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1.0 INTRODUCTION

For four decades, under the Atoms for Peace program, the United States provided research
reactor technology and fresh reactor fuel to foreign nations that agreed to return the spent fuel
to the United States. Return of the spent fuel was sought to prevent its diversion to the
production of nuclear weapons. Highly enriched and low-enriched uranium fuels were
returned to the United States under programs that expired in 1988 and 1992, respectively. In
1991, an Environmental Assessment (EA) of the potential impacts of extending these two
programs was issued by the U.S. Department of Energy (DOE) [DOE91]. In response to
criticisms of that EA, the DOE published in 1993 a Notice of Intent to prepare an
Environmental Impact Statement (EIS) that would examine in greater detail the impacts of
reinstituting the two fuel-return programs. This report presents the results of an assessment of
the radiological risks associated with accidents that might occur in U.S. ports to ships carrying
foreign research reactor spent fuel from foreign mtions back to the United States.

Port accident risks have been examined during other studies. In 1986 and 1988, DOE issued
EAs of the impacts of shipping spent research reactor fuel from Taiwan to the United States
[DOE86, DOE88a]. In 1994, DOE issued the Environmental Assessment of the Urgent-Relief
Acceptance of Foreign Research Reactor Spent Nuclear Fuel [130E94a], and pursuant to that
EA, the United States accepted two shipments of spent fuel from research reactors located in
six European nations. These EAs found that port accidents dominated the radiological risks
associated with accidents that might occur during the shipment of spent research reactor fuel
back to the United States.

Review of these EAs shows that port accident risks may have been overestimated for three
reasons. First, the chance that a ship collision will fail the spent fuel transportation cask was
assumed to be the same as the historic chance that a ship collision involves a large ship and
also causes substantial damage to cargo (large dollar losses). Second, because descriptions of
ship collisions thalt led to fires hardly ever speci~ the extent of structural damage due to
thermal loads, the chance that a fire produces thermal loads that compromise cask integrity and
oxidize fuel was assumed to be the same as the frequency of long duration fires (fires with
durations of at least one hour). Third, the EA risk calculations used uniform population
distributions that didn’t reflect the fact that port channels and oceans are unpopulated, and thus
overestimated the chance that, if an accident occurred, people would be present to be subjected
to radiation expclsures and radiation induced health effects. Accordingly, the primary
objectives of this study were (1) to better estimate the chance that a port accident would lead to
a release of radic)activity due to mechanical and/or thermal loads, and (2) to perform port
accident risk calculations that could account for the absence of people from land covered by
water.

1.1 Accident Risks

Risk (R) is the product of the magnitude (M) of an unfavorable consequence and the
probability of occurrence (P) of that consequence. Thus, R = P x M.

1



For accidents that happen during the transportation of radioactive materials, the unfavorable
consequences of the accident include (1) exposure of people to radiation emitted by the
radioactive gases and particulate released to the atmosphere as a result of the accident, and
(2) the occurrence of radiation induced health effects in the population exposed to radiation
due to the downwind transport and deposition of these radioactive gases and particulate. The
magnitudes of these consequences are determined by (1) the amount of radioactivity released to
the atmosphere, (2) the degree to which the radioactive materials are diluted during downwind
transport, and (3) the size of the population that is exposed to radiation emitted by materials in
the passing plume or by materials deposited onto the ground from the plume. The amount of
dilution experienced by a plume during downwind transport depends principally on
atmospheric stability and windspeed. The size of the exposed population is determined by the
direction the wind is blowing at the time of the accident. Thus, the probability that a given
consequence occurs is given by the following product,

P = Ps~P~Pp

where PsT is the probability of the source term,
conditions (atmospheric stability, windspeed),
blowing toward a particular population group at

Given the precision of the input data available

PWis the probability of the prevailing weather
and PP is the probability that the wind is

the time of the accident.

to support the risk calculations performed for
this study, when comparing study results, differences in risk, probabilities, or consequence
magnitudes of a factor of ten or more are surely significant, differences of a factor of five are
probably significant, and differences of a factor of three or less are probably not significant
because, within uncertainties, both numbers are probably indistinguishable.

