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* have significant consequences
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= Economic Impacts need to De aodressed in sequential orger:

« Atmosphenic dispersion and deposition,
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= Weapon characteristics provide the boundary conditions for
the response:
» How large Is the affected area”?
- What actions need to be taken to protect the population? %
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Economic Evaluation Taxonomy
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Economic Consequence Criteria

4 . . .
mcmdﬁve locations from iselated rural to high density

" Evaluated amseql.]enaesfu’# weapon types:
= OTKT nuciear waapon
= {3KT nuclear weapon
= {DOKT nuclear weapamn
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" Evaluated five potential cleanup levels

Culaly b 1 —




Wiorking Togemer: R & O Parmarships n Homeland Sacurtty | Apel 2005 | Boston, Massachussts
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Hypothetical 100 KT Plume Contours
for 5 Cleanup Levels

sequence Summary By Cleanup Level
for Hypothetical Weapon Events
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Economic Consequence
Calculation Methodology
= Focus on four broad categones of cost (S2005)

= Loss of proguctivity from eamings forgone
= Net present value (NPV) of lost Ife assumed 1o be $2.6M
= OMB discourt rabe of 7%
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ECONOMIC CONSEQUENCES OF ARAIWNUC ATTACK: CLEANTUF STANDARDS
SIGNIFICANTLY AFFECT COST

Barbara Reichmuth, Steve Short, Tom Wood, Fred Bz, Debhis Schwarz
Pacific Morthwest National Laboratory'
%02 Battelle Boalevard
Richland, WA 29354
arbara reichmthgipnl gov, steve shoarvgipol. gov, tomas woeodiipnl. gov,
fredenck mutzg@pol pov. debbie schwartz@pol gov

ABSTRACT

Property destraction, loss of life, and injuries sustained from a muclear ar radiolozical atack have
sigmificant economic consequences. The loss of productive assets can extend for long persods
and generate sipmificant economic less. Economic impacts caused by an event need to be
addressed in sequential order beginning with the detonation, aimwspheric dispersion, and
deposition of the fallout from the weapon. Weapon characteristics provide the boundary
conditions for the respoase, mcluding defining how large the response area is and what specific
actions ne=d o be faken to profect the population in the target area. These economic
consaquences are highly dependent on the magnitude of the weapon event and do not scale n a
lmear fashion

The cost to clean up or remediate the affected ar=a will depend on the cleanup standard applied
to the event and &5 highly sensifive to this sandard  Currently, there are no cleanup standards
specifically desipned for FadNuc temanst events, bat it is likely that the existing Environmental
Protection Azency (EPA) and Muclear Regulatary Commuission (WE.C) standards would apply
defactn. The Deparment of Energy (DOE) has spent billions of dollars on o Cleamip,
under the Comprehensive Environmental Fesponse, Compensation and Lisbidsy Act (CERCLA)
guidance, at former weapon: production sites, and the cleanup iz expected to contime through
2035. This paper offers an economic perspacitive on the mapmifude of the conseguences for a
selprted class of fargets m the United States, with an emphasiz on cost sensitivity as the cleamip
standard chanzes.

INTRODUCTION

The prospect of a maclear attack on the United States was long thought to be resmicted to the
domain of s@te acors. Following the terrorist events of September 11, 2001, and other mare
TeCent temorist activities around the world, concems about all types of terror attacks, including
potential radiolemical and muclear attacks, have been magnified  The spotlight has shified to
counfermeasures that will esther reduce the likelibood or reduoce the conseguences ofa
radiclogical or maclear (Rad™uc) temarist atack.

The decision to invest in Ead Nuc countermeasures can be viewed as a radeoff betwesn
imvestment cost of the countermeasure and the consequences of the event. There are bath
physical consequences and economic consequences that wonld result from a BadMac event
Economic impacts cosed by an event. and the subsequent response to the event, need to be
addressed in sequential order and begin with the pirysical impacts of the detonation., armospheric

1 Thaa Pacific Morimrwst Narsiomal Labaratcy i opsrated by Battalle for tha 115, Deparimast of Exargy.
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dispersion. and deposition of the fallowt from the weapon. Physical consequences dictate the
response function including the long-term cleamip and site restoration actions taken. One of the
recurming themes reparding event response is that there ate ourently no federal standards that
cover the long-term site restoratdon and cleanup following a mdiclogical or mprovised macl=ar
device (INDY) terrorist attack.

