-

Table 4.5. DECON Variables in CCOF.DAT

Description

Submitted: June 29,2012

Applies to

Cleanup Level

Dacontamination Losts
wOLONLaMI ML I ON WUsls

Total Surface Area Decontaminated
Surface Area Requiring No Decontamination
Surface Area Not Able to Decontaminate
Real Property Value Pre-Accident

Net Present Value of Real Property

value of A}1 Property, Pre-Accident
Potential Savings from Property Buy-Out
Compensation at Pre-Accident “=iues
Potential Savings from Prope-¢y Buy-Out
Compensation at Net Presant Value

Net Present Value of Real Property

Dose to Radworkers

Dose to Population Not Relocated

Size of Resident Population

Total Surveying and Monitoring Costs
Volume of Radiological Waste

Size of Area

Decortamination Costs, Automobiles

Autos Requiring No Decontamination

Autos Unabie to Decontaminate

Building Contents Requiring No Decon
Building Contents Unable to Decontaminate
Decontamination Costs, Bui1ding Contents
number Decontaminated, bullulng Contents
Number Decontaminated, Automobiles
Latent Cancer Fatalities

Size of Resident Population

Size of Area

Real Property Value Pre-Accident

Real Property Value Post-Decontamination
Latent Cancer Fatalities

Mat Dregent Va2 \u- of A1) Omanaméy
nET FTESsERT Vaiue OV A llvpsrb,

¥alue of A1l Property, Pre-Accident
Fractional Loss in A1l Property Value

Net Present Value Losses
Coste for n..r..'l of Daduncto

Net Present Vaiue of Personal Property
(not used)
Ket Present Value of All Property

Net Precent Valye losses, A11 Drnn-,ty

unu i SCOU“ICU UCCO“IBIII] nau Oﬂ \_OSIS
Discounted Decontamination Costs
Undiscounted Decontamination Costs
Discounted Decontamination Costs
Deterioration Losses, Real Property

Losses from Deferred Use, Real Property
Residual Contamination Losses Real Prop.
Surveying and Monitoring Costs

Losses from Deferred Use, Personal Prop,
Value of Per. Prop. that Cannot Be Decon'd
Value of Real Prop. that Cannot Be Decon'd
Average Decon Cost per Bldg Content Unit

4.41

DZ

RP,
RP

RP

. RP,

RP,
AP,

RO,
BO

un
FoD,
up

. B0,

BO,
80,

80,

B0,

BO, U

na
by,

80

ub

NPV

NPY

KPV
NPY

NPY

ub

up

NPY
NPV

. UG

NYS00424H
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Jable 4.5, DECON Variables 1n CCDF.DAY {Continued)

liem Description , Applies to
LN ] Average Decon Cost per Automobile bZ, PP, FD, UD
64 Average Decon Cost per Square Meter 0z, RP, D, UR
h% {not used)

LT {not used)

NOTE: In the last column, several codes are used to further describe
each variable., They have the following meanings:

@ )7 means that the variable applies to the decontamination zone.
® 54 means that it applies to the stud area.

® RP refers to real propert .

® pp refers to personal propert .

® AP refers to all propert , both real and personal.

® ) means that full decontamination occurs, irrespective of

R cost-effectiveness considerations.

80 means that property is bought out if restoration is not
cost-effective,

® U0 means that the costs are undiscounted.
NPV denotes that the figure is & net present value.
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5.0 A CASE STUDY: THE INDIAN POIN| REACIOR SIIE

n this chapter we demonstrate the capabilities of the Reference
Database and of DECON by analyzing several severe accident scenarios at the
lnifran Point reactor site in New York State. Thirteen accident scenarios are
evialuated for their economic consequences based on three accident severity
levels and six meteorological conditions. Following a comparison of the major
results from these 13 scenarios, we then show how DECON can be used to
evaluate alternative site restoration strategies,