1.2 Ship Accident Risks

The total risk caused by transporting foreign research reactor spent fuel to and within the
United States is the sum of the risks for transport on land by trains or trucks and at sea in
ShiPS . Thus,

‘Total = ‘Train + ‘Truck + ‘ship

where there is an incident free and an accident contribution to each of the terms in the sum.
For ships, the risk due to accidents is given by,

RstiP = Rs~, + &o,,, + RPofi

where RS.2, &oa,t7 and RPofi are the risks due to ship accidents that Occur at sea> in coastal
waters, or in ports.

Research reactor spent fuel has always been stored for several years before being shipped. If
this practice continues, when finally shipped, the fuel will be relatively cold since all rapidly
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decaying nuclides will have decayed away. Because the amount of fuel shipped in a
* transportation cask is small, at least when compared to the amount of fuel used in a

commercial nuclear power plant, transportation accident source terms will always be much
smaller than the source terms predicted for hypothetical large accidents at nuclear power

,- plants.

Most of the radic)activity released due to a transportation accident will be contained in
. particulate materials. For ship accidents, unless the accident occurs near shore, most of these

particulate will deposit on the ocean surface before the accident plume reaches land. Thus,
accidents at sea will generate significant population dose only through the aquatic food
pathway, and these doses should be negligible on a per person basis as they will be spread
over a very large number of people (all of the people who consume some of the seafoods that
become contaminated as a result of the accident). Therefore, because ship accident source-
terms will not be large, because the released radioactive materials will not be decaying rapidly,
and because most of the released radioactivity will not reach land, population doses and health
effects are not expected to be of concern if the accident occurs while the ship is sailing at sea.,--

When sailing coastal routes, commercial ships usually sail 30 to 50 miles offshore. Thus, ship
accidents that occur while sailing in coastal waters will usually not produce significant accident
consequences on land, because the quantity of radioactive particulate released due to an
accident in coastal waters will be considerably diminished by deposition to the ocean surface

m before the accident plume reaches land. Therefore, individuals living onshore in the path of
the plume are not expected to receive large exposures.

Sailing speeds in ports are much less than sailing speeds at sea for two reasons. First, harbor
operational rules limit ship speeds in port channels, typically to speeds less than 15 knots.
Second, when sailing near docks, to prevent collisions, ships normally sail at minimum*
steerage speeds (3 to 5 knots). Therefore, because collision damage decreases rapidly with
decreasing collision speeds, port accidents are not likely to lead to large releases of radioactive
materials. In addition, although this study takes no credit for administrative controls, such as
safety and security zones, administrative controls in ports are also expected to limit the
magnitudes of port accident source terms.

.

.

*

Because only accidents that occur in ports are likely to produce significant consequences,
consequence calculations were not performed for ocean or coastal accident locations.
Moreover, the only port accidents considered were those where the ship carrying the spent fiel
is struck by another ship. Accidents where the spent fuel transport ship rams a f~ed structure
(a bridge or a dock), rams another ship (a collision where the spent fhel ship is the striking
ship), or runs agrc)und were not examined for the following reasons:

● Ship accident data show that when a ship rams a fixed structure or collides with another
ship, damage to the striking ship is confiied to its prow and to the forwardmost hold.
Therefore, because good shipping practice avoids the placement of hazardous cargo in
forward hc)lds, if the spent fuel transport ship rams a freed structure or another ship,

3



the spent fuel cask should not be damaged unless, contrary to normal
been loaded into the forwardmost hold.

● Because keel structures are massive and very sturdy, grounding

practice, it has .—

.. —

rarely lead to
significant darnage to cargo, although monetary losses due to sinking of cargo or the
ship can be substantial. Therefore, since immersion to the depths of harbor channels is
unlikely to damage a spent fuel cask or pose a significant retrieval problem, grounding

—

were not examined during this study.
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2.0 RISK ANALYSIS METHODS

,-

.