The cost to clean up or remediate the affected area is highly sensitive o the cleanup standard
applied to the event. There are currently no clearup standards specifically desiened for Bad Waoc
terrorist events, bat it is likely that the existng EPA and NR.C standards would apply defacto [1].

The General Accounting Office (GAQ) reports that the current EPA and WE.C cleanup standards
differ and thess differences have implications for both the pace and ultimate cost of cleamp [2].

The Department of Energy (DOE) has spent billions of dollars oo superfimd cleanup at former
weapons production sites and the cleamip is expected fo contimue throngh 2035 [3]. n 2003
recognizmg the importance of this issue, the Deparment of Homeland Security (DHS) @sked an
interagency working eroup w0 address the issue of Protective Action Guidelines (PAGs) for
radioloeical dispersal devices (RDDs) and improvised maclear device (IND) incidents. DHS
anticipates a drafi of that pusdance to be ismed in the Federal Regisser in fune of 2005,
This paper offers an econpmic perspective an the magnitude of the consequences for selected
targets with an emphasis on cost sensidvity as the cleanup standard chapees. The work
described provides a famework within which the physical consequences of a Rad Nuc attack
can be translated into the economic consequences m U5 dollars. These effects need o be
understood in erder to prescribe appropriate counfermeasures and policy remedies.
AMETHODOLOGY FOR ECONOMIC CONSEQUENCE CALCTULATIONS

Far this study, “FadMuc™ spans a ange of possible maclear weapons and one large radiological
dispersion device:

= 0.7 kT ouclear weapon = 100KT ooclear weapon

= 13 kT puclear weapon = 10kCi Cs-137RDD
Five potential targets were selected moping from an isolated raral area to very high density urban

arzas. All of the following targets are located on U5, Barders and'or Ports of Entry mfo the
United States:

+ Lukeville AZ = Sam Ysidro, CA
+ Charleston, 5C = Mew York City, NY
+  Defroit, MI

The axeonomy of location, weapon yield, and contamination conteurs was parameterized and fed
into the Martional Ameospheric Release Advisery Center (WAFRAC) Model to zenerate the
physical consequences. Consequences vary based upen assumprions about where the population
is af the time of the attack (home vs. work, indeors vs. outdeors), on what metearological
conditons are assumed. and on the prompt versus fallout efects of the weapon. Those
assumptions are classified and ot discussed in this papet.




Wiorking Togemer: R & D Parmarships In Hometand Sacurtty | Apel 2005 | Boston, Massachusas
PHNL-3A-45155

Char focus here was primarily on the economic conseguences of a muclear weapon artack: the
impacts of an BDD are still under imvestipation and will merit further research.

Weapon characteristcs, inclhuding the fype of weapon, the quantity of material and how the
dispersion is achieved, provide the boundary condifions for the response mcludnz bow much
area is impacted and what actions need to be taken to protect human health and the environment.
The physical consequences derived ffom weapon characteristics were then used to calonlate
eConomic consequences m fve broad categones of cost:

Lass of productiviry from eamings forgone

Indirect economic efects or “muoltiplier™

Laoss and damage to building stroctares and building contents
Decontamination and decommizsioning referred to as cleanup cost
Evacuation cost

e

These economic consaquences, including the cost and time to clean up fom the event, are bighly
dependent on the magmifude of the weapon event and do not scale in a linear fashion.

