costs, although commonly considered in European safety assessments
of power reactors (Alonso et al., 1990; Haywood et al., 1991) are expected to be small in
comparison to directly attributable costs because losses to one sector of the economy are usually
balanced by gains to another. Also, when facilities are rebuilt, overall efficiency gains are
sometimes achieved that yield a net benefit to the economy. A detailed analysis that considers
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such losses and gains along with their attendant uncertainties is not feasible for prospective
accidents.

2.6 DOE Accidents Versus DoD Accidents

The Atomic Energy Act assigns the DOE and the DoD special responsibilities for assuring the
adequate protection of the public from the risks involved with nuclear weapons and nuclear
explosive devices. In the event of an actual nuclear incident, a crucial determination would be
the question of which agency had custody of the involved material. The question of custody
takes precedence over the physical location or ownership of land or that an accident occurs. The
Federal government would be responsible for the resultant costs. Funding for the costs could
have an impact on the budget of the responsible agency, depending on the magnitude. There is
no reason to believe that, everything else being equal, the cost of an accident involving a weapon
in DOE custody would be different from those involved in DOE custody.

2.7 Degree of Protectiveness

The estimation of accident costs from a postulated accident, without any knowledge of the
accident location, the degree and spatial extent of contamination, efc. is fraught with difficulties.
Before applying the parameters derived in this report, analysts need to consider the assumptions
we utilized and ensure that our results are applied appropriately.

First, we supposed that current laws would play an important role in determining the resultant
costs. Although there are no fixed standards for radiation site cleanup, we assumed that the
historical experience in radiation cleanups can be relied upon, in conjunction with proposed
standards recently issued for public comment by the EPA (1994d) and the NRC (1994a), to
forecast that cleanup standards at a contemporary accident site could be very stringent.®

The costs under consideration in this report would, by definition, result from the actions taken
by the government. Social and political factors would play a role in determining the protective
actions taken. We assumed, based on historical experience, that the post-accident decisionmaking
would give great weight to minimizing public concerns.

In the period immediately following an accident, several important decisions would be made in
a limited period of time. Those decisions would be based on initial estimates of contamination
levels that would have some uncertainty. Consideration of the social and political pressures that
could come to bear led us to conclude that the actions taken would probably err on the side of
conservatism and greater protectiveness.

¢ For additional information on the approach being taken by the NRC, see Daily et al. (1994),
Huffert et al. (1994, 1995), Huffert and Miller (1995), and Gogolak et al. (1995).
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The degree of protectiveness modeled in this study would not yield upper-bound estimates of
accident costs. With the exception of nuclear medicine, the American public is extremely averse
to radiation exposures resulting from human activities. This reaction can be expected to be
particularly pronounced if the potential radiation exposure was the result of an accident involving
a nuclear weapon or explosive device. Therefore, it is conceivable that a course of action more
protective than suggested by our analysis could be taken, at additional cost. It is also conceivable
that a less protective course of action could be taken, at lower cost.

Even for an unlikely scenario involving a very severe accident, we determined that a
comprehensive course of action providing great protection to the public health and safety would
be feasible. Because of the importance of nuclear weapons for the national defense, and the need
to minimize public fears, we assumed that such a strategy would be carried out.

Both CERCLA (described in Section 3.3) and NEPA (described in Section 3.4) allow for waivers.
For one scenario, we assumed that government actions would be constrained by the legal
requirements of those two laws. As a result of those legal requirements, a possible extended
period of several years could elapse before remediation of the contaminated region.
Consequently, some of the cost estimates include condemnation of affected property and
relocation of the residents even though the immediate risks to residents in a large portion of the
area would be minimal.

Predicted costs would be reduced if an expedited decontamination effort were conducted. Several
important issues would need to be addressed before an expedited cleanup action could become
a realistic option. Because a full understanding of the degree and extent of contamination and
a coherent plan are essential before undertaking clean-up operations involving radioactive
material,and because there are presently no plans in place for the performance of expedited
cleanup after nuclear weapons accidents, advance planning and preparations would need to be
developed. This planning would have to consider the following:

(D decontamination is most effective if accomplished in a month or less,
(2) decontamination of structures is difficult and some methods can cause damage,
(3)  residual plutonium within a decontaminated structure would be difficult to detect,

4) decontamination generates radioactive waste and its ultimate disposal would have
to be planned for,

(5 decontamination activities might cause damage to ecosystems, and




(6) if initial efforts proved unsuccessful, progressively more vigorous methods might
have to be applied, with a possible culmination in total demolition, as was
experienced at Chernobyl.

For expedited remediation of an accident site, DoD capabilities might be utilized because of the
fact that troops can be rapidly mobilized to an accident site; the DOE has no such capabilities
at this time. Military troops are trained and equipped so that they can operate safely in hazardous
environments referred to as nuclear/biological/chemical (NBC). However, NBC training and
equipment is currently oriented towards expedient methods of decontaminating personnel,
vehicles, and vital facilities such as airport runways, see GAO (1986a) and DoD (1994).

The major focus of NBC preparedness is on chemical warfare agents, where decontamination is
performed by the spray application either of caustic solutions to chemically neutralize the toxic
agent or of detergent solutions to wash it off. This equipment, with trained operators, could
supplement commercially available equipment and be of great benefit. However, some of the
methods incorporated in current NBC planning procedures are inapplicable to a plutonium-
dispersal accident that might occur during peacetime in a civilian area. These expedient field
techniques might serve only to expand the size of the contaminated area through further dispersal
and make the ultimate remediation process more difficult.

Also, although the N in NBC is for nuclear, a recent report to Congress on military capabilities
(ibid.), including an inventory of available equipment, is focused primarily on defense from
chemical agents. A search of the DoD literature revealed no current information on military
capabilities for the NBC decontamination of building interiors, and (ibid.) noted that no
capabilities exist for the decontamination of aircraft interiors, although there is a need for such.

2.8 Price-Anderson Indemnity Limit

Because estimates of potential costs from commercial power plant accidents have been used to
set the Price-Anderson indemnity limit, which does pertain to a nuclear weapon accident, it is
worthwhile to discuss a major limitation of an important prior effort to estimate accident costs.
In introducing this topic it is also important to note that commercial reactor accidents are exempt
from CERCLA. This means that if a reactor accident were to occur, the criteria for site
restoration would be developed by the EPA on an individual basis.

The GAO (1986b and 1987) prepared two reports for Congress that summarized the technical
basis for the 1988 revision to the "Price-Anderson” indemnity limits of the Atomic Energy Act.
Both GAO studies relied on the fundamental assumptions of WASH-1400 (NRC, 1975) and on
two reports issued in September of 1982: Technical Guidance for Siting Criteria Development
(NUREG/CR-2239) and Estimates of the Financial Consequences of Nuclear Power Reactor
Accidents (NUREG/CR-2273).

7 None of the cost estimates of this report consider the possibility of such an escalation.
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The GAO found that the total cost of a "catastrophic" accident would not be likely to exceed $6.5
billion. That judgement was based on (1) the WASH-1400 criterion for acceptable long-term
exposure, 25 rem (0.25 Sv) incurred over a period of 30 years, and (2) an urban decontamination
factor (DF)® of 20 achieved at a cost that represented just 10% of the property’s value. We
note that a similar study was used in Canada to define the potential liabilities associated with
Canadian commercial power reactor accidents (Lonergan and Goble, 1990). Considered in light
of the present research, both have similar shortcomings.

In comparing the WASH-1400 long-term dose criterion to current standards, it is important to
note that the dose rate from dispersed and deposited reactor fission products would decrease
relatively quickly in the first few years following an accident because of the decay of
radionuclides with short halflives. As a result, in an area that satisfied the 25-rem-in-30-years
criterion, the annual doses in the first few years could each amount to several rem, with the
annual doses from subsequent years averaging less than one rem.

Current EPA (1992a) Protective Action Guides (PAGs) allow for the possibility of a 2 rem (0.02
Sv) exposure in the first year following an accident, after weighing the disruption of relocation
against the risk of exposure, and there has been no major change in this criterion since 1975.
The change in radiation protection criteria that is important to the present study a change in
criteria for long-term exposure to residual radioactive material. Those long-term exposure
standards, discussed in Appendix B, have been tightened considerably since 1975.

Prior to the 1986 Chernobyl accident, reactor accident risk assessments in the U.S. and Europe
relied heavily on the economic cost model of WASH-1400, in which the decontamination of
residential property was modeled as achieving a DF of 20 in urban areas at a minimal cost, that
is, one-tenth of the value of the affected property.

The use of a DF of 20 in WASH-1400 was apparently based on contemporary guidance
documents for anticipated recovery actions following nuclear explosions of warfare. Nuclear
explosions produce fallout with large particles and high mass loadings on surfaces. The DF of
20 was widely used in planning documents addressing such events. Furthermore, data presented
within WASH-1400 give strong weight to this supposition in its presentation of decontamination
data for mass loadings of 5 and 25 g/ft® (ibid.: pp. K-23 through K-32).

The WASH-1400 model now appears to have been unduly optimistic in the broad application of
a DF of 20 to large-scale urban areas, when, according to Cowan and Meinhold (1969), in their
discussion of the importance of pre-planning for the post-attack recovery of vital selected
facilities such as power plants, water works, medical installations, and transportation systems,

Radiation levels inside of selected structures can be reduced by a factor of 5.

® A DF of twenty means that contamination is reduced by a factor of twenty; that is, 95%
of the radioactive material is removed.
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Radiation levels outdoors in selected areas can be reduced by a factor of 20.°

and,
These results can be achieved without excessive exposure to individuals carrying out the
decontamination.

Data on recovery from nuclear explosions that have been publicly available since the 1960s
appear to have been misinterpreted, which has led to long-standing underestimates of the potential
economic costs of severe reactor accidents.

2.9 Applicability of Current Estimates

Accidents could be postulated to occur at a number of different locations, and there are large
variations in costs depending on locale. We estimated hypothetical accident costs for four
representative locales. These are (1) mixed-use urban areas such as are found in mid-sized cities
and in the suburbs of large cities, (2) Midwest states farmland, (3) Western states arid rangeland
and prairie, and (4) forested areas.

Accident costs in Western arid rangeland were found to be almost identical to accident costs in
farmland areas. Acquisition cost for farmland is higher than for rangeland, but this is
overshadowed by the cost of waste disposal, which is nearly the same for both farmland and
rangeland. As a result, the farmland cost parameters may be used to characterize rural areas
throughout much of the continental United States.

For forests, our analysis indicates that the costs of decontamination and ecological restoration
would greatly exceed any plausible monetary value for the property. Consequently, the most
prudent course of action for such areas would probably be acquisition and imposition of long-
term access controls.

Locales for which the data in this report are inapplicable include coastal regions and wetlands,
which have unique characteristics that can have a great impact on costs, principally, the difficulty
of conducting ecological restoration. The parameter values presented in this report should be
carefully evaluated before using them to estimate costs for accidents postulated to occur in fragile
or complex environments. High-value areas with multistory office buildings or large industrial
or transportation facilities are only briefly discussed, and the parameters provided may
underestimate the costs for those locales.

The data derived and presented in this report are intended to be applicable to hypothetical
accidents at fixed DOE or DoD facilities and to transportation accidents in the U.S. for the sole

® These estimates, for expedited remediation after nuclear explosions, are not inconsistent
with our analysis of decontamination effectiveness, presented in Appendix D. It is also noted
that we have drawn on many of the same references that were used by Cowan and Meinhold.
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purpose of assessing the direct costs of such an accident that might be borne by the government
if it were to occur.

Such an event is very unlikely. Our analysis of the cost to recover after such an event should
not in any way be taken as an indication that such an accident is deemed likely, or that there
need be any public concern regarding the adequacy of the safeguards that are taken to prevent
such accidents. On the contrary, despite the dramatic reductions in weapon-accident risks that
have already been achieved, efforts to reduce these risks still further are ongoing. This study is
intended to facilitate that process.
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3.0 Pertinent Federal Laws, Regulations, and
Procedures

Three laws form the principal legal basis for our estimation of accident costs: the Robert T.
Stafford Disaster Relief Act, the Atomic Energy Act, and the Comprehensive Environmental
Restoration, Compensation, and Liability Act (CERCLA). The impacts of these laws on accident
costs, in conjunction with the requirements of the National Environmental Policy Act (NEPA),
are discussed in the remainder of this section.

If an accident were to occur at some future time, the legal requirements then in effect would play
an important role in determining the actions taken by the government, and the associated costs.
Since the governing legal requirements are subject to change, the present study should in no way
be relied upon to provide guidance for any type of post-accident response after an actual
accident. The summarization of legal requirements that follows is thus intended to be used for
the sole purpose of estimating costs from potential accidents.

3.1 Robert T. Stafford Disaster Relief Act

Natural disasters in the U.S. of large scope have been caused by hurricanes, earthquakes, and
floods. In the early 1990s, severe events with damages exceeding ten billion dollars occurred
on an annual basis.!” The Federal and State procedures for disaster relief are well-exercised.
Many of the actions that would be performed following a plutonium-dispersal accident are
identical to those performed after natural disasters.

The Federal law governing such actions, the Disaster Relief Act of 1974, as amended,"" is fully
applicable to man-made disasters such as a plutonium-dispersal accident. In such an event, the
Federal Emergency Management Agency (FEMA) would be expected to coordinate the following
types of actions: temporary housing assistance, unemployment assistance, individual and family
grant programs, small business loans, food coupon distribution and emergency mass feeding,
relocation assistance, crisis counseling, emergency communications, emergency public
transportation, and provision of vital services such as medical care.

1% According to Dialog® Information Services, Hurricane Andrew caused damages of $20
billion in 1992, the Midwest floods caused damages of $12 billion in 1993, and the Northridge,
CA carthquake caused damages of $15 billion in 1994.

142 USC § 5121 et seq., Public Law 93-288, amended by Public Law 100-707 and renamed
The Robert T. Stafford Disaster Relief and Emergency Assistance Act.

3-1




The Act specifically permits the limited use of DoD resources for emergency work,

During the immediate aftermath of an incident which may ultimately qualify for assistance
... the Governor of the State may request the President to direct the Secretary of Defense
to utilize the resources of the Department of Defense for the purpose of performing on
public or private lands any emergency work which is made necessary by such incident
and which is essential for the preservation of life and property ... Such emergency work
may only be carried out for a period not to exceed 10 days.

3.2 Price-Anderson Amendments to the Atomic Energy Act

Under the contracts DOE places with its management and operating contractors (M&QO’s), the
DOE indemnifies its contractors, up to an established amount, for accidents involving nuclear
materials. If an accident were to be of a sufficient scale to be determined a nuclear incident (in
the terminology of the amended Atomic Energy Act) or an extraordinary nuclear occurrence
(ENO) (as defined in the Federal regulations) the compensation provisions of Price-Anderson are
activated.

At 10 CFR 840, et seq., the DOE establishes several criteria for determination of an ENO. In
brief, the following can be stated. For alpha-emitting transuranics, an ENO would be declared
if off-site ground contamination of more than 100 m® exceeded 0.35 pCi/m” and the aggregate
amount of damage that "has been or will probably be sustained as the result of such event”
exceeds $5 million. Only the most minor plutonivm-dispersal accidents, in which contamination
was limited to government property, would fail to qualify as an ENO.

The Price-Anderson Act of 1988 amended the Atomic Energy Act to increase the amount of
financial indemnity for DOE government contractors so that it equals the amount of the insurance
fund established for liability from accidents at commercial nuclear power reactors. It is noted
that the indemnity provisions of Price-Anderson afford greater protection to DOE contractors than
is afforded to DoD contractors (Swanson and DePetro, 1994). However, that distinction has no
bearing on operations performed by DoD personnel. For the purposes of this report, the Price-
Anderson Act is considered to have equal effects for DOE and DoD plutonium accidents.

For nuclear incidents within the U.S. the amount of the Price-Anderson insurance fund is set at
$63 million (in 1988 dollars) times the number of licensed power reactors with a capacity of at
least 100 mega-Watts electrical power. If reductions in the amount of financial protection for
NRC-licensed facilities occur as a result of decommissioning, the DOE indemnity limit is not
reduced. The indemnity limit is annually adjusted for inflation with the Consumer Price Index
(CPI). Punitive damages are prohibited under the Act.

In 1995, with approximately 115 licensed reactors, the indemnity limit for DOE contractors is
around $9 billion. If this amount is insufficient, the 1988 Price-Anderson Act states,




In the event of a nuclear incident involving damages in excess of the amount of aggregate
public liability ... (the $9 billion) the Congress will thoroughly review the particular
incident ... and ... take whatever action is necessary ... to provide full and prompt
compensation to the public for all public liability claims resulting from a disaster of such
magnitude.

Under both the Atomic Energy Act and CERCLA, the sovereign immunity of the Federal
government is waived, thus allowing lawsuits against the government, in specific circumstances,
by parties suffering damages as a result of radioactive or toxic releases.

Under the Atomic Energy Act, a procedure is established so that parties suffering damages as a
result of certain nuclear incidents may file damage claims with the Federal courts and thereby
receive compensation. There would be no need for a lawsuit per se against the government, see
42 USC § 2210: Indemnification and Limitation of Liability.

Under CERCLA, persons who comply with orders brought by the Attorney General under that
section (see Section 4.7) may petition the President for the reimbursement of their associated
expenses. If the President refuses to grant all or part of the petition, an action may be brought
against the President in Federal court (see 42 USC § 9606: Abatement Actions.)

In regard to the waivers of sovereign immunity, any legal actions brought against the Federal
government would be subject to the requirements of the Federal Rules of Civil Procedure, see
28 USC § 2412: Costs and Fees. Although all of the possible types of claims that might be
brought cannot be predicted, some possible damages are subsistence expenses during relocation,
lost income, disruption of business, and requisition or condemnation of property.

The associated government liabilities would be assessed by the Federal courts. Obviously, any
expenses previously reimbursed by FEMA under disaster relief could not be claimed. However,
the compensation paid out in satisfaction of damage claims would be independent of, and in
addition to, the costs that the government might incur in the course of site remediation as
required by CERCLA. Thus, an exceedance of the Price-Anderson indemnity limit might have
no bearing on the financing of remediation efforts called for under CERCLA.

3.3 Comprehensive Environmental Restoration, Compensation, and
Liability Act (CERCLA)

3.3.1 Historical Background

In 1978 at Love Canal in Niagara Falls, NY, President Jimmy Carter declared a state of
emergency to remedy a situation where buried chemical wastes were seeping into homes and
adverse health effects were alleged to be caused by toxic exposures. Federal laws at the time
included no mechanism to compel responsible parties to remediate environmental damages from
toxic material releases.




In response, CERCLA (42 USC § 9601 et seq.) was enacted into law in 1980 to provide a
framework for the reporting, investigation, and remediation of such environmental damages.

Federal appropriations for the acquisition of Love Canal property (42 USC § 9661} total $2.5
million; the legislation specifies that,

No property shall be acquired pursuant to this section unless the property owner
voluntarily agrees to such acquisition.

After ten years of remedial activities at Love Canal, consisting of an engineered cap, barrier
drain, leachate collection and treatment, and site monitoring, the cost of cleanup for the 16-acre
site was estimated to be $25 million (Kadlecek, 1988).

After enactment of CERCLA, Times Beach, MO, became a well-known example of the law’s
implementation. The contamination at Times Beach resulted from spraying roads for dust control
in the 1970s with oil that was contaminated with dioxin. The contamination was subsequently
further spread, through 1982, as a result of the use of contaminated soil as fill material. After
a December 1982 flood, the Federal government began an evacuation of the town which
eventually became permanent. More than 2000 people were moved from the rural community
at a cost of approximately $30 million in 1983 dollars (Monks, 1993). Years after the disaster,
many of the former residents remained critical of the government’s handling of the situation, see
Goodman and Vaughan (1988) and Sagan (1993).

The initial Record of Decision (ROD) for Times Beach (EPA, 1984) selected the CERCLA
Alternative that involved interim on-site storage (in a concrete vault with flexible cover) of
50,000 cubic yards of contaminated soil, which was to be removed from six noncontiguous
regions. The affected properties included a few "ranches," a golf course, and a trailer park. The
contamination levels varied widely. Most of the affected populace was to be offered only
temporary relocation during the period of soil removal and emplacement; eleven families were
initially offered permanent relocation. The ROD noted the public opposition to on-site storage,
but made the selection based on considerations of health benefits and cost effectiveness. The
total cost of this remedial action was estimated to be $15.7 million in the 1984 ROD.

A subsequent and totally different ROD (EPA, 1988) was later issued. The 1988 ROD selected
the CERCLA Alternative that consisted of the demolition and on-site disposal of all
uncontaminated structures and debris remaining at the site, excavation of all dioxin-contaminated
soils for on-site incineration with on-site disposal of the resultant ash, imposition of flood and
erosion controls, placement of a clean soil cover, and revegetation. The total cost of this
remedial action was estimated to be $48.8 million. Ten years after the flood, the 801 families
that comprised the town have been permanently relocated and the town is no longer found on the
Missouri state map (Sagan, 1993). As of January 1996, the cleanup action has not yet been fully
completed, and controversy continues over the risks posed by operation of the incinerator.




3.3.2 Enforcement Responsibilities

Enforcement of CERCLA is the responsibility of the EPA. The pertinent regulations are codified
by the EPA (1994b) at 40 CFR 300, referred to as the National Contingency Plan (NCP).
Although CERCLA establishes an EPA-administered trust fund, the so-called Superfund, to pay
for remediation if responsible parties cannot be found or cannot afford to pay, the EPA has broad
powers to require property owners to pay for remediation of contamination that is located on or
originated from their property, even if the current landowner had no knowledge of the material’s
existence. The law makes no distinction between accidental releases and those due to negligence
or willfulness; any party even remotely responsible can be required to pay the entire cost of
remedial activities.

For accidental releases of toxic material (radioactive or not) in the custody of the DOE or DoD,
the responsible Lead Federal Agency (LFA) is tasked with complying with all the requirements
of CERCLA and the NCP and thus is becomes a regulator as well as the responsible party.
However, under EPA-DOE and EPA-DoD inter-agency agreements, the EPA has the ultimate
authority to approve or deny any CERCLA-related response action.'?

CERCLA applies to releases of hazardous materials to the environment that exceed a reporting
threshold set by the EPA in Appendix B of 40 CFR 302. For the alpha-emitting radionuclides
in weapons grade plutonium, the reportable quantity that triggers applicability of CERCLA is
0.01 Ci (3.7 x 10® Bq). The environment is defined broadly to include air, water, and soil, but
releases contained within a building or other structure are not considered unless there is an
imminent hazard of release to the outside environment.

Because CERCLA is intended to deal with a wide variety of situations, ranging from the
discovery of long-buried waste from an unknown source, to accidental releases from government
facilities or during transportation, a great deal of flexibility is built into the framework. In this
respect the law is similar to NEPA. The NCP specifies a set of procedures that must be followed
to (1) determine the nature of the problem, (2) identify the environmental standards that need to
be considered in seeking a solution, (3) evaluate the strengths and weaknesses of different
approaches that could meet those standards, and (4) document the basis for the selection of a
remedial action from among the alternatives considered.

And, just as with NEPA, there is a requirement that the public be afforded the opportunity to
provide comments. In several respects though, the scope of public participation under CERCLA
is broader than that afforded under the NEPA EIS process, with CERCLA requiring a series of

'2 The primacy of the EPA in this regard is evidenced by an Administrative Settlement in
which the DoD is required to pay $1.4 million to the Hazardous Substances Superfund to
compensate EPA for its response actions at the Eastern Surplus Superfund Site (EPA, 1995¢).
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community meetings and opportunities for public comment at several stages of the CERCLA
process.

Unlike the Resource Conservation and Recovery Act (RCRA), an environmental law applicable
to hazardous waste generation, treatment, storage, and disposal,”® which mandates the types of
remedial action to be taken, e.g. the Best Demonstrated Available Technology, a CERCLA
response action can take many forms, including long-term access controls. The law does not
require that decontamination be performed in all situations. Although the flexibility may be
advantageous in some respects, the nature of the CERCLA process practically guarantees that
several years would elapse between the time of an accident and the initiation of remediation of
the affected site. An outline of the principal requirements of CERCLA and the NCP is given in
Section 4.

3.4 National Environmental Policy Act (NEPA)

NEPA (42 USC § 4321 et seq.) requires that Federal agencies planning to undertake actions that
could have "significant impacts" on the environment are required to follow a set of procedures
to ensure that the possible effects of the proposed action are given due consideration by the
agency (Zeller, 1984). The required substantive procedures include a detailed assessment,
documented in an EIS, of the potential impacts of the proposed action as well as alternative
approaches that might fulfill the same objectives. The agency is also required to evaluate the
environmental effects of the No Action Alternative that, in the event of a plutonium-dispersal
accident, could represent a course of action whereby no cleanup is performed.

An integral requirement of NEPA is that there be public involvement in the decisionmaking
process via the publication of Draft Environmental Impact Statement (DEIS) for public comment,
and consideration of those comments in the preparation of a Final Environmental Impact
Statement (FEIS). The outcome of the process is the issuance of a Record of Decision (ROD)
by the agency documenting the basis for the selected course of action.

For proposed actions deemed by the agency to lack the potential for significant impacts, a less
detailed analysis, an Environmental Assessment (EA), supporting a Finding of No Significant
Impact (FONSI), can be utilized to demonstrate NEPA compliance. The specified scope of
public participation for an EA is less than that for an EIS."* The criteria for determining
significance are established by the Council on Environmental Quality (CEQ) at 40 CFR 1508.27,
and have been adopted by the DOE. The CEQ definition of environment is broad. It includes

1 Unless an accident occurred at an existing permitted RCRA site, or an interim status site
(see 40 CFR 265), RCRA would probably not apply to the initial site of contamination.

4 Recent EAs, DOE (1994a) and DOE (1994c), for weapons-related stdrage at Pantex and
Y-12 have offered much more opportunity for comment than is required by Federal regulations.
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the surrounding air, water, and ground, habitats for plant and animal life as well as humans, and
the human environment is stated to include social and economic impacts.

Under the legal doctrine of "functional equivalence” the EPA has claimed (and maintained to date
in the Federal courts), that CERCLA cleanups under its purview do not require NEPA
compliance documents such as an EA or an EIS. The bases for this claim are: (1) that the
CERCLA process calls for a detailed evaluation of potential environmental impacts and provides
for public participation via review of such analyses, and, most importantly, (2) EPA’s sole
responsibility, under law, is the protection of the environment. However, DOE or DoD, in
conducting CERCLA cleanups that fully comply with EPA directives, because of their lack of
standing as environmental advocates, are thus tasked with performing the requisite analyses in
a manner that complies with NEPA as well as CERCLA.

In response, the DOE (1989) and the DoD (Hanson, 1992; Hastings et al., 1994) have issued
directives to integrate the NEPA and CERCLA compliance process so that a single ROD can be
issued at the conclusion of the analyses called for by the two laws. Obviously, if the two sets
of requirements were addressed in sequence, CERCLA followed by NEPA, the attendant time
lapse could span many years. However, because of the differences in the requirements of the two
laws, the merging of the two sets of compliance documents may entail some difficulties.

The net effect of the need for DOE and DoD to comply with both NEPA and CERCLA
documentation requirements is to increase the amount of time that would need to precede the
initiation of remedial actions at a site. Also, because both laws require public participation, and
both laws waive the government’s sovereign immunity from lawsuits, there could be numerous
delays. However, the burden of complying with NEPA may be small in comparison to the
compliance efforts called for under CERCLA, as Hanson (1992) points out,

The court record shows that there is an even greater potential for administrative
procedural burdens under CERCLA than under NEPA.

Hansen (1992) identifies a number of potential problems in integrating the two sets of
requirements. In addition, it is noted that the public participation in the CERCLA process is
much more extensive than is the case for the NEPA process, as evidenced by the fact that under
CERCLA, the entire administrative record file is required to be made publicly available (Pantex
Plant, 1995). In contrast, the corresponding records for the NEPA process need not be made
publicly available in full.

At the present time, little detailed guidance exists on the integration of the NEPA and CERCLA
process. As of this writing, in January 1996, we have identified only one situation in which
NEPA and CERCLA compliance efforts for DOE or DoD facilities requiring a full-scale EIS
have resulted in a single ROD, the BOMARC Missile Site at McGuire AFB, a relatively small
site discussed in Appendix A (Hastings er al, 1994). One set of notebooks contains the
BOMARC RI/FS and another contains its EIS. Much of the text can be found in both
documents, though their organization differs.




It is likely that as various agencies conduct combined NEPA/CERCLA processes, some of the
current difficulties will be remedied. However, evidence that the difficulties can be substantial
is shown in (NRC, 1995b), where the performance of a combined NEPA/CERCLA process,
constrained by lawsuit and a resultant consent decree, is leading to delays in the decommissioning
of an NRC-licensed facility.

3.5 Responsibilities of Multiple Government Agencies

In addition to the EPA-promulgated NCP, there are three FEMA-promulgated documents
describing the inter-agency relationships relating to a DOE or DoD plutonium-dispersal accident:
(1) the Federal Radiological Emergency Planning and Preparedness regulations at 44 CFR 351,
(2) the Federal Response Plan (FRP) (FEMA, 1992), and (3) the Federal Radiological Emergency
Response Plan (FRERP) (FEMA, 1985; 1994).

Under both the current and proposed versions of the FRERP, during all stages of the post-
accident period, all of the cooperating agencies listed below are tasked with providing requested
support services, using their own funds, if such support does not interfere with the performance
of their statutory responsibilities. However, in the event of a National Disaster declaration by
the President, agencies would be reimbursed for their expenditures from Congressional disaster
relief appropriations (see 42 USC § 5147).

The remainder of this section is based on the NCP and the FRERP, which are pertinent to the
potential accidents under consideration. 44 CFR 351 is focused on emergency preparedness and
the FRP is focused on natural disasters. The following collation of responsibilities, which is by
no means exhaustive, is presented to demonstrate that the relationships between agencies may
be complex and that there could thus be delays before concurrence was reached.

For all peacetime nuclear incidents, the DOE is responsible for implementing the Federal
Radiological Monitoring and Assessment Plan (FRMAP) during the immediate "emergency”
period following the event. The FRMAP calls for the DOE to play the lead role in the initial
assessments of the nature and extent of the radiological emergency and its potential effects on
public health. After the situation becomes stabilized, the DOE is to transfer that responsibility
to the EPA. The EPA plays the lead role in implementing the FRMAP during the intermediate
and recovery phases.

For accidents involving material under its control, the DoD would be the LFA during both the
emergency phase and in subsequent site restoration activities. When assigned this responsibility,
the DoD can request the assistance of DOE’s capabilities throughout the period culminating in
release of the site for unrestricted use.

For nuclear weapons accidents involving either DOE or DoD material, technical and logistic
services would be available from the Joint Nuclear Accident Coordinating Center (JNACC). The
procedures for such DOE/DoD cooperation by the Accident Response Group (ARG) are
maintained in a high state of readiness through field exercises coordinated by the DoD’s Defense
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Nuclear Agency (DNA). In the period immediately following an accident, such support could
take the form of mobile analytical laboratories (and trained staff) that can be airlifted to an
accident site on short notice.

During the emergency phase, FEMA plays the lead role in coordinating the participation of
Federal and local agencies. If the evacuation or relocation of population are necessary, FEMA
arranges such actions in coordination with local authorities; however, local authorities may
undertake evacuations under their own authority if an imminent hazard is judged to be present.

Under authority of the Atomic Energy Act, the EPA is tasked with setting generally applicable
standards for protection from radiation. For all stages of post-accident recovery actions, the EPA
can also issue, at any time, revised recommendations for PAGs. The EPA also reviews and
approves all CERCLA response actions and compliance documents of the DOE and DoD.

The Department of Health and Human Services (HHS) has the authority to declare a health
emergency, assist with emergency housing and medical care, provide psychological counseling
services for disaster relief, perform risk assessment of hazardous substances and epidemiological
studies of affected population. The Food and Drug Administration (FDA), an agency of HHS,
specifies the protective actions necessary for assuring fitness for consumption of human food and
animal feed.

The Occupational Safety and Health Administration (OSHA) a branch of the Department of
Labor (DOL) has authority to conduct safety and health inspections of hazardous waste sites.
OSHA can take unilateral action to protect workers, if it determines such an action is necessary.
Although Federal agencies are exempt from OSHA authority under normal circumstances, the
NCP states that its OSHA provisions would apply to Federal agencies.

As public trustee of two million square kilometers of Federal lands, including national parks and
wildlife refuges, and Bureau of Land Management lands, the Department of the Interior (DOI)
would play an important role if any of its lands were affected. For accidents affecting tribal
lands, the DOI would act as an intermediary between tribes and other government agencies.

The U.S. Forest Service, a branch of the U.S. Department of Agriculture (USDA), has
responsibilities for the protection and management of national forests and grasslands, and would
have a role if an accident affected such lands. Another branch of the USDA, the Food Safety
and Inspection Service, establishes acceptability for slaughter of exposed or potentially exposed
animals and their products.

The Department of Transportation (DOT) would play an important role if an accident were
to affect a federal highway, airport, or other related infrastructure. The United States Coast
Guard (an agency of DOT during peacetime) would play a similar role if navigable waterways
were affected. DOT regulations on the packaging and transportation of radioactive materials
would be applicable to the transportation of samples to off-site analysis laboratories as well as
to any off-site transportation of waste material generated during remediation.
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In the past, broad deference has been given, by EPA and the Federal courts, to State jurisdictions
that set radiation protection standards more protective than those issued by the Federal
government. The record is less clear regarding local governments and Indian tribes.

However, a current draft guidance document (DNA, 1993b) emphasizes that the DoD’s On-Scene
Commander (OSC), the corollary of the DOE’s On-Scene Coordinator, in order to minimize
future problems, must address the concerns of State and local authorities and the general public,
including citizens groups and environmental advocates.

3.6 Impacts of the Need for Concurrence

The larger the affected area, the more likely it is that there will be difficulties in reaching
concurrence among the multiple government agencies with affected interests. Under the FRERP,
during the emergency phase, FEMA, as the Federal coordinator is tasked to,

refer all interagency policy issues and interagency operational problems which cannot
be resolved at the scene to FEMA headquarters for resolution with Federal agencies at
the national level.

It is also noted that under the FRERP, the EPA is empowered to take unilateral action to protect
the public health without the concurrence of other Federal agencies. If such action were taken
under its CERCLA authority, the EPA might utilize Superfund monies, with the expended funds
ultimately reimbursed to Superfund by the LFA. Such an event is deemed very improbable.
However, the existence of the authority underscores EPA’s important role in DOE and DoD
cleanups under CERCLA.

Circumstances that could arise in the event of a plutonium-dispersal accident are difficult to
predict. Nevertheless, a framework of laws, regulations, plans, and directives is in place that
would provide a structured process for the post-accident decisionmaking. In general it can be
stated with some certainty that, everything else being equal, the more numerous the affected
parties, the greater the time required to reach decisions and the higher the costs.

3.7 Issues That Could Influence Decisionmaking

Weart (1988) gives a comprehensive presentation of the history affecting public perceptions of
the danger of nuclear activities. A number of factors contribute to the public’s aversion to
nuclear accidents and the residual material that can result from an accident’s occurrence.
Principal causes of the "images of fear" are (1) association of all nuclear activities with the
destructive effects of a nuclear detonation, (2) excessive secrecy and the issuance of misleading
information to the public during the Cold War, see (Fradkin, 1989; Oakes, 1994; Udall, 1994),
and (3) tendencies of the nuclear-safety and technical communities to focus analyses on so-called
"worst-case" accidents.




Manning (1992) describes some of the problems that have occurred in recent responses to
technologically-based accidents, including violations of law, issuance of inaccurate information,
and withholding of information, in conjunction with an observed historical tendency of
decisionmakers under pressure to make decisions arbitrarily and then attempt to provide a suitable
ex post facto justification. However, in all of the cases discussed, these problems resulted when
unanticipated events occurred, with a lack of advance planning.

Because of the extensive planning for nuclear weapons accidents, including regular accident
exercises with the full participation of Federal, State, and local government agencies, it is
unlikely that these problems would occur after a nuclear weapons accident, This is particularly
certain because of clear mandates to OSCs to be aware of and to comply with all relevant laws,
including NEPA and CERCLA (DNA, 1993b).

Furthermore, in the NARP (DoD, 1990), the list of applicable statutes includes, in addition to
NEPA and CERCLA, long-standing laws restricting the authority of military forces to enforce
civil law (e.g. see 18 USC § 1385: Use of Army and Air Force as Posse Comitatus, and 10 USC
§ 332: Use of Militia and Armed Forces to Enforce Federal Authority.)

In regard to compliance with laws, it is also useful to mention a joint Army-FEMA planning
document (Herzenberg et al., 1994) for chemical weapon accidents that also stresses the need for
military compliance with applicable laws such as NEPA and CERCLA in conducting remediation
of an accident site.

Despite the very high level of advance planning for a weapons accident, the social and political
reactions to a plutonium-dispersal accident are highly uncertain. Despite the uncertainty, some
broad predictions can be made.” A very important variable is the location of the postulated
accident. If it is a fixed facility where nuclear weapons operations are commonly known to
occur, the potential for over-reaction is less than would be the case for accidents postulated to
occur during transportation.

The optimal situation for the responsible agency would be one in which all actions were based
on sound reasoning, and timely disclosure of accurate information helped to maintain public
confidence. A less-optimal case would be one in which an absence of reliable information led
to exaggerated fears and to over-reaction. Costs would be incurred as an inevitable outcome of
the actions taken to protect the public. If the perceived risk is large, that would ultimately lead
to greater protectiveness of the actions implemented, and higher associated costs.

The phenomenology of an accident could be an important determinant of public reaction. An
HE-detonation event would be very dramatic, with possible injuries and deaths resulting from the
blast. Also, in comparison to a fire, an HE detonation would probably contaminate a larger area.
As a result, the possibility of over-reaction is greater for HE detonation than for fire.

In both cases, material would be dispersed in a plume or cloud. After passage of the cloud,
plutonium deposited on the ground could pose a hazard that, if actions were not taken over the
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following days, months, or years (depending on contamination levels) might exceed the radiation
protection criteria established by the EPA. What is most important to recognize is that the
dominant exposure pathway for plutonium following cloud passage is resuspension, which is a
slow process. The longer the exposure, the higher the dose; and, in most cases, only a relatively

small fraction of the affected area would have contamination levels posing an immediate threat
to human health.