The consequences of ship collisions that might occur in ports were estimated using the
MELCOR Accident Consequence Code System (MACCS) [Ch90, J090, Sp90], originally
developed by Sandia National Laboratories (SNL) for the U.S. Nuclear Regulatory
Commission (NRC) for use in estimating the consequences of nuclear power plant accidents
[NRC90]. The MACCS code was selected for these analyses because it can model an accident
that takes place at a specific location and the actual population distribution around that location
including space thalt is ocean and thus unpopulated.

If a ship transporting spent fuel is struck by another ship while making a port call and the
collision leads to the failure of the spent fuel cask, the prevailing winds would transport the
radioactive gases and aerosols in the plume released to the atmosphere during the accident
away from the port. During transport by the prevailing winds, downwind populations would
be exposed to radiation, and land, buildings, and crops located below the plume trajectory
would be contaminated by the radioactive materials deposited from the plume. Estimation of
the range and probability of the health effects induced by the radiation exposures, and of the
economic costs and losses that would result from the contamination of land, buildings, and
crops is the objective of a MACCS accident consequence analysis.

For each hypothetical accident examined, MACCS calculations require the
and site data:

The radioactive inventory of the cask at the time of the hypothetical
radionuclides important for the calculation of accident consequences.

following accident

accident for those

Release fractions and the probabilityof release for the radioactive source term caused by
the accident.

Plume characteristics for each plume segment released to the atmosphere by the accident
(number of segments, the sensible heat content of each segment, and the release time and
duration of each segment).

Meteorological data characteristic of the region where the port is located, usually one year
of hourly reaciings of windspeed, atmospheric stability, and rainfall, although MACCS
calculations can be carried out using constant meteorological conditions such as those
specified by a joint frequency distribution of windspeed by stability class and wind
direction.

The population distribution about the port where the hypothetical accident is assumed to
occur.

5



Emergency response data, such as evacuation times and average evacuation speeds; and
building shielding factors andthetirne when people take shelter, ifnearby populations are
instructed to take shelter.

Land usage (habital land fractions and farmland fractions) for the region surrounding the
port.

Given these data ,for each hypothetical accident examined ,MACCS predicts:

The downwind transport, dispersion, and deposition of the radioactive materials
released from the failed spent fuel cask.

The radiation doses receivedby the exposed populations via direct (cloudshine, inhalation,
groundshine, resuspension) mdindirect (ingestion) exposure pathways.

The mitigation of these doses by emergency response actions (evacuation, sheltering, and
post-accident relocation of people).

The health effects that may occur in the individuals exposed to radiation as a result of the
accident; for example, latent cancer fatalities, and acute injuries if short-term exposures are
large.

The costs of emergency response, decontamination, temporary interdiction, and
condemnation of milk, crops, land, and buildings located in the region around the port.
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3.0 MACCS INPUT DATA

3.1 Source Terms

MACCS source terms are specified by four input quantities: the probability (Ps~) of the
radioactive source term released as a result of the ship collision; the time (t) and duration (At)
of each segment of the release (for ship accidents there may be both a mechanical release at the
time of the collision and a later thermal release if the accident progression leads to a fwe); and
the magnitude of tie source term (Ms~).

3.2 Source Term Magnitudes

In MACCS, the magnitude (Ms~) of a source term is expressed in curies and is calculated as a
sum of products where each term in the sum is the product of the inventory (Ii) of radionuclide
i available for release and the fraction (FR) of that inventory that is released during the
accident being examined. Thus,

Ms~ =

3.2.1 EA

In the EA

~ ‘MsTi= ~ IiFR
i i

Source Terms

titled “Environmental Assessment of Urgent-Relief Acceptiuice of Foreign Research
Reactor Spent Nuclear Fuel” [DOE94a], hereafter ~eferred to as the Urgent Relief EA or just
the EA, accident risks were estimated using a six category accident severity scheme. To
facilitate comparison of the risk estimates developed for this study to those developed for the
EA, this study retained the six-category accident scheme used in the EA, modifying that
scheme only as
research reactor
temperature fire
Temperatures).