A major effort was conducted to obtain accurate data for the area
affected by the simulated accidents. The largest accident considered extends
across 16 counties lying in three states: New York, New Jersey and Connec-
ticut. These data are described in the following section, and the results are
discussed in Section 5.3,

The Indian Point site is located 40 kilometers north of New York City.
Because it is near one of the most densely populated areas in the United
States, the reader is cautioned that the estimated accident consequences are
at the extreme high end of the consequence scale; therefore, they should not
be construed as representative,

5.1 DESCRIPTION OF PROCEDURE

Before discussing the data, it is useful to provide an overview of the
process that we will be conducting, since several steps are involved for each
accident scenario. The first step is to run CRAC2 to generate for each
scenario a file containing: 1) ground concentrations at specified intervals

along the plume centerline; and 2) the plume dispersion factor at each
interval,

In the second step the ground concentrations are converted into equi-
valent dose levels, using the program DOSES described in Section E.1 of
Appendix E. For this case study, doses are measured as a 70-year whole body
dase commitment beginning 13 days after the radiological release.

In Step 3 a map of the accident area is needed. Using the output from
CRAC2 described above and output from the DOSES program, the GRID program
described in Section E.Z of Appendix E, generates a set of points for each
desired isopieth. The points are then plotted on the site map and isopleths
are constructed from them.

5.1
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In the case of an actual radiological accident, these first three steps
are replaced by the process of obtaining radiation measurements directly from
aerial and ground surveys. These measurements are then plotted on the site
map and isopleths are constructed from them. In the case of an aerial survey,
the results may include a map with the isopleths already produced.

In Step 4 we divide the accident site into grid elements. We also
evaluate the advantages and disadvantages of the various grid arrangements
discussed in Section 3.3.

In the fifth step, the data are collected and assembled for each grid
element. These data include

exposure levels

population data

land use data

land areas

occupied and vacant housing units
property value data

employment data

The exposure levels are already Lrnown, as the isopleths are used in defining
the grid elements. The other datc are collected from publiished sources as
well as directly from personnel at state and local government agencies.

Step 6 involves organizing the data into a form that can be used by
DECON. For this case study, IR-GRID, described in Section E.3 of Appendix E,
is used to process the data.

IR-GRID is run in Step 7. Besides producing the site data file that is
used by DECON, IR-GRID also produces estimates of 1) evacuation costs, 2)
temporary relocation costs, and 3) permanent relocation costs.

In Step 8 DECON is run for each accident scenaric. A summary analysis
is produced for each of the 13 scenarios so that the major results from each
scenario can be compared. Then we select one scenario for an in-depth
analysis. For this scenario we make several runs to evaluate alternativas site
restoration strategies.

In the final step, the results of the analysis are reported.

5.2
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5.2 PREPARATION OF THE DATA

The first six steps descr1bed above 1nvolve preparing the data. :D@@;;
regarding each of these steps are descrwbed in this section. PR

6.2.1 Step 1: Running CRAC2

The 13 scenarios are defined with respect to one of three acci ent ¢
severity levels and one of six meteoro]og1cal ;Mnd1t1ons. The acci
severity levels are defined by the S1t1ng Source Terms (SST) SST1,
SST3 described in Table 5.1.

The six meteorological cond1t1ons afe derxned by the Pasqullljn
F weather stabilities; these are us'
4, 4, 3 and 1.5 m/sec.

wind distances:

0.402, 0.805, 1 09 2. 9, 4.023, 4.828, !

Table 5.1. Sitingﬂngfgé;Ierm SST) Descriptionsf

Group L

SST1 Severe core damage y involves loss o
installed safety fe Severe direct breach of
containment. : T

SST2 Severe cqrerdr;J.ﬁf Containment fails to 1so]ate.  ?,j
reduce releas

SST3 Severe core 3a ;g““"u‘ nment fails by basemat

melt-through. her re ease mitigation syste
function as designéﬂf,gaﬁy

Source: USNRC 1981
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6.437. 7.242, 8.047, 9.656, 11.270, 13.680,:15.09, 20.12, 24.14, 28.16, 32.19,
40.23, 48.28, 56.33, 64.37, 72.42, 80.47, 88.51, 96.56, 112.7, 136.8, 160.9,
241.4, 321.9, 563.3 and 804.7 km.