However, focusing on calculated risks and demonstrating that they are minimal is of little use
for estimating the costs associated with a potential accident. The decisionmaking process for
protection of the public could be difficult because technical considerations of decontamination
effectiveness and calculated risk would need to be considered in addition to considerations of
social/political factors (as discussed in Appendix B).




4.0 Overview of CERCLA Requirements

A complete description of EPA’s guidance on CERCLA implementation is found in the Risk
Assessment Guidance for Superfund (RAGS), EPA (1989a; 1991a; 1991b; 1991¢c). The principal
aspects of the guidance pertinent to the estimation of accident costs are summarized in the
following subsections.

The legal requirements governing CERCLA cleanups at hypothetical DOE radiation accident sites
are substantially the same as the requirements that would be in effect for an accident involving
DoD chemical weapons agents; see Herzenberg et al. (1994) for the current DoD planning basis
for chemical weapons accidents. The two primary differences we note are: (1) the existence of
the FRERP, see FEMA (1985; 1994), a response plan for radiological accidents which is not
applicable to chemical weapons accidents, and (2) inherent differences in the nature and
detectability of radioactive materials and chemical-weapons agents.

For cleanups conducted under CERCLA, based on past experience, it appears reasonable to
assume that long periods of time could elapse before actual remediation of an accident site is
initiated. At the Johnston Atoll and BOMARC weapon accident sites (see Appendix A), remedial
actions are being, or will be, conducted decades after the initiating events.

When there is controversy over the risk posed by environmental releases, detailed "dose
reconstruction” studies are typically performed. Several examples exist of the types of dose
assessments that might be performed in order to provide a technical basis for the selection of a
cleanup standard (Agency for Toxic Substances and Disease Registry, 1995a; 1995b; 1995c),
(ChemRisk, 1994a; 1994b; 1994c), (Farris et al., 1994a; 1994b), and (Technical Steering Panel
of the Hanford Environmental Dose Reconstruction Project, 1994; 1995).

For accidents that might affect sensitive ecosystems, the remediation decisionmaking would need
to consider the potential damages to the environment that could occur as the result of the various
possible remedial actions. It has long been recognized that radiation cleanups in desert areas
such as NTS would need to consider the potential harm to the environment, Wallace and Romney
(1974) and EPA (1978). There is however little available guidance for the performance of
quantitative ecological risk assessments. See Exxon Valdez Oil Spill Trustee Council (1994a;
1994b) and EPA (1992b; 1994c) for examples of the ecological issues that could affect the
remediation decisionmaking and the potential difficulties that could be encountered.
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4.1 Short-Term '""Removal Actions"

CERCLA terminology distinguishes between short-term, "removal actions,” and long-term
measures, "remediation." The types of removal actions that may be taken in the early stages of
a CERCLA response action are limited. They include relocation of population, erection of
fences, removal of visible waste containers and drums, installation of barriers to prevent
migration by surface runoff, etc.

Under Superfund-financed cleanups, CERCLA specifies that removal actions should be completed
within a period of one year and the cost limit for such actions is set at $2 million. Extensions
are allowed if a continued response to an immediate risk is needed and the removal action is
consistent with the remedial action to be subsequently taken.'®

The primary distinction between remaoval and remediation is that removal actions may be
conducted without detailed analyses and there is no requirement for public participation in the
decisionmaking. Remediation, in contrast, can only be conducted after the conclusion of a well-
defined process that culminates in the issuance of a ROD. Based on precedents established for
EPA Superfund cleanups, any decontamination efforts beyond, for example, removal of hot spot
soil with shovels and pails, might not be undertaken in advance of the ROD.

Short-term removal actions that would make future permanent remediation more difficult are
specifically prohibited under CERCLA and the NCP. Thus, the immediate use of equipment to
plow contaminated soil deep below the surface would probably be prohibited. Also, any
proposed application of fixatives to reduce resuspension would face critical scrutiny from an
ecological perspective to ensure that plant and animal habitats are not damaged. To ensure
compliance with these constraints, any actions taken in advance of the ROD would require the
concurrence of the EPA, State, and tribal authorities.

4.2 Site Evaluation

In advance of remediation, a detailed assessment of the nature and extent of the contamination
is typically performed. The scoping of this "site evaluation" is required under the NCP to be
performed in a manner that considers public comments via an open meeting. Also, the EPA and
State, tribal, and local authorities are involved in the decisionmaking surrounding the plan to
characterize the site.

In a series of directives issued by the EPA’s Office of Solid Waste and Emergency Response,
the OSWER Directives, the EPA gives instructions to its Remedial Program Managers (RPMs)
as to the Data Quality Objectives (DQOs) to be achieved in EPA-conducted site characterizations
under CERCLA (EPA, 1987a; 1987b).

> For example, such a waiver was issued by the EPA Administrator in the initial ROD for
Times Beach (EPA, 1984).
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The specified DQOs are quite rigorous, calling for dense sampling of the site, sampling of soil,
water, and vegetation, randomized selection of sampling locations, and prohibition of the use of
an evenly-spaced "purposive” rectangular or polar sampling grid.

In order to verify the accuracy of laboratory analyses, the EPA calls for the use of split samples
independently analyzed by two laboratories, and the submission of blank samples containing no
contaminant and spiked samples containing a known quantity of contaminant. The analyzing
laboratories must be "blind" as to the origin of the samples. It is doubtful whether the specified
DQOs would be feasible for all analyses of samples taken from a large contaminated region, (an
area exceeding a square kilometer.) Considerations of practicality suggest that the resources
available might be best focused on reliably defining the outer boundary of the affected region,
and thereby assuring the safety of the individuals located outside of the RCA.

The OSWER Directives were developed for the guidance of EPA staff, and are subject to change
without advance notice. In no respect are they binding on DOE or DoD CERCLA actions.
However, a proposed DOE or DoD plan of action that deviated markedly from the available
guidance, or past practice, might lead to non-approval by the EPA, negotiations, and delays.

4.3 Applicable or Relevant and Appropriate Requirements (ARARs)

In order to lay a framework for the ultimate decisionmaking on remediation, CERCLA calls for
a determination of applicable requirements such as Federal, State, and local laws and regulations
restricting land usage, maximum permissible concentrations of contaminants, efc. But
applicability is not the only consideration. CERCLA also requires consideration of relevant and
appropriate requirements; the combined set of requirements is referred to by EPA as Applicable
or Relevant and Appropriate Requirements (ARARS).

Under the NCP, ARARs include legal requirements that, although not having the force of law
in the specific situation, are intended to apply to similar situations, and that therefore may be
deemed appropriate to apply. An example of such an appropriate but not applicable requirement
might be an NRC regulation pertaining to licensed facilities; the NRC has no jurisdiction over
DOE or DoD nuclear weapons activities, but plays an important role in regulating the safety of
other nuclear activities. The NCP allows the LFA a great deal of flexibility in the determination
of ARARs, and subjective judgements considering site-specific factors may be made.

For instance, waivers from the ARARs are allowed, provided a suitable justification is given.
In that respect, at least for activities conducted on the site, CERCLA can be thought of as taking
precedence over other applicable laws and regulations. For example, if DOT regulations on the
packaging of radioactive material for transportation on-site were deemed an undue burden on
remediation, a waiver from those requirements could be justified in an RI/FS.

As long as public comments were given adequate consideration by the LFA and there was EPA,
tribal, and State concurrence, a waiver might be utilized. This extremely powerful aspect of




CERCLA is limited to the site of contamination, which is defined by the boundaries of the
contaminated area, irrespective of property or jurisdictional boundaries.

4.4 Remedial Investigation/Feasibility Study (RI/FS) and Proposed Plan

The principal CERCLA compliance document is titled a Remedial Investigation/Feasibility Study
(RI/FS). The RI/FS includes the results of the site evaluation in its entirety. For example,
appendices would include maps showing locations of all samples taken, contamination levels
found, chain of custody forms for analysis of samples, efc.

The RI/FS also describes the ARARs and the bases for their selection. The EPA (1990b)
describes the process that must be followed in choosing a remedial action as follows.

The two most important threshold criteria are,

(1) overall adequate protection’® of human health and the environment (addressing
whether a remedy provides adequate protection and describes how the risks posed through
each exposure pathway are eliminated, reduced, or controlled through treatment,
engineering controls, or institutional controls), and

(2) compliance with the ARARs (whether a remedy will meet all of the applicable or
relevant and appropriate requirements of other Federal and State environmental laws or
whether a waiver can be justified),

If a remedy does not satisfy the two threshold criteria, it cannot be considered further.

Five primary balancing criteria are used to examine each potential remedy in turn, providing
a basis for the choice of a Preferred Alternative, which is then described in a Proposed Plan.
The five criteria are,

(1) long-term effectiveness and permanence (refers to the ability of a remedy to maintain
reliable protection of human health and the environment over time, once cleanup goals
have been met),

(2) reduction of toxicity, mobility, or volume through treatment (refers to the anticipated
performance of the treatment technologies that a remedy may employ),

' The EPA (1991a, 1991b, 1991c, 1991d) here defines adequate protection as a reasonable
assurance that a maximally exposed individual faces a cancer incidence probability not exceeding
the selected risk goal, a chosen numerical value between 107 and 107
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(3) short-term effectiveness (refers to the period of time needed to achieve protection and
any adverse impacts on human health and the environment that may be posed during the
construction and implementation period, until cleanup goals are achieved),

(4) implementability (refers to the technical and administrative feasibility of a remedy,
including the availability of materials and services needed to implement a particular
option), and

(5) cost (refers to the total estimated capital, operation, and maintenance costs).

The RI/FS and the Proposed Plan are issued to the public and the State for formal comment.
During the comment period, public meetings are held to provide additional information and
receive comments. After the comment period is complete, two modifying criteria are to be
considered by the LFA before choosing a remedial action,

(1) State acceptance (particularly with regard to compliance with State ARARs), and

(2) community acceptance (refers to the public’s general response to the alternatives
described in the RI/FS and the Proposed Plan).

4.5 CERCLA/NEPA Record of Decision (ROD)

Consideration of the two modifying criteria can result in a selected course of action that differs
from the preferred alternative described in the Proposed Plan. The selected course of action and
the bases for that selection are described in a CERCLA Record of Decision (ROD) that describes
the remedial action to be taken (EPA, 1989b).

4.6 Remedial Design/Risk Assessment (RD/RA)

After issuance of the ROD, the Remedial Design/Risk Assessment (RD/RA) stage encompasses
all of the activities needed to plan the implementation details of the remediation efforts.
However, CERCLA allows the flexibility to deal with unanticipated circumstances through the
modification of a previously issued ROD, if information gathered during the RD/RA process
indicates that such a modification is necessary (ibid.).
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4.7 Time and Cost Requirements for CERCLA/NEPA Compliance

The historical experience in Superfund cleanups (GAO, 1988; Office of Technology Assessment,
1988) indicates that many years might elapse before the remediation of an accident site could be
initiated.'” The 1986 amendments to CERCLA added a requirement for "substantial and
meaningful” involvement of the States in the initiation, development, and selection of remedial
actions. There is ample evidence that achieving concurrence with States can be time-consuming.

When CERCLA came up for reauthorization in 1994, the Administration proposal for CERCLA
revision responded to pressures for "environmental justice" by expanding the current scope of
public participation through the mandate to organize formal Community Work Groups (CWGs)
as advisory bodies involved in remediation decisionmaking (Clinton, 1994). It can be expected
that if the scope of public involvement increases, the decisionmaking time will increase. Also,
because both NEPA and CERCLA waive the Federal government’s sovereign immunity,
numerous opportunities for additional delays are possible as a result of citizen lawsuits
challenging Federal actions.

After consideration of (1) historical experience of CERCLA cleanups, (2) potential difficulties
in reaching concurrence of multiple government agencies and jurisdictions, (3) current expansion
of public role in decisionmaking, (4) need to fulfill requirements of both CERCLA and NEPA,
and (5) waivers of immunity—we concluded that a period of several years might elapse before
the ultimate cleanup of an accident site could be conducted.

As a result, it is possible that the affected property would be condemned. Deterioration of
structures and difficulties in detecting and removing plutonium embedded in structural materials,
after a lapse of several years, would make demolition of all surface structures, removal of debris,
scraping of surface soil, and shallow land burial of the radioactive debris one cost-effective and
technologically reliable approach to decontamination.

In support of that conclusion, it is instructive to note the words of Langham, et al. (1956) from
an era when environmental standards were much less stringent than now,

The problem of decontaminating the site of the accident may be insurmountable and it
may have to be "written off"' permanently with at best an attempt to fix the plutonium and
keep it from moving around. Demolition and burial of a building is difficult but possible,
and may be the best countermeasure.

In an assessment of the remedial measures that could be utilized for removal of **Pu
contamination from urban areas the National Aeronautics and Space Administration recently

7 EPA-administered CERCLA cleanups have often been delayed by the need to identify and
obtain financial arrangements with private potentially responsible parties (PRPs). Some of the
factors causing those delays might not be present for DOE or DOD cleanups.
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(1995) indicated that the demolition of some or all structures might be performed if a highly
protective strategy for remedial action was utilized.

If it were determined that an expedited cleanup of an accident site was necessary, the time lapse
associated with the CERCLA and NEPA compliance processes could be eliminated. Both NEPA
and CERCLA allow for waivers. Waivers might be utilized if vital property, such as a major
airport or an Interstate highway required rapid cleanup. Political and social pressures could also
motivate a legislative exemption if urban property were contaminated.

NEPA allows waivers for "emergencies” (see 40 CFR 1506.11) and the common practice is for
the head of the Agency to inform the CEQ and the EPA. For actions taken during a National
Disaster the Robert T. Stafford Act explicitly provides for a statutory exclusion from NEPA for
actions taken during the period of a declaration that have,

the effect of restoring a facility substantially to its condition prior to the disaster of
emergency

(FEMA, 1995). There is no corresponding statutory exclusion for CERCLA during National
Disasters. CERCLA, however, specifically does allow for "national security" waivers (42 USC
§ 9620(j)). The CERCLA waiver requirements are more onerous than is the case for NEPA
waivers; they are,

The President may issue (CERCLA waivers) regarding response actions at any specified
site or facility of the Department of Energy or Department of Defense as may be
necessary to protect the national security interests of the United States at that site or
facility. ... The President shall notify Congress within 30 days of the issuance ... of any
such exemption. Such notification shall include a statement of the reasons for the
granting of the exemption. An exemption ... period ... may not exceed one year.
Additional exemptions may be granted ... each ... for a specified period which may not
exceed one year. The Congress shall be notified periodically of the progress of any
response action with respect to which an exemption has been issued under this
paragraph.

Federal agencies are fully subject to CERCLA (42 USC § 9620: Federal Facilities),

in the same manner and to the same extent, both procedurally and substantively, as any
nongovernmental entity.

The EPA Administrator is given clear authority (42 USC § 6961: Application of Federal, State
and Local Law to Federal Facilities) to proceed against any Federal agency that fails to follow
applicable laws governing waste disposal, generation, and management.

However, CERCLA gives the President broad powers (42 USC § 9606: Abatement Actions):




when the President determines that there may be an imminent and substantial
endangerment to the public health or welfare or the environment because of an actual or
threatened release of a hazardous substance from a facility, he may require the Attorney
General of the United States to secure such relief as may be necessary to abate such
danger or threat, and the district court of the United States in the district in which the
threat occurs shall have jurisdiction to grant such relief as the public interest and the
equities of the case may require.

This clear statement of Presidential authority to abate threats to the public health or welfare is
the principal basis for our analysis of the expedited remediation of urban areas and highways and
airport runways. We have assumed that irrespective of whether a CERCLA waiver were issued
for reasons of national security, an expedited effort could be performed, if so directed by the
President.

In the absence of a Presidential directive to proceed expeditiously, there is considerable evidence
to suggest that substantial time could elapse before remediation. Fifteen years after the
enactment of CERCLA, there were 1238 sites on the National Priority List (NPL), with 51 sites
being proposed for addition to the list (EPA, 1995a). As of April 1995, only 74 sites had been
cleaned up.

The EPA has recently provided aggregate cost figures (in 1994 dollars) for the cleanups to date
(ibid.). Average cost for an RI/FS is $1.35 million, average cost for a Remedial Design is $1.26
million, and average cost for a Remedial Action is $22.5 million. No cost was given for the Risk
Assessment (RA) component of the RD/RA.




5.0 Timeline of Post-accident Actions

Two alternative scenarios for post-accident actions are considered: (1) remediation is
accomplished after completion of the NEPA/CERCLA processes with a likely time lapse of
several years, and (2) expedited remediation of highways, airport runways, and urban land.

A period of three months was used to calculate the cost of expedited cleanup of lightly
contaminated urban areas: one month for planning, assembling resources, and survey; one month
for actual cleanup; and one month for certification and resettling inhabitants.'® A period of six
months was used for moderately contaminated areas, and one year for heavily contaminated
areas. Work on highways and airport runways could begin almost immediately, because detours
and rerouting of air transportation routes to alternate airports could be used to ensure that vital
traffic would not be seriously delayed. Although none of the calculations is critically time
dependent, longer delays could make decontamination more difficult or even impractical.

It is noted that apart from Federal planning for cleaning up highway spills, there are currently
no procedures in place for the expedited remediation of radiation accident sites (Adler, 1995).
Throughout the Cold War, extensive plans were made for recovery from nuclear attack (Federal
Civil Defense Administration, 1952; Owen and Sartor, 1963; Cammarano et al., 1964a, 1964b;
and Oakes, 1994). Although the civil defense planning documents remain available, the prior
high level of readiness has not been maintained.

Although cleanup procedures could be improvised as needed for a contemporary accident, the
primary focus of emergency preparedness in the U.S. is on natural disasters. Also, the current
planning base for nuclear weapons accidents includes no training for DoD and DOE OSCs
regarding the use of CERCLA and NEPA waivers to facilitate the performance of an expedited
response action (Dassler, 1994).

5.1 Emergency Actions

If an accident occurred during transportation, the first responders at the scene are likely to be
local police or fire personnel. In such an event, immediate actions by local authorities to protect
the nearby populace, including nearby evacuation and highway or airport closure, might be
initiated as a precautionary measure in advance of any response actions by Federal agencies.

'® This schedule might be unduly optimistic if nearby areas were so heavily contaminated
as to require more intensive measures, because operations in a nearby heavily contaminated
region could recontaminate buildings and soil that had already been cleaned.
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For an accident at a fixed facility, the prompt activation of emergency-response procedures would
result in simultaneous and coordinated actions by local authorities and facility staff. For both
transportation and fixed facilities, a first priority of the accident responders would be to notify
and take protective measures for nearby populace as soon as possible. State and local authorities
often carry out evacuations in response to natural disasters or toxic chemical releases, and a local
response might be initiated in advance of the Federal response.

As a result of disaster preparedness exercises coordinated by FEMA, local and State governments
have a clear set of procedures that can be followed to initiate a Federal response after an accident
or man-made disaster beyond the capabilities of the local authorities. It is anticipated that
notification of an accident situation would be made promptly, initiating a coordinated Federal
response.

After activation of the Federal response, initial predictions of cloud path and ground
contamination would rely on the ARAC modeling capabilities maintained by the Lawrence
Livermore National Laboratory (DoD, 1990). During normal working hours, preliminary
estimates of ground contamination could be available within 30 minutes after notification, with
a 60 to 90 minute additional delay outside of normal working hours.

Because **Pu and *°Pu are primarily alpha emitters, one might suppose that alpha-counting
instruments would be used for detection of plutonium contamination. In fact, alpha-counting
instrumentation was used for the Palomares, Spain cleanup and found unsatisfactory for field use
(McRaney, 1970; DNA, 1975). The low range of alpha particles makes accuracy difficult and
the detectors are fragile; contact of the detector window with a blade of grass can disable the
instrument.

A satisfactory field method is to measure the 60-keV gamma ray emitted from *'Am, the
daughter product of *'Pu. The latter is only present as an impurity, usually in small amounts.
The ratio of ***Py to *Am (denoted as Pu:Am) depends on age and initial assay.
Radiochemical analysis of soil samples can give an accurate picture of this important ratio. A
discussion of the Pu:Am ratio is provided in Appendix D. Measurement of the *' Am gamma-ray
emission was first used at Thule, Greenland, and has been refined over subsequent years.

Apart from limited ground surveys with hand-held instruments, the first complete on-site
measurements would probably be aerial surveys. Aerial surveys can give rapid, although
relatively crude, isopleths within a few hours. The window for aerial measurement is very wide,
typically on the order of 0.01 km?2; because measurements are averaged over that area, isolated
hot spots are not likely to be observed. Also, because of the short range in air of the radiation
emitted from weapons grade plutonium, contamination at the 0.2 pCi/m2 screening level (see
Appendix B) could not be measured. However, aerial surveys could be used to determine the
approximate boundaries of the area(s) of concern, the location(s) of peak contamination, and the
precautions ground surveyors should take.




After analysis of aerial survey results, ARAC calculations could be adjusted to match the
measured contours of high contamination. The adjusted calculations could improve the
approximation of the outer boundaries of the contaminated area.

In the event of a rapid mobilization of available resources, up to fifty skilled technicians could
be available within one or two days to conduct an emergency characterization of the radiological
contamination (Johnson, 1994). Several hundred technicians, with air-transportable laboratories,
might be on-site within a week. For perimeter detection, a FIDLER (Field Instrument for
Detection of Low Energy Radiation, a device for measuring radiation from *'Am) could be
carried at a slow walking pace along a closed loop or serpentine path until a count rate of twice
the background level is observed. The perimeter of an area of several square kilometers could
thus be reliably defined within a few days in open, easily accessible areas.

Air sampling would be performed early in order to estimate the resuspension factor. Air
samplers trap airborne dust by forced flow through filter paper, which is then analyzed in the
laboratory. Air sampling and monitoring would probably continue for a long period after an
accident, in order to detect changes in resuspension with time. EPA guidance for CERCLA
(EPA, 1989a) and its PAGs (EPA, 1992a) call for continuous air monitoring.

A useful picture of the extent of contamination could be expected to be available in less than a
week, even if the affected area were large. These early data would become the basis for
important decisions on the short-term actions necessary to protect any persons remaining in the
accident vicinity.

The terrain types most difficult to survey, mountains and forests, are usually sparsely populated.
However, under most conditions, the location(s) of heaviest contamination, from which prompt
relocation might be advisable, could be defined within one or two days. Complete perimeter
definition of lower contamination levels might require one or two weeks, and could take more
time in difficult terrain or if there were multiple isolated hot spots.

The meteorology during an accident and shortly thereafter would determine the patterns of
deposition. If windspeed, wind direction, or precipitation showed great variation with time,
radiological characterizations could be very difficult due to non-uniformity of the deposits. If
precipitation were so pronounced as to result in surface runoff, the migration of material would
further complicate the problem.

Under most circumstances, only a small fraction of the contaminated area would be so intensely
contaminated that prompt relocation of the populace would be performed. Data in (DOE, 1995a)
show the areas near NTS contaminated with plutonium during Operation Roller Coaster in the
1963 events Double Tracks 1, 2, and 3, and Clean Slate. These tests were chosen for illustration
because they approximated the conditions of a hypothetical plutonium-dispersal accident
involving HE detonation.




However, that study (ibid.) utilized airborne measurements taken thirty years after Operation
Roller Coaster. These measurements are of doubtful accuracy for the low-contamination contours
because of terrain-shielding effects and time-dependent erosion due to wind and rain. One of the
authors of that study has cautioned us regarding the limited validity of these later aerial
measurements (Deshler, 1995). Nonetheless, most of the area (about 90%) appears to be
contaminated at a very moderate level, less than 100 pCi/g. And, only a very small fraction of
the area is contaminated at greater than 400 pCi/g. For comparison it is instructive to note that
soil contaminated at levels below 2000 pCi/g can be shipped without any special measures such
as "radioactive” placarding on the vehicle (see Section 5.4).

Data presented by Dick and Baker (1967) of plutonium contamination from the Plumbbob event
are probably of much greater accuracy than the later aerial measurements; both ground survey
and radiochemical analysis were used promptly after the event. No data were presented for the
lightly contaminated areas, less than 100 pCi/g (approximately 6 pCi/m? for a 4-cm mixing
depth). However, the data are qualitatively similar in that the heaviest concentrations were only
found in a small fraction of the total area.

In the period immediately following an accident, limitation of exposures resulting from the
resuspension pathway would be important. In a populated area, resuspension would be
augmented by the mechanical disturbances associated with human activities. Fixatives might be
applied to reduce public exposures and migration of material.

Several actions have been found effective in reducing resuspension by an order of magnitude or
more (Howorth and Sandalls, 1987; Tawil ez al., 1987; Menzel and James, 1971): plowing,
leaching with chelating agents (FeCl, or EDTA), or spraying with rapid-cure road oil. The last
method was used at NTS without harmful effects on the desert ecology (Wallace and Romney,
1974).

Western et al. (1973), in an analysis of soil stabilization focused on Nevada desert, found that
the application of DCA-70, a polyvinyl film, was more effective than oil, asphalt emulsions, and
an asphalt-sealed polypropylene sheet. Although oil was said to last only a month, the DCA-70
remained intact two and a half years after application. They noted however, that it would kill
plants and animals and, "to most viewers, some of the results of these treatments would be
unaesthetic.”

All of the stabilization methods that could be used are likely to either make subsequent
remediation more difficult or cause some damage to ecosystems. The only method of fixation
currently considered in DNA weapon accident exercises, water, might have an effectiveness of
very short duration in arid regions with high winds or other mechanical disturbances.

One immediate action that might be utilized is windrowing, scraping a thin layer of soil with a
road grader. The scraped surface soil is left in windrows, which are more easily managed than
distributed contamination, and from which resuspension is reduced. Windrowing is only feasible
on open land.




CERCLA explicitly calls for actions such as the blocking of watercourses and sewers to prevent
material from being carried off-site or into drinking-water supplies. For the case of extended
remediation we assumed that an acceptable fixative would be water judiciously applied in order
to avoid runoff. It is possible, however, that more effective fixatives such as road oil could be
used to reduce resuspension and alleviate the hazard to nearby residents.

The most important early actions would be to define the boundary of the contaminated area and
limit public access to the region. In accordance with the NCP and the FRERP, an ad hoc
working group consisting of the OSC and staff, State and local governments, and the EPA and
other Federal agencies would be involved in decisionmaking for early actions. After
establishment of the boundaries of the Radiological Control Area (RCA), inhabitants not already
evacuated from the RCA could be relocated by local authorities in coordination with FEMA.

Contaminated properties would probably have to be acquired if decontamination and remediation
were not completed for several years. If the area was not already Federally owned, actions might
be taken to condemn and acquire the entire contaminated site and a suitable buffer zone. All
inhabitants not already evacuated could be relocated. It is possible that some land owners might
contest condemnation if they wanted to remain and that others might insist that their property be
added to the affected region (Jensen and Feldman, 1986), so that this process could be time
consuming and difficult.

The described actions have as their ultimate goal the protection of the public from plutonium
resuspended in the air by wind or mechanical disturbance. Even if all inhabitants were relocated,
resuspension could result in the migration of material, expanding the size of the contaminated
region. Some temporary fixation methods to control resuspension show promise (e.g. rapid-
setting foam). Such methods might be utilized after testing to demonstrate safety and effective-
ness. In a recent ARG exercise, the planning basis was to utilize water as a fixative because it
was considered relatively benign; however, it is conceivable that more effective fixatives, such
as road oil, might be used if conditions warranted.

5.2 Detailed Characterization

In addition to radiological surveys, geological, biological, hydrologic and geographic
characterizations are called for by CERCLA. For plutonium contamination, unless an accident
were to occur in a sensitive or high-value ecosystem, we expect that the cost for the non-
radiological characterizations would be less than the cost of radiological characterization. This
is because many samples would need to be taken, analyzed in a laboratory, and statistical
methods must be applied.

Accurate characterization of the site requires taking and analyzing samples, including profile
samples to determine the variation of contamination with depth. Sample analysis supplements
but does not replace in situ measurements. Laboratory analysis can characterize contamination
with great accuracy. The most time-consuming factor is testing for individual elements in a soil,
water, or vegetation sample. This involves complex chemical-separation techniques, followed
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by radio-assay. In rugged or complex terrain, where field surveys could be difficult, many
thousands of samples might have to be analyzed in a laboratory.

Field measurement of 2*****Pu ground contamination down to levels of 0.2 uCi/m2 can be accom-
plished without difficulty for aged plutonium. The higher sensitivity that would be needed for
fresh plutonium is possible, but with higher cost and time requirements. For a given sensitivity,
the time and cost can be considered directly proportional to the area.

Until recently, the usual hand carried instrument for close ground surveys was the FIDLER. The
FIDLER also measures the 60-keV gamma rays from *'Am. The sensitivity of the FIDLER
depends on counting time and background, but a sensitivity of 0.2 pCi/m? of *' Am is achievable
on a routine basis, and greater sensitivity is often possible with longer counting times.

One previously used system for vehicular surveys is a tracked in situ van known as the IMP.
The field of view is a circle with a diameter of 21-25 meters (DNA, 1981). The van uses a
liquid-nitrogen cooled germanium detector to measure the 60-keV gamma-ray emission from
*'Am. The equipment is completely self-contained. Because the detector is a considerable
height (7.4 m) above ground level, vegetation can obscure the readings. Shinn et al. (1989a)
reported on an experiment at NTS in which the detection limit of *'Am was 0.03 uCi/m?, corre-
sponding to a #?**°Py level of 0.2 pCi/m2.

Recent developments by the DOE have yielded major improvements in the sensitivity of field
instruments. One is named VIOLINIST. Miller (1994) describes a hand-held device
considerably more sensitive than the FIDLER. Reiman (1994) describes a vehicle-mounted
device roughly ten times as sensitive to plutonium contamination as the IMP, capable of reliably
measuring 0.02 uCi/m? of *'Am with a one-hour counting time; this sensitivity would be more
than adequate for most site characterization.

Even with the newly developed field instruments, the time needed for site characterization to the
highest of CERCLA standards could take several years for a site comprising several square
kilometers, with much of that time being spent on devising a plan, considering public comments,
and gaining concurrence of the State and the EPA. CERCLA-standard site characterization
would need to be performed twice, both before and after remediation, in order to certify the site
as meeting the selected cleanup criterion.

5.3 Decontamination

Decontamination is the removal of plutonium from land and buildings. Methods can vary greatly
with terrain and land use. For example, in flat, sparsely vegetated land, scraping off the surface
soil is a simple and effective decontamination measure. At the other extreme is precipitous
mountainous forest, where decontamination might be impossible or prohibitively expensive. In
the event of an actual accident, decontamination strategies would surely be chosen on a case-by-
case basis.




The decontamination factor (DF) is a commonly used measure of treatment effectiveness. The
percent removed, or percent remaining, are also often quoted. The DF is related to these
measures as follows:

DF = 100/(100 — percent removed), or
DF = 100/(percent remaining).

A synopsis of our review of the decontamination literature is given in Appendix E. The subject
is quite complicated, and the data from different sources are often contradictory. Very few
experiments have been conducted under conditions that closely approximate those of the
accidents under consideration. The vast majority of the available data is focused on nuclear
explosions or reactor accidents where chemistry, mass loadings, and particle sizes differ greatly
from what would be expected in a plutonium-dispersal accident. There are almost no completely
relevant data for decontamination effectiveness after delays of several years, or even several
months. Nevertheless, some general observations can be made, each of which surely has
exceptions:

ey Decontamination is less efficient for small particle sizes. The particles of interest
range from a fraction of a micron to a few microns. Most of the experiments,
because they were concerned with nuclear explosion fallout, involved particle sizes
of tens to hundreds of microns. Adhesive forces are relatively more important for
small particles, and they can more easily become lodged in small cracks and
crevices.

(2) Decontamination is less efficient for low mass loadings. Most of the DoD
decontamination experiments involved mass loadings many orders of magnitude
greater than would be expected in a plutonium-dispersal accident, often over 100
grams/m?, because of their focus on fallout resulting from nuclear explosions.

3) Decontamination appears to become less effective with the passage of time. Most
experiments have been conducted within a few days, or at most a few months, of
deposition.

@ Fission products may be more difficult to remove than plutonium. Some fission
products could chemically bond to the substrate. The overwhelming majority of
decontamination experiments were conducted with fission products.

(5)  Repeated passes of any decontamination operation tend to give diminishing
returns. A smaller fraction of the remaining contaminant is removed in each
successive pass. When any operation no longer removes a significant fraction,
results can often be improved by following up with a completely different
operation. That is, vacuuming for two or three passes followed by scrubbing with
detergent and rinsing can be more effective than continued vacuuming. Many of
the experiments did follow a schedule of combining different operations.
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(©6)

Q)

®)

9)

(10)

(11

(12)

(13)

(14)

All decontamination operations are less effective and more difficult in freezing
weather. However, contaminated snow can be removed effectively if done
promptly.

Many operations have the potential to resuspended material. Some spillage is
inevitable. This can recontaminate adjacent previously cleaned areas, or can allow
the contaminant to be more deeply lodged within structures. Resuspension,
migration, and recontamination can also occur because of wind or runoff.

Land areas are most effectively decontaminated by removing the surface soil and
vegetation. Other methods, such as plowing, leaching, or disking, simply move
the contaminant deeper into the soil, making future efforts more difficult or
impractical.

Data are especially sparse for decontamination of building interiors. Because
individuals, particularly children, spend so much time indoors in homes, under
conditions where dislodged particles could be inhaled or ingested, the paucity of
data for interior decontamination causes difficulties for risk assessors, who are
forced to make conservative assumptions.

Horizontal surfaces tend to be more heavily contaminated than vertical surfaces.

Rough, porous materials become more heavily contaminated and are more difficult
to decontaminate than smooth nonporous materials.

The most effective methods are generally destructive to the surface or object being
decontaminated.

Weathering, especially rain, can help by removing some of the surface
contamination. However, the remaining contaminant tends to adhere more
tenaciously, and the net effect of weathering may not be beneficial. There have
been few tests of the effects of weathering on realistic radioactive contaminants.

In many past actual or experimental cleanup efforts, the difficulties have been
greater and the decontamination has been less effective than was expected by the
performing staff.

Some experiments have reported very high DFs (>10). However, the lack of completely relevant
data, the apparent decrease of decontamination efficiency with time and weathering, and the
decrease of efficiency for small particles and low mass loading, lead us to conclude that it would
be difficult to assume a decontamination factor greater than two for many surfaces after a delay
of one or two months. Higher DFs could be only achieved by methods that would be at least
partly destructive. However, certain areas, such as hard-surfaced roadways or flat unforested land
areas, can be cleaned more effectively.
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We have not found sufficient data to conclude that residential or commercial structures could be
effectively decontaminated if a few years elapse before decontamination is carried out.
Extrapolation of the sparse data available indicates that any degree of success would be doubtful,
unless extraordinarily costly measures were applied. Buildings would probably be unmaintained
and unattended during long delays. Hail, windstorms and freezing could break windows, and rain
and snow could enter. Vacant buildings might become host to animals and plants, accelerating
the deterioration. After several years, most buildings would be thoroughly dilapidated.

After considering (1) the possibility that several years might elapse before decontamination, (2)
the difficulties in performing decontamination, and (3) the deterioration of unmaintained
structures, the decontamination method we evaluated for long-delayed remediation is the
demolition of buildings, streets, and above-ground utilities, excavation of debris, and the scraping
of surface soil.

We evaluated three possibilities for expedited decontamination of urban areas, as follows.
5.3.1 Light-Contamination Urban Areas

For lightly contaminated areas (those for which a minimum decontamination factor of two would
be adequate), we considered prompt vacuuming of all structural exteriors followed by detergent
scrubbing and rinsing. Building interiors would be cleaned by methods appropriate for the
material to be cleaned, for example, repeated vacuuming followed by shampooing for carpets.
Streets, sidewalks and driveways would be cleaned by the methods described below for highways.
Turf in lawns would be removed and replaced. Herbaceous landscape material would be cut back
and removed, and mulch or topsoil would be removed and replaced. Tree foliage would be hosed
down, with the wash water collected to prevent runoff, and the trunks would be scrubbed. It was
a fundamental premise of our evaluation that the property would have to be left in the same or
better condition as before an accident, and that great care would be taken to prevent spreading
the contaminant to other areas.

For expedited decontamination, in the absence of a CERCLA ROD, property owners and tenants
might be requested to give permission to enter property for interior cleaning. Without such
permission, the property might need to be acquired through condemnation in order to abate any
threats to the public health and safety. In any case, we assumed that the affected individuals
would be fully compensated for any property destroyed or damaged, or other losses incurred.

5.3.2 Moderate-Contamination Urban Areas

The second scenario evaluated involves more heavily contaminated properties, for which
completely nondestructive decontamination would not be adequate. Roofing would be removed
and replaced, all landscape materials, including trees, would be removed, and flooring, furniture,
and personal effects would be removed from the interior. Because the decontamination would
be intrusive and destructive, and would require more time for completion, we have assumed that

5-9




all such property might be condemned and thus acquired by the Federal government. We
assumed that any property so acquired could be resold without loss.

Condemnation actions could take place under Atomic Energy Act authority or CERCLA
authority. As a result, if a CERCLA exemption were issued, the loss of CERCLA authority
would not limit the government’s power to condemn property.

In moderate-contamination urban areas, we have postulated that the homes could be renovated
and rebuilt, but, because of the major impacts, especially losses of vegetation, there would be
dramatic changes in appearance, which could lead to depressed market values. As a result, very
heavily contaminated property might require the same actions as for extended decontamination;
that is, acquisition, total demolition, disposal, and restoration.

5.3.3 Heavy-Contamination Urban Areas

The third scenario involves properties for which decontamination would be impossible or
impractical; that is, those for which a minimum decontamination factor greater than ten would
be required. The procedure analyzed for these properties was condemnation and acquisition, total
demolition, disposal, and restoration to parkland.