Table 1 presents

was necessary to reflect the unique physical and chemical properties of
fuels that affect release of fission products from these fuels during high-
accident scenarios (see Section 3.2.2, Fission Product Release at High

the six-category accident severity scheme used in the EA, and the values of
the conditioml release probabilities (conditional on the occurrence of the specified accident)
used in the EA for each accident category. For each accident category, Table 1 also presents
release fraction values for five chemical element groups: cobalt (Co), noble gases @),
cesium (Cs), ruthenium (Ru), and radionuclides released as particulate (Part). Inspection of
the accident conditions listed in Table 1 shows that no radioactive releases are expected for
accidents that fall into Accident Categories EA1 or EA2. The conditions specified for EA3
accidents indicate that these accidents fail the cask seals but not the fiel elements contained
within the cask. Thus, only radioactivity, formed by activation of chemical deposits (CRUD)
located on iiel element outer walls, can be released by EA3 accidents [Sa88]. Since research



Table 1. Accident Severity Category Scheme Used intie EA

Accident
Severity Conditional Release
Category Accident Conditions Probability Specie Fraction

EA1 Conditions do not exceed those for a Type 0.603 co o
A package; no release of contents Kr o

Cs o
Ru o
Parta o

EA2 Conditions equal to those for Type B 0.395 co o
certification tests; no release of contents Kr o

Cs o
Ru o
Part o

EA3 Seal damage creates leak path, but fuel 0.002 co 1.2E-2b
undamaged; only CRUD if present Kr o
released from package Cs o

Ru o
Part o

EA4 Impact damage great enough to cause 4.OE-4 co 1.2E-2
damage to spent fuel; fuel particulate and Kr 1.OE-2
fission gases may be released Cs 1.OE-8

Ru 1.OE-8
Part 1.OE-8

EA5 Impact damage to seals plus fire severe 4.OE-4 co 1.2E-2
enough to cause thermal burst with release Kr 1.OE-1
of fission gases, volatiles, and particulate Cs 9.OE-4

Ru 1.OE-6
Part 5.OE-8

EA6 Severe impact damage plus fire severe 4.OE-4 co 1.2E-2
enough to oxidize fuel with release of Kr 1.lE-1
greater amounts of volatiles than Cs 9.8E-4
Category 5 Ru 4.2E-5

Part 5.OE-8

‘Part = Particulate.
bl.2E-2 = 1.2 X 10-2.
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reactor fuels are not significantly subject to deposit formation, formation of radionuclides by
activation of CRUID deposits is not significant. Thus, none of the four inventories used in this
study (see Table :5) contain radiocobalt, the principal radionuclide formed by activation of
CRUD deposits.

The accident conditions specified in Table 1 for EA4, EA5, and EA6 accidents indicate that all
of these accidents involve seal failure and fuel damage, while only EA5 and EA6 accidents
lead to severe fires. Because by definition, EA6 accidents lead to oxidization of fuel, these
accidents must also lead to more severe cask failures than those assumed for EA4 and EA5
accidents. Specifically, EA6 accidents must lead to cask failures that allow the ensuing severe
fire to induce a convective flow of air through the failed cask. Otherwise fuel oxidation could
not occur.

Finally, although the accident phenomenology specified for EA accident Category 6 is more
severe than that specified for Category 5, and that for Category 5 is more severe than that for
Category 4, in the EA all three of these categories were conservatively assigned a Conditional
Probability of Occurrence of 4.OE-4 (i.e., 4 x 104). Since increasing accident severity should
mean decreasing accident probability, the conditional probabilities assigned to these categories
should not be identical. Therefore, a way to develop new estimates of the conditional
probabilities of occurrence for EA Accident Categories 4, 5; and 6 was formulated (see
Section 3.4, Source Term Probabilities).

3.2.2 Fission product Release at High Temperatures

Table 1 shows that the principal difference between Severity Category 5 and Severity
Category 4 release fractions is a five order of magnitude increase (from 1.OE-8 to 9.OE-4) in
the release fraction for Cs; and that the principal difference between Severity Category 6 and
Severity Category 5 release fractions is a 42 fold increase (from 1.OE-6 to 4.2E-5) in the
release fraction for Ru.