5.2.2 Step 2: Running DOSES

The program DOSES reads the files produced by CRAC2. This program
converts the ground concentrations shown in Table 5.2 to 70-year whole body
dose commitments. The results incorporate the effects of decay and weather-
ing. DOSES also passes through some 1nformat1on from the CRAC2 files to be
used in GRID. This permits all of the 1nformat10n required by GRID--other
than parameters specified by the user--to come from a single file.

5.2,3 Step 3: Running GRID

As just noted the DOSES program provides the input to the GRID program.
To run GRID the analyst specifies the value of each isopleth to be produced,
and GRID produces a file containing a set of points lying along that isopleth.
The set consists of a point for each d1stance interval out to the point where
the isopleth intersects the plume center]1ne. Each point lying off of the
centerline is orthogonal to the centerl1ne ‘at the corresponding distance
interval; in other words, a line connect1ng the isopleth point and the dis-
tance interval point is perpendicular to the centerline.

Table 5.2. Ground Concentrations at Time of Deposition
.36E-05
.04E-0G7
.42E-05

6.31E-03
1.26E-02
':2 545 02;

RH-105
58-127
SB-129

€sS-137
BA-140
LA-140

3.30€-03
9.35€-03
2.96E-03

W N s = = NN R = O TNy

.37E-03
.90E-04
.31£-03
.46E-05
.97E-03
.50E-03
.26E-03
.37E-03
.7GE-02
.68E-02
.39E-02
.20E-03
.24E-03

TE-127
TE-127M
TE-129
TE-129M
TE-131M
TE-132
1-131
I-132
1-133
1-134
1-135
€S-134
CS-1uo

CE-141
CE-143
CE-144
PR-143
ND-147
NP-239
PU-238
PU-239
PU-240
PU-241
AM-241
(M-242
{M-244

2.56E-03
2.31E-03
1.54£-03
2.45E-03
1.09€-03
2.98E-02
1.97E-06
4.35E-07
4.87E-07
9.12E-05
6.11E-08
2.30E-05
1.42E-06
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5.2.4 Step 4: Defining the Grid Elements

The map and isopleths for an SST1 accident with Pasquill A stability are
shown in Figure 5.1. Although this is a massive accident with enoymous conse-
quences, much of the radioactive deposition falls in the Atlantic Ocean, where
consequences are assumed to be negligible.

Since almost all of the data that we have gathered for this case study
are based on counties, it is reasonable that we take advantage of this fact by
defining the grid elements in terms of political boundaries. This minimizes
the problems associated with imputing data values to geographical areas based
on other criteria. In fact, because in many of the accident scenarios several -
isopleths traverse a single county, we have selected the grid arrangement ’
based on both county boundaries and the radiological isopleths. For example,
all of the isopleths cross Westchester county, and these divide Westchester
into eight grid elements.

To simplify the data collection effort, we assume that, except for the
exposure level and area, all of the other characteristics of the counties are
evenly distributed throughout the county. Thus, different grid elements
within the same county are assumed to have the same population density, the -
same mix of land uses and the same level of property values.

5.2.5 Steps 5 and 6: Collecting and Organizing the Data

This step is by far the most time-consuming and onerous part of the
process. A large number of published materials were obtained, and numerous
individuals, primarily affiliated with government agencies, were directly
contacted. A significant amount of data could not be used in the form in
which it was obtained and had to be further processed. For example, many of
the counties did not have the required type of land use information, so this
information had to be picked off of detailed land use maps. A random samp]rng
technique was used in these cases. In some cases where data were simply not ‘
available for a county, we assumed the characteristics of a neighboring coun-
ty. A detailed description of the data and data sources is provided in Appen-
dix D. These data were then organized into a specific format so that they
could be read into IR-GRID. This format is similar to the one in which the
data are presented in Tables 5.3 and 5.4.