5.3.4 Highways and Runways

Highways could be decontaminated by vacuum sweepers followed by detergent scrubbing and
rinsing. Any sections not adequately decontaminated would have to be cleaned by surface
removal. Methods for surface removal, in ascending order of effectiveness, cost, and damage,
are shotblasting, planing, and complete removal and replacement. If snow were present, there
would be benefits from removing it as promptly as possible, before thawing allowed the
contaminant to reach the highway surface and wash off onto the roadside.

Contaminated land near the highway would also require decontamination to prevent the highway
from being recontaminated later. The method evaluated here, which seems likely to be the most
effective, is complete removal of soil to the level of clean soil, and soil replacement. Also,
neighboring agricultural crops, weeds, and brush might have to be carefully gathered and
removed.

Some of the highway surface operations, and most of the adjacent land operations, have the
potential to recontaminate areas already cleaned. Recontamination could be minimized by care,
or by covering clean sections of the highways with tarpaulins, but cannot be completely
eliminated. There is thus the possibility that a final cleaning of the highway surface might be
required to removed redeposited material.

Losses to adjacent property owners would seem likely, either from physical damage or loss-of-
use. It is conceivable that unanticipated events during a highway cleaning operation or other
large-scale efforts could result in further migration of material, and an expanded cleanup area.
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Additional remediation efforts and compensation payments for any nearby properties impacted
in this manner might be necessary.

The expedited decontamination of airport runways would be similar to decontamination of
highways. Fortunately, runways are typically close together, maintained in better condition than
roadways, and the areas between runways are typically flat and vegetated only with grass, so that
airport runway operations might be considerably less difficult than highway operations.

5.4 Waste Disposal

Federal regulations governing commercial waste disposal sites are codified by the NRC at 10
CFR 61. Those guidelines prohibit siting near valuable mineral resources and in areas subject
to natural hazards such as flood, earthquake, and tornado. The NRC specifies a performance-
based standard of less than 25 mrem annual dose commitment to a member of the public residing
on the site, with a 500 mrem dose limit for an intrusion scenario. Kozak et al. (1990) describe
a methodology for evaluating whether a waste disposal design satisfies those criteria. However,
the NRC regulations are not applicable to DOE or DoD waste disposal sites.

DOE (1988a) Order 5420.2A gives directions for DOE waste disposal activities that are based
largely on the criteria of 10 CFR 61, though stated with less specificity. In 1988, the EPA
announced plans to issue regulations that would be applicable to the DOE and DoD under 40
CFR 193, but those regulations have not been issued. Consequently, the DOE and the DoD
currently regulate their own waste disposal activities, in conjunction with the host State
government. However, for on-site waste disposal conducted at a CERCLA site, the NRC
regulations could be considered ARARSs.

Current DOE guidelines for shallow land-disposal allow for near-surface burial in a permitted
facility for assays not exceeding 100 nCi/g (U.S. Air Force, 1992a). Obtaining a permit would
require compliance with Federal, State, and local laws. Disposal of radioactive Low Level Waste
(LLW) is prohibited in many regions by State or local laws.

In excavating contaminated soil and debris, it is inevitable that much dilution occurs. It is
extremely unlikely that significant volumes of waste material would exceed 100 nCi/g. Small
amounts of waste from hot spots that exceeded 100 nCi/g would need to be stored retrievably
pending licensing of a geological repository such as the Waste Isolation Pilot Plant (WIPP).

The cost of geologic isolation has been estimated to be $5,000 more per m? than for shallow
burial (Cohen, 1982). Except for very small amounts of material, geologic disposal might be
deemed unfeasible in the CERCLA decision process because of excessive cost. Retrievable
storage for high-assay waste would be preferable because of its lower cost. Also, there are
presently no licensed geological repositories.




Although land burial at any given CERCLA site might utilized if it satisfied the applicable siting
criteria, political and social pressures might weigh against on-site disposal in populated areas.
However, waste disposal costs could generally be reduced if on-site burial is utilized.

It is emphasized that the level of hazard posed by the waste material would probably be
extremely low. The DOT regulations governing the placarding and transport of radioactive
material are codified at 49 CFR Parts 172 and 173.

Per 49 CFR 173.425(c), radioactive material falling into the category of Low Specific Activity
(LSA) can be transported in "unpackaged (bulk) shipments" if "exclusive use closed transport
vehicles are utilized." For debris and soils contaminated with weapons grade plutonium, bulk
shipments, for example in a closed rail car, would be allowed for,

materials of low radioactive concentration, if the average estimated radioactivity
concentration does not exceed 0.001 millicurie per gram,

additionally, these (i.e. bulk)

shipments must be loaded by the consignor, and unloaded by the consignee from the
conveyance or freight container in which originally loaded.

It is possible that much of the excavated debris would not require radioactive placarding
according to the DOT regulations (Feldman, 1986). Per the DOT regulations at 49 CFR
173.403(y),

radioactive material means any material having a specific activity greater than 0.002
microcuries per gram.

We note that the above definition is augmented with the statement,

The specific activity of a material in which the radionuclide is essentially uniformly
distributed is the activity per unit mass of the material.

Our analysis indicates that a substantial fraction of the debris generated during remediation would
have an average specific activity less than 0.002 microcuries per gram (2000 pCi/g), and thus fall
outside the scope of the DOT regulations for transportation of radioactive materials. However,
the additional costs imposed by the regulations for bulk shipments of LSA are minimal, and we
have thus calculated transportation costs by assuming that the shipments are treated as
radioactive.

The cost of waste disposal would vary on whether or not on-site disposal is utilized. Cost
estimates are presented for two options: on-site shallow burial, and off-site transportation of waste
to a shallow land burial site at an assumed distance of 1609 km (1000 miles).
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For accidents postulated to occur in sparsely populated arid Western rangeland, if local laws
allow it, we believe it is reasonable to assume on-site shallow burial of waste. In urban areas,
off-site disposal might be preferred. It is left to the judgement of the analyst to decide which
disposal option is appropriate for a given location.

5.5 Ecological Restoration

A long-standing definition of the preferred goal (EPA, 1978) of site restoration is to establish an
ecological community as similar as possible to that which existed before an accident. Alternative
goals are to establish a similar, but not identical community; to establish an entirely different,
but valued community; or, if none of the foregoing is feasible, to establish some less valued
community (ibid.).

Unassisted restoration of desert land is difficult, but assisted restoration can be very successful.
Grasslands may be restored naturally provided only limited soil has been removed. Assisted
restoration of prairies is also successful. Total restoration of forests may not be possible if the
area is too large for natural reseeding; an alternative use may have to be found for forest land.
Restoration of farmland is relatively simple. Restoration of urban land to building sites is simple;
restoration to parkland is possible, but more costly.

Because of legal constraints imposed by the Endangered Species Act (16 USC § 1531 et seq.)
it might be impossible to undertake decontamination of an area that included endangered or
threatened species. In some cases endangered plants or animals could be relocated. However,
some might thrive in only a very restricted range, in which case relocation could be damaging.

CERCLA dictates that damages to natural resources be compensated. The Federal government,
through the DOI, is given responsibility to act as a trustee of natural resources and to seek
restitution from responsible parties. Yang et al. (1984) discuss some of the difficulties that could
be encountered in assigning dollar values to those damages. The DOE (1989) has previously
adopted the natural resource damage assessment regulations of the DOI, which are codified at
43 CFR 11.

Most of the experience on natural resource damage assessment relates to plant and animal life
damaged by a toxic release, such as the Exxon Valdez supertanker incident in Prince William
Sound, Alaska. Litigation after such events can occupy the courts for many years. It is unlikely
that low-level plutonium contamination would have any observable effect on living organisms,
including humans. But, if publicly-owned land such as a National Park or National Forest were
restricted from public access, the NCP calls for, "restoration, rehabilitation, replacement, or
acquisition of substitute lands."

There appears to be a historical trend toward increased public involvement in site restoration
decisionmaking. Recently, a new set of natural resource damage assessment regulations that
apply only to releases of oil have been issued by the National Oceanic and Atmospheric
Administration (1996). While the new regulations have no application to plutonium-dispersal
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accidents, they are noted because a principal goal of the rulemaking, as required by a Consent
Decree following litigation brought by the Natural Resources Defense Council, was to "bring
selection of restoration actions clearly into a public planning process."




6.0 Integration of Cost Estimates

Costs of extended remediation were estimated, using industry-standard methods, for mixed-use
urban areas at average population density, Midwest farmland, arid Western rangeland, and
forested areas. The types of land uses considered represent the overwhelming majority of the
U.S. land area and population. Accident costs were highest for urban areas. Accident costs for
Midwest farmland and arid Western rangeland were found to be similar.

Costs of expedited remediation were estimated for mixed-use urban areas, highways, and airport
runways. Cost estimates are separately provided for three types of areas that are defined as
having light, moderate, and heavy contamination. Light contamination is that for which a DF
of 2-5 would be appropriate. Similarly, moderate contamination is that for which a DF of 5-10
would be appropriate, and heavy contamination is that for which a DF in excess of 10 would be
appropriate.

We evaluated the operations necessary to meet the chosen remediation goal for these "typical”
land-use patterns. Often alternative operations would be possible. We tried to balance the cost
of each operation against speed and effectiveness, using experience and engineering judgment.
Each operation was broken down into the steps needed to complete it. The costs of these sub-
operations were taken from standard contractor’s handbooks or other data. The process we
utilized is very similar to what a contractor would do before bidding for a job.

Neither the strategies chosen nor the cost information are unique or necessarily optimum. There
are countless alternative strategies and operations for achieving the desired end result. It would
be an overwhelming task, and far beyond the scope of this study, to attempt to evaluate all
possible strategies. It would also be pointless; political and social pressures or inadequacy of
resources might mandate an less than optimal strategy for an actual accident.

In regard to the nuclear safety convention of applying a conservative bias, it inevitable that this
has occurred to some extent, largely as a result of the paucity of certain types of data. However,
we do not see our estimates as being bounding in any respect. The most that we can claim is
that our calculations represent a well-founded estimate of the costs for various strategies to
remediate several "typical" sites. We have attempted to generate what we believe are defensible
estimates, and have strived to avoid biased sources of data, but make no claim that the present
results are appropriate for all applications. Readers are thus urged to critically evaluate the
applicability of our estimates to the application at hand.

All of the important assumptions and parameter values are embedded in a set of Lotus 1-2-3®
spreadsheets, which are reproduced in their entirety in Appendix G. Qualified analysts may
request copies of the spreadsheets in electronic format from the authors.




These spreadsheets are also being incorporated into a standalone computer program written in
C*™ intended to support an updated version of the RADTRAN transportation accident code system
(Neuhauser and Kanipe, 1992) being developed by Sandia National Laboratories. Additional
details on that computer program can be obtained from the RADTRAN development team.
Sensitivity and uncertainty studies, or the simple substitution of alternative parameter values,
could be performed using the software that has been developed.

6.1 Simplifying Assumptions in Cost Estimates

In estimating the costs of demolition of structures, and the removal of debris and surface soil,
we did not consider the costs of a health physics program to control occupational exposures to
the plutonium. Consideration of the labor cost of health physicists to monitor work activities,
and laboratory analysis of nose swipes and urine samples from workers, would increase costs
over our estimates. However, we did consider these activities to a limited extent by adjusting
our cost estimates for lost labor due to participation in an occupational health physics program.

The cost estimates for mixed-use urban land do not include downtown business and commercial
districts, heavy industrial areas, or high-rise apartment buildings. Inclusion of these areas would
increase costs. Trees on undeveloped land and structures in parks would increase the volume of
rubble, which would increase costs.

In our scenario for off-site waste disposal the transportation would be by truck using
commercially available steel containers for packaging. If a rail link were available between an
accident site and the waste disposal site, transportation costs might be lower. Costs, time, and
transportation dislocations could be reduced if rail transport were used, because more than one
container could be placed on a single rail car. We did not assume the availability of rail
transport because many locations are distant from a rail line. If trucks were used to transfer the
material to a nearby rail line, the extra handling costs would need to be considered.

For an accident postulated to occur at a fixed facility, rail access might be very close. However,
in investigating waste emplacement costs for NTS, we found that there is no rail link to the waste
burial ground, and this increases the cost of disposal at NTS. The waste burial ground at
Hanford does have a rail link, but the emplacement cost at Hanford was found to be three times
the emplacement cost at NTS, negating the potential savings in transportation costs by using rail.

The cost of remediating land owned by railroads was estimated to be the same as the remediation
cost for industrial property. Demolition and removal of rail track could be expensive, though it
might be economical to decontaminate the steel and reuse it. Potential loss-of-use costs for
valuable infrastructure were not accounted for.

Restoration of urban land would be more expensive than our scenario for restoration to parkland

if streets and roads and infrastructure needed to be replaced. However, we estimated that the
compensation cost for such assets would be the replacement cost, and this compensation would
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not have to be paid if the assets were replaced, and there could be a net saving by restoring the
streets and utilities.

The remediation cost for "other public" areas was assumed to be the same as commercial areas,
because government offices and schools are often constructed to about the same standards as
commercial structures. The cost of remediating public recreational land (parks and playgrounds)
was assumed to be the same as the cost for undeveloped land. We did not account for the
possible cost of removing trees, fountains, plazas, public swimming pools, sports stadiums, or
other improvements likely to be found on public recreational land.

We included the rubble from farm buildings and small towns in farmland, but we ignored the
possible cost of demolishing farm roads.

We included the value of standing crops and livestock in the acquisition cost for farms, judging
that they would probably need to be destroyed. We included the cost of harvesting the crops,
but did not consider the possible cost of their disposal as waste.

Trees on farms, especially if part of the farmland was wooded, could add to the volume and cost
of waste, and tree removal could significantly increase decontamination costs.

Our estimates of the cost of remedial activities are based on prices set by a competitive market.
In remote areas of the country, where there could be a scarcity of labor, equipment, or suppliers,
prices would probably be higher than our estimates. Labor and material costs could vary as
much as 30% above or below the average values used in this report, depending on the location.

Indirect costs such as government administration and support have not been estimated, although
contractors’ overhead and profit have been included. Administrative and support costs for the
cleanup of Enewetak Atoll were roughly equal to the direct cost of conducting remediation
(DNA, 1981). Also, after the Chernobyl accident, the Swedish government’s cost tabulation for
its emergency response programs showed that indirect administration and support were roughly
equal to the cost of direct actions (Nordic Liaison Committee for Atomic Energy, 1990: p. 220).

The current research has not attempted to quantify indirect costs beyond citing those two data
points.’” We believe however, that it might be reasonable to double the cost estimates provided
in order to account for indirect costs. The impact of indirect costs could be better established
if additional data was available.

In any complex undertaking, there is the possibility that mistakes could be made. It is likely that
all actions undertaken would be closely scrutinized by the public, environmental advocacy

' In the Stoneman III tests Owen and Sartor (1963) reported that indirect costs amounted to
20% of the total cost of the operations; we give this little weight for accident analysis because
the operations were surely quite routine after the performance of twelve years of similar tests.
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groups, and government officials. If mistakes or deficiencies were found, it is possible that some
actions might need to be redone or augmented, at additional expense. We have not attempted
to account for those possible additional costs.

Although we have mentioned waivers of sovereign immunity, possible litigation costs are not
addressed. If litigation ensued, costs could increase over what has been estimated. Because of
the adverse impact of delays, costs could increase even if lawsuits proved unsuccessful.

6.2 Cost Estimates for Extended Remediation of Farmland and Urban
Land

The economic impact of a plutonium-dispersal accident depends strongly on land use.
Acquisition cost is dependent on land value, which is clearly higher for city land than for
farmland or rangeland. Decontamination cost is higher if the land includes structures. Disposal
costs in urban areas are high because of our assumption that all structures would need to be
demolished and disposed of as waste. Restoration cost depends on the final ecological
community to be achieved, which might differ from the existing ecosystem.

Appendix F describes the cost calculations. A summary of the cost components for two land
uses (average urban and Midwest farmland) and two waste disposal options (on-site and off-site)
is given in Table 6-1.

Table 6-~1
Cleanup Costs For Two Land Uses and Two Waste Disposal Options
($ million / km?®)

Cost Item Midwest Farmland Average Urban
Characterization and Certification 0.6 6.8
Acquisition and Compensation 1.0 180.0
Long-Term Access Control 0.3 1.2
Emergency Actions 0.2 1.1
Demolition/Decontamination 0.9 40.5
Ecological Restoration 3.6 5.3
Option 1-On-site Waste Disposal 32.2 82.7
Option 2—0ff-Site Waste Disposal 67.3 173.2
Option 1-TOTAL for On-Site Disposal 38.8 311.7
Option 2—-TOTAL for Off-Site Disposal 74.0 402.2

For a given postulated accident location, risk assessors would need to determine whether on-site
waste disposal could be utilized. Many factors could influence the decision. First, if State or
local laws would prohibit it, on-site disposal should not be assumed in risk assessments. Three
CERCLA cleanups now in progress (see Appendix A) are planning to ship LSA soil and debris
to shallow burial grounds in Nevada and Utah. For accidents postulated to occur in the sparsely
populated arid Western states, on-site disposal would be more likely than in urban regions on the
East or West Coasts.




Population density and proximity to surface or ground water would be important factors in the
waste disposal determination. Another factor to consider is the size of the affected region. For
very small sites such as BOMARC, on-site disposal would make little sense because of the close
proximity to a road and residential areas. If the sitc were very large, off-site disposal costs
and/or logistical difficulties might make remediation unfeasible.

Every attempt has been made in this analysis to provide nominal values that represent a best-
estimate for risk analysis. See Section 6.1 and Appendix F for a discussion of the simplifying
assumptions utilized and the potential costs that were not considered in the calculations.

6.3 Cost Estimates for Expedited Decontamination

We estimated costs for expedited decontamination of mixed-use urban areas, highways, and
airport runways. The costs for expedited decontamination depend on the intensity of
contamination. We have estimated costs for decontamination strategies to yield DFs of 2-5 (light
contamination), DFs of 5-10 (moderate decontamination), and DFs in excess of 10 (heavy
contamination). The strategies for achieving these goals are described in Appendix F.

Table 6-2 shows the estimated costs for representative types of urban areas, and for a combined
average population mixed-use urban area. The costs in Table 6-2 are for off-site waste disposal.

Table 6-2
Cleanup Costs for Expedited Decontamination of Urban Areas
($ million / km?)

Light Moderate Heavy
Usage Type Contamination Contamination Contaminaticn
Residential 76.4 169.6 312.8
Commercial 195.3 295.5 851.2
Industrial 674.0 704.2 1245.9
Streets 15.9 18.5 247.7
Vacant Land 81.1 85.7 85.2
Combined 127.8 178.7 398.4

The costs for the combined mixed-use urban area with on-site waste disposal are estimated to be
$88.8 million (light contamination), $136.4 million (moderate contamination), and $309.1 million
(heavy contamination).

The costs for decontamination of highways or airport runways are estimated to be $17 per m? of
roadway or runway surface (light), $20 per m? (moderate), or $24 per m? (heavy). The costs of
decontaminating and remediating shoulders, ditches, and adjacent land, or the areas between
runways, are estimated to be $81 per m?2 (light) and $86 per m? (moderate and heavy). These
costs do not include the additional costs attributable to bridges, overpasses, or difficult terrain,
and hence may understate the costs. The minimum cost of constructing a detour, if one is
required, is estimated to be $235 per meter of detour length. If difficult terrain is encountered,
or if a heavy duty bypass is utilized, the cost of the detour could be much higher.
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6.4 Parameter Values Derived for Risk Assessments

For a given source term and meteorology, a computer code and Census data can be used to
estimate the area, land usage types, and number of resident individuals in the region of a given
DIL, for example, the EPA screening level discussed in Appendix B.

For accidents postulated to occur in urban areas, the computer code should utilize appropriate
meteorological data that considers heat-island effects as well as the increased dispersion and
deposition because of structures and vegetation. Likewise, for accidents in rural areas,
appropriate parameters for the terrain and vegetative cover should be utilized.

The costs per unit area and per unit length of perimeter, as given in Appendix F and in more
detail in the spreadsheets of Appendix G, could then be applied in combination with the estimates
of areas of each land usage type to produce an estimate of total costs.

6.5 Sources of Uncertainty in Cost Calculations

There are many sources of uncertainty. A specific site might not resemble the average site. The
estimated goal for remediation might not be the goal chosen for a specific accident. The
strategies for achieving the goal, and the individual operations for that strategy, might not be
those chosen for an actual accident. Also, contractor’s bids usually differ from one another
(often by sizeable amounts). We have not accounted for the possibility that the contractor
performing the operation might have unique equipment or abilities that afford an unforeseen
efficiency, nor have we considered contractors who might magnify costs through carelessness.

All of the costs calculated were due to estimated expenses based on prices established in a
competitive market. The overhead charges of a hypothetical contractor bidding on the project
were included, but overhead for the government’s support and oversight was not included. If
government overhead were accounted for, the cost estimates might be approximately doubled
over what is presented, as based on the decidedly limited historical experience.

The employment of site-specific data in risk assessments can reduce the uncertainty arising from
the use of average land use patterns. The uncertainty arising from the use of specific goals and
strategies can be evaluated by analyzing alternatives. The uncertainty in contractors’ bidding
costs can be evaluated by using a range of representative bids. Although the uncertainties cannot
be entirely eliminated, they can be minimized, or their extent can be evaluated.

The average cost of acquisition of property can be reasonably estimated. Risk assessors can
adjust costs for higher or lower valued sites, thus removing much of the uncertainty. The
greatest uncertainty is in the costs of operations because the strategies used for decontamination
could be different from those utilized to generate the cost estimates of this study.




7.0 Conclusion

Because of (1) the stringency of current environmental law, (2) the need for consensus of
multiple government agencies, (3) requirements for public participation and provision for citizen
lawsuits, (4) the need for detailed analyses under CERCLA and NEPA preceding actual site
cleanup, (5) deterioration of structures over time, and (6) the difficulty in decontaminating
surfaces with long-standing contamination, it was determined that condemnation of all property
in the affected area might be a prerequisite to delayed remediation of the affected area under the
current regulatory structure.

Condemnation would not be a necessary prerequisite to cleanup. Both CERCLA and NEPA
allow for waivers. If necessary approvals were obtained, an expedited remediation could be
conducted. We evaluated both the costs and the effectiveness of such an expedited response.
This evaluation was performed for (1) accidents postulated to occur in urban areas and (2) those
affecting highways and airport runways. We did not analyze the expedited remediation of
Western rangeland, Midwest farmland, or forests.

The following costs were addressed: (1) emergency actions to promptly characterize the site and
protect the public, (2) compensation for lost property and income, (3) detailed site characteriza-
tion, (4) removal of contaminated material, (5) shallow land burial of waste, (6) post-cleanup
certification, and (7) ecological restoration.

In an appendix, we looked at the history of government-funded programs for medical monitoring
and care and concluded that there could be a basis for establishment of such a program in the
event of an accident. However, there are insufficient data on which to base a quantitative cost
estimate for such programs.

The estimates provided are intended to be used as nominal values for risk assessments. Actual
costs would vary depending on location. There was no attempt to bias the results for
conservatism. We assumed, based on historical experience and our assessment of the current
social and political climate, that a very protective stance would be taken. The degree of
protectiveness we used is consistent with the criteria being utilized for current CERCLA cleanups
of radiation sites, and proposed regulations for the same.

Costs would be lower if a set of less protective actions were implemented. Also, technological
advances in the detection of plutonium, decontamination techniques, and the treatment of waste
to minimize its volume could decrease costs in comparison to the provided estimates.

In order to derive the cost estimates presented, we assumed that the size of the affected area
could range from a few hundred square meters to a few square kilometers. Our choice of the
potential size of the affected area should not be used to predict the costs of accidents. Those
predictions require detailed data on the masses of material at risk, accident phenomenology,
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release fractions, accident location, local terrain, and meteorological conditions, which are outside
the scope of this report. For average weather conditions and flat terrain, even for HE detonation,
the size of the affected area might be only a very few square kilometers.

An important consideration for accidents postulated to occur in urban areas is the influence of
local meteorology. In the presence of large buildings and trees, deposition can become localized,
decreasing the size of the affected area. Also, stable weather conditions in cities, minimizing
dilution of the cloud, are extremely rare because of surface roughness and heat-island effects.
In modeling the dispersion and deposition occurring in urban areas, analysts are urged to consider
the influence of these phenomena in order to avoid overestimating accident costs. This would
entail the derivation of dispersion and deposition parameters appropriate for use in urban areas
and their use in computer simulations of accidents postulated to occur in those areas.

A simple calculational methodology has been developed that can either be incorporated into
existing computer codes, or used by an analyst external to such codes, in order to estimate
accident costs. It is a simple matter to determine the land usage characteristics of each sector
in the area exceeding a specified interdiction criterion and multiply the area of each land use type
by the parameter values that have been provided.

Our results show that there are two major components of attributable cost: (1) compensation for
acquired property, and (2) decontamination and waste disposal. Both of these components of cost
are uncertain to possibly large degree, and revisions to the parameter values we used could result
in one or another of these components becoming the "major" component of cost. As a result of
the uncertainties, it is not possible to identify the major cost component with any confidence, and
there would be little value in making such a choice.

We believe that variation of parameter values within plausible ranges would not result in a
change in our judgement that remediation of an accident site in a populated area would probably
be slow, complex, and expensive, absent waivers from current environmental laws. Moreover,
even if such waivers were used to expedite the process, decontamination of urban areas could still
prove to be difficult, or prove to be of limited effectiveness.

For ‘a worst-case release under worst-case weather occurring in or near a mid-sized city,
attributable costs could be on the order of few billion dollars (including overhead and
miscellaneous expenses). An unanticipated Federal cost of that magnitude is not unusual. A
recent example of a high cost event was the massive failure of savings and loan banks; after
liquidation of the Resolution Trust Corporation in 1995, the net cost to the Federal government
amounted to over $100 billion dollars.

Another large liability of the government is the cleanup of residual material in the DOE weapons
complex, with, by most accounts, an estimated cost of several hundred billions of dollars. DOE
(1995b) currently estimates that for its "base-case” strategy, it may cost $200-350 billion (in
1995 dollars) over the next 75 years to remediate the vast majority of its sites; for the maximal
"green fields" cleanup, the cost is estimated to be $500 billion.
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There were many types of costs that we found difficult to quantify and thus omitted from the
analysis. One such omission is the government’s expense associated with project management
and administration”® In addition to omitting government overhead expenses, in order to avoid
undue complexity in our calculations, there were many simplifying assumptions that may have
tended towards the over- or underestimation of cost.

Because of the difficulty of quantifying possible medical costs, this expense has also been
omitted from our analysis. Medical costs might turn out to be very low, in which case the
omission is unimportant. However, the government has in the past paid substantial sums for
medical monitoring and care (See Appendix H), and the possibility that the government might
assume costs for epidemiological studies, dose reconstruction studies, periodic monitoring, or
even outright medical care for exposed individuals cannot be totally excluded.

The cost estimates provided by this study could offer a valuable addition to risk assessment
methodology, in spite of these omissions and uncertainties, because the cost estimates allow
relative economic comparisons of alternative operational strategies, design methods, and
remediation technologies.

We believe that quantitative risk assessments of nuclear weapon operations should include, in
addition to the conventional predictions of doses and health effects, estimates of the potential
economic costs. Our recommendation is to focus on the attributable costs, i.e. the potential
liabilities that could be borne by the government over subsequent years. Although other non-
attributable costs could occur and be borne by society as a whole, their quantification is much
more difficult, and would entail a separate analysis outside the scope of the current research.

The estimation of contaminated area sizes, without monetized cleanup costs, although useful, does
not allow consideration of the large variability in costs because of land usage and population
density. This report has demonstrated that the cost of an accident occurring in an urban area is
likely to be much greater than an accident occurring in farmland or rangeland. Attributable costs
can, and should, be utilized in government efforts to prioritize potential safety improvements in
order to minimize the risks of its operations.

In interpreting the consequence estimates of quantitative risk assessments, for both health effects
and costs, analysts are urged to focus on relative risks, not the absolute measures of
consequences. Quantitative risk assessments are of greatest value when they are utilized to
identify potential safety improvements.

It has been recognized by the DNA (1993a) that there is a need to pay more attention to the
process of site restoration in accident planning,

2 Contractor’s overhead and administrative costs have been included.
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Site restoration for nuclear weapon accidents is a relatively new and loosely defined
process. Recent nuclear weapon accident exercises have included some site restoration
play, but the focus of those exercises clearly has been on the initial emergency response
actions associated with a weapon accident. Just as the site restoration issues were
addressed, the exercise concluded. As a result, many of the policies, procedures and
organizational issues concerning site restoration planning have been left unresolved.

It is hoped that the current focus on addressing this topic, and the cost estimates in this report,
will foster wider understanding of the complexities involved in restoring an accident site, and
prove useful to the extensive government efforts now being taken to minimize such risks.

We believe that the improvisation of a cleanup program in the immediate aftermath of an
accident could be problematic because of the high potential for mistakes or unexpected events.
Examples of such mishaps are inadvertent uptakes of radioactive material by cleanup workers,
or the injury or death of cleanup workers because of occupational accidents.

If these occurred, or if cleanup actions led to unintentional further dispersal of material and thus
made subsequent efforts more difficult, negative repercussions could well ensue. This would be
particularly true if, as we expect, there were extensive news coverage.

The risks of mishaps are always present in complex undertakings, but they can be minimized
through advance planning, training of personnel, and the testing of plans through exercise. In
the absence of advanced planning for expedited decontamination of urban areas, plans would
need to be improvised, and this could lead to problems. Economic risks of nuclear weapons
accidents could be reduced through the development of plans for the expedited remediation of
areas contaminated with radioactive materials.

The inclusion of cost estimates in risk assessments, in addition to the conventional estimation of
doses and health effects, allows a fuller understanding of the post-accident environment. The
insights obtained can be used to minimize economic risks through comparison of alternative sites
and through the development of improved capabilities for accident response.




Appendix A

Case Studies of Cleanup Criteria, Methods, and Costs

A.1 Palomares, Spain

On Januvary 17, 1966 a B-52 bomber on airborne alert carrying four nuclear weapons collided
with a KC-135 tanker during refueling and both planes crashed near the remote village of
Palomares, Spain (Cuddihy and Newton, 1985). Two weapons deployed parachutes and were
recovered intact, one from a dry river bed and the other from the Mediterranean Sea. The two
others landed on the ground in agricultural fields outside of the village with sufficient force to
cause HE detonation and plutonium dispersal. The two impact points were 2.6 km apart (Iranzo,
1968).

After lengthy negotiations, the following criteria were adopted for *°Pu.

Areas exceeding 32 pCi/m% for 0.02 km?, top soil and vegetation were removed and shipped by
the DoD to the Savannah River Site (SRS).

Areas of 0.32-32.0 uCi/m* for 2.3 km?, soil was plowed to at least 10 inches, standing
vegetation was removed, mulched, and shipped to SRS.

The detection limit for the PAC-1S alpha-detector was less than 0.32 pCi/m®.  Areas too rough
to plow, but contaminated between 3.2 and 32.0 uCi/m* were worked with hand tools to move
the contamination below the surface.

830 m® of contaminated soil and 305 m? of mulched vegetation were shipped to SRS. The
remainder of the vegetation (i.e. 3700 2.5 ton truckloads), contaminated near the limit of
detectability (0.2 uCi/m?), was burned at the riverbed when the wind was blowing out to sea, and
the residues left in Spain (DNA, 1975).

The remoteness of Palomares and its lack of telephone communications caused numerous
problems. Characterization of ground contamination with the PAC-18S alpha-detector was fraught
with difficulties; the instruments were easily damaged by contact with vegetation and
measurements were uncertain. The adopted remedy was to have the instruments used only by
senior personnel (DNA, 1975).

Despite the arid climate, resuspension did not cause measurable exposures of the decontamination
workers or Palomares residents and was detectable only when wind speeds exceeded 35 km/hr
(21 mph) (Iranzo, 1968). However, during the decontamination effort it was found that areas
previously free of surface contamination were being contaminated by resuspended material (DNA,
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1975). Also, six years after the accident it was found that the previously-plowed areas adjacent
to the unplowed hillsides showed increasing surface contamination levels. This was attributed
to wind-driven transport from the more contaminated hillside areas (Richmond, 1975).

Long-term investigations of the nearby marine environment showed that plutonium is very
efficiently incorporated into plankton in the muddy bottom sediments of the sea and a nearby
estuary (Gasco et al., 1992). There has been no evidence that the plutonium is transferred to
humans through consumption of fish.

There is a lack of clear information regarding the total costs incurred by the U.S. to date as a
result of the Palomares accident. Some of those costs, such as the periodic medical examinations
and radiological assessments of village residents, are still being incurred. Published estimates
vary. Excluding the aircraft and their cargo, Cuddihy and Newton (1985) estimated the total cost
to the U.S. at $100 million: 10% spent on the location and retrieval of the weapon from the sea
using a research submarine; 70% expended in decontamination of the land and medical
examinations of Palomares residents; and the remaining 20% was compensation paid to residents
who suffered from the lost production of agriculture and seafood. Baes er al. (1986) estimated
the cost of the radiological cleanup at $3.36 million/km?.

A.2 Thule, Greenland

On January 21, 1968 a B-52 over Baffin Bay carrying four nuclear weapons developed a fire
onboard. The pilot attempted an emergency landing at the U.S. Air Force base on Danish
territory at Thule, Greenland. Before the plan could land, the growth of the fire caused the crew
to bail out. The abandoned aircraft crashed on sea ice in a bay 12 km from the runway. The
impact occurred at a shallow angle with a speed in excess of 500 nautical mph.

The aircraft fuel inventory was 102,000 kg (225,000 pounds). The majority of the fuel was
consumed in the ensuing large fire. HE detonation occurred for all four weapons. Analysis of
the resultant plutonium particles often found the associated presence of unburned fuel. The fuel
fire resulted in a black crust on the snow pack where the bulk of the plutonium was found. The
area of visible contamination was a drop-shaped area 90-120 meters (300-400 feet) wide and
approximately 680 meters (2200 feet) long and contained 3100 g of *°Pu (Langham, 1971).

One important insight from this observation is the possibility of highly localized deposition from
aircraft crash events. Dispersion and deposition modeling of such scenarios should consider the
possibility of fuel-fire soot effectively retaining released plutonium. However, one factor that
may be unique to arctic (or winter) conditions is the induced condensation of residual fuel vapors.

Two prototype FIDLERs from the Lawrence Radiation Laboratory were sent to the site along
with the physicist in charge of developing the device (Becker and Shaw, 1970). The FIDLER
proved to be vastly superior to the PAC-1S. The cleanup was limited to the blackened ice (0.06
km?) where 99% of the plutonium deposition occurred. A post-decontamination survey indicated
that the decontamination was 93% effective, yielding a DF of 14 (McRaney, 1970). Despite the
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extensive discussion on the use of the FIDLER to detect the 60-keV gamma of *' Am and thereby
infer the plutonium contamination levels, the available reports provide no information on the
observed Pu:Am ratio.

Despite the difficulties caused by the arctic weather, the decontamination effort was efficiently
conducted by the U.S. military under Danish oversight. Over a period of two months,
contaminated ice, snow, water and aircraft debris were removed and packaged for transport using
large tanks. Approximately 7000 m* of waste material was shipped to SRS for disposal.

Aside from the material deposited on the nearby ice, an airborne cloud containing an estimated
1-5 Ci of plutonium was believed to have deposited residual plutonium on the surrounding sea
ice and land (Langham, 1971). Also, 25-30 Ci of *’Pu was estimated to lie in ocean sediments,
with some material judged to have penetrated the sea ice directly. Lichen was shown to be
effective in incorporating plutonium (Hanson, 1972). Plankton were also shown to be effective
in incorporating plutonium, but people were judged to be not at risk (Aarkrog, 1971).

A.3 Enewetak Atoll

Enewetak is 3800 km SW of Honolulu, HI. Widespread contamination of the atoll with weapons
grade plutonium and fission products occurred as a result of the 43 atmospheric and underwater
tests of nuclear weapons conducted between 1948 and 1958 (Gudiksen and Lynch, 1975). In
1972 the decision was made to restore the atoll so that the former inhabitants, relocated by the
U.S. elsewhere in the Marshall Islands, could return home. A thorough record of the Enewetak
Atoll cleanup prepared by the DNA (1981) provided the principal reference for this case study.

Although fission products were present, the primary material of concern was weapons grade
plutonium. There were numerous difficulties in deriving cleanup criteria. In 1977, when cleanup
was to begin, the publication by the EPA of the 0.2 pCi/m?screening level cast doubt on the
adequacy of the criteria developed over the preceding five years of NEPA studies by DNA, DOE
studies, and an independent panel of experts. The EPA pathways analysis for generic U.S.
locations used to derive the 0.2 pCi/m? screening level was determined to have little relevance
to the atoll environment. Also, the cost of compliance with the EPA proposal was deemed
excessive by the DNA. In the end, the following criteria for transuranics were chosen by the
DNA, and accepted by the representatives of the Enewetak people, despite the fact that they fell
short of the EPA proposal:

less than 40 pCi/g: "Village Islands" suitable for permanent habitation,
40 pCi/g to 80 pCi/g: "Agricultural Islands" not suitable for residence, and
80 pCi/g to 160 pCi/g: "Picnic Islands" suitable for occasional visits.

Characterization of the contamination levels was made extremely difficult because of the
numerous contamination events. After many test events, contaminated soil was plowed under
or moved to other areas in order to allow the operations to continue. Barnes et al. (1979) discuss




the difficulties encountered in the statistical analysis of data obtained from the laboratory analysis
of environmental samples and in situ measurements using an IMP.

Because of those difficulties, characterization occurred continually throughout the cleanup process
utilizing IMPs and laboratory analysis of samples. Earthmoving equipment was utilized to
remove s0il until contamination levels met the selected criteria. Most of the resultant waste
material was entombed in a large bomb crater on Runit, one of the most heavily contaminated
islands. The resulting crypt was covered with a 46 centimeter (18 inch) cap of reinforced
concrete and Runit was permanently interdicted.

After decontamination was accomplished, restoration of the ecology was performed by planting
coconut, pandanus, breadfruit, papaya and lime obtained from other islands or grown on-atoll in
greenhouses and nurseries. Fertilizer was imported. Houses were built.