Cs release is dramatically increased during Category 5 accidents because, in contrast to
Category 4 accidents, these accidents lead to a severe fire, which heats the spent fuel to
temperatures where Cs volatility is greatly increased. Ru release is increased during
Category 6 accidents because these accidents involve cask failures that allow significant
convective flow of air through the cask to occur, which causes involatile Ru species in the
spent fuel to be oxidized to volatile RU04.

The release fractions listed in Table 1 were constructed from release estimates developed by
Wilmot ~i81, Wi84] for power reactor fuel (UOZpellets clad in zircaloy). The fuels used in
research reactors are not zircaloy clad U02 pellets. TRIGA reactors use large pellets formed
from a mixture of uranium, zirconium, and zirconium hydride (ZrHz) that are clad in stainless
steel. All of the other reactors considered in this study use aluminum clad metallic fuels
where the metal is an alloy of aluminum and uranium. At elevated temperatures (T > 900 K),
Al-U alloy fuels melt [E193] and, if exposed to air, TRIGA fuel burns [Be81]. Therefore, if a
ship collision leads to a fire that heats these fuels to temperatures much above 900 K, fission
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product release from these fuels is likely to be much greater than that predicted for UOZ power
reactor fuels. Therefore, the properties of metallic Al-U alloy fiels and of TRIGA fuel were
reviewed to identify any significant differences between release of fission products at elevated
temperatures horn research reactor fuels and power reactor fuel.

The BR-2, RHF, and Osiris fuels considered by this study are fabricated as stacks of
aluminum clad Al-U alloy cylinders or plates. Release of fission products from Al-U alloy
fuels has been reviewed by Ellison et al. [E193]. They conclude that release is minor below
about 923 K, the melting point of the Al-U alloy horn which these fuels are fabricated. Once
the Al-U alloy has melted, fission products volatile at melt temperatures are rapidly released
from the molten alloy. Although molten aluminum can dissolve both the stainless steel spacers
that support individual fuel bundles and the alloy fuel plates, melting of the aluminum cladding
that surrounds these alloy fuels does not significantly affect release. The melting temperature
of the clad, 933 K, is slightly higher than the melting temperature of the alloy fuel, which
means that clad melting will follow but not influence fiel melting.

The effects of air ingression on release of fission products from commercial reactor fuel have
been reviewed by Powers et al. [P094]. Their review indicates that Ru release fractions from
U02 fhel will equal or exceed 4.2E-5, the release fraction for Ru used in the EA for Category
6 accidents, if the fuel is exposed to air for 15 to 30 minutes while heated to 700 K. Their
review also indicates that release increases rapidly as temperature rises or exposure times
lengthen, and that for temperatures less than 1200 K, Ru is released principally as RuO1.

TRIGA fuel is a uranium-zirconium-hydrogen (U-Zr-H) alloy with atomic proportions
0.03:1:1 that burns spontaneously in air at temperatures above 925 K [Be81]. Because this
combustion process is highly exothermic, if a severe fue heats a failed cask to temperatures
above 925 K, air ingression due to convection or due to contraction of cask gases upon cask
cooling might be expected to initiate spontaneous combustion of the U-Zr-H alloy, which
could lead to substantially increased release from fiel of Kr, Cs, most likely as CSZO, and of
Ruby conversion to volatile RuOXto the cask interior.

Theoretical [US88, SNL89, GNS93, Sh94] and experimental ~a86a, Ne86, Gr87, Gr89,
SC89, Ke94] studies of the thermal loads on casks produced by engulfing frees indicate that
only engulfing frees with durations of an hour or more that are not oxygen-starved and are
supported by the combustion of some high-grade fhel (gasoline, jet fuel, diesel fuel) can raise
the spent fuel contained in the casks to temperatures that approach 1000 K. These studies also
indicate that cask temperatures this high are not attained for fires of similar duration caused by
lower-grade fuels (e.g., crude oil, wood). Thus, short duration fires involving low-grade fuels
or mixtures of low- and high-grade fhels, and fires involving high-grade fuels that are oxygen-
starved, because hold covers are closed, or are suppressed by the operation of fire fighting
systems, are unlikely to raise cask temperatures high enough to significantly increase 0
vaporization or to cause substantial conversion of Ru to volatile RuO1. Conversely, engulfing
fires of about one hour duration that involve high-grade fhels could for some accidents heat
cask interiors to temperatures where (1) Al-U alloy fuels melt, (2) Kr, CS20, and RU04 are
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easily vaporized both from TRIGA fuel pellets and from melted Al-U alloy fuels, and
(3) conversion of Ru to RuOAis substantial if either fuel is exposed to air.