5.2.6 Step 7: Running IR-GRID

Once the data were organized in Step 6, running IR-GRID was a simple
process. The user needs to specify the radiation limit with respect to evacu-
ation and with respect to site restoration. These radiation limits determine
~the dose avoided through evacuation, and through temporary and permanent

5.5
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relocation prior to the site being restored. The radiation limit for evacua-
tion and temporary relocation is a 70-year effective dose to an individual
from the plume plus inhalation plus four days of depocition. For permanent
relocation, the radiation limit is measured as the 70-year dose-commitment
beginning 14 days after release.

If households and businesses are not permitted to return to their origi-
nal locations until after decontamination has been completed, they are assumed
to incur relocation costs. Relocation costs include moving costs and loss of
income or earnings over some specified period--three months for households and
six months for businesses are assumed in this analysis.

According to recent research conducted at PNL, estimated relocation
costs per household are $1,800 for moving costs and $6,300 in foregone income;
earnings losses for businesses are estimated at $7,900 per employee, while
moving costs amount to $2,100 per employee for commercial enterprises and

$3,000 per employee for industrial enterprises. Costs are measured in 1986
dollars.

Figures 5.2, 5.3 and 5.4 show evacuation costs as a function of the
early dose limit for SSil, SST2 and SST3 accidents, respectively. Each figure
shows the relationship between the early dose limit and evacuation costs for *
each of the six Pasquill stability classes. In Figure 5.2, we see that evacu-
ation costs range from nearly $5 billion for the Pasquill A meteorology and a
0.02 Sv (2 rem) radiation limit to about $600 million for the Pasquill F
meteorology and a 0.10 Sv {10 rem) dose limit. For the SST2 accident shown in
Figure 5.3, the Pasquill E evacuation costs are significantly higher than for
the other meteorclogies, especially at the more stringent dose limits.

Figures 5.5 through 5.7 illustrate the temporary relocation costs as a
function of early dose limits for SST1, SST2 and SST3 accidents, respectively.
The relationships shown for the six Pasquill stability classes are very simi-
lar to those for evacuation costs, except that the temporary relocation costs
are about an order of magnitude higher.

Comparable relationships are shown for permanent relocation costs in
Figures 5.8 through 5.10. For the SST1 accident scenarios shown in Figure
5.8, the relationship among the six metecrologies is about the same as for the
temporary relocation costs shown in Figure 5.5, at least out to a dose limit
of 2.0 Sv (200 rem). Permanent relocation costs appear to run about twice as
high as the temporary relocation costs. Figure 5.9 also shows that the costs
for the SST2/Pasquill E scenario are significantly higher than the costs for
the other meteorologies, especially at dose limits below 1.0 Sv {100 rem).

5.9
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Costs under the SST1 scenarios decrease as the weather stabilities
progress from Pasquill A through Pasquill F; i.e, as the weather becomes more
stable. However, for the SST2 scenarios, just the opposite effect is ob-
served. The reason for this anomaly is that for an SST1 release less stable
weather results in greater fallout over the Atlantic Ocean. This distorts the
results, since no cests are incurred over the ocean area. SST2 releases do
not extend over the Atlantic, and therefore they provide a more accurate
picture of the relative costs under the different stabilities.

Costs in the SST3 accident (only the Pasquill F scenario produces off-
site effects) are, as expected, at least an order of magnitude lower than the
corresponding costs in the SST2 scenario.

5.2.7 Steps 8 and 9: Running DECON and Reporting Resuits

Relatively little effort is involved in running DECON, once the site
data file has been produced by IR-GRID. We begin by obtaining a summary
result for each of the 13 scenarios; major results for these scenarios are
presented in the next section.