Because extensive precautions were taken to minimize resuspension exposures to workers, it was
found that resuspension was negligible and no plutonium body burdens were observed in workers.

The effort spanned 3 years and required 1000 people on the atoll for a 3-year period. 0.33 km®
(81 acres) of land were decontaminated via the removal of 84,000 m*® (110,000 CY) of
contaminated soil and debris from six islands. It was estimated that the removed soil contained
14.7 Ci (5.4 x 10" Bq) of radioactivity. One island was permanently quarantined. The total cost
to the U.S. was $100 million.

A4 Johnston Island

Johnston Island is part of the Johnston Atoll, an unincorporated territory of the U.S. that is 1330
km WSW of Honolulu, HI. In July 1962 at Johnston Island, a nuclear-device-equipped Thor
missile was intentionally destroyed on the launch pad during an aborted launch (Bramlitt, 1982;
Vesper et al., 1988; Moroney et al., 1993; and Bramlitt, 1994). As a result of that event, and
two other aborts after launch, weapons grade plutonium was spread over the surrounding land,
but most especially in the vicinity of the launch pad.

After the launch pad abort, surrounding structures were washed and scrubbed, and much of the
plutonium was removed, but Bramlitt (1982) reported that some plutonium remained in concrete
surfaces and metallic materials. Because the residual plutonium was considered "fixed surface
contamination” it was allowed to remain in place. However, when contaminated sheet metal
pilings showed corrosion in 1980, the contamination was determined to be "removable surface
contamination” and the steel pilings were removed.

In 1984, the DoD began a more thorough cleanup of the area surrounding the launch pad,
shipping the contaminated material to Nevada for disposal by the DOE. The majority of the
material was LSA, subject to transportation packaging requirements that imposed minimal
additional costs over ordinary commercial shipments, and the material was suitable for shallow
land burial at a permitted site. Only one 55-gallon drum of material exceeded those criteria and

A-4




required shipment in a DOT Type-A package (Vesper et al., 1988). The Pu:Am ratio was
determined during the operation to have a nominal value of 8.7:1 though there was considerable
variation, possibly because of the multiple contamination events.

In the area surrounding the launch pad, low levels of transuranic contamination remained,
requiring that occupancy restrictions be maintained. The Radiological Control Area (RCA)
encompasses 0.109 km? (27 acres). An effort is currently underway to decontaminate 0.097 km?
(24 acres) of the RCA and thereby make it available for unrestricted use. The criterion for clean
soil is 0.5 Bg/g (13.5 pCi/g) based on the 0.2 pCi/m® screening level (see Appendix B).

Since the entire island is a Part B RCRA-permitted facility (see 40 CFR 265) , there is no
CERCLA RI/FS for the selected course of action, namely, the treatment of contaminated soil to
reduce volume using the Segmented Gate System of TMA-Eberline (Moroney et al., 1993;
Bramlitt, 1994). The NEPA authorization basis (DNA, 1991) of the waste treatment operation
is an EA and FONSI. The EPA exercises close oversight over the DNA operations at the island,
which hosts a National Wildlife Refuge.

The treatment system demonstrated a volume-reduction factor of 50:1 at the site making it
extremely cost-effective (TMA-Eberline, 1993). Volume reduction greatly reduces the cost of
disposal of material at a DOE shallow land burial site in Nevada and avoids the need to import
soil for construction projects on Johnston Atoll. The multi-year project is expected to process
approximately 100,000 m?® of soil with an average transuranic assay of less than 1 nCi/g. The
total cost of the soil treatment process cannot yet be determined, but it was expected to be
approximately $15 million (Bramlitt, 1994). Additional costs will be incurred in shipping the
concentrated waste material to Nevada and disposing of it in a shallow land burial site.

According to Kimbrell (1995), excluding prior research and development efforts, from FY91
through FY95 a total of $10.4 million has been spent on the project. MAJ Kimbrell estimates
that another $14 million is needed to complete the project by FY2000. If the total project cost
reaches the forecasted $24.4 million, the per-area cost would be $244 million/km?. The
remoteness of the site has led to higher costs than would be expected for a continental U.S. site.
Also, the research and development of the waste treatment system added to costs. There were
no acquisition costs. Consideration of these factors indicates that the Johnston Island cleanup
cost is not inconsistent with the cost estimates of this report.

A5 BOMARC Missile Site, McGuire AFB

On June 7, 1960 an explosion and fire occurred in a missile shelter at the Boeing Michigan
Aeronautical Research Center (BOMARC) Missile Site on U.S. Army land leased to the nearby
McGuire AFB, NJ. The shelter housed a nuclear-warhead-equipped missile but there was no HE
detonation. The fire burned uninhibited for 30 minutes, and over the subsequent 15 hours 30,000
gallons of water were sprayed into the shelter with fire hoses. Plutonium-contaminated water
flowed out the front door of the shelter into a drainage ditch; an earthen dam was improvised in
an attempt to minimize the spread of material (U.S. Air Force, 1992a).
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Seven containers of plutonium were recovered by EOD personnel. Recent analyses indicated that
approximately 1 g of weapons grade plutonium was transported off-site as an airborne cloud.
The amount of plutonium originally in the weapon remains classified. The upper estimate of
material unaccounted for, and thought to be lodged in nearby surrounding soil, is 300 g of
plutonium. The CERCLA site characterization, 29 years after the accident, was facilitated by the
spatially uniform Pu:Am ratio of 6:1 (ibid.). FIDLERs and laboratory analysis of samples were
used for the CERCLA characterization.

There were serious difficulties relating to the laboratory analysis of samples. A great deal of
resources were expended on trying to implement a scheme to analyze the split samples. Just
taking a pail of material and dividing it in two equal parts was found to be inadequate because
the two halves could contain different assays. The approach settled upon was to grind the soil
samples into one micron particles to homogenize the assay. In the end, it was not feasible to
verify laboratory accuracy because of technical problems at one of the laboratories performing
the analyses.

The final NEPA and CERCLA documentation for BOMARC occupies one meter of shelf space,
and four years elapsed from project initiation to the issuance of a ROD. There was little
controversy. After thirty years, the prevailing public mood was satisfaction that the site would
finally be cleaned up.

The BOMARC accident site is located in the Pinelands region of southern New Jersey where
hazardous waste disposal is prohibited by State law. As a result, on-site shallow land burial was
not considered a viable option in the RI/FS. Another consideration disfavoring on-site disposal
was the small size of the site (0.02 km?) and its proximity to private property. While the
CERCLA process theoretically allows waivers from compliance with other laws (see Section 4.3),
EPA and State concurrence would be needed, in addition to an absence of public opposition to
the proposed waiver.

The selected course of action in the ROD is the removal and transportation of an estimated 6100
m* (8000 CY) of soil exceeding 8 pCi/g to an unspecified DOE shallow-land burial site. The
soil criterion was based on a pathways analysis that utilized the RESRAD code (Gilbert et al.,
1983; Gilbert et al., 1989) and a "acceptable” cancer incidence risk of 10™ to a maximally
exposed individual.

There was public opposition to a proposed remedy for on-site waste treatment to reduce volume.
As a result, despite CERCLA favoring waste treatment, and disfavoring the relocation of
untreated material to another location, off-site disposal of untreated waste was selected. At the
end of calendar year 1995, an EA was being prepared for the DOE evaluating the environmental
impacts of shipping the contaminated soil to a shallow-land burial site at NTS. We were unable
to obtain estimates for the cost of this project.




A.6 Montclair—East Orange, NJ Radium Soil Site

As a consequence of industrial activities in the early 1900s relating to the manufacture of
luminous paint for watches, soil contaminated with radium came to be used in fill dirt and
concrete in residential areas of Montclair and East Orange, NJ. Remediation of the site was
begun in 1992 (EPA, 1993c) and was well underway in mid-1994 (National Public Radio, 1994).
Additional information on the cleanup was provided by Mr. Paolo Pascetta (1994), the RPM for
the project at the EPA’s Montclair, NJ Field Office.

Cleanup of the site is being paid for with Superfund monies, since responsible parties cannot be
identified. The CERCLA site encompasses a total of 769 homes, but only 250 of those were
found to be affected by the contamination. The homes requiring remediation are distributed over
a residential land area of 0.49 km? (120 acres). The average value of a home in the area is
approximately $200,000, twice the national average. No commercial properties required
remediation.

The chosen risk goal for the remediation is a cancer incidence risk of 10™. The remedy currently
under way to reach that goal is the demolition and removal of detached garages and driveways,
and the excavation of contaminated soil to a depth of up to 2.5 m (8 ft). Large vacuum
equipment normally used to remove material from sewers was modified by the Army Corps of
Engineers and used by them to remove soil from beneath the homes. Resultant damages to the
structures are repaired and clean soil used as fill. The garages and driveways are being replaced.

The affected residents are being provided with substitute housing and associated miscellaneous
expenses are being reimbursed. One of the attendant difficulties is the fact that it has been very
difficult for the EPA to obtain comparable rental homes for the displaced population because of
the higher than average value of the homes being remediated.

No radiation protection measures are utilized for casual visitors who can observe from a distance
the excavation and removal of soil from around their homes.

The acquisition and demolition of all structures might have lowered remediation costs but the
EPA decided to preserve the existing homes in the long-established neighborhoods. It would
have been impossible to restore the neighborhoods to their prior condition. Also, by preserving
the homes, the volume of waste material is minimized. If the debris from demolished homes
became contaminated with the radium soil, that debris might require disposal as LLW.

Great weight is being given to the community interests by the EPA. Obtaining consent from
some of the elderly long-time residents was difficult in some instances, but, as of mid-1994, after
the project had been underway for several years, no litigation had occurred. In the hope of
minimizing disruptive impacts, the EPA was accommodating those individuals facing difficulties
by rearranging the schedule so that their homes will be remediated last.




The untreated excavated LSA LLW is being transported for emplacement at a commercially
licensed shallow-land burial ground operated by Envirocare of Utah, Salt Lake City, UT. The
estimated volume of the debris is 76,000 m® (100,000 CY). The material is loaded in 0.76 m®
(1 CY) plastic buckets and shipped to Utah by rail. The fee being paid to Envirocare for waste
emplacement is $286/m® ($220/CY).

The original estimate of the total cleanup cost was $250 million, but the project was running
ahead of schedule and in 1994 Mr. Pascetta believed the total cost would be $200 million.

At an estimated approximate cost of $400-500 million/km?, this case study is in excellent
agreement with our estimates of average urban area costs. Also notable is the fact that our
estimate of on-site shallow-land disposal costs, $318/m’, is very close to the fee being charged
by a commercial facility.

A.7 Fernald Plant!

The Fernald Plant, located 29 km (18 miles) northwest of Cincinnati, processed uranium for
nuclear weapons programs during the period from 1951 to 1989. The site encompasses 4.25 km?
(1050 acres). With the cessation of production, all activities at the plant were shifted to
environmental restoration. Although the nature of the contamination at Fernald is different from
the contamination that could result from a plutonium-dispersal accident, the experiences at that
site illustrate many of the potential problems that can occur and corroborate our conclusion that
radiation site cleanups will probably be slow, complex, and expensive.

A class action lawsuit by 14,000 individuals residing within 8 km (5 miles) of the plant was
settled in September 1989 with the DOE agreeing to pay $78 million for lost property values and
emotional distress because of radioactive contamination of their property. The lawsuit was
originally filed in 1985 asking for $300 million. During the proceedings, the DOE admitted that
the plant had released more than 136 metric tons (300,000 pounds) of uranium oxide into the
atmosphere.

The Associated Press (Oct. 23, 1989) reported that settlement trustees said it would take about
a year to perform in-depth medical examinations for the eligible population and the settlement
money pays for only monitoring, diagnosis, and epidemiological studies, with no funds allocated
for medical treatment. Previously, the Associated Press (September 15, 1989) reported the
chairman of the Environmental Safety and Health Advisory Committee for the Fernald Plant as
saying that the cost of tracking cancers and other ailments would be greater than the settlement
funds allow.

! The newspaper stories referenced in this section were obtained from Dialog® Information
Services. They are not listed in the References section of the report.
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The Cincinnati Post (December 1, 1993) reported that a U.S. Centers for Disease Control study
reported that 590 metric tons (1 million pounds) of uranium and 170,000 Ci of radon was
released into the air by Fernald between 1951 and 1988. The report also stated that 99,000 kg
(217,800 pounds) of uranium was released into a nearby river and creek.

The Cincinnati Post (May 12, 1993) reported that the CERCLA RI/FS process for the Fernald
Plant was criticized in an April 15, 1989 report issued by the DOE Inspector General (IG). The
IG stated that when the RI/FS was initiated in 1986, the DOE estimated it would take three years
and cost $10 million to complete. The IG estimated that the 50% complete RI/FS would
eventually require a total of eleven years and cost $200 million. The IG stated that for each year
of unnecessary delay of the RI/FS and cleanup, the DOE will spend $149 million for site support
COSts.

In criticizing the delays, the IG noted that detailed information on the plant has existed for years,
reducing the need for more extensive testing. In 1989, EPA headquarters recommended to the
DOE and the EPA’s Chicago Field Office that a streamlined approach be adopted that made use
of the available information, but that recommendation was not followed by the DOE and the EPA
Field Office overseeing the cleanup, who conducted a CERCLA site evaluation that did not
utilize the existing information from the plant.

The potential high cost of overhead is indicated by the Dayton Daily News (March 8, 1994)
which reported on a statement by the local Congressional Representative, Rob Portman. Portman
stated that in the prior year, of the over $290 million budget allocated for cleanup, only 10%
actually went toward the cleanup, with the remainder spent on salaries, operating expenses, and
preparations for cleanup, including studies performed by the Federal government and the state
of Ohio.

Some insight on the question of on-site versus off-site disposal is given by the Cincinnati Post
(April 19, 1994). The DOE investigated forty nine of its laboratories and production facilities
located throughout the U.S. to determine which might be suitable for the disposal of low-level
radioactive and hazardous waste generated by other DOE facilities. At the first level of selection,
three criteria had to be met: (1) Is it more than 61 m from an active fault?; (2) Is it outside of
a 100 year flood plain?; and (3) Is a 100 m buffer zone available?

Twenty six sites, including the Fernald Plant, satisfied all three criteria, but before the next round
of selection, the DOE will confer with the National Governor’s Association and state officials.
In discussing the possible use of the Fernald Plant for a disposal site, DOE officials said that
Fernald’s location above the Miami Aquifer, which already shows some evidence of uranium
contamination from the plant, made it unlikely that Fernald would be a suitable candidate.

The Cincinnati Post (March 26, 1994) reported that a public workshop on cleanup strategies for
the Fernald waste pits was to be held. The waste pits cover a 0.15 km? (37.7 acre) area of the
plant and they contain more than 459,000 m? (600,000 CY) of mixed radioactive and hazardous
waste. The DOE was soliciting public comments on a proposal to excavate the waste pits and
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treat the wastes by drying to reduce mobility. The proposal called for the material to be shipped
by rail to Envirocare of Utah, for disposal near Salt Lake City, UT. The DOE estimated that the
waste pit cleanup would take eight years and cost $457 million.

The Cincinnati Post (June 29, 1994) reported that the Nevada Attorney General filed a lawsuit
to compel the DOE to produce a NEPA environmental study before shipping low level
radioactive waste from the Fernald Plant to the NTS for disposal. According to Stevens (1994)
the lawsuit has resulted in a suspension of all DOE waste shipments to the NTS.

In July of 1994, a class action lawsuit by 6000 employees of the Fernald Plant and 1000
subcontractors went to trial. The Fernald workers allege that they suffered emotional distress and
increased risk of cancer from radiation exposures in the workplace. In addition to monetary
damages for emotional distress, the plaintiffs are seeking lifetime medical monitoring with
complete annual physical examinations, including blood analyses, lung function tests, and
electrocardiograms. A total of $500 million was being sought. Only medical monitoring
expenses, not medical care, was sought. The Washington Post (July 27, 1994) subsequently
reported that the lawsuit was settled before conclusion of the trial, with the DOE agreeing to pay
$20 million for medical examinations over succeeding years.




Appendix B

Criteria for Cleanup

B.1 Historical Criteria

B.1.1 Colorado Construction Standard

According to Hayden ez al. (1980), criteria for acceptable plutonium in soil were first proposed
in 1968, but the first official statement on "acceptable” levels of plutonium contamination was
the adoption in 1973 by the State of Colorado of an amendment to Subpart RH 4.21 of the Rules

and Regulations Pertaining to Radiation Control. It reads as follows:

Permissible Levels of Radioactive Material in Uncontrolled Areas

Plutonium. Contamination of the soil in excess of 2.0 disintegrations per minute of
plutonium per gram of dry soil or square centimeter of surface area (0.0l microcurie
plutonium per square meter) presents a sufficient hazard to the public health to require
the utilization of special techniques of construction upon property so contaminated.
Evaluation of proposed control techniques shall be available from the (Colorado)
Department of Health upon request.

B.1.2 1977 EPA Screening Level

In the late 1970s the EPA (1977) issued a Notice of Proposed Rulemaking and a number of
associated reports addressing the potential impacts on human health of the residual transuranic
contamination at sites involved in the manufacture and testing of nuclear weapons. The main
purpose of that research was to provide a technical basis for decisions on whether or not
individual sites required remediation. Also, for NTS specifically, the potential detrimental
ecological impacts of remediation were analyzed in great detail (Wallace and Romney, 1974).

Because of the difficulties in achieving concurrence of the multiple government agencies involved
in radiation protection, the proposed guidance issued by the EPA was never finalized, and
remains as draft. Those reports are currently being reissued by the EPA with (Burley, 1990a;
1990b) but the reissued reports are stated to reflect the views of the EPA staff authors and not
the EPA as a whole.

Despite the lack of formal adoption of the guidance by the EPA, one tangible product of that
research is the quantitative "screening level" for areas with longstanding contamination with
transuranics such as ®*?°Py, The screening level was chosen to facilitate the "screening out"
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of areas at which the low levels of contaminant made it indisputable that no remedial actions
were needed. It was based on the assumption that a de minimis risk could be defined as an
annual exposure with an estimated incremental one-in-a-million chance of incurring cancer
fatality. The EPA (1977) stated,

The screening level is not to be interpreted as a soil cleanup standard to which all sites
of transuranium contamination must be decontaminated; instead, when correctly applied,
it will identify land areas where no additional monitoring is required.

For areas that exceeded the transuranic screening level, 0.2 uCi/m?, the EPA proposed that a site-
specific assessment of exposure pathways be performed to determine if the radiation doses that
would result from occupancy exceeded the criteria for radiation protection of the public. Since
resuspension was the pathway of concern, only particles with a physical diameter of 2 microns
or less were to be considered.

Although the EPA (1986) subsequently indicated that it would be issuing regulations to
implement criteria for cleanup decisionmaking, as of January 1996, no final guidance or
regulation has been issued. Nevertheless, the screening level has been widely used in assessing
the extent of land contamination for actual and potential accidents involving nuclear weapons
or their components.

Recent application of the criterion has been made in NEPA documents. The 0.2 pCi/m?
screening level has been specified as a cleanup standard in an EA relating to the interim storage
of plutonium components at the Pantex Plant (DOE, 1994a). In that EA, the analysis of potential
impacts to the Oglalla Aquifer states that if an accidental plutonium contamination event occurs,
the DOE would remediate areas exceeding the screening level. It is somewhat unclear whether
or not this commitment falls into the category of a NEPA Mitigative Action Plan (10 CFR
1021.331) but, if so, it might be legally binding on the DOE in the event of an accident.

Also, in a National Aeronautics and Space Administration (1995) EIS for the Cassini space
mission, the screening level is used to determine the size of the area that could have sufficient
plutonium to be considered contaminated and thus possibly require remediation. However, the
report notes,

The applicable cleanup standard may be site specific and may be higher or lower than
the proposed EPA screening level.!

! In the Cassini EIS, costs were estimated for two strategies:
(1) a minimum-scope radiological monitoring program estimated to cost $2.3 million per
site for the first four years, and
(2) a maximal-scope remediation involving population relocation, partial or total
demolition of structures, waste disposal, and reclamation, which, according to unspecified
DOE data, were estimated to sum to $200 million/km? for general land areas in Florida
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If surface-deposited material is distributed uniformly in the first centimeter of soil and the
specific gravity of the soil is 1.5, as at Johnston Atoll, the 0.2 uCi/m? screening level translates
into a soil concentration of 13.5 pCi/g (0.5 Bg/g). This is an extremely low contamination level,
roughly 0.2 parts-per-billion (ppb) of mass.

To illustrate the dose potential, the following information may serve useful. For soil
contaminated to 13.5 pCi/g with **Pu in oxide form, dose conversion factors from Eckerman et
al. (1989) indicate that the inhalation of 240 g of the soil, or the ingestion of 1.4 metric tons of
the soil, would each result in a committed effective dose of 1 rem (0.01 Sv).

In the event of an actual accident, observations of resuspension air concentrations would play a
crucial role in the decisionmaking regarding relocation of population, ezc. Despite the possibility
that resuspension dose estimates relying on actual measurements might indicate the acceptability
of contamination levels much higher than the screening level, the implementation of similar soil-
based criteria at (1) Johnston Island (13.5 pCi/g) and (2) the BOMARC Missile Site (8 pCi/g),
and (3) the commitment of the DOE to remediate to 0.2 pCi/m?® in the event of an accident at
Pantex (DOE, 1994a), all serve to lend support to the usefulness of the 0.2 uCi/m? screening
level for estimating the extent of land for which remediation might be needed. In fact, because
of its usage, it has become a sort of de facto cleanup standard for small accident sites.

B.2 Current Rulemakings on Residual Material

The current problems due to lack of official promulgation for the 1977 EPA screening level, and
ambiguity of the CERCLA risk range may be diminished at the conclusion of the two
rulemakings presently underway by the EPA and the NRC.

Partly because of the EPA’s delay of 16 years in its rulemaking, the NRC initiated a rulemaking
to revise 10 CFR 20, Radiation Protection of the Public, to include a new section describing the
radiological criteria for decommissioning licensed production and utilization facilities such as
power reactors.

Although DOE and DoD weapons-related activities are fully exempt from NRC regulation, the
EPA does have clear jurisdiction. Furthermore, as a matter of policy, both DOE and DoD
maintain nuclear safety requirements for their operations are consistent with NRC standards for
licensed facilities.

In announcing their rulemaking processes for a radiation cleanup standard, both agencies have
committed to harmonize their rulemakings. This is given credence by a DOE (1995b) citation
of their announcement,

(ibid.: p. 4-70), a cost estimate that is not inconsistent with ours.
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the two agencies’ parallel approach will yield regulations which are consistent, fully
protective of public health and the environment, and issued in a timely manner.

In announcing their rulemaking processes for a radiation cleanup standard, both agencies have
committed to "harmonize" their rulemakings. Additional evidence of the trend of towards
consistency of EPA and NRC standards is their joint issuance of a standard for the storage of
mixed waste (NRC, 1995a).

For these reasons, if the EPA fails to issue a rule, but the NRC succeeds in issuing a rule, we
believe it would be reasonable for risk assessors evaluating nuclear weapon accident risks to
consider the utilization of the NRC-issued cleanup criterion. This is mentioned because the NRC,
as of January 1996, appears to be ahead of the EPA in the promulgation of a site cleanup
standard, having published and widely distributed several reports for formal public comment, and
having issued several Notices of such in the Federal Register.

The EPA, in contrast, is distributing its proposal informally through the framework of public
meetings of a Science Advisory Board (EPA, 1995b) and its Cleanup Standards Outreach BBS.?
Both the EPA and the NRC (as mentioned below), are making extensive use of computer bulletin
board systems (BBSs) to distribute information relating to the current rulemakings on cleanup
standards.

B.2.1 EPA’s Proposals for 40 CFR Parts 195 and 196

The EPA (1993b) published a detailed Issues Paper describing the technical bases it was
considering in developing a regulation fulfilling the process it initiated in 1977. The rulemaking
was assigned to 40 CFR 195 (EPA, 1993a).

The present CERCLA process specifies that an acceptable risk can range from 107° to 10™, or
even higher, if justified. The ambiguity has resulted in numerous difficulties for the EPA and
the DOE in administering cleanups of radioactive material. It has been their experience that a
proposed action at the less protective end of the spectrum is almost always challenged as
providing inadequate protection. This is despite the fact that ambient radiation levels, if radon
is included, result in a projected lifetime risk of roughly 107 for the average individual.

With no Federal Register notice of a change in direction by the EPA, a new, and completely
different proposal for the radiation site cleanup regulation was made available to the public by
the EPA (1994a) through the Cleanup Standards Outreach BBS. The prologue of this Staff Draft
regulation states,

It is expected to change and is intended to be used primarily to maximize public
discussion and comment.

? Accessible by modem at telephone 800-700-7837; the System Operator is at 703-893-6600.
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The Staff Draft is distinguished from the EPA’s prior Issues Paper in being assigned to Part 196
of the Federal regulations on the environment. It differs from the Part 195 proposal in being
based on a dose standard instead of a risk standard. A risk-based standard would be consistent
with the EPA’s existing CERCLA guidance.

It is also noted that a risk-based standard would also be consistent with National Academy of
Sciences (1995), where, in making recommendations to the EPA on criteria for the licensing of
a high-level waste repository, a risk-based standard was found to be preferable to a dose-based
standard.

The Staff Draft 40 CFR 196 states,

Remediation of sites shall be conducted to provide a reasonable assurance that, for 1,000
years after completion of the remedial action, radionuclide concentrations in excess of
natural background levels shall not exceed those amounts that could cause any member
of the public to receive, through all potential pathways under a residential land use
scenario, an annual committed effective dose of 15 mrem/yr (0.15 mSv/iyr).

The dose-based standard is stated to correspond to a cancer incidence risk limit of 3 x 107, If
remediation to that level is impractical, the staff draft states that the "implementing agency" is
required to (1) maintain "active control measures” to limit the doses to the 15 mrem/yr criterion
and (2) to have a "reasonable expectation” in the absence of such control measures, that no
member of the public would receive an annual committed effective dose of 75 mrem/yr during
the subsequent 1000 years.

The change of direction of the EPA could be the result of the need to harmonize the EPA
cleanup regulations with the NRC rulemaking discussed in the next section. Another possible
difficulty in relying on a risk-based standard is that accepted dose-response parameters for cancer
have changed over time, increasing by a factor of five in the past twenty years, from the nominal
risk factor of 0.0001/rem (i.e. 1 cancer fatality per 10,000 person-rem) used in WASH-1400 to
the current ICRP (1991a) risk factor of 0.0005/rem.

B.2.2 NRC’s Notice of Intent to Revise 10 CFR 20

Partly because of the EPA’s delay of 17 years in its rulemaking, the NRC initiated a rulemaking
to revise 10 CFR 20, Radiation Protection of the Public, to include a new section describing the
radiological criteria for decommissioning licensed production and utilization facilities such as
power reactors. The Enhanced Participatory Rulemaking BBS is being used to both distribute
documents and to receive and redistribute docketed comments.” The current standards for
decommissioning are based partly on surface contamination levels, and partly on external dose
rates, as described in (NRC, 1992), and this has resulted in difficulties for enforcement.

* Accessible by modem at telephone 800-880-6091; the System Operator is at 301-415-6026.
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Motivated by these difficulties, the NRC (1994a) has published for public comment a proposed
cleanup standard for licensed facilities. The radiological criterion is based on the annual
committed dose to a maximally exposed individual residing at the location. All pathways,
including food and water ingestion, are to be considered. The dose limit is 15 mrem committed
effective dose per year of exposure. Annual dose commitments for each of the 1000 years
following decommissioning are to be evaluated, for comparison against the criterion. If
institutional controls are maintained, for example, only allowing workers into the region, the dose
limit is increased to 75 mrem.

These criteria would only apply to the property within the boundary of the licensed facility and
there is no mention of the possibility of higher doses being allowable if the contamination is the
result of an accident. If both the EPA and the NRC issue regulations that state criteria for
allowable contamination levels, the EPA regulations would take precedence. That is, the NRC
could not allow residual contamination levels higher, i.e. more permissive, than any limits
specified by the EPA. The NRC could choose, however, to implement standards more protective
than those issued by the EPA.

It is possible that the final form of any EPA or NRC rules on residual material could be
substantially different from the current proposals. It is also possible that the two rulemakings
could be subject to delays, although NRC (1995c¢) indicates that a final NRC rule will be issued
in early 1996.

For an example of an issue that could impede the rulemaking, see (ibid.) for the dissenting view
of Commissioner De Planque. De Planque expressed strong skepticism of the prudence of
adopting a cleanup standard more stringent than a value of 25 or 30 mrem consistent with the
recommendations of national and international organizations for radiation protection, and
furthermore expressed the opinion that the underlying pathways analysis of Daily ez al. (1994),
as based on Kennedy and Strenge (1992) is unduly conservative,*

Unnecessarily conservative assumptions will lead to cleanup of radioactivity to levels so
low that it will be difficult, if not impossible, to determine compliance and the effort will
be extremely expensive for licensees.

It is noted that the Generic Environmental Impact Statement in support of this rulemaking (NRC,
1994b) gives no consideration to the costs of cleanup that might be incurred by a licensee after
an accident, and it appears to be focused exclusively on the decommissioning of facilities at the
end of their normal service life. Despite this focus and purpose, the current proposed rule, as
written, could apply to facilities being decommissioned as a result of an accident.

* We are inclined to concur. For a "residential” exposure scenario, the draft NRC Reg. Guide
of Daily et al. (1994) indicates that 1.9 pCi/g of *Pu in soil yields an annual dose of 15 mrem,
(96% due to ingestion). In contrast, the draft pathway analysis of EPA (1994¢) indicates that 27
pCi/g of **°Pu in "rural residential” soils would yield the same 15 mrem annual dose.
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The current proposals for radiation cleanup standards, if implemented in regulations, would
represent a very considerable tightening of standards in comparison to the current PAGs. Also,
while the PAGs do not currently have the force of law and are subject to change at the discretion
of the EPA, regulations in effect at the time of an accident would be an important determinant
of the stringency of the remediation levels that would need to be chosen, and, consequently, the
resultant economic costs incurred during the remediation process.

Evidence for the tightening of radiation protection standards in the issuance by the EPA (1994¢)
of a proposed revision to the current Federal Radiation Protection guidance that would the overall
dose limit from 0.5 rem (0.005 Sv) whole body to a new value of 0.1 rem (0.001 Sv) effective
dose.

The current Federal dose limit, issued in 1960 by the Federal Radiation Council, represents an
upper limit on the dose that an individual can receive as a result of all activities conducted by,
or regulated by, the Federal government (ibid.). The said guidance, however, applies only to
routine releases, and does not apply to accidents.

It is unclear in the current proposal whether or not the proposed Federal Radiation Protection
guidance would apply to the remediation decisionmaking at an accident site, where, depending
on the circumstances, radiation doses may or may not be readily controllable, but this ambiguity
will hopefully be resolved in the final issuance by the EPA. The proposed Federal Radiation
Protection guidance does, however, cite the PAGs, and explicitly states that the tightened
standards are consistent with the PAGs, though the basis for that claim is not made clear.

B.3 EPA Protective Action Guides (PAGs)

One of the principal determinants of accident costs is the specification of criteria to distinguish
between acceptable and unacceptable exposures. Under the authority of the Atomic Energy Act,
the EPA is responsible for setting generally applicable standards for the protection of the public
from radiation. Any such standards set by the EPA are applicable either through policy or by
law to the nuclear activities of the DOE and other Federal agencies, including the NRC. The
primary EPA guidance on criteria for the relocation of public is the PAGs (EPA, 1992a).

The PAGs apply to all nuclear accidents or incidents occurring in peacetime. However, they are
not implemented as Federal regulations, and the EPA could revise its guidance without prior
notice in order to address site-specific conditions in the event of an actual release.

The EPA PAG for initiating protective actions in the immediate "early” phase of the accident
response is 1 rem (0.01 Sv) effective dose. That level of projected dose is intended to be used
as the criterion for ordering sheltering or evacuation as a precautionary measure.

After the passage of radioactive clouds, the Federal response to nuclear accidents involves
detailed radiological assessments for the purpose of determining what, if any, areas exceed the
PAGs for the "intermediate" exposure phase. It is important to note that the dose projections

B-7




made for this purpose are strictly focused forward in time. That is, the inhalation, cloudshine,
and groundshine dose incurred during cloud passage and in the intervening period before
radiological assessments are completed is not considered. The purpose of the intermediate phase
dose projection is to make decisions on the long-term relocation of population or condemnation
of properties.

According to the PAGs,

.. relocation is warranted when the projected sum of the dose equivalent from external
gamma radiation and the committed effective dose equivalent from inhalation of
resuspended radionuclides exceeds 2 rem in the first year.

For subsequent exposures the PAGs state,

It is an objective of these PAGs to assure that 1) doses in any single year after the first
will not exceed 0.5 rem, and 2) the cumulative dose over 50 years (including the first and
second years) will not exceed 5 rem.

In conclusion on the topic of the PAGs, the tollowing points are noted:

(b The EPA PAGs allow a maximum effective dose of 2 rem in the first year, (.5
rem in the second year, and a cumulative total of 5 rem during the entire fifty
years after an accident. It a dose of 2.5 rem is incurred during the first two years,
a constant dose rate of 50 mrem/yr would lead to a total dose of 5 rem for the
tifty year exposure period.

(2) The EPA PAGs are much more lax than the CERCLA risk limit of 10*, 143
mrem eftective dose incurred over a 30 year exposure period.

3 The EPA PAGs are also much more lax than the proposed EPA and NRC cleanup
standards for 40 CFR 196 and 10 CFR 20, 15 mrem per year, though by a smaller
margin than is the case for the CERCLA risk limit.

B.4 Influence of Social/Political Factors

It may be argued that dose limits as stringent as the CERCLA risk standard or the proposed EPA
and NRC cleanup criteria cannot be justified from a technical standpoint. There has long been
a recognition among some risk assessors that nontechnical factors can be very important, and
require consideration, tor example, see Spangler (1980; 1983).

In assessing costs, we believe that it is important to consider the fact that people are likely to
overreact to highly publicized and dramatic risks (Viscusi, 1992). It seems credible that the
occurrence of a nuclear weapons accident would be result in this type of reaction. When such
accidents were common during the Cold War, public reactions were minimal. However, such
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would probably not be the case today, due, in part at least, to the fact that such accidents are no
longer commonplace.

Our opinion on the observed current stringent tightening of radiation protection standards, which
some in the technical community may find difficult to accept, is that it is the logical result of
forces and pressures that fall within the domain of economics, psychology, and sociology. Also,
a full understanding of the post-accident environment, and the defensible estimation of the
resultant economic costs, virtually requires that such factors be taken into consideration.

We believe that recent history and contemporary events, such as the current cleanups described
in Appendix A, can be relied upon to forecast the social/political reactions that could come into
play in the event of a nuclear weapons accident. The recognition that nontechnical factors are
important, and require consideration in risk assessment, is now becoming more widespread,
particularly in work by the DoD.

A full understanding of these issues may require a multi-disciplinary approach incorporating
insights from psychology and economics. Tornblum (1992) is a good example,

There is a fundamental conflict in environmental restoration, particularly at military
bases being closed. For any given site, the State and community that ultimately have to
live with the results do not have to pay for the solution. More correctly, the portion they
pay through their taxes is so small and indirect that it does not affect their decisions on
acceptable and unacceptable risks. This is one reason negotiations among DoD, EPA,
States and communities are so difficult. It is easy to say that only candor and
demonstrated trustworthiness will allow progress toward solutions. It is a different matter
to achieve such conditions.

EPA sees itself as the defender of the communities, and yet, those same communities
might — given full understanding of the conditions and the risks to themselves and their
offspring — choose to accept a modestly greater risk at a lower price, if they were more
directly affected financially in ways broader than fear of adverse effects on real estate
values.

This viewpoint is supported by U.S. Army (1995: p. 4-31), in a discussion of the impacts of an
accidental release of a chemical weapons agent,

The post-impact period is characterized by immediate strong feelings of community
identification which generate cooperation and unselfish behavior. However, this wears
off over time and is followed by a period of concerns over the equity of relief distribution.
Recriminations can be expected as normal social functions are restored.

In general, a major accident would have adverse impacts on the quality of life, including
effects related to mental health and well-being, social structure, and community well-
being.
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In making decisions on what constitutes a "acceptable” level of residual contamination, the risk
estimate numbers might not be the real deciding factors. On this point it is important to note
Segal (1993), where, in a discussion of the fallacies of selecting countermeasures based strictly
on technical considerations, and ignoring the social and political factors that may truly govern
the actual decisionmaking process, he says,

What is clear is that there is rarely, if ever, going to be a simple "right” answer and the
objective should be to find the best available answer in the given circumstances. It is
also clear that the best answer will be very different in different circumstances, which is
why it is essential not to lose sight of the basic principles (of the ICRP). The optimum
solution to a given technical problem will depend at least as much on economic, social
and political factors; it is important for those making the scientific input to recognize that
this is not only inevitable but also the correct application of the basic principles of
radiation protection.

Buttressing this viewpoint is the National Academy of Sciences (1994), in a discussion of the
important factors that need to be considered in making decisions on the resettlement of Rongelap,
the population of which was relocated as a result of U.S. nuclear weapons tests,

The annual dose limit recommended for members of the public by the ICRP is not
intended to be directly applicable to decisions on when to return to an area that has been
evacuated because of radiological concerns raised by potential or actual radiation
contamination. In the latter circumstances, ICRP recommends that the decision to return
to a previously evacuated area is justified when being back is more beneficial to the
people involved than remaining away. The assessment of which is more beneficial must
take into account all the factors that influence health and well-being. A population might
expect to achieve the greatest net benefit by appropriate allocation of whatever resources
it has available to it within the context of all the factors that affect its health and well-
being. It follows that in any specific situation brought about by intervention, a decision
by (emphasis added) a displaced population needs to be made on the basis of factors that
have the greatest influence on them. There is no reason to expect that the magnitude of
any particular factor (for example, residual contamination) on which a decision to return

is based will be the same from case to case. Each population’s situation will involve
different tradeoffs.

By acknowledging that the return of individuals to areas free of contamination might not be in
the best interest of displaced individuals, and that decisions on whether or not to return can only
properly be made by the affected individuals themselves, an authoritative body lends support to
the prospect that the decisionmaking of remediation of an accident site, and the return of
displaced populations could be fraught with numerous difficulties.