The conseguences of a muclear weapon detonation are estimated to hawe both significant loss of
human life and subsantial cleamp and reconstraction costs. A high depree of outmight
destruction of propernty (boddings, public infrastmactare, and productive capifal squipment of all
sorts) will ecoor due to the defonation. In geperal the economic cost of this fype of loss is just
the Lost productvity of the capifal (inclnding homan capital) desmoved. In a market ecopomy, it
is a reasenable approcumation fo wse market valoss as a surrozate for the valhe of this
production

The economic and psychosocial effects of an FDD attack are expected to be more significant
than the potential loss of homan life and buildng desouction [4]. Inthe event of a adiological
dispersion event, there is a set of economic consequences penerated as a resulf of the evenf ad a
set of economic consequences that is independent of the magnitide of a rmdiclogical event
becauss of public perception about the danzers asseciated with FDDs

In arder to denve conssquence estimates, an economic evaliation taxononry was es@ablished
determine what potential targets and cleanop levels should be evahated for the five broad
categornies of economic consequences.

The responses to muclear weapon events can be thowght of as phases: 1) the midal emereency
response and evacuation, 1) the intermediate response where most emergencies have besn
handled and the focos shifts to cleamip, and 3) the cleamip phase where recovery and cleanup
actions are desizned to reduce radiation levels in order for land buildmgs to e re-used ar
re-imhabited.

Char primary focws is on phase 3. The cleamip cost for an area is bighly dependent on the
cleamup standard used, the cleamup techmology emploved, and the mdiological (and other safety)
conditions under which cleanup is conducted. Decontamination eforts will inclode cleaning ar
sandblastng the exterior or completaly demolishing affacted buildmzs, safely disposine of
generted radicactive waste, decontaminating the emsrgency vehicles used in the response and




Working Togemer- R & D Partnerships In Homelana Sacurtty | Apri 2005 | Boston, Massachusetts
PNNL-SA-45256

recovery process, and many other activities. These efforts alone could cost billions of dollars
and take decades to accomplish. depending on the magnitude of the radiological event and the
cleanup level emploved.

Because of our interest in the mmpacts of clzanup levels on the cost, we considersd a range of
potential cleanup levels from existing standards and protective action gusdelines that mizht
uitimately apply to a terrorist attack (Figure 1). This taxonomy was apphed to all five potential
targets for the purpose of providing a consequence vakhation methodology. On a scale of most
conservatve to least conservative, the Environmental Protection Azency (EPA) standard
goveming cleanup at sites with radioactive contamination represents the most consarvative level
that we evaluated. The mrent of this paper was to assess the sensitivity, not to determine which

cleanup standard is best.

18 mremiyr EPA “Establishment of Cisanup Levels for CERCLA
Shes YWih Radicactive Contamiration” (e 9., Harderd
She)

25 mremiyr NRC, Faral Reule on Radilogles Crteres for Licenss
Ter n {10 CFR Part 20 Subpart E}

100 My Haalm Phym Soden Pastion swumm “Guiance
for P U Twronst
Event*

200 mreodyr EPA, "Manual of Protective Acton Gudes and Frotectve
Actions for Nuckar Incidas.” 400-R-92-001, | “doses
m @y sngle year aftar the first wil not esceed 0.5 rem

2 revmye EPA, "Manual of Profective Acton Gudes and Frotectve
Actiors for Nuckear Incdenss ” 400-R-92-001, . “doses
In fest year wibl nol excoed 2 rem

& remiyr NRLC, "Eta for Against
o and dose it for workees
of S remiyy {#0 CFR 20 Subpant C)

Figure 1. Cleanup Levels Evaluated for Economic Consequences

There are a large number of economic variables that could potentially be included in the
calculation of impacts. Thﬁeumdgpsythohpcﬂmusmdlwg-wmmaﬂmutsof
living under enduring heightened secunty conditions. Our intent was to quantify those elements
we believed were most representative of this rype of terrorist attack. A discussion of those five
vaniables follows.

Loss of Productivity from Earnings Forgone

To calculate the loss of human capital due to death from a weapon event, we used a “lifetime-
earnings loss™ method outlined in a study by the Federal Reserve Bank of New York [5]. This
method estimates individual economic Josses by estimating a worker's annual earnings over his
or her remaining working lifetime. mgmmedummgimﬂ:md:scmedbdncmm
time period (net present value) using a discount factor of 7%, which is the OMB rate to discount
lifetime eammgs lost and includes a somlﬁaor’ma;cam:ﬁnnheothusomnllossesthu
result from premature death. Ex ante, the mumber of affectad workers is tied to the geographic
size of the event.
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Indirect Economic Effects or “Multiplier”

There will be “indirect” economic mmpacts associated with the conseguences of a muclear or
radinlogical attack. For example, dunng the deconfamination process, buildings in the affected
area would not be fimctional. Fiesidents wonld have to be relocated. Businesses would have to
do the same or simply halt their activities until completion of the decontamination. Depending
oo the natore of business conducied inside these uildings, the regional and national economy
could be pegatively impacted. A resulting decrease in the area'’s real estate prices, tourism, and
commencial Tansacdons could have lonz-term negative effects on the area's economy.