5.3 A _COMPARISON OF MAJOR RESULTS FOR 13 ACCIDENT SCENARIOS

A1l of the scenarios were run with the assumptions indicated in Figure
4.2, except that a cleanup level of 0.25 Sv (instead of 0.20 Sv) was used for
all scenarios and no restrictions or requirem:nts were applied. Selected
consequences of these runs are shown in Table 5.5.

The upper left panel of this table shows the size of the decontamination
zone. This zone includes all of the grid elements with exterior, horizontal
surfaces that have been contaminated to an exposure level above 0.25 Sv.

These numbers display a pattern that is consistent with the costs for evacua-
tion and relocation shown in Figures 5.2 through 5.10.

Decontamination costs are shown in the upper right panel of Table 5.5.
A review of the summary reports {not shown) reveals that building contents--
especially those pertaining to hard- and soft-surface furnishings--account for
a significant portion of the decontamination costs. For example, for the
SST2/Pasquill A scenario, restoring building contents is about half as costly
as restaoring real property, while for an SST2/Pasquill F scenarioc, restoring
building contents is twice as costly.

Because the Pasquill F condition causes the contaminants to be confined
to a smaller area, they are more concentrated and therefore more costly to
remove. But a more important reason in this case is that a much larger area
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Table 5.5. INDIAN PQINT: SELECTED ACCIDENT CONSEQUENCES
SIZE OF DECONTAMINATION ZONE TOTAL DECONTAMINATION COSTS
(hectares) {$1986)
Pasquill Pasquill
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1 7e5 4e5 3e5 2e5 2e5 leb 1 8elQ 6010 SelD 3el0 3ell lell
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LATENT CANCER FATALITIES NET PRESENT VALUE PROPERTY REDUCTION
{persons) ($1988)
Pasquill Pasquill
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could not be decontaminated in the Pasquill E and f accidents, as compared
with the others. Decontamination costs for the SST2 scenarios show approxi-
mately the same pattern, although the costs are about two orders of magnitude
Tower. For a cleanup level of 1.0 Sv, no decontamination is necessary for an
STT3 accident.

Latent cancer fatalities are presented in the lower left panel of Table
5.5. In an SST1 accident, cancer deaths range from 60,200 in the Pasquill A
scenario to 13,900 deaths in the Pasquill F. Cancer deaths in an SST2 acci-
dent are about one to two orders of magnitude lower than in the corresponding
SST1 accident. Only 31 deaths are estimated for the SST3/Pasquill F scenaric.

Finally, the lower right panel reports the net present value of the
property value reduction caused by the accident. The pattern shown in all
scenarios is similar to the pattern for total! decentamination costs.

5.4 USING COST/RISK RTLATIONSHIPS TO SELECT A BASE CASE CLEANUP LEVEL

In this section we use a feature of DECON to conduct a cost/risk anaiy-
sis over a range of cleanup levels. Normally, if we reduce the health risk by
employing a more stringent cleanup level, we can expect the property losses to
increase. This conclusion should be qualified, however. In the DECON runs
that employ the cost/risk anelysis option, the residual contamination factors
were not changed when different cleanup levels were applied. However, using
more stringent cleanup levels should cause less property loss because of fewer
residual contaminants. Although more stringent cleanup levels should still
cause the property losses to increase, the economic losses from more stringent
cleanup levels are therefore somewhat overstated in our analysis.

A second qualification is that the cost/risk analyses do not incliude the
effect of permanent relocation costs, which are affected by the cleanup level.
The reason for the exclusion is that this cost is calculated in another prog-
ram (IR-GRID) and currently it is not passed through to DECON. The effect of
omitting the permanent relocation costs is likely to somewhat understate the
economic losses from more stringent cleanup levels.