The potential importance of social-political factors and the perceived risk has often been
neglected in studies that investigate trade-offs between the costs of mitigative actions and the
value of the averted dose. See Finn et al. (1980), Burke er al. (1984), Alonso and Gallego
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(1987), and Tawil and Strenge (1987) for examples of analyses that have focused exclusively on
the technical factors that could affect remediation decisionmaking, and have neglected to consider
the types of issues that may in fact have the greatest impact on post-accident decisionmaking for
the recovery phase following the occurrence of an accident.

In conclusion, regarding social-political factors, it instructive to note that the forces that could
be operative are not limited to the U.S., as evidenced by a statement of the USSR Supreme
Soviet on the aftermath of the Chernobyl accident in (Current Digest of the Soviet Press, 1990),

The USSR Supreme Soviet emphasizes that the measures taken [up to now] to eliminate
the consequences of the accident have been insufficient. In regions that were subjected
to radioactive contamination, an extremely tense social and political situation has come
about, due to contradictions in the recommendations of scientists and specialists on
problems of radiation safety and delays in adopting the necessary measures and as a
result some of the population’s loss of confidence in local and central bodies of power.
An in-depth study of the post-accident situation and the working out of a well-founded
program of action are proceeding slowly, something that is causing legitimate indignation
among the residents of the region that was subjected to radiation exposure.
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Appendix C

Exposure Pathways for Plutonium

In the interim until EPA or NRC regulations are issued that specify a cleanup standard, risk
assessors have two choices: either use the 0.2 uCi/m® screening level as a de facto criterion or
perform a pathways analysis and evaluate the acceptability of the resultant doses. Details of the
EPA and NRC rulemakings on this topic can be found in Appendix B.

The primary determinant of the economic costs from a plutonium-dispersal accident is the choice
of a level of surface contamination deemed to be the dividing line between acceptable and
unacceptable. In calculating a Derived Intervention Level (DIL) for weapons grade plutonium,
it is important to consider the various exposure pathways that may require consideration.

As a result of global fallout from the above-ground testing of nuclear weapons, there is abundant
information on the behavior of plutonium in the environment. For accidents involving nuclear
weapons or components, any plutonium released to the environment would be in the form of an
oxide, the same chemical form as global fallout. The fallout data are thus broadly applicable.

Other environmental data may not be applicable. During reprocessing activities conducted by
the DOE, plutonium may be present in the form of a nitrate in solution with nitric acid. Because
of the unique chemistry of plutonium nitrate, data on its environmental behavior may be of
limited usefulness in setting DILs for accidents involving nuclear weapons or components.

A detailed assessment of the plutonium ingestion pathway for irrigated agriculture in the desert
environment was performed for NTS under DOE auspices by the Nevada Applied Ecology Group
(Kercher and Anspaugh, 1991). For plutonium oxide in the desert environment, it was found that
resuspension inhalation doses exceeded ingestion doses by a wide margin. The only organ
receiving a significant dose from ingestion was the gastrointestinal tract. Furthermore, over 99%
of the ingestion dose was the result of external contamination of edible foodstuffs via
resuspension and rain splash. Because of the discrimination of plants against plutonium oxide,
very little plutonium was predicted to be incorporated into plants by root uptake. For that reason,
the ingestion pathway can probably be ignored in setting a DIL for weapons grade plutonium.'

External radiation from *****°Pu is nil because its decay is by alpha particles that cannot penetrate
the skin. For plutonium workers, skin injuries represent a potential exposure pathway but this

" In the literature we reviewed, only two sources were found where ingestion was reported
to dominate over resuspension for Pu deposits: ChemRisk (1994c¢) and Daily et al. (1994).
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pathway can be ignored in estimating risks to the public. Appendix D discusses the isotopic mix
of weapons grade plutonium as a function of time. Eckerman and Ryman (1993) give revised
dose conversion factors for groundshine. Even with a maximum buildup of *'Am, annual
groundshine doses from weapons grade plutonium at the 0.2 pCi/m?® screening level are much
less than 0.1 mrem, and thus groundshine too can probably be ignored in setting a DIL.

There has been a longstanding consensus of experts that resuspension is the pathway of principal
importance for long-term exposures subsequent to a plutonium-dispersal accident, for examples
see Langham (1956; 1971), EPA (1977), Burley (1990a; 1990b), and Layton et al. (1993).
Resuspension of deposited material occurs through mechanical disturbances and the interaction
of wind with surface material. There are three approaches used to model resuspension:
resuspension rate, mass loading, and resuspension factor, Sehmel (1984) and Nicholson (1988).

The resuspension rate model is the least commonly used approach. It entails the specification
of a rate of transfer of material from the surface to the atmosphere in units of s™. If an
atmospheric dilution factor (¥/Q) is available, time-integrated air concentrations at a downwind
location can be calculated. Since both the resuspension rate and the atmospheric dilution factor
can vary by orders of magnitude over a long-term exposure period, annual average values for
both quantities should be used. One possible useful application of the resuspension rate approach
would be to estimate exposures of a nearby population center from resuspended material
originating at a discrete source location.

The mass loading model of resuspension has as its basic premise the assumption that aerosol
particles have the same relative composition as that of the underlying soil. In its simplest form,
the mass loading model requires taking the product of two quantities to obtain the instantaneous
air concentration of the contaminant: (1) the soil concentration of the contaminant (commonly
reported in pCi/g) and (2) the concentration of dust in the atmosphere (commonly reported as

ug/m?).

In practice, unitless adjustment factors are used to scale the simple product derived above to
account for the extent of the contaminated area and the relative propensity of the contaminant
of concern to be resuspended. The mass loading model is most commonly used for situations
where the contaminant is well-mixed within the surface soil. A DOE computer code
implementing this model is RESRAD, Gilbert et al. (1983; 1989). In the DoD CERCLA risk
assessment for the BOMARC missile site (see Appendix A), RESRAD was used to derive a
"clean soil" criterion of 8 pCi/g (0.3 Bq/g) corresponding to a CERCLA risk limit of 107

The resuspension factor approach is conceptually the simplest of the three and thus has clear
advantages for use in risk assessments (Linsley, 1978). It is presently the most commonly used
for analysis of prospective accidents, and is expected to be the primary model utilized in the
short-term period following an actual accident. The resuspension factor model entails the
specification of the ratio between (1) the instantaneous air concentration typically measured at
one meter above a specified location (Bq/m3) and (2) the level of surface contamination on the
ground below (Bg/m?). The resuspension factor is thus given in units of m™. A resuspension
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factor model is implemented in the HOTSPOT computer code of the Lawrence Livermore
National Laboratory, a code intended for use in the event of a weapon accident, and it is also
specified in the current PAGs (EPA, 1992a).

Despite the wide usage of the resuspension factor approach, it has important conceptual and
practical limitations, as follows. First, because resuspension occurs at an upwind location that
is variable because of changing wind direction and wind speed, air concentrations at a given
location are subject to extreme variations, while the underlying ground contamination level
remains constant. Second, air contamination levels are measured by quantitative analysis of filter
paper through which high volumes of air have been filtered.

When air contamination levels are relatively low, each sample of filter paper might contain just
a few (or zero) small particles. This can lead to orders of magnitude variation in reported values
for the resuspension factor, even in a single set of experiments using a consistent methodology
when the ground contamination level is relatively uniform, as is the case for global plutonium
fallout (Sehmel, 1984). If the pattern of ground contamination is nonuniform, as is likely in the
event of an actual plutonium-dispersal accident, the uncertainties are increased.?

Because of the predominant importance of the resuspension pathway, following an actual
accident, a great deal of attention would be focused on estimation of the resuspension factor. In
order to judge the acceptability of an area for long-term habitation, the EPA (1992a) issued PAGs
for estimating the first year’s dose to resident populations. If that projected dose exceeds 2 rem
effective dose, the EPA calls for consideration of protective actions to limit exposures. The
prompt measurement of resuspension air concentration is an integral aspect of the planning basis
for weapon accident response (DoD, 1990).

Over the period following an accidental deposition, weathering decreases the amount of material
available for resuspension (Allot et al., 1992), and, as a result, the resuspension factor decreases
with time, possibly reaching an asymptote after a period of decades (Anspaugh et al., 1975).
There are numerous models for a time-dependent resuspension factor that have been implemented
in nuclear accident assessment codes. The most widely used models are based on measurements
at NTS performed 15 years after atmospheric tests involving plutonium dispersal (ibid.). Those
measurements were used to extrapolate an initial resuspension factor of 10* m™ from the
subsequently observed values of roughly 10° m™.

In contrast, more recent literature on measured resuspension factors indicate that even in arid
regions values do not often exceed 10°® m™, and are often as small as 107" m™. Perhaps the
observations most pertinent to Pu-dispersal accidents involving nuclear weapons are those made

near Palomares, Spain (Iranzo et al., 1994),

2 Although computer simulations often show smooth patterns of deposition, smoothness
usually results from the simplicity of the models. While uniform deposition can occur, it is likely
to be the exception rather than the rule.
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... the data obtained indicate that the resuspension factor decreases progressively with
time, from an initial average value of the order of 107 m™ to values of the order of 107
m™! some months later, and the order of 107° m™ to 107'° m™ after several years.

Shinn et al. (1986) found similar results and reported the median value of the resuspension factor
from plutonium measurements at Bikini Atoll, South Carolina, and California was 3 x 107" m™.
Hartmann et al. (1989) reported a value of 8 x 10° m™ for global fallout plutonium. The latter
group also found that plutonium resuspension factors were similar to resuspension factors for
elements like calcium, titanium, and iron.

In an evaluation of resuspension doses from weathered plutonium at Bikini Atoll performed in
1978, Shinn et al. (1989b) reported that the 2***°Pu concentration in the soil of bare fields was
found to be 15.5 pCi/g, just slightly higher than the 13.5 pCi/g criterion for "clean” soil currently
being used in the Johnston Island cleanup. Plutonium surface concentrations in coconut grove
soil and on roads were 8.0 and 4.1 pCi/g, respectively. Extensive measurements of air
concentrations in the bare fields, in coconut groves, and along roads, and consideration of a
typical occupancy pattern yielded an estimate of the average daily inhalation of plutonium, 15.6
fCi. For a lifetime of residency on the island, that exposure was estimated to yield a committed
96 mrem effective dose.

Garland et al. (1992) in assessing cesium resuspension data from freshly deposited Chernobyl
fallout in Europe found that there was no correlation between the resuspension factor and annual
rainfall and presented a model, presented below, which, according to Shinn (1994), is the most
appropriate means of projecting doses in the first year following an accidental deposition.

Six widely cited references for a time-dependent resuspension factor are shown in Table C-1.

The Anspaugh model is the most widely used basis for calculation of resuspension doses from
plutonium contamination, though often with the initial RF reduced by a factor of ten, to 10° m™,
in order to account for non-desert conditions. For example, as was done in NRC (1975; 1990).

The projected first-year resuspension dose from ground contaminated at the 0.2 pCi/m? screening
level (D,), is calculated by selecting values for the average resuspension factor (RF,,), an
inhalation dose conversion factor, and a unitless shielding factor.

The shielding factor is appropriate to use because over a one-year period individuals spend the
majority of the time indoors and structures afford protection from aerosols through filtration
(Roed, 1985; El-Shobokshy and Hussein, 1988; DOE, 1990; Allot et al., 1992). Data from those
sources indicates that indoor exposures to airborne particulates could range between 0.1 and 0.5
of the ambient outdoor exposure levels.

The annual average breathing rate (8040 m*/year) was taken from DOE (1988b), the 2******Pu dose
conversion factor from Eckerman et al. (1989), and the 0.45 shielding factor from the RESRAD
code, Gilbert et al. (1983; 1989).




The projected first-year dose (D,) is calculated as follows:
D, = RF,,, x (2 x 107 Ci/m®) x (8040 m’/year) x (3.08 x 10° rem/Ci) x 0.45

Numerical integration of the six models was performed to obtain RF,,, and corresponding
individual doses for the first-year exposure from a deposit at the 0.2 pCi/m? screening level. The
results are presented in Table C-2.

Examination of these results indicates that the Anspaugh et al. (1975) model yields a first-year
resuspension dose more than double the EPA PAG of 2 rem (0.02 Sv). This leads to the question
of whether the screening level is sufficiently protective for the first-year’s exposure, or,
alternatively, whether the Anspaugh model is excessively conservative.

In assessing the fact that the use of the Anspaugh resuspension model leads to resuspension doses
that would, over the near-term period following an accident, exceed the doses from direct
inhalation, Kocher (1980) expressed his disbelief as follows: '

This result casts doubt on the validity of the resuspension models and indicates the need
for a re-examination of the values of the model parameters.

The applicability of the Anspaugh model to non-desert conditions was investigated by Moss et
al. (1980) in laboratory experiments using »*Pu. Those experiments were focused on the
variation of resuspension due to the presence or absence of moisture. The purpose of the
research was to determine if the Anspaugh model was appropriate for Safety Analysis Report
accident analyses of Hanford facilities. They found moisture to have a limited influence on
resuspension and thus concluded that the Anspaugh model, "may be a useful predictor of hazard
irrespective of site," and therefore found it to be an appropriate model for Hanford.

Despite its wide acceptance, the limited usefulness of Anspaugh er al’s (1975) model for
predicting short-term doses was affirmed by Shinn (1994) who stressed the fact that resuspension
factors observed in nature are consistently lower than the short-term resuspension factors
predicted by the Anspaugh model.

Although it might be conjectured that resuspension factors for soluble elements such as cesium
might be lower than for insoluble plutonium, there appears to be no data in support. Garger
(1994), measured resuspension factors for **Cs, *’Cs, *!Ce, ®Ruy, %Ru, **Nb, and **Zr within
the 30 km exclusion zone surrounding Chernobyl during August and September of 1986. Similar
resuspension factors were obtained for the various elements, with the observed values found to
be mostly in the range from 107 to 107 m™.

One well-documented set of observations of cesium fallout from Chernobyl (Nordic Liaison
Committee for Atomic Energy, 1990: p. 91) derives a nominal initial value for the resuspension
factor of 2 x 10 m™, with a halflife of 0.9 years. The highest observed average value, in

Stockholm 2 to 5 months after the accident, was only 4.1 x 10® m™. Variations of the
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resuspension factor at individual sites were found to be correlated with season of the year, with
peaks found in the spring and autumn, and this was thought to be due to the fact that there was
less vegetation present at those times.

At Palomares, Iranzo et al. (1994) found a strong seasonal variation in the resuspension factor,
but there the peaks occurred in the summer, which decreased rapidly to low levels with the onset
of winter. The difference in the seasonality effect between Palomares and the Nordic countries
points out the possibility that site-specific factors could be an important influence.

Many researchers have conjectured that resuspension in arid areas should be higher than in areas
with significant rainfall, but Shinn (1994) stated that there is no clear empirical evidence to
support that assertion. And, throughout Europe following Chernobyl, Garland et al. (1992)
observed no correlation between annual rainfall and the observed resuspension factor.

There could be other confounding factors that decrease the observed correlation. Evidence for
such is given by Holldnder (1994) who found that in the first few weeks after deposition, the

observed resuspension factor for cesium deposits in Germany was proportional to windspeed, u.

With the resuspension factor, RF(u), given in units of m™, the following relationship was derived
(ibid.),

RF(u) = R, x u*"

with Ry = 2.14 x 10° m™, and u in units of m/s.

After a few months, even during strong wind periods with substantial airborne dust, radioactivity
concentrations were found to below the detection limit of the utilized equipment.

The stabilization of cesium contamination was also observed by Kashparov et al. (1994a) who
found that agricultural activities resulted in the spread of cesium contamination for only up to
a few hundred meters, who suggested that the rate of spread into decontaminated villages is likely
to be slow, but that the resuspension from agricultural activities would be important in
determining the contamination of food crops. Garland and Pomeroy (1994), in assessing the
length scale for recontamination by resuspension similarly concluded,

In the years following the accident, measurable quantities of material were resuspended
and deposited again. In the first year the fraction of the initial deposit involved in the
process ranged from 0.01 to about 1.0. It is thus possible for previously uncontaminated
or cleansed areas to become contaminated well after the original deposition event.
However, evidence from specific sites indicates that it is the immediate area around
sampling sites that provide the source for much of the resuspended material found in
deposit gauges, and the length scale for transport of significant levels of contamination
is probably very limited.




Finally, in an assessment relevant to the exposures of decontamination workers, Kashparov et al.
(1994b) utilized air sampler data from the operator’s cabin to estimate the resuspension doses to
drivers of agricultural tractors working in the vicinity of Chernobyl. They found that if the total
plutonium deposit exceeded 0.1 uCi/m? (3700 Bg/m?), the average air concentrations in the cabin
could exceed the maximum permissible limits that applied. However, when consideration was
given to the fact that a typical exposure period would be 3 to 4 months of work per year with
a 10-hour working day, the authors concluded that agricultural workers in the region would incur
an annual committed effective dose on the order of 0.1 rem (0.001 Sv), an uptake less than the
applicable local standards for workplace exposure.

The available data indicates that the use of resuspension models yielding average first-year
resuspension factors exceeding 10 m™ could lead to the implementation of protective actions
that are unduly stringent and expensive. There are very large uncertainties in the resuspension
factor, but very little evidence for values so large over a long averaging period.

In discussing the importance of resuspension in comparison to other exposure pathways during
the first year following a reactor accident, the EPA (1992a) states in its PAGs that,

... an assumed average resuspension factor of 10° m™ ...

led it to conclude, at least for the reactor accidents under consideration, that resuspension doses
should be small in comparison to gamma radiation from contaminated ground. The EPA’s use
of a 10° m™ parameter value in this manner strongly suggests that it was judged to be a
conservative value, not likely to be exceeded.

Highlighting the fact that resuspension factors are highly uncertain, the PAGs provide no
additional model parameters (such as a weathering rate), that could be used for the purpose of
dose projection. Instead, the EPA calls for measurements of the resuspension factor with,

... air sample analyses should be performed for specific situations (e.g. areas of average
and high dynamic activity) to determine the magnitude of possible inhalation exposure.
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Table C-1

Six Widely Cited Models for Resuspension Factor—RF(t)
(RF(t) in units of m™, In2 = 0.693, and t is number of days after deposition)

Model Resuspension Factor
Langham (1971) RF(t) = 10 exp (-In2 t / 35)
Anspaugh (1975) RF(t) = 10~ exp (=0.15 sqrt (t) ) + 107
NRC (1975) RF(t) = 10~ exp (-In2 t/ 357) + 10~
Linsley (1978) RF(t) = 107 exp (-0.01 t) + 107
NRC (1990)° RF(t) = 107 exp (In2 t / 186) + 107 exp (-In2 t / 1860) + 10°°

Garland et al. (1992)°* RF(t) =12x 10/t

Table C-2

First-Year Average Resuspension Factor (RF,,) and Dose Using
Various Models

Model RF,,, (m™) Doge (rem)
Langham (1971) 1.4E-7 0.031
Anspaugh (1975) 1.9E-5 4.2
NRC (1975) 7.2E-6 1.6
Linsley (1978) 2.7E-7 0.060
NRC (1990) 5.6E-6 1.2
Garland et al. (1992) 2.0E-8 0.0045

* The assumptions utilized in NRC (1990) are given in Sprung et al. (1990). A 5l-year
halflife for the 10° m™ term of the summation has been ignored in the present analysis.

* It seems prudent to assume that this model should not be utilized for t < 1 day.
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Appendix D

Isotopic Mix of Weapons Grade Plutonium

Direct detection of plutonium in the field environment is difficult because of the short range of
alpha particles and the fragility of alpha-detection devices. For that reason, field-detection
equipment is calibrated to detect the 60-keV gamma ray emitted by *'Am, the radioactive
daughter of *'Pu.

The ease of detecting plutonium residues in the environment is related directly to the isotopic
fraction of Am*' in the released material. When weapons grade plutonium is produced, there
is zero or only a trace of *'Am present. Over the course of time, the Pu**' originally present
decays to **' Am, reaching a maximum at 73 years after manufacture.

There is scarce public information on isotopic assays of plutonium components. There are
apparently only two sources of public information on isotopic assays: (1) the EIS for the Rocky
Flats Plant (RFP) issued by the DOE (1980), and (2) the isotopic mix defined in the Rocky Flats
Risk Assessment Guide (Rocky Flats Plant, 1994). The EIS states that the isotopic mix used in
their analyses was based on, "the average composition of Rocky Flats plutonium during the last
two years." The EIS isotopic mix is presented in Table D-1.

The isotopic mix used in the RFRAG was based on assumptions regarding RFP waste material
documented in the Safety Analysis Report for Packaging for the TRUPACT transportation
package (GA Technologies, 1986). The RFRAG isotopic mix is deemed less useful for the
purposes of this report than the EIS isotopic mix, and is thus not being presented.

The Pu:Am ratio is a function of two variables: (a) the initial assay of 1py and (b) the time
since the plutonium’s manufacture. Using the EIS isotopic mix as a basis, and the inferred initial
composition of #'Am (0.0001), the EIS isotopic mix shows an initial ratio of 208:1. If decay
and ingrowth are calculated for an aging period of 73 years, the ratio reaches a minimum value
of 6.33:1 at the end of the period.

According to the NARP (DoD, 1990), the Pu:Am ratio approaches a minimum value of 5:1 for
aged plutonium. It is conjectured that early manufacturing processes for plutonium could have
yielded slightly higher initial assays of *'Pu than is presented in the RFP EIS. If the initial assay
of *'Pu is 27% higher than the 0.0036 mass fraction specified above, an aging period of 73 years
yields a minimum ratio of 5:1.

Decay and ingrowth of weapons grade plutonium was calculated for two isotopic mixes: that
presented in the EIS, and an inferred isotopic mix for earlier plutonium manufacture yielding a
minimum ratio of 5:1 after 73 years of aging. These results are presented in Table D-2.
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Because of the potential importance of the Pu:Am ratio in the performance of site characteriza-
tion, risk assessors of nuclear weapons accidents need to obtain, and consider, the isotopic mix
for the material of concern. If current or future plutonium manufacturing capabilities yield
weapons grade plutonium with lower impurity levels than those considered here, or if freshly
manufactured plutonium is involved in an accident, the increased difficulty of site characterization
should be considered in risk assessments.

Without the presence of a detectable amount of ' Am, the cost and time needed for precise site
characterization could be increased over what is assumed in this report because of the limited
sensitivity of field instruments and the consequent increased reliance on laboratory analysis of
samples. It should be understood, however, that after an actual accident, the Pu:Am ratio at the
site would be determined by the laboratory analysis of environmental samples, rather than by
calculation from the initial assay and age.

Table D-1
Isotopic Composition of RFP Product According to EIS
Nuclide Halflife (vy) Mass Fraction Specific Activity (Bq/g)
Pu®® 87.74 0.0001 6.33 x 10’
Pu®? 24065 0.9379 2.16 x 10°
Py 6537 0.0580 4.89 x 10
Pu®! 144 0.0036 1.38 x 10"
Pu®? 376300 0.0003 4.37 x 10*
Am?" 432.2 0.0001! 1.27 x 10’
Total 1.0000

! The EIS did not specify the mass fraction of *'Am. An initial mass fraction of 0.0001 was
inferred since that value allowed the sum of the mass fractions to have a value of exactly one.

The associated specific activity of *!Am was calculated by the authors to match the mass
fraction.
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Table D-2
Pu:Am Ratio As a Function of Time Since Manufacture

Time (v) EIS Isotopic Mix Inferred Earlier Mix
0 208.0 165.0
5 24.0 19.0
10 14.0 11.0
15 11.0 8.5
20 9.1 7.2
25 8.2 64
30 7.5 6.0
35 7.1 5.6
40 6.8 54
50 6.5 5.2
73 6.3 5.0
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Appendix E

Survey of Literature on Decontamination

Almost all of the prior work in the U.S. and abroad on methods and effectiveness of radiological
decontamination has been focused on fission products, and on time frames and conditions that
have limited applicability to decontamination after a plutonium-dispersal accident. Nevertheless,
sufficient data has been found, as summarized below, to support the calculational methodology
and cost estimates of this report.

Many fission products are highly reactive and can bond chemically with the substrate, which
would not be true of plutonium released from a weapons accident. Also, the hazards to humans
are different for fission products and for plutonium. Fission products that cannot be removed by
decontamination may be hazardous by reason of gamma radiation. Unremoved plutonium
particles are primarily hazardous because they could later be released into the air (for example,
by maintenance of the structure in which they were lodged), and the particles would then be
subject to inhalation or ingestion.

Most of the work cited here has also been focused on particle sizes, mass loadings, or chemical
forms that are not directly applicable to a weapons accident. The particle sizes and mass
loadings of most experiments have been in a range that should have facilitated decontamination,
relative to plutonium-dispersal accidents. The reason for this is that most of the prior work has
focused on recovery actions for nuclear explosions (Cowan and Meinhold, 1969), where the large
mass loadings (up to a pound per square foot) and particle sizes (20 to 200 microns) greatly
exceed the values that might be observed after a weapons accident. Large mass loadings and
particle sizes lead to greatly increased decontamination effectiveness. Furthermore, in discussing
fallout (ibid.),

The mass of the radioactive material itself is a tiny fraction of the mass of the inert
Jallout material with which it is associated. Thus, in discussing the mechanics of
removal, fallout may be considered as a type of dirt.

In spite of the difficulties in applying the available data to plutonium-dispersal accidents, one
general observation stands out. That is, decontamination has often proven to be more difficult
and less effective than was expected by the experimenters.

Those few data points that indicate the possibility of a highly effective, and easily executed
decontamination are often contradicted by other experiments. Also, the need for risk assessors
to consider the experimental results within the context of the experimental conditions may be one
of the most important observations to be drawn from the available literature.
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The impetus for the initial DoD research on decontamination was an unanticipated outcome from
a nuclear weapons test. In the Baker Shot of Operation Crossroads, conducted at Bikini Atoll
in 1946, it was found that the radioactive contamination of sea vessels contaminated by a shallow
underwater nuclear weapon detonation is extremely difficult to remove because of the nature of
the aerosols created in a marine environment (Weisgall, 1994).

Over subsequent years, the DoD conducted many tests to evaluate the effectiveness of various
decontamination techniques that might be used in the event of air, ground, and sea blasts.
Although the decontamination difficulties of Operations Crossroads have little relevance to the
decontamination of plutonium after a weapons accident, the Crossroads experience was a major
motivation for military tests of decontamination effectiveness under a wide variety of conditions,
as described below.

In preparation for the upcoming decontamination tests of Operation Greenhouse, laboratory
experiments were conducted to learn about the ease with which building materials are
contaminated and decontaminated (Howell and Vandivert, 1951). These tests involved a mixture
of four fission products (Y, Sr, Zr, and Nb) mixed with seawater and applied in a manner that
simulated rainfall. The tests showed that materials with rough and porous surfaces absorbed
more of the contaminant, and were harder to decontaminate. DFs of up to 100 were achieved,
however, through the use of vacuum-blasting or planing to remove surfaces, but it was noted that
the dry surface-removal methods,

presented problems of waste control and disposal, and in some instances, damaged the
surface being decontaminated.

Of the less-destructive techniques evaluated (ibid.), scrubbing with a hot water solution of 10%
trisodium phosphate was found to achieve a DF of 100 on soft wood painted with standard Navy
paint, but the report noted the fact that wet methods did cause damage to the unpainted surfaces.
No indication was given of the time-of-standing before performance of decontamination.

In Operation Greenhouse, conducted at Enewetak Atoll, Werner and Sinnreich (1951) reported
on the contamination and decontamination efficiencies of fission products after atmospheric
nuclear detonations. Three of the Greenhouse weapons tests (George, Dog, and Easy) were
utilized in a joint test series conducted by the Army Chemical Center and the Naval Radiological
Defense Laboratory to gather information on decontamination effectiveness.

The analysis techniques utilized, as well as the locations of the analyzing laboratories, varied
between the various shots. Furthermore, for two of the shots, samples were analyzed both at
Enewetak and on the mainland. Nevertheless, because the report (ibid.) provides extensive
descriptions of the test procedures, as well as the raw data, we have studied it in detail. Adding
further interest to this source is the fact that it has not been widely cited, and it is not included
in a comprehensive bibliography on decontamination published by the DNA (Reitz, 1985).




A multitude of materials in use on military equipment and structures were tested, the testing
methods were fully described, and extensive tables of raw data were presented, thus allowing
independent analysis. Samples of materials were placed on the ground and attached to drone
airplanes that traveled through the radioactive clouds. The majority of the decontamination factor
(DF) values reported were for decontamination within eight days of the detonation. Additional
readings were taken at 23 and 79 days after detonation. The report noted,

measurable decreases of decontamination efficiency appeared with increased time of
standing before decontamination.

The testing times span an interval appropriate for expedited early decontamination, that is, up to
two and one-half months. Our analysis of the ensemble raw data for all of the drone samples
did not show a statistically significant time dependence. However, the drone sample testing
procedures were not the same for all of the test events; for some events, the test samples were
airlifted to the mainland for analysis. It is possible that decontamination methods varied between
those used in the field at Enewetak and at the Army and Navy laboratories on the Mainland. It
is also possible that other confounding factors were present to decrease the correlation coefficient.

For the Greenhouse decontamination test event for which all of the bare aluminum and painted
samples were decontaminated at a single laboratory (Dog Shot), our analysis of the raw data
found there was a statistically significant time dependence; decontamination factors decreased
approximately as the —0.16 power of ratio of time. That is, in comparing DFs at t=1 day and
t=30 days, everything else being equal, we estimated that the DFs at 30 days would be
approximately 58% (i.e. 307*'°) of the DFs obtained at 1 day.

The Greenhouse report (ibid.) concluded that porosity and surface roughness of materials were
strongly correlated with contamination and decontamination efficiency. Porous and rough
surfaces acquired initial contamination levels up to ten times higher than smooth and hard
surfaces. Also, porous surfaces and rough surfaces were found to be more difficult to
decontaminate by about the same ratio. The repeated use of hot detergent and solvent cleaning
solutions in combination with brushing was found to be the most effective method of
decontamination, with almost all of the DFs observed in the range of from two to twenty.

Though it was not discussed in the text, the DFs reported for some of the drone aircraft samples
show a weak correlation with the initial contamination level. When the initial contamination
level is lower, the DFs are lower, with stainless steel exhibiting the phenomenon to a more
marked degree than the other tested materials. There were several instances where the DFs for
stainless steel exposed on drone aircraft were Iess than two when the initial contamination levels
were at the low end of the measurable range. A similar correlation was also observed for bare
and painted aluminum samples, but was weak and not statistically significant. Miura and Ishida
(1957) also observed this correlation, and particularly noted that decontamination was most
effective initially, and that the repetition of cleaning operations had less effect.
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Prewetting was found in Operation Greenhouse (ibid.) to decrease decontamination effectiveness.
A similar effect was observed by Corn (1961), who directly measured adhesive forces of
nonradioactive particles in the range of 25.5 to 88 microns on a solid substrate. Adhesion was
found to increase with greater humidity. On the other hand, time of contact (up to 44 hours) was
not found to be important. The effect of prewetting could, however, be very important if rains
fell before decontamination was attempted.

Corn (ibid.) did not observe a dependence of adhesive force with particle size. (However, all the
particles used in his experiments were larger than the range of interest for plutonium
contamination.) Decontamination force due to air or water movement or brushing would be
expected, on physical grounds, to be in some way proportional to the facing area of the particles.
The ratio of decontamination force to adhesive force is thus greater for larger particles. It is also
reasonable to suppose that small particles can more effectively lodge in the valleys and crevices
of a rough surface than can large particles.

In Operation Jangle, conducted at the NTS, Earl et al. (1952) reported on the DFs achievable for
three test structures contaminated by fallout from surface and shallow buried nuclear detonations:
two steel magazines and a simulated wood frame house. The tests began one week after the
contamination. The most effective method, yielding an overall DF of six, was found to be
vacuum cleaning and brushing followed by high-pressure-jet washing with a hot-detergent
solution. DFs for this method were in the range of 5 to 20. Of particular interest for residential
contamination were the results for tar and gravel and asbestos shingle roofs. Vacuuming alone
on tar and gravel yielded DFs of 2 to 4.5. Vacuuming, followed by hot liquid cleaning, gave
DFs from 8 to 20. Vacuum alone on asbestos shingles gave DFs from 1.1 to 3; vacuum plus hot
liquid gave DFs from 3 to 16. The report noted that it was increasingly difficult to remove
contaminant that was deposited at successively lower levels.

The decrease of decontamination efficiency at lower contamination levels has implications for
repetitive operations. After a few passes of any cleaning method, a point could be reached at
which additional passes would be of limited value. The Jangle report did not attempt to explain
the phenomenon. However, in the Stoneman II tests utilizing radioactively-spiked simulated
fallout, the sensitivity of DFs to initial mass loading was corroborated by Owen et al. (1960).

The Jangle report (ibid.) also reported on the exposure of equipment operators. Dust was raised
in some operations, but the equipment offered considerable shielding. The authors recommended
fatigue-type coveralls and full-face respirators for dry operations and full rubberized protective
clothing for wet operations. Decontamination of the equipment used (trucks, graders, tractors,
etc.) was not a problem; hosing, with detergent washing for oily areas, was sufficient.

Teres et al. (1953) investigated the decontamination of aircraft that had been flown through a
radioactive cloud in Operation Snapper. The most effective decontamination method was solvent
emulsion (Gunk® and kerosene), brushing, and water and brush rinse. Final DFs between twelve
and fifty were observed after three successive applications. Oily surfaces picked up more
contamination, but could still be effectively decontaminated by this method. Abrasive surfaces
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(the "step" areas, which were coated with a sandpaper-like material) were much more difficult
to clean. Although significant amounts of contamination were removed in each successive
application, the DF decreased for each successive pass.

In Operation Castle, conducted at the Bikini and Enewetak Atolls, Maloney et al. (1955)
examined the effectiveness of decontamination on test panels of construction materials that were
mounted on ships and barges and exposed to a nuclear detonation in a harbor. Obtaining results
very similar to the Operation Crossroads experience, they found that after high-pressure hosing
and vigorous scrubbing, the DF for most surfaces was less than two. The vigor of the efforts
was indicated by their observation that decontamination contributed to the physical deterioration
and outright removal of several of the protective coatings that were being tested.

In presenting some of the Castle results, we fully recognize that the fission products can be more
difficult to remove than plutonium, and the chemical and physical form of fallout from a sea
burst of a nuclear weapon would be very different from the contamination dispersed in a non-
nuclear accident. However, it is interesting to note that decontamination after Castle was less
effective than was expected by the test personnel (ibid.), who undoubtedly were all well aware
of the decontamination difficulties after the Baker shot of Operation Crossroads.

Our review of the literature identified only one set of observations to support a high DF for
plutonium. Pinson ez al. (1957) and Dick and Baker (1967) reported on the effectiveness of
decontamination after Operation Plumbbob, conducted at NTS. Those test results, possibly more
than any other DoD results in the unclassified literature, are of interest because the contaminant
was aerosol plutonium produced by the HE-detonation of a nuclear explosive test device.

At twelve days after the shot, with decontamination by high-pressure hosing with detergent and
scrubbing, the average DF for all the surfaces evaluated was eighteen (ibid.). However, at twenty
three days after the shot, decontamination of highway asphalt and wood float concrete by high-
pressure hosing with detergent solution yielded DFs of three and four, respectively. Dick and
Baker (1967) state that the DFs for the latter surfaces were low because of several rains that fell
before decontamination.

However, the method for measurement of decontamination for the large asphalt and concrete pads
at 23 days was so crude that the results appear questionable. Rains could have had the effect of
reducing decontamination efficiency. Runoff could carry away the most easily separated
particles, leaving only the most tenacious particles for the later purposeful decontamination. The
moisture could also have increased the adhesion of particles to the roadway.

Dick and Baker (ibid.) also reported on the physical diameter of the deposited plutonium
particles. In measurements of the particles found within a 16 km (10 miles) radius of ground
zero, it was found that 99% had physical diameters of less than 2.5 microns. The report thus
concluded that all of the fallout particles were in the respirable size range.




Maloney and Meredith (1962b) reported on simple decontamination of a residential structure and
surrounding area contaminated by radioactively-laced sand. The particle sizes were in the range
of 150 to 300 microns, with a mass loading of 50 g/ft? (536 g/m?). The particle size and mass
loading are orders of magnitude larger than would be expected for a plutonium-dispersal accident.
The DFs achieved on structures are thus not completely applicable. However, it is interesting
to note that nondestructive cleaning of lawn areas by mowing or vacuuming yielded DFs of less
than two, although large particle sizes and heavy mass loadings are usually easier to
decontaminate. Removal of the sod by scraping gave a DF of eight. Subsequent shovel cleanup
was able to remove essentially all of the contaminant.

Removal of the surface is, in fact, the most effective decontamination method for land surfaces.
Surface soil can be removed by motor graders, bulldozers, motor scrapers, vacuuming, front end
loaders, or hand shoveling. Hand shoveling is only appropriate for small areas or difficult terrain,
and is not practical if there are large rocks or heavy vegetation present.

The depth of soil to be removed depends on the decontamination factor needed and the depth to
which the contaminant has migrated into the soil. Brown et al. (1988) reported a marked
decrease after one year in the effectiveness of removing one centimeter of soil, due largely to
downward migration. Shinn et al. (1989a) reported that the fractions of *Am in the top 5
centimeters of plutonium contaminated NTS soils ranged from 62-92%. Howorth and Sandalls
(1987) reported on a test of plutonium migration in soil near Seascale in the UK; 90% of the
total deposit was found in the top 15 centimeters.

Although it is the common practice to assume that plutonium deposited on surface soil does not
migrate more than a few centimeters deep, Lukashev (1993) in assessing observations after the
Chernobyl accident found that in the wetland soils typical of Byelorussia, plutonium

formed soluble organic complexes and migrated to depths of 15-20 centimeters.
Anaerobic conditions are favorable for Pu migration due to its reduction from Pu®* to
Pu’, which is more mobile,

with similar findings by Pavlotskaya et al. (1994), and by Kopeykin (1994) who found that
Chernobyl plutonium was being transported by water in the marshy environs.