There are several econpomic methods whereby “multipliers™ are applied to the estmated direct
costs (Jost inCome) to estimate the indirect economic impacts. These values may be estimated on
the basis of informanen about the natare of the affected usineszes in the responss area. The
indirect impacts will be larger if the markets for directly affected sectors are beyond the lacal
economic area. In essence, these sectors are “export” doven. If these sectars are no longer
allowed to operate. then the impacts will be severe becanse supporting businesses i the kocal
area will be forced to scale back. We derived multipliers from the FRENY %11 stady [5] as
Tollows:

= Low mpact scemario (10 kC1 Cs-137 EDD, and 0.7 KT nuclear weapen) — 467 of lost
pAMMINgs
= High impact scenanio (13 kT and 100 kT mclear weapon) — 82% of lost eammgs
Decontamination and Decommissioning or Cleanup Cost

Cleanup and restoration of buildings and land afier a FadMuc event will be complicated by the
nead to decontaminate and, poetentally, demolish radiclagically contaminated buildings and land.
The cost of this cleamp will be hishly dependent on the areal extent of cleamup, which, in furm,
is highly dependent on the level of cleammp required  The cost of cleamup of any grven arsa will
e dependant on the relative level of economic development or financial myvestment that has
been made in the area of concern. The approach taken in this shady was to develop unit cost
factors (ko) for the cleamup of areas having different levels of populadon density, popalation
denzify being used as a sumrozate for econemic actvity. Cleanup cost data primarily came from
W0 SOUrCes:

= The economic model provided as a companion to the FADTEAN 5 compuater program
developed for analysis of the consequences and risks of radisactive material
‘ranspartation (see bitpe/rid sandia pov/nizk ‘Tadoran hem). [§] This economic modal was
initially developed to estimate the economic consequences of phitonium-dispersal
accidents.

= The FRENY stady of the econemic effects of the 811 terrorist attack on New York City.
“Mexsuring the Effecr of the Saprember 11 dteack on New Fork City™ [5].

FADTRAN 5z companion economic model includes estimated unit costs (%km’) for:
emeTpency actons (2.2, applying fxatives) following the event; access control (2. g, guards) to
prevent unautherized access to the contammated areas; radilogical charactenzaton;
decontamination’demolition operations; and dispesal of mdielogically contaminated waste.
These elements were sunmmed together o obtain the total cost of cleanup and site restoration




FADTERAN 5 waries these costs depending on whether the area is an urban area that is lishthy
confaminated, moderataly contaminated, or heavily contammated or whether the area is farm ar
ranze land  The unit costs from the economic medel, assuming offsite disposal of adicactive
waste, are summarized in Table 1.

Table 1. Summary of Unit Costs for D&D, Building Replacement, and Evacoation Vahation

D&D
Uni Cost | Replacement | Evamation
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The whan arsa upon which the RATTEAN 3 economic mode] derives its unit cleamip costs is
assumed to have an average population density of 1,344 people’km’. This is significantly lower
than hiph density metoopelitan areas swch as Wew Yaork Cify, which bas an average population
density af ower 20,000 peoplatny’. For this reasom, the unit costs derived from RADTRAN 5
were not considered to be a good estimate for the cleamup of higher density population areas.