The last qualification concerns property that could not be decontami-
nated with the methods in the Reference Database. Had more powerful--and more
costly--methods been available to decontaminate the property, then those
methods would have been selected if using them would have reduced property
losses. The effect of not having such methods in the Reference Database
likely causes the economic losses from more stringent cleanup levels to be
somewhat overstated.
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Figures 5.11 through 5.13 show the incremental cost per fatality avoided
as a functien of the cleanup level for scenarios SST1/Pasquill D, SST2/Pas-
quill D, and S5T2/Pasquill F, respectively. Since the estimated values do not
follow a smooth progression, we have fitted a least-squares regression line
through the data in each of the figures. Based on the estimated regression
for the SST1 scenario, the incremental cost per fatality avoided ranges from
$433,000, when the cleanup level is reduced from 3 Sv to 2.5 Sv, to $4.25
million, when the cleanup level is reduced from 0.1 Sv to 0.05 Sv.

Studies conducted by economists and others shor a wide variance in
estimates of the value placed on a statistical life by society (Jones-Lee
1976). While there is certainly no consensus on any particular value, amounts
that our society appears willing to spend on highway safety and public health
programs suggest a value somewhere in the range of $500,000 to $5 million.
For this range, cleanup levels in the following respective ranges are indi- )
cated for the SST1/Pasquill D, SST2/Pasquill D, and SST2/Pasquill F accidents:
0.04 Sv to 0.8 Sv; 0.08 Sv to 2 Sv (or more); and 0.11 Sv to 2 Sv {ur more)'.

The incremental cost per fatality avoided for the SST3/Pasquill F scema-
rio ranged from over $25 million to nearly $250 million. On economic grounds,
it would be difficult to justify any cleanup from this accident, except per-
haps at isolated spots. )

If the cleanup level is to be tied to a specific value of the incremen-
tal cost per fatality avoided, then a different cleanup level will be indi-
cated for different accidents and for different sites. For example, in less
densely populated areas, a less stringent cleanup level will usually be appro-
priate. For example, in another case study, the incremental cost per fatality
avoided was estimated at $1.8 million for a cleanup level of 0.75 Sv (Tawil
and Strenge 1987). By way of comparison, the SST1/Pasquill D, SST2/Pasquill
D, and SST2/Pasquill F accidents have indicated cleanup levels of 0.13, 0.43
and 0.38 Sv, respectively, based on the regression estimates and a value of
$1.8 million to avoid an additional cancer fatality.

Readers and decision makers are likely to have their own views on soci-
ety's willingness to pay to avoid a future statistical death. The cleanup ‘
levels discussed above are not meant to preempt them in this regard. Indeed,
they are encouraged to conduct their own cost/risk analyses to arrive at a
cleanup level they feel is appropriate.

'For the latter two accidents, the regressicn line does not reach the ‘auer
1imit of $500,000 in the range of cleanup values considered.
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In the remainder of this chapter, we will look at alternmative strategies
for restoring the accident site based on the SST2/Pasquill D scenario. These
strategies are compared with the base case cleanup discussed below. The
cleanup level for the base case analysis is 0.25 Sv.

5.5 BASE CASE RESULTS FOR THE SST2/PASQUILL D SCENARID

Summary results fer the base case are shown in Figure 5.14. In this
figure, the fourth entry from the bottom shows that the net present value of ,
the property losses from this accident are $3.42 billion. Within the 16 grid
elements in the study area, 2,110 cancer deaths are estimated. For the base
case cleanup level, nine grid elements are within the decontamination zone.

The optimal year to decontaminate all of these grid elements, except for Grid I
Element #8, is during the first year following the accident. Grid Element #8
was the most heavily contaminated grid element and could not be fully decon- ‘
taminated with the methods in the Reference Database until the eighth year
after the accident. The optimal year to decontaminate it is reported as year
30. Since the DECON analysis ends at year 30, it seems likely that waiting

even longer would prove cost-effective.
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