The depth of soil to be removed may depend more on the need for multiple passes because of
spillage than on the actual depth to which the plutonium has migrated. For almost all cases, 20
centimeters would probably be adequate and readily achievable, with local cleanup of any
remaining hotspots.

Motor graders and bulldozers do not actually remove soil. They leave it in windrows or piles
which must then be picked up by front end loaders. Meredith et al. (1964) noted problems with
motor graders and bulldozers in their tests. A high degree of operator skill was found to be
needed. There is a tendency for scraped material to escape under the blade because of uneven
ground or operator inattention. As a result, successive passes were generally utilized. The same
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spillage effects were noted by Lee et al. (1959). The data showed that although some activity
was removed in each pass, the decontamination factor was lower for each successive attempt.

A similar effect has been noted by nearly all investigators. Straume et al. (1978) reported that
considerable skill is also needed for front end loader operators. Operator error or carelessness
during those test operations resulted in spillage of contaminated material during loading on to
trucks. The same authors reported that vacuuming was successful, provided that the material had
not appreciable migrated into the soil, and that the terrain was reasonably flat.

Similar results were reported by Shinn et al. (1989a); a truck mounted vacuum apparatus reduced
*Am in the soil by 92% after four passes. Motor scrapers, like vacuums, actually remove
surface soil. Meredith et al. (1964) indicated results for scrapers similar to those for graders.
Lee et al. (1959) found higher efficiencies for grading followed by scraping than for either
method alone, and that either method gave higher efficiencies and lower effort per cycle than did
bulldozing.

Plowing has been suggested as an alternative to soil removal (Adriano and Pinder, 1980; Dick
and Baker, 1967; James and Wilkins, 1969; Menzel and James, 1971). The effectiveness of
plowing is only that the contaminant is moved deeper into the soil and is diluted. We did not
consider plowing as a usable decontamination strategy, because subsequent activities such as
agricultural or landscaping operations could return the contaminant to the surface again, and such
operations raise quantities of inhalable dust. Furthermore, plowing is only effective if essentially
all the material is at the upper soil surface. Brown et al. (1988) presented the results of
calculations showing the marked decrease of plowing effectiveness with time, because of
migration of the contaminant deeper into the soil.

Maloney and Meredith (1962a), Maloney et al. (1962), and Meredith et al. (1964) described cold
weather decontamination with simulated fallout. All techniques were found to be less effective
in cold weather. However, merely removing contaminated snow gave a DF of three. Ordinary
blade snowplows were reported to be the most efficient. Vacuuming was ineffective for bare
frozen soil. Scraping and grading were effective for both frozen and thawing soils. Successive
passes (up to four) of mechanical sweepers and firehosing were needed to achieve DFs of ten or
greater on asphalt and concrete. Firehosing of roofs from the roof itself gave good results;
firehosing from the ground was ineffective.

Lightly contaminated forest lands might be decontaminated by grubbing out the understory and
scraping or vacuuming between trees. However, complete decontamination will usually entail
felling and chipping all trees, grubbing out stumps, and scraping and removing the soil. Some
of the radioactive material remains on leaves and pine needles for many months after deposition,
even after new leaves have grown (Paajanen and Lehto, 1992).

Those authors (ibid.) found that it would not be advisable to attempt to burn the logs and litter
in the field. The radioactive material might be concentrated in the ashes, and the ash is easily
spread by wind. There is also a health hazard from aerosolization during burning. It seems
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doubtful that such logs could be used for lumber, even after total de-barking, because of the
potential for residual contamination, and public aversion.

A review of decontamination tests was performed by Owen et al. (1968) for the purpose of
making the DoD information available to the public and civil defense planners for protection
against nuclear war. In the conclusion section, their report states,

Residual mass, a measure of absolute effectiveness, is generally a direct function of initial
mass loading. The residual fraction, a measure of relative effectiveness, usually exhibits
an inverse relationship to mass loading or tends to remain constant. ... Effectiveness
improves as fallout particle size (range) increases and surface texture becomes smoother.

DFs were reported (ibid.) for experiments where the particle size ranged from 44 to 600 microns
physical diameter, much larger than the respirable size, and thus of limited applicability to
plutonium accident decontamination estimates. (Plutonium particles with physical diameters of
from 2 to 3.3 microns or less are considered respirable.) The range of mass loading for which
results were reported was 54 to 1076 g/m? (5 to 100 g/ft?), seven orders of magnitude higher than
the contamination levels of interest in this report. (The 0.2 uCi/m? screening level for plutonium
is approximately 3 pg/m2.)

When contamination levels are extremely high, particles are likely to be deposited on other
contaminant particles, and not the surface being evaluated. It stands to reason that the DFs
achieved under those circumstances could be very high, and some DFs of a hundred or more are
reported (Owen et al., 1968). However, after considering the conditions associated with the cited
DoD experiments on decontamination, and the purpose for which they were intended, it is clear
that the DFs achieved in those tests represent an optimistic upper bound on the DFs that might
be achievable after an accident of the type being considered in this report.

And, since many of the DoD test results show achievable DFs of less than ten, it is doubtful that
the long-postponed decontamination of private property contaminated by a plutonium-dispersal
accident would be worthwhile. On the other hand, prompt (nondestructive) decontamination of
most surfaces could be expected to give a DF of at least two. Higher DFs would be achievable
if part of the surface could be removed, as in the shotblasting or planing of pavement surfaces
or the scraping and removing of soil.

The difficulty of achieving a high DF is supported by results from civilian researchers in Europe.
In a review of the available literature, including work by the DOE and DoD, Warming (1984a)
concluded that, "gentle action that keeps the surface relatively unharmed gives a DF below ten."

In outdoor experiments using simulated fission products, Warming (1982; 1984b) found DFs of
less than two for high-pressure hosing of asphalt and concrete and concluded that when
decontamination is delayed for a month, high-pressure hosing of urban surfaces was found to
remove only 5~10% of the contamination, and was thus deemed not worthwhile.




In Warming’s (1987) shotblasting test, removal of *Rb from a 25 year old asphalt road was
evaluated with a machine designed for the removal of rubber tracks from airport runways. The
Blastrac® machine utilizes high-velocity steel pellets to remove the surface layer, incorporating
a vacuum system to capture the waste material and recycle the pellets. Shotblasting was found
more effective than high-pressure hosing, but, at sixteen days after deposition, was able to
achieve only a DF of two. In assessing this result, we note that the soluble rubidium, which can
chemically react with asphalt, was applied as a spray solution and furthermore that 15 millimeters
of precipitation occurred before the performance of the decontamination.

In earlier work on the subject, Warming (1982) attributed the tenacity of rubidium to chemical
bonding with the roadway surface. The shotblasting results are thus only qualitatively applicable
to plutonium contamination, for which no such chemical bonding would be expected. For
ruthenium, which is similar to plutonium because it does not chemically bond to the surface,
there was no reduction of efficiency with age. However, the general trend of decreasing
effectiveness with time might be at least partially applicable to plutonium if heavy rains occur
before decontamination. Warming noted that heavy showers removed some of the contaminant,
as well as accelerating the chemical reactions between particles and substrate. Probably, the most
easily removed particles were swept away by runoff leaving the more firmly fixed particles
behind. The same effect was observed by Dick and Baker (1967). Wetting could also increase
adhesive force if a liquid film developed.

Barbier and Chester (undated) described other machines for removing the top layer of concrete.
Planers are much more effective than wirebrushers, but also more costly ($1.46 per m? for one
inch of planing depth, according to Means, 1994b). Any such equipment requires an associated
vacuum to remove the dust and material loosened and prevent recontamination.

Some buildings have been effectively decontaminated after long delays (White, 1980.) The
interiors of the buildings had to be completely gutted and replaced. Roofs had to be removed
and rebuilt with new materials. The buildings were effectively stripped of all removable surfaces,
including plaster or wallboards, and rebuilt with new materials.

Sandblasting can decontaminate hard surfaces very well and DFs of from ten to a hundred might
be achievable, but the equipment would have to reliably retain all the contaminated material,
including a substantial volume of sand, which would all require disposal. Also, sandblasting of
surfaces less robust than concrete and asphalt could have a totally destructive effect.

No matter what method of decontamination is used, and how carefully it is carried out, there is
always some spillage and re-contamination. Heavily contaminated residential property would
be especially difficult to decontaminate because, through spillage, the contaminant could become
lodged in crevices within the structure from which it could not be removed except by major
demolition and rebuilding. Unless the material could be reliably sealed, respirable particles could
be released, for example, if structural repairs or modifications were carried out after the building
had been returned to service.




There are very few sources of data on the decontamination of building interiors. Some normal
housecleaning operations, especially vacuuming with ordinary vacuum cleaners, actually release
respirable particles into the air (Consumer Reports, 1995), indicating that decontamination of
interiors should be as complete as possible. Inhabitants, especially children, spend a large
fraction of time indoors and any particles dislodged in the air could easily be inhaled.

Interior surfaces in a tightly-closed house could be more lightly contaminated than the exterior
because of filtration effects. If windows or doors are open during cloud passage, areas of the
interior could be as heavily contaminated as the exterior. Moreover, there are always some leaks,
and the very fine particles from a plutonium-dispersal accident could always enter the tiny cracks
that are inevitable even in well-constructed homes; this would be especially true in regions
subject to high winds.

Nevertheless, available data indicates that if windows and doors were closed, indoor dust levels
would be from 10% to 50% of the outdoor dust levels (Roed, 1985; El-Shobokshy and Hussein,
1988; DOE, 1990; Allot et al., 1992). There might only be minimal weathering effects inside
buildings, so the decrease of efficiency with time might be less pronounced than for outdoors.

Tawil and Bold (1990-DRAFT) have estimated decontamination factors for various floor surfaces,
including carpeting, and hard-finish and soft-finish furniture. A DF of approximately two is
estimated for vacuuming. Additional operations, such as shampooing after vacuuming, give only
small increases in the DF.

Very high DFs (that is, greater than ten) can probably only be achieved by vacuuming, followed
by spraying with a fixative to prevent releasing the contaminant, and removal (including pad) and
replacement. If this drastic step is carried out, the under flooring would also have to be
thoroughly cleaned before placing the new carpet. Reasonably high DFs are achievable on
linoleum flooring with double vacuuming followed by washing and scrubbing. Lower DFs (not
over ten) are reported for the same operations on wood floors. Vacuuming, foaming, and
shampooing soft-finish furniture gives results similar to carpets; replacement is the only means
of achieving a high DF. Repeated washing of hard-finish furniture is reported to be not very
effective; the most effective cleaning method is repeated vacuuming, followed by repeated
washing and rinsing.

Empirical data on the limited effectiveness of delayed decontamination can be obtained from the
Soviet experience after Chernobyl nuclear power plant accident. Two attempts to decontaminate
the nearby town of Pripyat ended in failure. After those attempts, in 1990, it was found that the
contamination levels of the decontaminated and un-decontaminated areas of Pripyat were
practically the same (Paajanen and Lehto, 1992).

In discussing this phenomenon with some prescience, Howorth and Sandalls (1987) stated that
in the first three to four months after an accident, the resuspension of loosely attached particles
will be significant. And, in areas with high concentration gradients, the pattern of deposition can
continue to change significantly for one to two years.
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After the Chernobyl accident, it became widely recognized that the decontamination of urban
areas could be exceedingly difficult. The following observations came to be widespread in the
European literature. Porous surfaces are much more difficult to decontaminate than smooth
surfaces. Material deposited by rain is much more difficult to remove than material deposited
under dry conditions. And, of greatest importance, as the time lapse from deposition to
decontamination increases, decontamination is rendered less effective. Both the problems for
decontamination and the hazards to humans are different than for a plutonium-dispersal accident.
However, it should be noted that the difficulties proved to be greater, and the decontamination
was less effective, than prior expectations would have suggested.

However, the acknowledged difficulties of the Chernobyl cleanup (Current Digest of the Soviet
Press, 1989; 1990; and Nuclear Engineering International, 1994) may be due in large part to poor
training, lack of equipment, and the almost total breakdown in leadership that followed the
accident (Woolfson, 1989). Although the contemporary press reports highlighted the impressive
heroism of fire fighters and helicopter pilots who helped minimize spread of material and
incurred large radiation doses, many of the local officials and reactor technical staff fled the
scene in panic.

Despite the limited applicability of the Chernobyl experience to the potential accidents under
consideration it is worthwhile, because of the many important points raised, to quote from
Sobotovich (1994) a summary of the cleanup results after five years of decontamination activities,

... Some of them are virtually valueless. An example is decontaminating inhabited areas
as performed by sections of the civil defense force in the strict control zones. In four
years, decontamination involved the accrual of 1.5 million man-ber (to 120,000 people)
and cost 1.5 billion rubles. The results of this decontamination were very slight. The
background levels in the inhabited areas were reduced on average by 10~15%. For that
money, one could have constructed three Slavutich cities (490 million rubles each), which
could have received the people from the uselessly decontaminated areas.

and, in noting a principal cause of the difficulties encountered, this source states,
... It must always be remembered that introducing energy into the system (in mechanical,

chemical, or other forms) increases the radionuclide mobility and consequently causes
spread. :

Laboratory experiments have demonstrated the difficulties in the decontamination of fission
products. Sandalls (1987) examined the effectiveness of chemical solutions in removing cesium
from many types of building surfaces. Spraying and soaking were evaluated. An ion-exchange
solution of ammonium nitrate was found to be more effective than an etching solution of
hydrochloric acid. Nevertheless, porous surfaces like brick and clay tile, even after twenty hours
of spray treatment, showed DFs of less than two. It is noted, however, that removal of fission




products is likely to be much more difficult than removing the plutonium oxide deposits expected
from a weapons accident, because plutonium oxides would not chemically bond to the substrate.

In discussing the most effectively decontaminated surfaces (ibid.), aged roof material exhibiting
DFs of ten or more, it was stated that the efficient decontamination of aged roof material could
be due to the trapping of cesium by visible surface algae, which were easily removed. It was
also pointed out that large quantities of chemical agents might be needed and mentioned, as a
plus, that the procurement cost of ammonium nitrate is low because of its widespread use in
agriculture as fertilizer. The use of large quantities of fertilizer might have detrimental effects
on the environment; however, the effectiveness of ammonium nitrate cannot be extrapolated to
plutonium because of the different chemistry of cesium and plutonium. Thus, the trapping effect
observed for cesium may be irrelevant for plutonium.

Incorporation of post-Chernobyl decontamination data from the U.K. and Denmark was described
by Brown et al. (1988) who concluded that, for decontamination performed within one to twelve
months of deposition, removal of walls, roofs, paved areas, and inside surfaces from homes
would result in DFs of less than two. They stated,

to be at all effective the surfaces need removing at 30 days or earlier.

Roed and Sandalls (1990) reported on the effectiveness of residential decontamination in Gavle,
Sweden, which was contaminated by a heavy rain deposit of Chernobyl fallout. For wet
deposition, they found that gardens could be decontaminated to a DF of two by removing soil,
but, aside from windows, which were found to be easily decontaminated, no more than 18% of
the contaminant could be removed from the other components of residential property.

Because of the abundance of information indicating the limited usefulness of decontamination
of fission products, European reactor risk assessments have begun utilizing the new information.
For example, the Nordic Liaison Committee for Atomic Energy (1990: p. 150), utilized a DF of
three for the groundshine pathway in a comprehensive evaluation of countermeasures and costs.

Although the post-Chernobyl research on decontamination has focused almost exclusively on
cesium, the insights into the difficulties of decontamination are to some extent applicable to
plutonium contamination. Although cesium is more soluble and binds with surfaces more readily,
the high-energy gamma radiations emitted from deposited radioactive cesium are easily detected
with simple field instruments, even if the material migrates below surfaces. In contrast,
plutonium measurement in the field might be very difficult, particularly if some of the material
was lodged in crevices, under vegetation, or inside buildings. Decontamination would probably
be useless unless the post-cleanup level of residual contamination could be reliably quantified.




Appendix F

Technical Basis of Cost Estimates

F.1 Data Sources and Uncertainty in Cost Estimates

The estimation of costs from hypothetical accidents entails considerable uncertainty. If one were
to calculate projected costs for an actual accident, the site-specific data, resources, and action
plans would be known or could be reasonably estimated. However, none of this information is
available for estimating the costs of the hypothetical accidents under consideration.

We have estimated costs by analyzing generic land areas that match national or regional averages.
Towards this end, we developed conceptual designs of sample land-use patterns that, in our
judgement, are consistent with national-average characteristics for the particular land usage. For
example, we analyzed a city block similar to residential blocks actually observed locally, and this
model of an urban residential area was then updated to match the national average statistics for
residential housing.

We then evaluated the operations that might be utilized to meet specific remediation goals for
these "typical" land-use patterns. Alternative choices of operations would surely be possible.
We tried to balance the cost of each operation against speed and effectiveness, using experience
and engineering judgment. The least expensive method was not chosen if it appeared incapable
of completing the remediation effectively. The costs of the chosen sub-operations were then
estimated using standard contractors’ handbooks or other data. The process is similar to what
a contractor performs before bidding for a job.

We do not pretend that either the strategies chosen or the cost information is unique or optimum.
There would be countless alternative strategies and operations for achieving the desired end
result. It would be an overwhelming task, and far beyond the scope of this study, to attempt to
evaluate all possible strategies, and to estimate the attendant uncertainties. It would also be
fruitless; political and social pressures or inadequate resources might conceivably result in a less-
than-optimal strategy for an actual accident.

Our calculations have produced what we believe to be defensible estimates of the costs for a
restricted set of strategies for remediating a restricted set of possible sites. Although in some
instances we have chosen parameter values conservatively, the resultant bias is compensated to
some unknown extent by the many potential costs that have been omitted from our estimates.

The descriptions of the strategies and operations are by no means recommendations or
prescriptions for work to be carried out in the unlikely event of an actual accident. Wherever
it is stated that any action "would” be carried out, the intention is only to provide details of our
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scenarios. Whether or not any specific action would be carried out is a decision beyond the
purview of this study.

There are many sources of uncertainty. Any specific site may differ from the typical sites that
we analyzed. Also, for any specific hypothetical or actual accident, the remediation goal and
strategies for achieving such could differ from our assumptions. Further, high and low bids
usually differ from one another (often by substantial amounts); and the operations we analyzed
might not represent optimum (or even logical) choices for a particular postulated accident.

We have not accounted for the possibility that the organization(s) performing the operation might
have unique equipment or capabilities that afford an unforeseen efficiency, nor have we
considered the possibility of a contractor increasing costs through error or carelessness. The
sparsity of data on radiological cleanups is also noted. The historical background for bidding on
ordinary construction contracts is so extensive that these costs can generally be estimated with
fair accuracy; the background for bidding on radiological decontamination tasks is far less
complete.

An additional source of uncertainty arises from uncertainty in the unit-cost data, which varies to
some degree depending on the source. In some cases we have been able to average data from
several sources. However, only a single source was found for most cost data. We depended
heavily on the estimates in Tawil et al. (1985) and Tawil and Bold (1990-DRAFT). Their cost
estimates appear to have been diligently researched. However, when we compared their estimates
(corrected for inflation) with the most recent available data from Means (1994a, 1994b), we
found significant differences in some cases. For some operations the Tawil data were higher than
the 1995 bidding estimates, and lower for others. We used the more recent estimates for all
operations for which they were available.

The cost estimates for expedited urban remediation have been carried out for light, moderate,
and heavy contamination. These degrees of contamination are keyed to the DFs potentially
achievable by our chosen strategies. There is currently an absence of regulations defining a clear
target level of residual contamination to be achieved by remediation. As a result, there is large
uncertainty as to which of the strategies would apply, and for what fraction of the affected area,
in the remediation of any specific hypothetical accident.

Perhaps the greatest element of uncertainty stems from the sparsity of relevant historical data;
plutonium-dispersal accidents have not occurred since 1968. Much of the uncertainty is inherent
in the nature of prospective future hypothetical accidents. For example, in the absence of
relevant historical data and an a priori plan for providing financial compensation, it is impossible
to know how those compensation costs would be assessed by the Federal Courts.

It has been necessary for us to make many assumptions about policies and decisions that would
have a great impact on costs, but it is purely a matter of our judgement that these assumptions
seem to be reasonable. In applying our cost estimates to any particular application, risk assessors




are urged to evaluate the appropriateness of our assumptions, and to provide suggestions on how
these estimates might be improved.

Some of the attendant uncertainty could be removed by using site-specific information. For
example, our calculations for the cost of remediation of Midwest farmland include the average
incidence of small villages in several farm States. It might be known that there are no villages
or farm buildings contaminated in a specific hypothetical accident. The calculations could then
be modified to account for the absence of villages. The spreadsheets for our cost calculations
are presented in Appendix G. These spreadsheets could be modified for different site data or to
include more timely cost information. As was mentioned in Section 6.0, the spreadsheets are also
being incorporated into a C*™* computer program intended for use with the RADTRAN code.

Some cost estimates are area dependent, that is, given in dollars per square kilometer. Still
others are time dependent, in dollars per month or year. A very few are length dependent, in
dollars per meter. These cost components can only be combined if the corresponding area, time,
and length parameters are known or can be estimated.

Several data sources have been utilized to develop our cost estimates. Spreadsheet DATA. WK1
of Appendix G gives, for each datum, the reference source and the page number or table number
from which the datum was taken. Any value in a data spreadsheet can be changed or updated,
and the change will automatically propagate upward through the higher-level linked spreadsheets.

The construction cost estimates, such as those from Means (1994a, 1994b) include an allowance
for contractors’ overhead and profit. However, no allowance has been made for the government’s
overhead cost in assembling resources and overseeing the work. In a few instances discussed
previously, history suggests that government overhead could be as great as the actual cost of
performing the cleanup work.

We have assumed that the restoration of an accident site could be performed by military
personnel, or by civilian contractors, or by some combination of the two. Some military units
(for example, the U.S. Army Chemical Corps) have personnel, equipment, and training suitable
for performing decontamination in hazardous environments, but there might be no need to utilize
such specialized military forces. All of the heavy demolition, construction, and reclamation tasks
could probably be performed by the Army Corps of Engineers or their contractors. We have
assumed that the total cost of any work assigned to military units would be equal to a
competitive contractor’s bid for similar work.

F.2 Emergency Actions

The DOE and DoD maintain the capability of transporting necessary equipment and personnel
to a radiation accident on short notice. We have not considered the cost of maintaining those
capabilities in a ready status. One urgent and immediate action might be the removal of national
security material from the accident site. We have not estimated the cost of this activity.




Fixatives other than water might not be used for remediation due to possible concerns about
detrimental impacts to the environment. Thus, for extended remediation we considered only
water as a fixative. For expedited decontamination we considered water spraying for lightly
contaminated areas, those for which a DF of two is appropriate. Repeated water spraying would
be appropriate for moderately contaminated areas, those for which a DF of 5-10 would be
adequate.

For very heavily contaminated areas, spraying with a binder or fixative, such as road oil or an
organic binder, might be appropriate; more effective fixation could be needed for such areas in
order to minimize the spread of the heavy contamination. We supposed that a binder would
always be sprayed on streets and unoccupied land for expedited decontamination; any detrimental
impacts of such spraying could be mitigated by removal of the contaminated soil.

Water used for cleanup, especially in only lightly contaminated areas, might contain so little
plutonium that no special treatment would be required. It is highly speculative whether such
water would have to be treated or disposed of. We have included the cost of removing water
used for decontamination, but have not estimated the cost of removing standing rain water. If
all water, including rain water, were sent for disposal, the cost of remediation would be only
fractionally increased. If no water were saved for disposal, the cost of remediation would be
only fractionally decreased.

We also estimated the cost of blocking streets by earthen barriers to limit the migration of
plutonium by runoff. Sewers could be blocked by expandable plugs in the lines. However, the
sewers themselves would then become contaminated, and decontamination would be difficult or
impossible and extremely costly. We chose to consider gasketted plugs for each manhole, at
minimal cost. The small amount of leakage, if any, would probably be deposited immediately
under the manholes, from which it could easily be decontaminated.

The cost of verifying evacuation, of decontaminating and monitoring evacuated individuals, and
of sealing buildings has not been specifically addressed. We have included the cost of guards
as a part of access control. We initiated the guard cost immediately after the dispersal incident,
and the amount should be sufficient to cover evacuation verification. However, the expense of
carrying out the evacuation and of decontaminating and monitoring the evacuated populace has
not been included; this expense is expected to be minor, relative to other costs.

Estimates for the cost of emergency actions in rural areas include harvest and disposal of
standing crops in fields, followed by windrowing the soil with simultaneous water spraying to
hold down dust. Additional water irrigation after windrowing would help to minimize
resuspension. We also included compensation to farmers for loss of the affected crops. Any
watercourses on the land were assumed to be blocked to prevent contamination from traveling
downstream. The cost of this action has not been estimated. In most cases, watercourses would
only be active seasonally or following heavy rains, and runoff could be prevented by simple
earthen dams at minimal cost. If natural running streams crossed the land, blockage could be
difficult and extremely costly.




The earliest actions in a plutonium-dispersal accident that contaminated a highway would
probably be taken by local or State law enforcement. As soon as any injured individuals had
been transported from the scene, we assumed that the highway would be closed and traffic
rerouted over alternate routes. The costs for local and State response and the rerouting of traffic
have not been included in our estimates.

In the event of a highway accident, the spread of the contamination could be minimized by
spraying a fixative on the highway and surrounding land. Ditches, culverts, and watercourses
could be blocked to minimize wider contamination via water runoff. Our cost estimates include
blockage and fixative spraying. Construction of a detour around the contaminated area could
begin as soon as aerial and ground surveys had determined the extent of the contamination. A
detour might not be necessary if uncontaminated alternate routes allowed ample traffic flow. We
present the cost of detours separately, so that risk analysts can include detours only if
circumstances require them.

If airport runways were contaminated, the emergency actions would depend on the extent of the
contamination. An efficient fixative such as road oil or an organic binder could be sprayed on
and between runways to minimize resuspension and spreading the contamination. A dike could
be constructed around the contaminated area to minimize the spread of contamination by runoff.
Our cost estimates include dikes and fixative spraying.

If an expedited cleanup were conducted, CERCLA and NEPA waivers might be required. The
development of cleanup plans would probably need to be undertaken very quickly. We have
assumed that the cleanup planning for expedited cleanup would be concurrent with emergency
actions and site characterization,and that contractors would be alerted, and resources of material,
equipment, and personnel would be gathered at the site as soon as possible. The needed
equipment could include large capacity truck mounted HEPA vacuums, high powered HEPA
household vacuums, bulldozers, motor scrapers and graders, firechoses, pumps, vacuum hazardous
waste tank trucks, vacuum street sweepers, highway planers, and a sizeable array of smaller and
less specialized commercial equipment.

The cost of equipment is included in our cost estimates, but not the cost of transporting it to and
from the site, which could vary greatly depending on the location. Mobilization and
demobilization of heavy equipment costs from $250 to nearly $400 per unit (Means, 1995b).
Personnel, in addition to those required for site characterization, would include health physics
technicians, analytic laboratory staff, equipment operators, laborers, and foremen, as well as
government inspectors and supervisors. We have allotted one month for planning, marshaling
resources, and letting contracts.

In the absence of in-place plans tested by exercise, this time allotment may be optimistic. The
one month time allotment is based on the contaminated area being of modest extent (just a few
km?® and simple character. Larger areas or those with complex features might require much
more planning, resources, personnel, and time. If the cleanup plans called for the performance
of complex or potentially hazardous tasks, there might be a need to test the plans with practice
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exercises, adding to the cost and required time. Planning costs have not been included in our
estimates.

F.3 Access Control

We estimated costs for dual-barrier access control. The area (including a suitable buffer zone)
is assumed to be fenced. Patrolling guards could give a second layer of protection. The cost of
fencing varies greatly with the type and intended purpose of the fence. We used costs for a six-
foot high industrial grade chain-link fence, with the customary aluminum poles and three courses
of barbed wire. A twelve-foot high security type fence with heavy steel poles emplaced in
concrete, suitable for prisons or high security areas, would give additional protection against
intrusion. However, the cost of a high security fence is more than five times as great as an
industrial grade fence, and we assumed the use of the latter throughout.

The perimeter-to-area ratio depends on the size and shape of the contaminated region. We have
provided fencing costs in dollars per meter, which can be used directly for specific hypothetical
accidents for which the perimeter length has been determined.

In rural areas, with long sight lines and sparse surrounding population, one guard has been
assumed adequate for two km2. However, sight lines in urban areas are much shorter, and the
surrounding population could be denser, and we have assumed two guards for each km2. The
guards would be on duty at all hours. The length of time for access control is indeterminate.
As an example, we have assumed access control for three months for expedited remediation if
no part of the area is heavily contaminated, six months if part of the area is moderately
contaminated, one year if part of the area is heavily contaminated, and five years for extended
remediation under CERCLA. These estimates are provided only to show a rough approximation
of the magnitude of access control expenses relative to other costs. Because of the low cost of
the guards relative to other costs, the uncertainty involved in the time for access control is not
very important.

F.4 Radiologic Characterization and Certification

We collected nine estimates for the cost of characterization and certification. All of these
estimates are for ground surveys. The cost of aerial surveys might be lower, but the higher
sensitivity and accuracy of ground surveys would probably be required. The highest estimate is
a pessimistic judgment of the cost in a remote, difficult region. Similarly, the lowest estimate
is an optimistic judgment of cost for an easily surveyed area. Neither the highest nor the lowest
is believed realistic for most of the sites we have analyzed for a hypothetical accident, and we
have therefore taken "low" and "high" averages of the cost estimates.

In an open rural area, there are fewer obstacles to radiological survey than in an urban setting.
Site characterization would be easier and less costly than in a city. Therefore, we used the mean
of the lowest five estimates for rural sites and streets or unoccupied land. Characterization of
an urban area would involve making measurements on and around buildings, which could be

F-6




awkward and time consuming. Therefore, we used the mean of the highest five estimates for
residential, commercial, or industrial sites. Forested areas would probably be the most difficult
to characterize, and there is no experience to guide cost estimation. Therefore, we used the
highest estimate found for characterization of forests.

F.5 Lost Income and Personal Property

Populations removed from their homes and temporarily or permanently relocated elsewhere would
incur numerous associated expenses for which they could be compensated under the Robert T.
Stafford Disaster Relief Act or the Atomic Energy Act. We generally assumed that all damages
would be either repaired or compensated for. We used replacement cost rather than market value
as the basis for compensation. Compensation costs would be lower, in some cases significantly
so, if market value were used as the basis. Compensation is a major element of total cost, and
the difference between replacement cost and market value could be an important source of
uncertainty.

Every displaced household was assumed to be lodged in quarters similar to those they had Ieft.
We have taken the rental cost to be that for housing units of average size and quality. A rental
allowance of three months was allocated for lightly contaminated areas, six months for
moderately contaminated areas, and one year for heavily contaminated areas or for extended
remediation. Only one year’s rental was used for extended remediation, under the assumption
that by the end of a year, all condemned property would have been paid for.

For simplicity, and because duration of unemployment is highly variable, we assumed that there
would be no lost income compensation for residents of the affected area, except for employees
of commercial establishments temporarily or permanently closed. However, if an entire small
town had to be displaced, the residents could face extended unemployment and thus might
receive government compensation. The latter type of cost has not been included in our estimates,
but lost business income has been addressed, as follows.

Displaced businesses or temporarily shut could be eligible for lost income compensation. We
made the conservative assumption that such compensation would be paid. This was estimated
as the average net income for small firms plus average payrolls for each enterprise. Businesses
could also be compensated for lost inventories. There is no experience on which to base an
estimate of the amount of stock that could be salvaged.

We conservatively assumed that all stock would have to be removed, disposed of, and
compensated for. Hard-surfaced nonporous articles could probably be adequately cleaned, but
the cost might well approach the value of the items. Jewelry and other items of very high value
would probably be cleaned. Clothing and other soft goods could be cleaned, but could not then
be sold as new items. The conservatism of our assumption is recognized, and this is an obvious
source of uncertainty. The average value of inventory for retail stores, exclusive of automobile
dealers and department stores, as determined from Bureau of the Census (1994), was used for




each establishment. The cost for replacement of inventory is large, and the use of an average
for a several types of firms could also be a source of uncertainty.

We included compensation to businesses for loss of income during the entire duration of the
decontamination effort, but not to exceed one year. This could amount to payment for 12 months
for heavily contaminated areas. During the course of a year, many of those eligible for
compensation would probably have found other employment. We were unable to estimate the
number of such persons, so we have conservatively estimated that all employees of affected firms
would be compensated for the full period. We assumed compensation for one year’s net sales
income for businesses that were permanently dislocated, as well as for lost buildings, inventory,
and equipment.

For extended decontamination under the CERCLA process, there could be a lapse of several
years before decontamination even started. We have chosen to assume that lost income
compensation would be paid for only one year; at the end of a year we assumed that all
businesses would have been condemned and paid for. However, the condemnation process might
last longer, and lost income compensation might thus be continued until the government had
acquired the properties. This is a source of uncertainty that could be explored in future research.

The use of an average net income per firm could understate the compensation for lost business
income. The average area we used for each building, 1315 m?2, appeared reasonably representa-
tive of shopping centers we visited. However, many such buildings were subdivided, with
several establishments in each building. The use of an average value per firm would understate
the amount of compensation if there were more firms than we had assumed. On the other hand,
the inclusion of public and semi-public buildings, which might have no income to be
compensated for, as being equivalent to the commercial sector might tend to overstate lost
income compensation. Also, the net sales income we used was for 1991, a recession year. We
are unable to estimate which of these contradictory tendencies is more important.

Personal property might be lost for moderately to heavily contaminated residential properties.
We calculated the replacement cost for average personal property, including motor vehicles and
all household furnishings and appliances. We postulated total recovery of all personal property
for lightly contaminated areas, and total loss for moderately to heavily contaminated areas.
Actually, some loss could be expected even in lightly contaminated residences, and some items
would probably be salvaged in moderately or heavily contaminated residences. We have
implicitly assumed that the cost of cleaning any salvaged items would be equal to the replace-
ment cost. Because the value of personal property could be large, the uncertainty in the fraction
salvaged might be a significant factor in the total cost uncertainty.

FEMA has in the past compensated victims of natural disasters for personal items that were
unavailable to them even temporarily. The magnitude of this compensation has varied depending
on the amount of the disaster relief appropriation. We included an allowance for each displaced
household to cover clothing, electronic entertainment items, household articles, and work related
tools during the period of dislocation. The amount of this personal allowance is a possible source
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of uncertainty. However, the magnitude of the allowance would not be large compared with
other costs even under quite generous terms. We have calculated an average allowance per
household for clothing, home entertainment, and housewares for an average sized household to
be in the neighborhood of $5,000 per household.

F.6 Decontamination

Many cost factors would be higher during decontamination operations than in normal
construction. Workers are assumed to wear protective clothing and filtered breathing apparatus,
with fully-rubberized protective clothing in wet operations. Every worker, as a minimum, is
assumed to wear a full-face filter, and workers in particularly dusty tasks might need to use self-
contained breathing apparatus.

There is ample evidence, for example, see (DNA, 1981) that efficiency is drastically reduced
under protective circumstances. Time is lost at the beginning of the day in suiting up, and at the
end of the day in personnel decontamination and monitoring. There are a number of other cost
factors that could result in higher costs than are faced in normal construction activities:
overhead, equipment rental expense, higher cost of insurance, and scheduling difficulties.

Tawil et al., 1984, and Tawil and Bold (1990-DRAFT) allowed one hour per eight-hour shift for
suiting up, decontamination, and monitoring, but did not make any allowance for the reduction
of efficiency attributable to protective equipment. Tawil er al. (1984) also mention that workers
might receive a premium in pay for working in a radioactively contaminated environment.

Because the loss of time for suiting up and suiting down is only part of the overall loss of
efficiency, and because one hour per shift appears only marginally sufficient, we consider their
one-hour allowance to be overly optimistic. An allowance of 30 minutes at the beginning of the
shift, one hour at the end of the shift for changing and showering, and 30 minutes for health
physics monitoring appears more reasonable. This would increase costs by a factor of 1.33.

We applied this factor of 1.33 to all cost elements as well as to labor. The cost of overhead and
equipment rentals would reasonably be increased in like ratio. Although expendable material
costs might not be increased because of the difficulties of working in a protected environment,
there would be other material costs: protective clothing, respirators, etc., in addition to added
costs for monitoring. We applied a factor of 1.17 to Tawil and Bold’s cost estimates, to bring
them up to the same basis (1.17 x 8/7 = 1.33). We did not apply this factor for tasks that take
place in a radiologically clean environment. '

Many contractors bidding on remediation contracts might not have personal experience with
operations in a radiation environment. There is, however, adequate experience in working under
other unfavorable conditions. Means (1994a, 1994b) provides separate estimates for the cost of
some operations for "adverse” as opposed to average or ideal conditions. Adverse conditions,
as used by Means, refers to inclement weather and unfavorable terrain rather than to radioactive
protection conditions. The increment for adverse conditions for 20 randomly chosen operations
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ranged from 10% to over 100%, with a mean of 42%. A factor of 1.42 compares reasonably
well with the estimated factor of 1.33.

The present cost estimates are not systematically conservative. However, there are some costs
for which we believed that our estimates might be somewhat high. On the other hand, we made
no allowances for inadvertent damage that would have to be repaired or compensated for. For
example, we did not allow for the possibility that scrubbing residential roofs could damage or
loosen some shingles, which would either need to be repaired or replaced. We did not make a
specific allowance for contingencies. Contractors’ bids normally contain an allowance for
unforeseen circumstances, and we assumed that an adequate contingency allowance was already
included in the bidding estimates.

We separately estimated costs for light, moderate, and heavy contamination areas. Light
contamination is that for which a DF of 2-5 would be adequate. We assigned moderate
contamination to areas for which a DF of 5-10 would be required. Heavy contamination is that
which would require a DF greater than 10. The levels of contamination corresponding to these
definitions would depend on the residual contamination level to be achieved after decontamina-
tion. There is currently no firm guidance on the allowable level. (See Appendix B). Risk
assessors should explore the uncertainty attendant on the unknown level to be achieved.
However, relative costs of operational strategies can be assessed with less uncertainty.