To estimate the mpacts on New York City, a proxy for high density wban areas was derived
from the FEENY stady, [5] which reported a value of 51.53 billion to clean up and restore the
15-acre World Trade Center site after the terrorist attack. This equates fo $24 billionkm™ n
2005 dollars. This is almost two orders of mapninide preater than the EADTEAN 5 economic
mendel umit cost for cleammp of a heavily confaminated wrban arsa. Furthermore, the cost of
clearp of the WTC site wonld undoubtedly have been moach higher had it been desmoved by a
FadMuc event On the other hand, the WTC site is not representative of New York City in
eeneral of any ather major populrton center m the United States because of the unigoe and very
hirh vahie buildmgs that stood on this site. Taking thess important points info consideration,
this FEBNY data was used to derive the unit cleanup costs for the high and wery high density
urban areas reparted in Table 1.
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Loss and Damage to Building Stroctores

The costs to replace and/or rebuild property damaged or destroyed as the result of a BadNuc
event, of to compensate owners for the koss of use of this property (inchuding bosiness mcome
loss), were alse caloulated wsing unit costs dernved from the RATDTRAN 5 companion economic
madel and the FEENY 9/11 study. As with site cleanup and restoration, these costs are highly
dependent on the arsal extent and level of contamination These unit costs are also presented in
Tahle 1.

The it costs for Lightly. mederately, and heawily contaminated wrban areas and for farm and
range land were derived from the RADTEAN § economic model. Agam, for the reasons
presented previously, the umit costs derived from the RFADTRAN 5 economic model were not
considerad fo be a good estimate of the cost to rebuild high population density areas after a
Fad™uc event  The unit costs for these areas were derived from the FEEWY /11 smady.

The FEBNY /11 stody reparted a value of $11.9 billion to replace the buildinegs and cootents of
the WT'C complex, eguatng to $193 bEllionkm® in 2005 dollars {and which does not inchude
usiness income loss). This is almost three orders of magnrnde greater than the RADTRAN 5
econnmic model unit cost for replacement of destroyed property in a heavily contaminated urban
area baving an average populaten density of 1,344 peoplekor’. As discussed previously, how-
ever, the WTC site 5 not representative of New York Cify in general or any other major popula-
teon center in the United States because of the unique and very high valie boildings that stood on
this site and which will be replaced with egually high value buildings. The replacement valoe
reported m the FEBWY sndy is therefore Likely to be much higher than would be expected for
the average high density wrban area. Taking this important point into consideration, the FRBNY
data were used te derive the mnit cleanup costs for high and very high density urban areas
reported in Table 1.

Evacnation Cost

The cost to evaouate ad relocate the population Iiving within areas contaminated as a result of
the Rad™uc event was calculated using unif costs derived from the FATTRAN 5 economic
madel. This cost is assumed to depend on the level of contaminanon; at higher confamination
levels, the population is denied access for longer periods of time. RADTRAN 5 vanies these
costs n the same majer catepories as the DD and Replacement Costs. Unit costs used for
evacuation are presemted in Table 1.

OBSERVATIONS FROM APFLICATION OF THIS METHODOLOGY

The effects of maclear weapons have been studied and documented intensively. Fallout will
decay based on the mdividual isotepic balf-lives, the mest energetic (and most dangerous)
decaying in bours or days while longer-lived isotopes persist for months and years. The doss
rate from fallout drops by a factor of 1,000 48 hours after detonation. and ower 80% of the dose
is received im the first vear afier a maclear weapon event [7). This dose response time after
detonation is imporant when estimating the cost of cleamap, site restoration. and rebuild after a
FadMuc event  Figure 2 ilhistmates this by showing the land area requiring clearup for different
clearup criteria (residnal dose mtes) for different fime periods following detoraton of a 13-kT
muclear weapon. As shown, the surface area requiring cleanup decreases by a factor of 10 to 10
during the second year following detonation as compared with the first year following
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Figure 2. Area Requinng Remediation for Different Cleanup Cniteria

detomation. Since cleanup would likely not be completed during the first year followmz
detonation. this analysis estimated the cost of cleanup of that land area remaining contaminated
above the cleanup criteria | year after detomation.

In the case of the RDD event, however, litle radioactive decay will occur during the time period
of remediation (first year or two). Far this reason, the cost of cleanup of an RDD event was
based oo the land contaminated by fallout over the first year following the event.