F.6.1 Expedited Decontamination of Mixed-Use Urban Areas

We considered three scenarios corresponding to ascending levels of contamination. For the most
lightly contaminated area, for which a DF of 2-5 would be adequate, we postulated methods of
decontamination that would leave the property in essentially the same state as before an accident.
For moderately contaminated areas, for which a DF of 5-10 would be required, we postulated
decontamination methods that leave the property altered, but of equal or greater value as before
an accident.

For any property so heavily contaminated that a DF greater than 10 would be required, we have
been unable to discover any practical method that could reliably achieve successful decontamina-
tion short of completely demolishing buildings and disposing of the material in a licensed burial
facility. Cleanup operations that yield DFs much greater than 10 overall are difficult to achieve
and are likely to be more costly than the value of the property would warrant. We note,
however, very high DFs might be possible for local hot spots using simple low-cost shovel and
pail techniques.

We have not assumed acquisition of real property to be necessary for the lightly or moderately
contaminated areas. If residents declined to accept the return of their property after its cleaning,
the government could purchase it and resell it to other buyers. Although the government might
incur some loss due to depressed market values, we are unwilling to speculate on a possible
magnitude, nor are we willing to estimate the fraction of residents who would decline to reoccupy
their homes.
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If the property could be resold without loss to the government, the cost would be independent
of the fraction of owners who declined to accept their property after decontamination. Some
residents might claim that their property had been returned in poorer condition than before an
accident; we have not attempted to quantify the cost to the government of litigating such claims.

We assumed that all property would be acquired by purchase in the most heavily contaminated
region. Because this property would be demolished during the decontamination, we made no
allowance for resale. If the government subsequently resold the land, the proceeds would help
offset the cost of acquisition.

The mixed-use urban area represents an average for U.S. cities of 100,000 or more population.
Hartshorn and Dent (1980) give mean land usage area fractions for such cities, as shown in Table
F-1

Table F-1

Typical Urban Land-Usage Fractions
Usage Type Fraction
Residential 31.6%
Commercial 4.1%
Industrial 4.7 %
Undeveloped 22.3%
Streets 17.5%
Public Recreational 4.9%
Public Non-recreational 13.2%
Railroads 1.7%

Hartshorn and Dent (1980) disaggregated "public non-recreational” land into components such
as schools, government offices, efc., each of which only accounts for a small fraction. We have
combined these usage areas for simplicity. We placed public non-recreational land with
commercial areas, with the assumption that the type and value of construction would be similar;
the assumption of similarity is probably conservative. Public recreational land was treated the
same as undeveloped land; improvements and structures such as tennis courts, fountains, or
plazas were thus ignored. Railroads were aggregated with industrial areas because of their low
percentage of area.

We visited several residential, commercial, and industrial sites in and near Albuquerque, NM.
The generic sites we used for calculation do not match any specific actual site; rather, they
represent a compendium of several actual sites, modified to match national averages for the type
of site.

The residential area was sized as a rectangular block of 195 by 61 meters (640 feet by 200 feet),
with 16 equally spaced houses of average floor space for single family homes, 1600 ft2. New
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houses constructed in 1993 had an average area of 2,095 ft2. However, the average single family
residence was then approximately 18 years old. An area of 1,600 ft? is more appropriate for
homes of this age. Each residence was assumed to include a single car attached garage. Each
lot was sized at 24.4 meters by 30.5 meters, and was assumed to have four trees.

The commercial block was defined as a community shopping center with five retail shops, each
of which was sized at the mean floor area for retail stores, 1,315 m?, surrounded by an asphalt
paved parking area. The acquisition cost for commercial property was based on an estimated
valuation (based on the national average) of the buildings of approximately $75/ft2 of floor space
(Bureau of the Census, 1994). The national average value of inventory for retail establishments
(exclusive of automobile dealers and department stores) is $113,000 per store (ibid.).

This value includes some relatively large firms, and may overstate the value of inventory for
businesses in a small shopping center. Also, firms such as attorneys’ or realtors’ offices would
carry no stock for sale. The use of retail commercial inventory values to estimate lost inventory
costs for public and semi-public buildings may result in overestimates. However, public
buildings typically have valuable records. It was implicitly assumed in our estimates that the cost
of copying and restoring such records would be comparable to compensation for retail stocks.

Shops and offices also contain some equipment, as well as stock for sale. The national average
of the value of nonresidential equipment is 91.5% of the value of nonresidential structures (ibid.).
This ratio includes manufacturing firms, and probably overstates the value of commercial equip-
ment. On the other hand, medical or dental offices generally have extremely costly equipment.
The commercial buildings on which we based our estimates have an area 8.8 times greater than
the area of our residential buildings.

We assumed that the value of commercial equipment was 8.8 times greater than the value of the
personal property, furnishings, and vehicles assumed for each residence. Because commercial
equipment is sometimes of higher quality than residential furnishings, this assumption may
understate the value of commercial equipment. We assumed that equipment in the commercial
block would be equivalent to "hard finish furnishings" as defined by Tawil and Bold (1990-
DRAFT). Compensation for lost inventory and equipment is a major cost factor in some of our
scenarios. It should be noted that this important cost element is highly uncertain.

The industrial district was defined as a 214 by 61 meters (700 foot by 200 foot) block containing
two concrete block warehouses, each with 30,000 ft2 of floor space. The contents of the
warehouses were assumed to be equal to the value of the warehouse itself, $40/ft? of floor space.
The value of $40/ft2 was based on a visual estimate of the quality of warehouse construction,
relative to that of retail stores.

The assumed value for the contents could be too low for warehouses containing expensive items
such as home appliances. We further assumed that equipment in the warehouse would be of
negligible value. If the industrial block is largely devoted to manufacturing, the value of the
contents could be higher than our estimate. In 1992 the capital value of equipment for manu-

F-12




facturing was 334% of the capital value of structures (Bureau of the Census, 1994). However,
it is possible that attempts would be made to clean costly manufacturing equipment, and the cost
of cleaning could be comparable to the assumed value of warchouse contents.

The volume of warehouse contents could be a substantial element in the volume for waste
disposal. Although warehouse contents are often stacked as much as three meters high, the aisles
for forklift operation reduce the average height by about 50%. We assumed an average height
of five feet (1.52 meters).

We assumed that public non-recreational land (schools, government offices, fire and police
stations, public plazas, etc.) was occupied with buildings of the same nature, and value, as the
commercial area. New construction of commercial buildings in 1993 was slightly greater in
dollar value than new construction of public and semi-public buildings (Bureau of the Census,
1994).

We assumed that all waste material would be hauled to a central collection site. We assumed
that the average distance to the collection site was 3.2 km (2 miles). We made these assumptions
because it would be more economical to use a central collection site than to attempt to ship waste
to the on-site or off-site disposal area directly from the area being decontaminated.

Table F-2 shows the postulated decontamination operations for lightly contaminated residences.
After cleaning each surface, a radiological survey would be performed to monitor the adequacy
of cleaning. Additional cleaning might sometimes be found necessary after the survey. In the
absence of any information on the amount of additional cleaning needed, we have arbitrarily
assumed that 25% of all surfaces would be given additional decontamination. The fraction
needing additional work is not a critical factor. After cleaning and survey, waterproof tarpaulins
would be laid over exterior surfaces to protect from recontamination by dust raised in operations
on neighboring properties. The tarpaulins would be removed after all other decontamination is
completed; a fixative would be sprayed and great care would be exercised to prevent spillage and
recontamination from the tarpaulins. Interior walls would be painted to repair any damage caused
by cleaning; the paint would also deter resuspension of any remaining particles.

Table F-3 shows the decontamination operations for lightly contaminated commercial areas. The
only operation considered for stocks and inventory is vacuuming to remove loose dust, after
which the stock was assumed to be removed for disposal. Decontamination of light industrial
districts was assumed to be similar in cost to that for commercial areas.

The decontamination operations for streets include mechanized vacuum sweeping, scrubbing with
detergent, and high pressure water rinsing with firehoses. We assumed that firehoses would be
connected directly to hydrants. If there was no water pressure available, there would be addi-
tional costs for tanker-pumper trucks. The rinse water was assumed to be collected for disposal
by a hazardous waste vacuum truck accompanying the firechose crews. After a radiological
survey, any remaining hot spots (consistently assumed to be 25% of the area, and denoted (25%)
in these tables), were assumed to be cleaned by an additional scrub and rinse. We have not
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included the cost of surface removal for areas that could not be cleaned by less drastic methods.
Plastic tarpaulins were assumed to be spread to minimize recontamination, except for those streets
needed for transport of decontamination equipment.

The decontamination operations for parks and other public recreational spaces were assumed to
be similar to those for residential lawns, trees, and planting areas. The decontamination
operations considered for unoccupied land were vegetation removal, removal of an average of
10 centimeters of soil, spreading clean soil, and spreading tarpaulins.




Table F-2

Light Decontamination Operations for Residences

ITEM
Roofs
Walls

and Exterior

Carpets
Linoleum
Concrete floors

Interior walls

Ceilings

Soft surface furnish-
ings

Hard surface furnish-
ings

Electronic equipment
and paper goods
Attic spaces

A/C and heating

Lawns

Trees

Planting Beds

OPERATIONS

Vacuum, scrub with detergent, low pressure water rinse, radiological
survey, additional rinse (25%), spread tarpaulins. Spray fixative and
remove tarpaulins

Double vacuum, shampoo, radiclogical survey, additional vacuum (25%)
Vacuum, scrub and wash, radiological survey, additional scrubbing (25%)

Same as linoleum

Vacoum, detergent wash and rinse, radiological survey, additional
detergent wash and rinse (25%), repaint

Vacuum, radiological survey, additional vacuum (25%)

Double vacuum, steam clean, radiological survey, additional vacuum
(25%) :

Vacuum, wet wipe, radiological survey, additional wet wipe (25%)
Vacuum, radiological survey, additional vacuum (25%)

Radiological survey, clean up hot spots by hand, remove and replace 25%
of the insulation batting

Vacuum and steam clean ducts, replace filters, radiological survey,
additional vacuum (25%)

Vacuum, mow, irrigate, remove sod, remove topsoil to a total depth of 10
centimeters, radiological survey, replace topsoil, spread tarpaulins. Spray
organic binder and remove tarpaulins, install new turf

Hose down foliage, scrub trunks, rinse, radiological survey, additional
cleaning (25%)

Cut back herbaceous plants, remove mulch or topsoil, radiological survey,
remove additional topsoil (25%), spread tarpaulins. Spray organic binder,
remove tarpaulins, add new topsoil
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Table F-3
Light Decontamination Operations for Commercial and Industrial Areas

ITEM OPERATIONS

Roofs Vacuum, remove gravel, detergent wash and rinse, radiological survey,
additional wash and rinse (25%), spread tarpaulins. Spray fixative,
remove tarpaulins, apply pitch, apply new gravel

Exterior walls Vacuum, detergent scrub and rinse, radiological survey (25%), spread
tarpaulins. Spray fixative, remove tarpaulins

Inventory Yacuum, remove for disposal

Carpets Double vacuum, shampoo, radiological survey, additional vacuum (25%)
Linoleum Vacuum, scrub and wash, radiological survey, additional scrubbing (25%)
Concrete floors Same as linoleum

Interior walls Yacuum, detergent wash and rinse, radiological survey, additional wash

and rinse (25%), repaint
Ceilings Vacuum, radiological survey, additional vacuum (25%)
Equipment Same as "hard surface furnishings’ for residences

Electronic equipment Vacuum, radiological survey, additional vacuum (25%)
and paper products

Parking lots VYacuum sweep, detergent scrub and rinse, radiological survey, additional
scrub and rinse (25%), spread tarpaulins. Spray fixative and remove
tarpaulins

Our scenario for decontamination of moderately contaminated residential and commercial areas
(that is, those for which a DF of 5 to 10 would be needed) includes the removal and replacement
of roofs, internal flooring materials, and all furnishings, appliances, and personal property,
described as follows.

After removing the roofing, carpets, or linoleum, the underlayment would be surveyed, and any
spillage of contaminant would be cleaned up. Concrete floors, driveways, and sidewalks would
be cleaned as thoroughly as possible, and a strippable coating is assumed to be laid down and
removed after hardening. Any remaining hotspots (arbitrarily assumed to be 25% of the area)
were assumed to be scarified and resurfaced.
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Buildings were assumed to be painted inside and out to repair any damage and to deter
resuspension of any remaining plutonium particles. The lawns and topsoil would be removed and
replaced. All trees and shrubs would be removed, and new trees would be planted. Contaminat-
ed insulation batting in attic spaces would be removed and replaced. Heating ducts would be
removed and replaced in attic spaces, but not in walls.

It is possible that attempts might be made to clean and return articles of special value, or of great
personal significance to the residents. We have not attempted to estimate the cost of cleaning
such items. The magnitude is probably small relative to the cost of other operations.

The cost of removal and replacement of personal property, exclusive of motor vehicles, was
estimated by Tawil and Bold (1990-DRAFT). Tawil and Bold based their estimates on a larger
residence than we used. We corrected their estimate for inflation, and assumed that the value
of personal property and furnishings would be directly proportional to the floor area of the
residence.

The national average number of motor vehicles per household is 1.3 (Bureau of the Census,
1994). The average age of private motor vehicles has consistently been several years old for the
past decade. An older vehicle has very little value, and basing an average compensation on older
vehicles would grossly understate the cost. On the other hand, compensation based on average
sales price ($20,000 in 1992) is probably too high to use for average compensation. Newspaper
advertisements for three- to four-year old mid-sized cars suggested that $9,000 per vehicle
($11,700 per household) seems more realistic, and this value was used in our estimates. We have
not addressed potential disposal costs for lost vehicles.

The decontamination operations postulated for moderately contaminated streets include thorough
cleaning, followed by planing. Planing is a costly operation. Shotblasting might be less
expensive than planing. However, the experimental evidence for shotblasting (Warming, 1987)
indicates lower effectiveness for shotblasting than for planing (Barbier and Chester, undated).
Neither of these experiments directly addresses plutonium contamination, so the evidence is rather
equivocal. However, we have opted for planing, rather than shotblasting. We have also assumed
that only those areas not adequately cleaned by conventional methods would be planed.

Conservatively, it could be assumed that all streets would require 100% planing; or it could be
optimistically assumed that no planing would be required. In the absence of any historical
information, we have arbitrarily assumed that 50% of the street area would be planed. Resur-
facing might not be required for moderate depths of planing. However, we assumed that all
streets would be resurfaced with asphalt, because resurfacing would deter resuspension of any
remaining plutonium.

The decontamination of parks and other public recreational lands would be similar to those for
residence lawns and landscaping: removal and replacement of turf, topsoil, and trees. The
decontamination of unoccupied land would be similar to that for parks. Decontamination of open
spaces is similar regardless of the degree of contamination. The depth of soil removed is related
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more to the operator’s skill than to the amount of contaminant, and an average of 10 centimeters
of soil was assumed to be adequate for most land surfaces. We have assumed a highly skilled
operator. The cost of decontamination and the amount of debris for disposal could easily be
doubled with a less skillful operator.

We considered off-site disposal for expedited cleanup of urban land. We also present the cost
savings, which are substantial, for on-site disposal.

Very heavily contaminated areas (that is, those for which a DF greater than 10 would be
required), would be difficult to decontaminate effectively without considerable destruction. The
cost of removing and replacing exterior and interior walls, subflooring, attic spaces, as well as
all contents, would probably exceed the value of the structure. It would also be impossible to
ensure that particles of plutonium had not lodged within the structure, from which they could be
dislodged by later housecleaning or remodeling. Complete demolition, although not the only
possible strategy, appears to be the most reliable. In the scenario we selected for the most
heavily contaminated areas, all structures would be demolished. Streets would be torn up and
above ground utilities would be removed. All land surfaces would be scraped to an average
depth of 10 centimeters, and clean soil would be returned.

All real, personal, commercial, private and public property was assumed to be acquired by
condemnation. We have also assumed all of the acquired property, including streets and utilities,
would be compensated at replacement value. It could be alternatively assumed that present value
would be utilized for some or all of the compensation, and this would lower costs. We have
arbitrarily made the conservative assumption.

Acquisition costs were based on replacement value in current (1995) dollars. The median value
of single-family housing was used for residential areas. We used the median rather than the
mean, because the mean is biased upward by a relatively small number of very high cost
residences. Luxury homes are seldom located in close proximity to interstate highways, railroads,
or airports, and we believe that the median more closely represents the type of homes likely to
be affected in the event of an accident. We calculated the new cost per square foot of the
median house, and assumed that the same cost per square foot would apply to the smaller houses
in our generic residential district. Average costs per square foot were used for commercial and
industrial buildings, along with average square footage for retail and wholesale firms.

Restoration after demolishing the buildings could involve nothing more than bringing in clean
soil, grading and leveling; the cost of the simplest restoration would probably not exceed $1
million per km2. We made a more conservative assumption that restoration to parkland or some
similar land use would be carried out. We assumed that loam would be trucked to the site,
leveled, graded, and hand raked. Grass seed and fertilizer would be spread, trees would be
planted, and the area would be irrigated as required. Restoration of these areas is not a major
component of the total cost, so that little uncertainty is introduced by a conservative estimate.




After completion of these activities, the land might be sold on the market to offset costs, or
transferred to the local government(s), but the impact of any offsets would probably be small,
and it has not been included in our estimates.

Streets and utilities might be renovated at a substantial savings in cost in comparison to our
estimates. This is so because disposal of the rubble from street destruction is a sizeable element
of the total cost. Disposal and compensation costs for streets amount to about $30 million/km?
for the average mixed-use urban area.

F.6.2 Expedited Decontamination of Highways

If there were snow cover on the highway, it would be advantageous to plow the snow and
dispose of it as quickly as possible. We have not included the cost of snow removal. We have
not included the cost of traffic barriers. Earth barriers could be built in ditches and culverts to
prevent the spread of plutonium by runoff. The cost of barriers would be small; we supposed
that the cost would not exceed the cost of building barriers in streets. There would usually be
no need to block sewers, so that this cost would be absent for highways. However, water used
for cleaning might still have to be removed for disposal.

One of the earliest actions following the determination of the extent of contamination could be
construction of a detour around the contaminated area, so that orderly traffic flow could be
restored. The cost of a detour, if one is necessary, would depend on the lateral extent of
contamination, as well as on the length along the highway. The cost of constructing the detour
is given in dollars per meter of detour length so that risk assessors can apply this cost to specific
hypothetical accidents.

The decontamination of the highway itself would be similar to that for urban streets. However,
we have assumed that very heavily contaminated sections would not be permanently removed
from service, in order that the highway could eventually be returned to full usage. Our cost
estimates are for planing and resurfacing the most heavily contaminated areas. The cost estimates
are given in dollars per m? of lightly, moderately, and heavily contaminated highway surface.
If bridges, overpasses, or interchanges were heavily contaminated, the cost could be significantly
higher.

Decontamination of shoulders, ditches, and land adjacent to the highway would be similar to the
decontamination of urban unoccupied spaces. Vegetation and soil would be removed, and clean
soil would be returned and revegetated. The cost of cleanup and remediation of adjacent land
depends on its usage. The cost would be higher for adjacent farmland, forest, or urban areas than
for arid wasteland. The cost could be exceedingly high if the contaminated section of highway
were in treacherous terrain, for example, in a mountain pass. Risk assessments of the cost for
specific hypothetical accidents should consider the characteristics of the surrounding land, and
availability of alternative transportation routes.
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F.6.3 Strategies For Extended Remediation under CERCLA

In the following subsections we analyze strategies that might be employed for the extended
remediation under CERCLA of mixed-use urban land (Section F.6.3.1), Midwest farmland
(Section F.6.3.2), deserts, semi-arid grasslands and rangelands (Section F.6.3.3), and forests
(Section F.6.3.4).

F.6.3.1 Mixed-Use Urban Land

As discussed in Appendix E, decontamination of urban property after a lapse of several years
would probably be only marginally effective and the property would have deteriorated badly.
The strategy we analyzed is complete destruction and disposal of all structures, removal of soil
to an average depth of 10 centimeters, disposal of debris either on-site or off-site, and restoration
of the area to a useful condition.

The strategy we analyzed for the remediation of residential, commercial, and industrial areas and
streets under CERCLA is virtually identical to that used for expedited decontamination of heavily
contaminated urban areas. The only difference is that access control would probably be
continued for a longer time, but that makes only a minor increase in cost. It is possible that
compensation for lost income could be continued for a longer time than we have assumed, but
we are unwilling to speculate on a bounding estimate of such a period.

F.6.3.2 Midwest Farmland

Farmland remediated under CERCLA could be acquired by condemnation, or could be
decontaminated and remediated and returned to the prior owners with compensation for damages
to the property. We chose to analyze condemnation, because of the difficulty of quantifying
possible losses due to property damage.

The value of total farm assets (land, buildings, machinery, livestock, crops in fields, and personal
possessions) for Illinois, Indiana, Iowa, Kansas and Nebraska was divided by total rural area of
those states to give an average value for farmland.

Typical Midwest farmland also contains small towns. We counted small towns (2500 inhabitants
or less) in Illinois and Iowa on a 1994 road atlas (Rand-McNally, 1994), and divided the number
by the rural area of those States to find the average number of towns per km2 The average
population of the small towns was approximately 1500. A dimensionless "Village Factor" was
defined as (Villages per km?) x (Population per village) + (Urban population per km?). The
"Village Factor" times the urban acquisition, decontamination, and disposal costs was added to
the corresponding farm costs to account for the acquisition and decontamination of property in
small towns in farm areas.

Decontamination of rangeland and farmland is relatively simple. All farm or ranch buildings
were assumed to be demolished, but over most of the area, scraping, loading, and transporting
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the soil would be sufficient. Any residual contamination after a final pass with a motor grader
could be removed by hand shoveling and bagging for nearly total decontamination (Straume et
al., 1978).

Restoration of farmland is very straightforward. All that is necessary is to return cleaned soil
and bring in additional loam to return the soil to its original level. Planting might not be
necessary, but in areas of high erosion, annual grasses could be used as a green mulch. Our cost
estimates include restoration to tall-grass prairie. No credit was taken for possible resale of the
restored land. If the land were resold as new farmland, the total net costs would only be a few
hundred thousand dollars per km?2 lower.

Both on-site and off-site waste disposal costs were estimated, at the same cost per m3 as for
mixed-use urban land.

F.6.3.3 Deserts, Semi-Arid Grasslands, and Rangelands
The restoration of deserts, semi-arid grasslands, and rangelands under CERCLA was analyzed.

True deserts make up only 0.4% of the U.S. land surface. Prairies, many of which are semi-arid,
are by far the largest biome, making up 49.8% of the land surface.

All of the decontamination methods considered would have a destructive impact on desert
ecosystems. In true deserts, those receiving less than 250 millimeters annual rainfall, unassisted
recovery is slow to nonexistent. Deserts are delicate ecosystems and may never recover from
the shock of insult without help. However, assisted reintroduction of plants, along with
protection from browsing animals and supplemental moisture, can make restoration of the desert
ecosystem quite practical. Wallace and Romney (1974) reported on several successful attempts
to restore desert flora in Nevada. Small burrowing mammals do not return (Shinn et al., 1989a),
at least within the first two years, and would need to be reintroduced after mature flora had been
established.

Semi-arid grasslands (the high desert characterized by Sagebrush and Indian Rice Grass) that
have at least 250 millimeters of rain annually can revegetate without assistance. The process can
be accelerated if mulch, seed, and supplemental moisture are provided.

According to EPA (1978), true tall-grass prairies can recover promptly if scraping is only 5-
centimeters deep, even without soil replacement. Deeper scraping removes all the topsoil and
vital organic material, and large areas can recover only slowly. Replacement of the topsoil and
reseeding with a mix of temporary and climax species can bring the system back in a few
seasons. The results of 10 centimeters scraping would be catastrophic for short-grass prairies
without replacement of the topsoil, reseeding, and irrigation. The cost of hauling, dumping and
spreading the clean topsoil, plus soil amendments and seeding was estimated to be approximately
five times the original cost of decontamination.




An optimal situation for cleanup might be marginal rangeland that was already Federally owned.
There would be minimal acquisition cost. Decontamination and restoration would be simpler
than in inhabited areas. Also, though it was not factored into the cost estimates, a less robust
method of on-site disposal than was assumed for urban and farm areas might be utilized. The
minimum on-site waste disposal cost for rangeland is estimated to be about 20 million dollars
per km2, The average population density of rangeland is no more than one person per km?2.

Unless there were valuable mineral resources for which compensation needed to be paid, waste
disposal would be the only important cost component for an accident that contaminated
rangeland. The presence of mineral or petroleum resources on the land would increase costs by
minimizing prospects for on-site disposal.

The cost for restoring desert land would be slightly greater than for farmland because of the
difficulties in restoring a desert ecosystem, but waste disposal would probably remain the
dominant contributor, even if on-site disposal was utilized.

In New Mexico, Utah, Arizona, and Nevada, the average farmland value was found to be
$85,600/km? and the average population density outside of cities was found to be 1.07
persons/km? (Bureau of the Census, 1994).

We estimated the cost of decontaminating uninhabited rangeland by modifying the calculations
for farmland, eliminating villages, and using the average value of privately-owned rural land in
the arid Western states for acquisition cost. The cost of repeated irrigation necessitated by an
arid climate partially offsets the lower cost of acquisition and absence of small towns.
Restoration to short-grass prairie was assumed.

F.6.3.4 Forests
Remediation of forests under CERCLA could be difficult or impractical.

Deciduous forests cover 28.9% of U.S. land area, and coniferous forests cover 7.4%. After
prairies, forests comprise the second most extensive component of U.S. land area.

Decontamination of forests, as explained in Appendix E, is virtually unfeasible. The only
practical method we have been able to find is to completely remove the forest. Other attempts
at decontamination would be extremely costly as well as ineffective. The strategy we analyzed
is for felling and chipping all trees and removing understory brush and stumps. The debris from
tree, brush and stump removal would be hauled to a collection site for disposal. After tree
removal, the soil would be scraped by bulldozers.

Disposal would be a problem and a major cost factor. There would be an large volume of debris
in addition to the soil; we calculated that the volume for disposal would be approximately twice
as great as for farmland. We analyzed costs for both on-site and off-site disposal.




Restoration of forest communities is much more complex than deserts and prairies. Not only is
there a greater richness of species in forest communities, but there are many types of forests.

EPA (1978) states that the determining factor in natural revegetation is proximity to a seed
source. Even barren mine spoils have naturally revegetated if the area was small enough. Areas
of several square kilometers might be too large. Artificial reseeding could be resorted to, but it
would be difficult to get a proper species mix. For example, some understory species only grow
in the shade of mature trees. Forests might not completely regenerate for a century or more,
even with assistance.

Forest land affected by an accident could possibly be restored to a different but still valued use;
for example, farmland or parkland. However, decisions on future land use are highly uncertain
and speculative. We have assumed restoration to parkland. This assumption has been made only
to support a first-order cost estimate; we do not suggest that such a restoration objective is likely,
or even desirable.

F.7 Waste Disposal

Two options were evaluated for waste disposal, on-site and off-site. On-site disposal would
always be less expensive because of savings in transportation costs. However, many locales
prohibit disposal of LLW, and public acceptance is given great weight in the CERCLA decision
process. Costs were estimated for the two options.

The present estimates are based on the assumption that all material removed, whatever its
contamination level, would be disposed of as radioactive waste. The reason for this assumption,
which may be conservative, is that we were not able to estimate what fraction might be free of
contamination. It is also possible that the cost of monitoring and segregating waste would cost
as much as disposing of all waste as if it were contaminated. Waste disposal is a major cost
element, and our conservative assumption is a possibly important source of uncertainty.

We included water used for cleaning as waste to be disposed of. The level of contamination in
the water might be so low that disposal as radioactive waste would be unnecessary. The fraction
of water in the total waste is only about 5%. Contaminated water might be mixed with waste
soil and rubble, so there would probably be little or no additional volume to be disposed of.

F.7.1 On-Site Disposal

For on-site disposal we postulated many precautions taken to minimize the possibility of intrusion
or leakage, based on the public’s aversion to plutonium. We designed a disposal site
incorporating those precautions. The cost would be higher than some other estimates (for
example, Smith and Lambert, 1978; or Dickman, 1982), but we believe that this design for on-
site disposal would have a greater probability of acceptance than would simpler designs. The
unit cost would be approximately double the median cost of current estimates, and slightly higher
than the upper bound estimate, for disposal systems that meet minimum current requirements.
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We designed a disposal site in which waste would be containerized, cement stabilized, and
emplaced in reinforced-concrete lined trenches. The waste would be 5-meters deep and would
be covered with an overburden of 5 meters of cemented broken rock as recommended by
Kennedy (1984). A 0.61-meter thick concrete cap would cover the trench area, with 2.5 meters
of overlap on each side (Levin, 1984).

Our cost estimate for on-site disposal, $318/m?, was obtained by creating a conceptual design,
and then using McMahon (1987) to estimate the total disposal costs. Those calculations were
quite detailed, and included surveying, placement and removal of forms for laying concrete, tying
steel reinforcement, and mixing backfill with cement powder and compaction. The three major
components of the waste disposal cost were (1) emplacing waste (26% of total), (2) installing
overburden (23% of total), and (3) constructing concrete walls, floor, and cap (42% of total).

In our judgement, on-site disposal costs would be only about one-half of our estimates in a well-
sited land burial facility complying with the minimum requirements of 10 CFR 61.

The cost of formal design and permitting was not considered. The engineering and environmen-
tal studies, and legal expenses to obtain a permit for the site could be quite costly if the process
required substantial time or if there were controversy.

F.7.2 Off-Site Disposal

We assumed that the waste would be shipped by truck in commercially-available steel containers,
because such shipments could be made to any present or prospective site. The containers would
actually hold 16 m®, but because of weight restrictions for highway shipment, would have to be
shipped less than completely full for most shipments. The cost of the containers is $7000 each
(Melloy, 1994). Each container could be used for 50 round trips. Waste could be shipped 1609
km (1000 miles) at a cost of $3.50 per mile (Gibson, 1994). A complete round trip is not
necessary, because four empty containers could be returned on a single truck. Some savings
below the cost of $3.50 per mile might be achieved with efficient scheduling.

According to Stevens (1994) the current emplacement cost for low specific activity transuranic
waste at NTS was $353/m® ($10/ft°), but acceptance of waste from outside of NTS was
temporarily suspended (in July 1994) because of a lawsuit brought under NEPA. The NTS
disposal area lacks rail access and waste must be transported there by truck. The emplacement
cost for LSA transuranic waste at Hanford is approximately three times the fee charged by NTS,
$1059/m* ($30/ft>); it is accepting DOE waste as of this writing, and there is rail access to the
Hanford disposal areas that can lower transportation costs relative to truck transport.

Although it is DOE policy (DOE, 1988a) that waste material generated in the course of its
operations be disposed of in DOE facilities, waivers can be obtained to dispose of DOE waste
at commercial disposal sites (Stevens, 1994). Exemptions are being issued by the DOE to place
low level waste with Envirocare of Utah, near Salt Lake City, UT. As reported in Appendix A,




the fee charged for disposal of EPA waste from the Montclair—East Orange radium soil site was
$288/m> ($220/CY). That value was utilized in our cost estimation.

Mr. Kent Parker of Envirocare stated (1994) that their facility in Utah could handle in excess of
a million cubic meters of waste material. The assay limit for the alpha-emitting transuranics in
weapons grade plutonium in a single shipment is 9.9 nCi/g. He speculated that the fee charged
for a million cubic meters might be 20% less than the fee being charged for the 76,000 m* of
waste from the NJ radium soil site.

We estimated a total cost for off-site disposal of $666/m>. Transportation cost, including loading,
unloading, and tie-downs, accounts for slightly over half of the total. We believe this to be a
realistic estimate for off-site disposal. We also made a pessimistic estimate, with shipment in
55-gallon drums and retrievable emplacement at a cost 20% higher than for disposal at NTS.
The pessimistic estimate, including transportation, was nearly $2,000/m”>.

F.7.3 Volume Reduction

TMA-Eberline, Inc. has designed and produced a machine, the "Segmented Gate" system, for
waste sorting that is now being used at Johnston Island (Moroney, et al., 1993). Johnson (1994)
stated that the cost of processing would be about $60-70 per cubic yard ($78-92/m3). A 50-60%
volume reduction is possible for most soils. We did not consider volume reduction in our
analysis because there would be little cost savings for waste containing building rubble, which
would probably have to be ground up, and because of the modest volume reduction achievable
with current technology. However, even at existing technology levels, the Segmented Gate
System or similar commercially available technology might be worth considering for farmland
or rangeland decontamination, because waste disposal is a major cost element.

F.8 Cost Estimate Results

Cost estimates are presented on Area-Related and Per-Capita bases in Sections F.8.1 and F.8.2.
Section F.8.1 presents costs estimates for expedited remediation; Section F.8.2 presents costs
estimates for extended remediation under CERCLA.

The method used to derive Area-Related costs was described in Sections F.2, F.3, F.4, and F.6;
the method used to derive Per-Capita costs was described in Section F.5.

F.8.1 Expedited Remediation

The area-related and per-capita costs for expedited remediation of lightly contaminated mixed-use
urban areas are shown in Table F-4. These costs have been calculated for off-site waste disposal.




Table F-4
Expedited Remediation of Lightly Contaminated Mixed-Use Urban Areas
($ million / km2)

Area-Related Major Per-Capita
Usage Type Cost Component Cost Total
Regsidential $§72.4 Disposal $2.8 $§75.2
Commercial $195.3 Decontamination $0.0 $195.3
Industrial $674.0 Disposal $0.0 $674.0
Streets $§15.9 Disposal $0.0 $15.9
Unoccupied $§81.1 Disposal $0.0 $81.1
Combined $124.6 Disposal $2.8 $127.4

Fencing costs of $76 per meter of perimeter should be added to the above costs.

Table F-5 shows costs for the expedited decontamination of moderately contaminated urban areas.

Table F-5
Expedited Remediation of Moderately Contaminated Mixed-Use Urban Areas
($ million / km3)

Area-Related Major Per-Capita
Usage Type Cost Component Cost Total
Residential $163.9 Decontamination $3.5 $167.3
Commercial $295.5 Decontamination $0.0 $295.5
Industrial $704.2 Disposal $0.0 $704.2
Streets $18.5 Disposal $0.0 $18.5
Unoccupied $85.7 Disposal $0.0 $85.7
Combined $174.5 Disposal §3.5 $178.0

As before, fencing costs of $76 per meter of perimeter should be added to these costs.

Table F-6 shows costs for the expedited remediation of heavily contaminated urban areas.

Table F-6
Expedited Remediation of Heavily Contaminated Mixed-Use Urban Areas
($ million / km2)

Area-Related Major Per-Capita
Usage Type Cost Component Cost Total
Residential $301.2 Compensation $4.8 $306.0
Commercial $851.2 Compensation $0.0 $851.2
Industrial $1,245.9 Disposal $0.0 $1,245.9
Streets $247.7 Disposal $0.0 $247.7
Unoccupied $95.2 Disposal $0.0 $95.2
Combined $391.4 Compensation $4.8 $396.2

As before, fencing costs of $76 per meter of perimeter should be added to these costs.
If the streets and utilities were decontaminated and left in place, there would be a saving of $33.2

million per km?. If, in addition, no restoration was carried out except for replacing and grading
topsoil, there would be a cost saving of $34.7 million per km?2.
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Figure F-1 is a graphical representation of the components of our estimated area-related cost for
the combined urban land-use area. Other costs (including site characterization and certification,
access control, emergency actions, and site restoration) are insignificant contributors for light and
moderate contamination areas, and barely noticeable for heavy contamination areas.

This figure clearly shows that for the expedited remediation scenario, compensation and disposal
costs are the most important factors in the very large increase in cost between moderate and
heavy contamination areas. This is because we expect that decontamination costs would be lower
for heavily contaminated areas than for moderately contaminated areas, since demolition was
estimated to be less expensive than thorough cleaning.If a highly protective on-site waste disposal
system were utilized, disposal costs would be reduced by $39.1 million for light contamination,
$42.3 million for moderate contamination, and $89.3 million for heavy contamination. The
savings would be approximately twice as great for a less protective disposal system that just met
current requirements.

Compensation in Tables F-4 and F-5 refers to compensation to private and business property
owners for damage to or disposal of property, and to business firms for lost income.
Compensation in Table F-6 also includes the cost of acquisition of property. Compensation is
one of the major determinants of total cost. The amount of compensation depends on a multitude
of unpredictable economic, political, and social factors. This is a source of uncertainty that could
be explored; the extent can be estimated, but the uncertainty cannot be removed.

The cost of decontaminating lightly to moderately contaminated highways or airport runways
would be similar to the cost of decontaminating streets; $16 per m? of road surface for lightly
contaminated roads, and $18 per m? for moderately contaminated roads. The cost could be
reduced by about $6 per m? for both light and moderate contamination if a highly protective on-
site disposal system were utilized. The cost for decontaminating shoulders, ditches, and adjacent
areas (on level land) would be similar to costs for farmland or rangeland; about $74 per m?, with
off-site disposal.

Heavily contaminated highways could be demolished and rebuilt. However, it would be more
economical to attempt decontamination. 100% planing and resurfacing might be adequate; this
would only increase the cost to about $22 per m2. With highly intensive decontamination—100%
planing in two passes, followed by an additional washing pass—the cost would be $58 per m2
The cost of decontaminating adjacent heavily contaminated adjoining land would be little higher
than for moderately contaminated land.

The cost of decontaminating adjacent land could be reduced by $35 per m? for both light and
moderate contamination, if a highly protective on-site disposal system were utilized. The cost
of decontaminating adjacent land could greatly exceed the cost of decontaminating the highway
surface.

The cost of constructing a detour around the contaminated area is estimated to be $235 per meter
of detour length for a light duty, 15-meter wide roadway, assuming level land, and that no
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culverts or bridges would be required. The estimate is thus optimistic; the cost for the detour
could easily be double or triple this amount. The cost would also be higher for a heavy duty
roadway. Fencing costs of $76 per meter should also be added to the cost of decontamination.

The cost of expedited decontamination of farmland and rangeland was not specifically addressed
in our research. However, a reasonable estimate can be made by subtracting the acquisition cost
from the estimated cost for extended remediation of farmland and rangeland. If this is done,
heavily contaminated farmland would cost approximately $38 million per km? and rangeland
would cost approximately $37 million per km2. These estimates assume on-site disposal.

As previously explained, the cost would not differ greatly for moderate or light as opposed to
heavy contamination, because the depth of soil to be removed depends more on the equipment
used and the skill of the operator than on the degree of contamination. However, if the terrain,
or the depth of migration of plutonium were such that scraping was difficult, or more than an
average of 10 centimeters of soil needed to be removed, the cost could be significantly higher.
If more than 10 centimeters average depth of soil had to be removed, the cost would be $3.3
million/km? per centimeter of additional depth for on-site waste disposal, and $6.8 million/km?
per centimeter for off-site waste disposal.

F.8.2 Extended Remediation under CERCLA

The history of CERCLA cleanups suggests that the process could be extremely time consuming.
There is virtually no history that is directly applicable (see Appendix A); and the available
experience may not be very applicable to a larger area of dispersal, especially if residences were
contaminated. The public aversion to plutonium could lead to conflicting tendencies. The
possibility of many challenges to any plan could tend to lengthen the process, and pressures to
decontaminate the site as rapidly as possible could tend to shorten the process. We have
arbitrarily selected a time of five years to complete remediation. The total cost is not strongly
dependent on the time duration.

Fixed costs for the Remedial Investigation/Feasibility Study (RI/FS) and the Remedial Design
(RD) should be added to the total costs for each site. According to EPA (1995a) the average cost
for the RI/FS is $1.35 million, and for the RD the cost is $1.26 million.

F.8.2.1 Rangeland and Farmland

The method of calculating the cost of acquisition of farmland and rangeland was described in
Sections F.6.3.2 (for farmland) and F.6.3.3 (for rangeland) of this appendix.

Site characterization and certification costs are assumed to be the low average for both farmland
and rangeland. Emergency actions are assumed to be limited to crop removal (for farmland
only), windrowing with water spraying to hold down dust, and repeated water spraying as a
fixative. Cost estimates are based on level land without woods or heavy brush. If farms and
ranches included areas of woodland or heavy brush, the cost of early actions could be
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significantly higher. Decontamination of included small towns would be similar to decontami-
nation of urban sites. Decontamination of farmland includes removal of topsoil to a depth of 10
centimeters. Farm buildings would also be demolished and removed.

The density of farm buildings is highly variable. The average population density of Midwest
farm country is 12 persons per km?; on the average, there are approximately four persons per km?
living in included villages. If the average household size is the same as for residential urban
areas, there would be about 2.5 households per km2.

We have assumed that farm buildings and equipment are equivalent to 2.5 urban residences per
km2  This estimate is probably optimistic, because farmsteads typically have barns and
outbuildings as well as residences. However, the cost of demolishing farm buildings is low
compared to other costs, and the density of buildings is not a major source of uncertainty.
Rangeland has been assumed to contain no buildings.

Table F-7 shows costs for delayed decontamination of farmlands. Table F-8 shows costs for
delayed decontamination of semi-arid Western rangeland.

Table F-7
Extended Decontamination of Midwest Farmlands
($ million / km?2)
Site Characterization $ million/km?
Acquisition
Accesgs Control
Emergency Actions
Decontamination
Waste Disposal
Restoration
Certification
Total Area-Related Cost for Farmland
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If off-site disposal were utilized, the cost of disposal would be increased by approximately $35.1
million, and the total area-related costs would be $74 million/km2.




Table F-8
Extended Decontamination of Western Rangeland
($ million / km?)
Site Characterization $ million/km?
Acquisition
Access Control
Emergency Actions
Decontamination
Disposal
Restoration
Certification
Total Area-Related Costs for Rangeland § 37.

w
OWROODODOO

.3
1
3
2

.7
8
7
3
5

million/km?

If off-site disposal were utilized for rangeland, the disposal cost would be increased by $34.8
million, and the total cost would be $72.3 million per km?2.

The area-related costs for rangeland are only slightly lower than for farmland. Although the cost
of acquisition and compensation would be lower, the disposal cost is a major fraction of the total
cost, and the volume for disposal is not much lower for rangeland than for farmland.

The per-capita costs are very low for farmland and zero for rangeland, and can be ignored.
Fencing costs of $76 per meter of perimeter should be added to the estimates.

Because waste disposal is overwhelmingly the dominant cost element in the remediation of
farmland and rangeland, it would be fruitful to explore the possibility of a less protective on-site
disposal method. It appears possible to reduce the cost of disposal by about 50% if a less
protective disposal system were utilized.

F.8.2.2 Forests

We estimated the cost of acquisition for forest land to be the same as for farmland. Marginally
useful forests could be less valuable, but highly productive forests could be more valuable than
average farmland. Even if the value of the harvestable timber in productive forests were added
in, the acquisition cost would still be a small fraction of the total cost.

Access control could cost approximately the same as for farmland, except for the cost of fencing.
The fence line would need to be cleared of trees and brush, which would increase the cost of
fencing from $76 per meter to $132 per meter. Emergency actions are assumed to be limited to
aerial spraying of water. Costs quoted from several sources by Tawil and Bold (1990-DRAFT)
for aerial spraying show great variability. We have conservatively taken the high end cost, which
is approximately four times the cost of mechanized ground spraying.

We analyzed the costs of felling trees, removing stumps, clearing brush, and scraping soil to an
total depth of 10 centimeters. The cost of scraping soil is probably optimistic; forest soils often
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contain boulders, and stump pulling could mix some of the plutonium deeper into the soil so that
more than an average of 10 centimeters. would have to be removed. We assumed that the central
site for debris collection and treatment was within 3.2 km (2 miles) of the area being cleared.
A longer or shorter distance for hauling would make only a small change in the total costs.

Restoration to parkland was assumed. We assumed that all fertile soil would have been removed
during scraping, and would have to be replaced.

Table F-9 summarizes the costs for delayed decontamination and remediation of forest land
utilizing on-site waste disposal.

Table F-9
Costs for Remediating Plutonium-Contaminated Forests with On-Site
Waste Disposal
($ million / km2)
Site Characterization $ million/km?
Acquisition
Access Control
Emergency Actions
Decontamination
Waste Disposal
Restoration
Certification
Total Area-Related Costs for Forests

N
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million/km?
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The area-related costs would increase by approximately $51.3 million to a total of $131.6 million
per km? for off-site disposal. Because of the lack of inhabitants and the high cost of waste
disposal for forest areas, it is instructive to see how much costs might be lowered if a disposal
system that satisfied only the minimum requirements of 10 CFR 61 was used for on-site waste
disposal; the disposal cost would then be reduced by about 50% from our estimates. This would
reduce the total area-related cost for forest to about $47.2 million per kmZ

For forest areas, fencing costs of $132 per meter of perimeter length should be added to the area-
related costs. There are no per-capita costs, because the forest is assumed to be uninhabited.

There could also be considerable capital and waste disposal expenses, which we have not
estimated, for the logging and chipping equipment. A plant similar to those used in chipping
wood for particle board could be constructed on-site. The plant might itself become contaminat-
ed, and thus might represent a disposal liability at the end of the project, increasing the cost.

The very high cost of decontamination, waste disposal, and reclamation might completely dwarf
the monetary value of forests being reclaimed. Reclamation might well be considered unfeasible
because of the high cost. Paajanen and Lehto (1992) took note of the high cost of remediation,
and recommended that long-term interdiction of forests be considered as an alternative.
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F.8.2.3 Mixed-Use Urban Areas

The remediation of mixed-use urban areas under CERCLA was found not materially different
from the expedited decontamination of heavily contaminated areas as shown in Table F-6. The
cost of access control increases by about one million dollars per km?, because we assumed a
longer total elapsed time of five years under CERCLA. The per-capita costs would be somewhat
higher than our estimates if the acquisition of property was not achieved within one year.
However, the per-capita costs are small compared with other costs.

Acquisition, compensation, and emergency action costs for a mixed-use urban area are estimated
to be approximately $176 million per km2. Access control costs would be approximately
$248,000 per km? per year. Annual respraying of fixative would cost an additional $287,000 per
km? per year. Acquisition and long-term access control of such areas, in conjunction with
fixative spraying and periodic monitoring, is a possible alternative to remediation that would
lower costs in comparison to our estimates.

F.9 Construction Cost Indexes and Inflators

The data sources we used all gave costs in various prior year dollars. Inflation would cause these
estimates to be optimistic for today’s economy. There is no certain method for translating costs
from year to year, and inflation rates for a given year can vary widely across industries and
product categories.

Price indexes are given in Bureau of the Census (1994) for many distinct fields. The Bureau of
Reclamation Construction Cost Index (ibid.: Table 1194) is the most relevant index for heavy site
construction work. We also used specific indexes for furniture and personal effects, housing
rental, and home construction, wherever appropriate. We used the Consumer Price Index (CPI)
for those cases for which a specific index was not applicable.

It was our intent that all of cost estimates derived in the present research be given in 1995
dollars. However, cost indexes were not available to us for 1995. We found that linear
regression on past years gave an excellent predictor for every year (12>0.97). We extrapolated
the regression line for each index to 1995 to derive an inflator for previous years. The inflator
for translating an estimate from year x to year y is (Index-for-year-y) / (Index-for-year-x); it is
independent of the base year. Any uncertainty or error introduced by use of the regression line
or by extrapolation is judged to be minimal compared to the much greater uncertainties inherent
in our cost overall estimates.
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Appendix G

Cost Calculation Spreadsheets

The following spreadsheets were developed using Lotus 1-2-3®. The calculations used for this
report were performed using 1-2-3 Release 5. The same spreadsheets were also tested for
operability under 1-2-3 Release 2.2 and Borland Quattro Pro® for DOS Version 5.0, and found
to operate correctly, though the built-in graphic outputs were then unavailable.

The first worksheet, DATA.WKI1, contains the basic data for most of the higher level
worksheets. The first data block lists the codes for the references to be used in the body of the
worksheet. The second data block gives conversion factors that are used in all other worksheets;
these conversion factors are based on exact values. The third data block lists inflators: Bureau
of Reclamation, Engineering News-Record (Housing Construction), Household Furnishings and
Operations, and Consumer Price Index. These inflators translate a price or cost in dollars of
the given year to 1995 dollars. The main body of the worksheet has 13 columns, as follows:

Col. Code Description
1 Item A description of the operation for which data are given.
2 Srce The identifier code for the reference source from which the datum was
taken.
3 Loc The page number or table number in the reference source where datum
was found.
4 $/Unit The datum as found in the reference.
5 Un The units for the original datum.
6 Factor The factor to be applied for work in a contaminated environment.
7 Yr The year for which costs were originally quoted.
8 Infl Inflator to translate original costs to 1995 dollars; an inflator of 1.00 is
used for nonmonetary data.
9 Curr The cost in 1995 dollars; (original cost) X (inflator) X (Contaminated
Work Factor).
10 Un The units to be used in higher level worksheets.
11 $/Unit The cost to be used in higher level worksheets.
12 Name The name of the variable (not used for every item).
13 Formula The formula used to calculate the value to be used in higher level

worksheets; "X" in the formulas usually refers to the value in column 11.

The items in the data worksheet are segregated according to the way they will eventually be
used. Many of the cost items are combined into a higher level within this worksheet.
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The next higher level worksheets, URBLIT, URBMOD, and URBHVY calculate expedited
decontamination costs for light, moderate, and heavy contamination of an urban setting. The
provenance of each datum used is given in these worksheets. RANGEON, FARMON and
FOREST give costs for extended remediation under CERCLA with on-site waste disposal for
rangeland, farmland, and forest. ONSITE and OFFSITE calculate unit disposal costs, which
are used in the preceding higher level worksheets. CITIES calculates the average population
density of all cities with populations of 100,000 or more; 180 cities are included. FARMVAL
calculates the average value of Midwest farmland and Western rangeland. CCI calculates the
cost inflators used in the second data block of worksheet DATA.
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WORKSHEET "FOREST.WK1"
Forest Costs: Off-Site Disposal Subtotal % of Tot.

Site Characterization/Certification $1,359,000 1.7%
Acquisition: Same as farmland $307,563 0.4%

Access Control
Guards, per month $10,320
Guards: 5 yr, 2 SgKm/guard $309,600 0.4%

Emergency Actions
Cost of ground level spraying $70,063
Aerial spraying (4x ground level) $280, 253 0.3%

Decontamination

Fell & chip trees $3,064,107

Stump removal $1,639,132

Brush removal $245,458

Excavate 10 cm. $/CM 3.400672 $340,067 Note 1

Load & haul 2 mi $/CM 3.753818 $788,738

Total decontamination $6,077,502 7.5%

Disposal

Onsite disposal cost $318.29

Dirt+chipst+brush (CM) 210116 Note 1

Onsite disposal $66,877,576 Debris Vol X Onsite Cos

Total Disposal $66,877,576 82.7%
Restoration to parkland

Load, spread, & compact loam $/SgM $3.432

Plant trees $/SqM $0.331

Prep area and seed grass $/5qM $1.513

Irrigate (x2) 36509.1 $/SqgM $0.073

Total restoration $/SqM $5.349

Total Restoration $/SqKm $5,349,026 6.6%

Certification $/SqKm $312,027

TOTAL AREA RELATED COST FOR FOREST LAND $80,872,547 99.6%
Per Capita: No inhabitants $0
TOTAL COSTS FOR FOREST LAND (OFF-SITE) $80,872,547
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PERIMETER-RELATED COSTS:

15 meter wide perimeter clearing

Fell & chip trees $3,064,107 $/M $45.96
Clear brush $245,458 $/M $3.68
Load & haul $3.754 $/M $6.20
Fencing $/M $76.12

Total fencing:

Note 1: Volume of Debris

$/M $131.96

10.7639 SqFt/SqM
35.31467 Cu Ft/Cu M

Trees: Cyl. 2 ft diam. x 30 ft. high

Cone 2 ft. diam 30

ft. high
Total trunk

Branches, twigs, leaves, equal to trunk

Total each tree
Trees @ 30 ft spacing,

11959.9 Trees/SqgKm

Brush, stumps, fallen logs (Estimated)
Dirt
Total debris

2.6688 Cu.
0.8896 Cu.
3.5584 Cu.
3.5584 Cu.
7.1168 Cu.
85116 Cu.
25000 Cu.
100000 Cu.
210116 Cu.

TZIXTTTZZETXX




WORKSHEET "ONSITE.WK1"

On-Site Disposal Cost For 1 m length % of Tot.% of Tot.
CuYd/CuM 1.307951
FL/M 3.28084
SqFt/SqM 10.76391
SqYd/SqM 1.19599

Excavate ditch

Surveying, $1.74/LF, 2 sides $13.19 0.1%

10 m x 15 m, per m, by dragline $687.97 $2.53/CY 4.3%

Compact base, $0.74/SF $110.40 0.7%

Total ditch $811.55 5.1%
Concrete floor

10 sq m x .254, CM 2.54

Setting forms, $1.69/SF $210.11 1.3%
Reinforcing, Set & Tie, $1.75/SF $217.57 62# Mesh 1.4%

Setting joint ass’y $1.50 0.0%

Place concrete, $83.45/CY $320.21 2.0%

Finish Concrete $0.65/SF $80.81 0.5%

Strip forms, $0.72/SF $89.51 0.6%

Curing, $2.65/SY $36.61 0.2%

Total floor $956.31 6.0%
Concrete walls

10 sq m x .254, CM 2.54

Fabricate forms, $1.34/SF $166.59 1.0%

Erect & align forms, $6.05/SF $749.51 4.7%

Footing forms $45.85 0.3%
Reinforcing (Set & Tie $1.75/SF) $217.57 62# Mesh 1.4%

Place concrete, $77.31/CY $319.67 Note 1 2.0%

Finish concrete $0.65/SF $80.81 0.5%

Curing, $1.58/SY $21.83 Note 1 0.1%

Strip forms, $.50/SF $62.16 Note 1 0.4%

Backfill and compact, CM 50 $157.87 1.0%4

Total walls, each $1,821.85 11.4%

Total walls, for 2 $3,643.70 22.9%
Emplace waste

5m x 10 m, CM 50

Load waste, $0.47/CY $35.50 0.2%

Haul 1 mi., $2.15/CY $162.40 1.0%

Cement fixing, same as mixing con $1,989.57 12.5%
Containerize, $40/CM $2,000.00 12.6%

Total emplacement $4,187.47 26.3%
Overburden

Rock, transp. 10 mi. to site $1,339.98 8.4%

(Rock, $11.29/CY, haulage *6.05/CY)

Concrete fil1, $77.31/CY $2,335.82 40% voids 14.7%

Total overburden $3,675.79 23.1%




Concrete cap

1I5mx1mx .305, CM 4.575

Forms $1.69/SF $315.16 2.0%
Reinforcing $3.50/SF (#3 Rebar) $652.70 4.1%

Placing & tying $108.16 0.7%

Place Concrete, $83.45/CY $576.75 3.6%

Finish concrete $121.22 0.8%

Strip forms, $0.72/SF $134.27 0.8%

Curing $54.91 0.3%

Total Cap $1,963.16 12.3%
Load excess dirt $0.47/CY $35.50 0.2%

Haul 3 mi.,$3.09/CY $233.40 1.5%

Grade dirt, $3.38/CY $255.31 1.6%

Total for excess dirt $524.21 3.3%
Fencing & misc. 76.11549 $/M $152.23 1.0% 1.0%
Total cost for 50 CM $15,914.43 100.0%  100.0%
Cost per CM $318.29

For use in other worksheets
Unit costs from 1988 Dodge Heavy Construction Cost Data

Inflator, 1988 to 1995 1.1928
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WORKSHEET OFFSITE.WK1
Transportation cost

Allowable wt.=45,000# 16.67 CY (@100 pcf)
Cu Yd/ Cu M 1.308 CY/CM

Per trip
Ship waste on trip-lease
Freightage, $3500; 1000 mi. @ $3.50/mi. $3,500.00
Return containers (4 per trip) $875.00
Loading & unloading ($.48/CY, twice) $19.08
Container-$7000, 50 trips $140.00
Fasten down cover,.5 hr.,2 riggers,$19.90/hr $23.74
Load on truck bed, same $23.74
Crane & operator, 1 hr. @ $192.17/hr $229.22
Total trip cost $4,810.78
Cost per CY (trip cost/16.67) $288.65
Cost per CM $377.54
Emplacement cost $288.00
Cost per CuM $666.18
inflator, 1988 to 1995 1.1928
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WORKSHEET "FARMVAL.WK1"
Unit Value of Farm Assets
State Assets Acreage Sq. Km.
$

IL 5.08E+10 2.80E+07 1.11E+05
OH 2.41E+10 1.50E+07 5.95E+04
MI 1.56E+10 1.03E+07 4.09E+04
MN 3.55E+10 2.66E+07 1.06E+05
IN 2.64E+10 1.60E+07 6.35E+04
IA 5.41E+10 3.30E+07 1.31E+05
NE 3.61E+10 4.70E+07 1.87E+05
KS 3.07E+10 4.80E+07 1.90E+05
Totals 2.73E+11 8.88E+05
Value/Sq. Km. 3.08E+05
RANGELAND
NM 1.12E+10 4.40E+07 1.75E+05
1D 1.18E+10 1.39E+07 5.52E+04
WY 6.56E+09 3.36E+07 1.33E+05
ut 5.86E+09 1.10E+07 4.37E+04
AZ 1.13E+10 3.60E+07 1.43E+05
NV 2.78E+09 9.00E+06 3.57E+04
Totals  4.95E+10 5.85E+05
Value/Sq. Km. 8.46E+04

Data from Bureau of Census, 1994.
Assets for 1992 (Table 1096)

Not adjusted for inflation or farm d
Acreage for 1993 (Table 1084)




WORKSHEET "CCI.WK1"

Cost and Price Indexes

BuRec: Bureau of Reclamation Composite
ENR: Engineering News Record Buildings
HF&0: Household Furnishings and Operations
CPI: Consumer Price Index

Year BuRec ENR HF&0 CPI
8 81. 76.5 86.3 82.

98. 95.5 103.8 107.

99, 97.7 105.4 109.

103. 102.2 109.4 118.

107. 103.6 111.2 124.

111. 106.3 113.3 130.

114. 108.3 116.0 136.

116. 111.5 118.0 140.

119. 117.9 119.3

COOOOOOOOOO
WNRNDSLWOH O

—
s
=
(8]

Regression on BuRec Cost Index
Regression Output:
Constant -149,051
Std Err of Y Est 1.083172
R Squared 0.992547
No. of Observations 9
Degrees of Freedom 7

X Coefficient(s) 2.883446
Std Err of Coef. 0.094437

Regression on ENR Cost Index
Regression Output:
Constant -151.569
Std Err of Y Est 1.940559
R Squared 0.976349
No. of Observations 9
Degrees of Freedom 7

X Coefficient(s) 2.876098
Std Err of Coef. 0.169189

Regression on HF&0

Regression Output:
Constant -107.634
Std Err of Y Est 1.687113
R Squared 0.975539
No. of Observations 9
Degrees of Freedom 7

X Coefficient(s) 2.457686
Std Err of Coef. 0.147092

Regression on Consumer Price Index
Regression Output:
Constant -303.304
Std Err of Y Est 1.358123
R Squared 0.995785
No. of Observations 9
Degrees of Freedom 7
X Coefficient(s) 4.815287
Std Err of Coef. 0.118409




Inflators Calculated from Regression 1ines
Year Inf(BuRecInf(ENR) Inf(HF&0)Inf(CPI)
75 1.86 1.90 1.64 2.66
76 1.78 1.82 1.59 2.46
77 1.71 1.74 1.54 2.28
78 1.65 1.67 1.50 2.13
79 1.59 1.61 1.45 2.00
80 1.53 1.55 1.41 1.88
81 1.48 1.49 1.38 1.78
82 1.43 1.44 1.34 1.68
83 1.38 1.40 1.31 1.60
84 1.34 1.35 1.27 1.52
85 1.30 1.31 1.24 1.45
86 1.26 1.27 1.21 1.39
87 1.23 1.23 1.19 1.33
88 1.19 1.20 1.16 1.28
89 1.16 1.17 1.13 1.23
90 1.13 1.13 1.11 1.19
91 1.10 1.10 1.08 1.14
92 1.07 1.08 1.06 1.10
93 1.05 1.05 1.04 1.07
94 1.02 1.02 1.02 1.03
95 1.00 1.00 1.00 1.00

For use in Worksheet "DATA.WK1"




WORKSHEET "CITIES.WK1"
City Name

Abilene TX
Akron

Albany
Albuquerque NM
Alexandria
Allentown
Amarillo
“Anaheim

Ann Arbor
Arlington TX
Atlanta
Aurora CO
Austin TX
Bakersfield
Baltimore
Baton Rouge
Beaumont TX
Berkely
Birmingham
Boise

Boston
Buffalo

Cedar Rapids
Charlotte
Chattanooga
Chesapeake VA
Chicago

Chula Vista CA
Cincinatti
Cleveland
Colo Sprgs
Columbia SC
Columbus GA
Columbus OH
Concord CA
Corp. Christi
Cucamonga
Dallas

Dayton

Denver

Des Moines
Detroit
Durham NC

E1 Monte CA
E1 Paso

Erie PA
Escondido CA
Eugene OR
Evansville, IN
Flint MI

Fort Lauderdale
Fremont CA
Fresno

Ft. Wayne

Ft. Worth
Fullerton CA
Garden Grove CA
Garland TX
Gary IN

Pop.
Thousands

107
223
100
379
111
105
166
245
110
258
420
219
465
175
751
235
114
103
277
126
578
314
109
368
173
152
2978
135
163
521
283
103
179
570
111
261
101
987
178
492
193
1036
137
106
511
109
109
113
126
141
149
167
307
180
427
114
143
180
117

Area

SqMi
103.1
62.2
21.4
108.39
15.3
17.7
89.1
45.75
25.9
127.22
129.53
82.47
156.04
91.8
76.4
41.48
80.1
10.5
96.55
148.5
48.23
36.81
40.6
161.5
126.06
118.4
225.91
29
32.93
71.78
135.58
117.1
229.4
182.51
29.5
117
37.8
363.68
42.02
110.98
66.75
117.08
69.3
9.5
287.24
22
35.8
38
40.7
33.8
. 37.4
98.99
91.51
54.92
266.02
22.1
17.9
72.36
50.2

P. Dens.

Persons/SqMi
1038
3585
4673
3492
7255
5932
1863
5349
4247
2024
3244
2652
2978
1906
9835
5673
1423
9810
2872
848
11980
8519
2685
2278
1370
1284
13180
4655
4941
7264
2088
880
779
3121
3763
2230
2672
2715
4236
4435
2890
8848
1977
11158
1779
4955
3045
2974
3096
4172
3984
1683
3356
3274
1604
5158
7989
2493
2331




Glendale AZ 148 52.2 2835

Glendale CA 180 30.6 5882
Grand Rapids 185 44 .25 4190
Greensboro NC 182 70.52 2581
Hampton VA 134 51.8 2587
Hartford CT 140 17.2 8140
Hayward CA 111 43.5 2552
Hialeah 162 21.65 7487
Hollywood FL 122 27.3 4469
Honolulu 376 293.83 1280
Houston 1698 591.88 2869
Huntsville 160 164 .4 973
Hunt. Beach CA 187 29.6 6314
Independ. MO 112 78.2 1432
Indianapolis 727 365.19 1991
Inglewood CA 110 9.2 11957
Irvine CA 110 42.3 2600
Jackson MS 201 105.12 1914
Jacksonville 635 892.42 712
Jersey City 218 12.85 16934
Knoxville 172 75.71 2273
KS City KS 162 108.07 1500
KS City MO 439 309.59 1418
Lakewood CO 126 40.8 3088
Lansing MI 127 33.9 3746
Laredo 123 32.9 3739
Las Vegas 211 70.34 2994
Lexington KY 226 313.91 719
Lincoln NB 188 65.56 2866
LittTle Rock 180 90.38 1996
Livonia MI 101 35.7 2829
Long Beach 415 57.19 7257
Los Angeles 3353 525.5 6380
Louisville 282 56.65 4974
Lowell MA 103 13.8 7464
Lubbock 188 97.31 1933
Macon 107 47.9 2234
Madison WI 178 56.3 3165
Memphis 645 263.56 2448
Mesa AZ 280 125.07 2242
Mesquite TX 101 42.8 2360
Miami 371 32.97 11256
MiTwaukee 599 90.45 6627
Minneapolis 345 51.11 6744
Mobile 209 128.1 1630
Modesto 165 30.2 5464
Montgomery AL 194 139.31 1389
Nashville 481 507.27 949
New Haven 130 18.9 6878
New Orleans 532 189.76 2802
New York City 7353 312.96 23494
Newark 314 22.88 13715
Norfolik 287 56.88 5037
Oakland 357 56.8 6283
Oceanside CA 128 40.5 3160
0K City OK 434 651.27 667
Omaha 353 102.3 3453
Ontario CA 133 36.8 3614
Orange CA 111 23.3 4764
Orlando 165 67.3 2452
Overiand Pk XS 112 55.7 2011
Oxnard CA 143 24.4 5861
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Pasadena CA 132 23 5739

Pasadena TX 119 43.8 2717
Paterson NJ 141 8.4 16786
Peoria 114 40.9 2787
Philadelphia 1647 132.68 12413
Phoenix 924 378.92 2438
Pittsburgh 375 48.68 7707
Plano TX 128 66.3 1931
Pomona 132 22.8 5789
Portland OR 419 117.66 3557
Providence 161 18.5 8703
Raleigh NC 187 66.85 2793
Reno 134 57.5 2330
Richmond VA 213 58.44 3650
Riverside CA 211 87.53 2406
Rochester NY 230 32.51 7069
Rockford IL 140 45 3111
Sacramento 338 117.76 2872
Salem OR 108 41.5 2602
Salinas CA 109 18.6 5860
Salt Lake City 160 109 1468
Savannah GA 138 62.6 2204
Scottsdale AZ 130 184.4 705
Seattle 502 85.42 5879
Shreveport 218 84.76 2572
Sioux Falls 101 15.1 2239
Spokane 171 51.58 3313
Springfield IL 105 42.5 2471
Stamford CT 108 37.7 2865
Sta. Ana 240 31.75 7543
Sta. Rosa CA 113 33.7 3353
Sterling Hts MI 118 36.6 3224
Stockton 191 50.93 3744
St. Louis 404 54.36 7426
St. Paul 259 49.87 5196
St. Petersburg 235 56.24 4186
Sunnyvale 117 21.9 5342
S. Antonio 941 314.99 2988
S. Bend IN 106 36.4 2912
S. Ber’do 119 55.1 2160
S. Diego 1070 391.19 2736
S. Francisco 732 49 .57 14759
S. Jose 738 185.34 3984
Tacoma 164 49.46 3316
Tampa 282 87.19 3232
Tempe 142 39.6 3586
Thousand Oaks 104 49.6 2097
Toledo 341 80.74 4221
Topeka 120 55.2 2174
Torrance CA 133 20.5 6488
Tucson 386 115.55 3338
Tulsa 368 189.85 1940
VA Beach VA 365 355.35 1028
Vallejo 109 30.2 3609
Waco 104 75.8 1372
Warren MI 145 34.3 4227
Washington DC 617 60.96 10121
Wichita 295 106.8 2765
Yonkers 183 16.86 10854
TOTALS 61164 18130.19

AVERAGE POP/SQ MI 3374
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Appendix H

Historical Experience Regarding Medical Costs

The majority of the epidemiological information on the cancer risks which can result from
radiation exposure come from studies involving gamma radiation (low-LET) and X-rays. Most
of the available information on the cancer-causing potential of high-LET radiation produced by
plutonium has been obtained from alpha-emitting isotopes of radium, radon, and thorium
(National Academy of Sciences, 1988). There is very little information available on the cancer
risks which result specifically from plutonium.

The best source of data on the cancer-causing potential of plutonium is a long-term study of 26
individuals who worked with ®°Pu during World War II at Los Alamos. Estimates of the total
plutonium body burdens as of 1987 or at the time of death ranged from 1.4 to 86 nCi (52 to 3180
Bq, with a median value of 13.5 nCi (500 Bq). After 42 years of follow-up, only one cancer
among that group, a bone sarcoma which proved fatal, appears to be attributable to the early
plutonium exposure by inhalation. However, Voelz and Lawrence (1991) state that the plutonium
deposition in that subject, with an estimated body burden of 15.1 nCi (560 Bq) at the time of
death, "is estimated to have been below current guidelines for allowable exposures,” indicating
that even low exposures to plutonium among the public could warrant long-term medical follow-
up for the exposed population.

The bone sarcoma subject is estimated to have received approximately 5 rem effective dose in
the forty years following the plutonium intake, a level of exposure the same as the current DOE
annual limit on intake established for radiation workers. The current DOE exposure criterion is
based on previous recommendations of the ICRP. The ICRP (1991b) has since revised the ALI
for °Pu and #°Pu, decreasing it by a factor of two, but at this writing the revision has not yet
been adopted by the DOE. The ALI represents an upper bound on exposures in the workplace,
which must be maintained As Low As Reasonably Achievable (ALARA).

The U.S. experience in the long-term medical monitoring of individuals exposed to radiation
dates back to the epidemiological studies of the atom bomb survivors of Hiroshima and Nagasaki
by the Atomic Bomb Casualty Commission and its successor, the Radiation Effects Research
Foundation (RERF). Those long-term epidemiological studies have provided the principal bases
of the dose-response relationships used by the ICRP and other organizations for setting radiation
protection standards.

A fixed population of 73,330 atomic bomb survivors is being tracked by the RERF (Neriishi et
al., 1991). Eddington (1994) provided information on the cost of the epidemiological program
being conducted. Diagnostic medical examinations are provided every other year to approximate-
ly one half of the study population. The RERF provides no medical treatment and no
compensation for health effects. The annual budget of the RERF, currently 4.3 billion yen, is
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shared by Japan and the United States. Converting to U.S. currency at the exchange rate of 100
yen to the dollar, the annual cost of conducting the program in Japan is $587 per-capita for the
73,300 individuals being studied.

Outside of the U.S., evidence of the possible need to provide long-term medical monitoring for
a large number of individuals is the fact that Switzerland implemented a law requiring that all
nuclear workers, defined as persons subject to the possibility of radiation exposure in the
workplace, are required to be provided with annual medical checkups. The annual checkups
include a personal history, physical examination, and blood counts (Weickhardt, 1991).

Inquiries into U.S. government-paid medical treatment of radiation exposed individuals identified
only one example of such a program. As a result of atmospheric testing of nuclear weapons by
the U.S., residents of the northern Marshall Islands were exposed to radiation and subjected to
multiple relocations. Titus (1986) gives an extensive account of the associated history. Since
1954 the Medical Department of Brookhaven National Laboratory has been providing free
medical care and assessments of the radiation doses received by those residents (Sun et al.,
1994).

It is standard health physics practice to quantify plutonium body burdens at the level of the ICRP
(1991b) ALI, 2.5 rem. Many laboratories are capable of conducting the analyses; but there could
be numerous inconveniences for the individuals being screened. Plutonium excretion rates, even
in a single individual, can vary markedly over time (Voelz and Lawrence, 1991). Also, because
the quantities of plutonium in the urine at the level of the ALI are so low, cross-contamination
from plutonium in the air can occur, even at laboratories with the best reputation for quality.

For quantification of exposures below the ALI a new technology, "fission track analysis"
(Boecker et al., 1991; Sun et al., 1994) is being used to quantify extremely low levels of
plutonium exposure. This technology was developed partly in response to litigation brought by
atomic veterans, some of whom incurred exposures during the atmospheric nuclear tests described
in Appendix E. Fission track analysis of voided urine is claimed to be so sensitive that it can
quantify plutonium body burdens resulting from "background” levels in the environment resulting
from the global fallout produced by past atmospheric nuclear testing.

At present, very few laboratories utilize fission track analysis to quantify plutonium body
burdens. The estimation of body burdens requires the use of metabolic models which specify the
excretion rate of plutonium from the body as a function of time after intake. Those metabolic
models are partially based on experiments in which human subjects were injected with plutonium
(Sun, 1993). It is possible that plutonium excretion rates in a single individual could vary over
time. It is also possible that the excretion rates of plutonium could vary among different
individuals.

These variations would introduce uncertainty into the quantification of plutonium body burdens

but there appears to be little data on how large these uncertainties might be. The possibility of
this problem’s occurrence is supported by a recent event where the application of standard
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metabolic models to a radiation worker with an unusual metabolism led to the underestimation
of his uranium body burden by two orders of magnitude (DOE, 1994d).!

The body burdens in the northern Marshall Islanders are periodically evaluated with lung counts
and fission track analyses of voided urine. Those analyses are performed on a U.S. ship
anchored offshore. Sun et al. (1993) discusses some of the problems that were encountered in
the past when the study population was asked to provide urine samples under unsupervised
conditions. The revised protocol for urine sample collection calls for the study individuals to
wear provided clothing after being decontaminated by showering. For the 24-hour collection
period, they are housed in special quarters on the ship to which access is restricted.

Shinn (1994) stated that the entire population of Palomares, Spain is provided with annual
evaluations of plutonium body burdens. These exams continue despite that fact that ambient air
concentrations of plutonium in the region have declined to a very low level. The subjects are
transported to Madrid on a rotating schedule and housed for several days in order to perform lung
counts and urine analyses. The U.S. contributes some of the funds for this program.

An expansion in the scope of medical monitoring programs for U.S. citizens occurred in August
1989, when, in response to a lawsuit by residents near the Fernald Plant, the DOE agreed to a
settlement in the amount of $78 million. The residents alleged that they suffered adverse health
effects and mental anguish from the plant’s releases of radioactive materials to the environment,
principally natural uranium. A major portion of the settlement funds was allocated for the
establishment of a program to provide for medical examinations of the nearby residents and the
creation of a registry to assemble epidemiological data, see Appendix A.

As the result of legislation, compensation is being paid by the U.S. government to uranium
miners and persons exposed to radiation during atmospheric testing of nuclear weapons who
develop a health effect that is attributable to the radiation exposure. The list of attributable
effects is defined by the government. In FY93, $171 million was appropriated to the Radiation
Exposure Compensation Trust Fund and $57 million was paid out for the 947 claims approved
that year. The average payment was thus $60,000 per-capita (Office of the President, 1994).

Because of variability in a single individual’s plutonium excretion rate, multiple samples would
need to be analyzed. The Los Alamos National Laboratory procedures for the quantification of
an individual’s plutonium body burden require five samples of urine, each voided over a 24-hour
period (ibid.). In past years, workers undergoing the assessment were housed in a hospital or
clinic setting for each 24-hour period, but the high costs, including absence from work, led to
a change of procedures. Currently, workers undergoing the assessment are given plastic bottles
to carry with them during the sampling period.

! The urine of the individual in question had a pH of 10, while pH values for a normal adult
are typically 6. The initial committed effective dose estimate of 82 mrem was later revised to
23.53 rem after extensive laboratory tests and analysis by a multi-organizational team.
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If the plutonium were in a very insoluble form, excretion rates might be so low as to introduce
large uncertainties in the estimated amount of intake. Voelz (1994) indicated that urine analyses
would probably be supplemented with in vivo measurements of radiation emitted from the lungs
of the subject. There are few facilities in the U.S. which have the capability to perform lung
count analyses. Consideration of the possible costs of transportation, housing, and lost income
during such evaluations indicate that the costs of performing lung counts could be very high, in
terms of both monetary cost and the inconvenience to the subjects.

We believe it is doubtful that screening tests for all individuals within the interdicted area would
be scientifically useful, or even medically beneficial. Every test is subject to some errors,
including "false positives." Most individuals in the region would be expected to have only
minimal plutonium body burdens. In considering the medical ramifications of large-scale
screening, the potential harm caused by false positives would need to be balanced against the
benefits to each individual being screened.

Consideration of the factors which have been discussed indicates that costs would be incurred
in the performance of medical monitoring and assessment for exposed individuals. However,
because of the large uncertainty in the number of individuals who might be included in the
screening program, and the costs of conducting such a program, the associated expenses cannot
be quantified at this time. The generation of such estimates would require additional research.
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