We then took the physical plume contours for each of the three maclear weapon yields and the
five cleanup levels and plotted those in the five target locations. Figure 3 iliustrates this concept
with the plume 1-2 yr contour for the 100-kT nuclear weapon in New York City. NY, and

San Ysidro, CA.
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Figure 3. Hypothedcal Plume Contours for 100-kT and 5 Cleanup Levels

The plume contours used represent a generic “wind condition ™ Clearly, wind conditions impact
the radioactive fallout after a maclear weapon event and the ability to value damage depends on
where the damage occurs. The plume in New York City blows into the Atlantic Ocean: although
not depicted here, the phume for Detroit zoes into Canada and Lake Ene. For this high-level
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amalysis, our damage assessment is limited fo the continental United States and represents
surface arsa cleanup exchiding sroundwater contamination.

The results of our anatysis are shown in Figure 4. As anficipated. the economic consequences
are highest for the largest noclear weapon yield and the most conservative cleamp level New
Yark Ciry nets the highest economic damage across the cleamip spectnmm, becanss of its dense
population and high value real estate. MNote that the economic consequences for Wew York Ciy
across almost every cleanup level meet or exceed $10 willion, which is roushly equivalent fo the
anmal Gross Domestc Prodoct (GOF) of the U5, economy.
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Figure 4. Consequence Summary for Hypothetical Weapon Events and Cleanup Levels

Figures 5, §. and 7 represent the consequence summoarses for each ouclear weapon event. The
area mmpacted and requiring leng-term cleamip is a fonction of the standard selected as
represented m the data fable under the graph  Individoally and collectively, the economic
conssquences are highest for the most conservative standard evahaated

Fizure 8 provides a summary of the economic consequences by the five broad catepories
evaluated This representaton demenstrates that & is the cleamop cost (or DD cost) that is the
largest mdividual contribatoer to economic conseguences across the cleamp lewel spectnm until
we reach the least conservative cleanup level, at which point the boss of life is the largest cleanup
cost

In the cass of an RDD, the type of confamination depends anly on the source material(s) (oo
muclear process is involved), and the extent of contamination depends an the physical form of the
source and the efectivensess of the dispersal mechanisms. The ultimate fate of the contamination
(and thus long-term conseguences) is dependent on a complex chain of tansport, uptake,
exposure, and remediation processes. Fallout from an BDD explosion would be very different
from that of a puclear weapon detonation because there would be oo large thermal cloud w inect
the radicactive material into the atmesphers, and the amoumt of radisactive material would be
much less than that zenerated m a ooclear weapon event. A preliminary assessment of the
econpmic consequences of a 10 kCi Cs-137 BDD in New York Ciry &5 presented in Figure 9.
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Figure 8. Summary by Five Categories Evaluated

There 13 virtually no loss of life with the Cs-137 event, but the cleanup cost and the cost to
rebuild and’or replace buildings is once again significant, particularly for the most conservative

standard (one-half of the anmual U.S. GDP).
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CONCLUSIONS

The methodalogy described m this paper provides a framework for evahating the majer cost
components fallowing a muclear weapon event  There are several observations that can be made
from the results thas far-

= The sconpmic consequences of a RadMNuc event are highly dependent on and clozsly
coupled to the cleanup level selected.

= Cleanup costs generally increase dramatically for standards mere smineent than
500 mremfyT.

= Cleanup to the most conservative sandard evaluated (13 mremyr) magnifies the
economic consequences of the event imespective of the class of farget or weapon yisld.

= Becanse such an event could potentially spread confamination very widely, even an ewent
in a “remote” location could have hoge economic conssquences.

= A risk-based approach to the development and application of standards is neaded

There are no natonal sfandards for accepble deconfamination of a radiological weapen event,
and the EPA standards wsed under CER.CLA were enacted to address srowing concems about the
need o clean up unconolled, abandoned hazardous waste sites and to address forore releases of
hazardens substances imto the environment. Cleanup after a weapon event such as one of those
described in this paper will be vastly different from the cleanup of a contaminated industrial
facility or former weapons production facility. The standard selected will impact both the cost
and the pace of the cleanup. Policy level attention to cleanup standards is wamanfed.
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