By definition, Category 5 and 6 accidents are caused by or lead to frees. Thus, for Category 5
and 6 accidents, fission product release depends strongly on the temperature to which the spent
fuel is heated by the fire. For Category 5 accidents, where Iiel temperatures remain below
900 K (i.e., remain below the ignition point of TRIGA fiel in air and the melting point of
Al-U alloy fuels), release from TRIGA U-Zr-H pellets should be simiIar to that from UOZ
pellets, and release from Al-U alloy fuels should be very small, perhaps negligible, since
diffusion in the metal plates from which the fuel is fabricated will be too slow to cause
significant release to the cask, much less to the environment.

Above 900 K, CSZO,the expected chemical form of Cs in spent fuel, and RuOa, become quite
volatile [CU84, C090]. Thus, for Category 5 accidents during which fhel is heated to
temperatures that significantly exceed 900 K, release of Kr and of Cs as CSZOfrom TRIGA
fuel pellets or from melted Al-U alloy fuels to the cask interior should be substantial. Release
of Ru wilI also be substantial if exposure of the fhel to air converts Ru to volatile RU04. After
release to the cask interior, transport of these fission products from the cask to the
environment past a failed cask seal will only be efilcient if the gases in the cask expand
significantly due to heating of the cask to temperatures well above 900 K. For example, if
melting of an Al-U alloy fuel at 923 K causes almost all of the Kr trapped in the fuel to be
released to the cask interior, then further heating of cask gases to 1023 K will cause 10 percent
of the Kr and of all other gaseous species in the cask interior to be lost ‘to the environment due
to expansion of the cask gases past the failed cask seal.

After the fire dies out, cooling of the hot cask will cause air to be drawn into the cask as the
gases in the cask cool and contract. Thus, almost any hot fire of substantial duration will lead
to substantial air ingression into a failed cask. Enhanced Ru release could then occur, but only
if large amounts of fiel are exposed to the air, if this exposure occurs when the fuel is still hot
enough to allow Ru to be oxidized to a volatile species such as RU04, and if there is a
transport process operating that causes the volatile Ru species to be released from the failed
cask.

If air is drawn into the cask by cooling while an Al-U alloy fuel is still molten, substantial
exposure of fuel to air will occur, and therefore oxidation of Ru to RU04 should take place.
However, after the RuOq is released to the cask interior, release to the environment can only
occur by an inefficient transport mechanism, diffusion against the inflow of air into the cooling
cask. Thus, Category 5 accident conditions, even those that reach unusually high
temperatures, are not expected to significantly increase Ru release from Al-U alloy fbels.
Significant Ru release might occur during a Category 5 accident, if, after the fire dies down
and air is drawn into the cask, the fue flares up anew and again heats the cask to elevated
temperatures, whereupon gas expansion would transport some of the RuOA vapors from the
cask to the environment.
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If cask cooling draws air into a cask that contains TRIGA fuel while the fuel is still at
temperatures above 900 K, the fiel will burn spontaneously and exothermically, causing Ru to
be converted to RuOQ. Heating of the fuel and the cask gases by the highly exothermic
oxidation of the hydride fuel will then cause the RuOXto vaporize, the cask gases to expand,
and some of the volatilized RU04 to be transported from the cask to the environment. Cyclic
repetition of this sequence could further increase Ru release.

During Category 6 accidents, release from fuel to the cask interior of Kr, Cs, and Ru, after
conversion to RU04 by exposure to air, would occur by the processes just described for
Category 5 accidents. Because gas convection through a failed cask is by definition substantial
during Category 6 accidents, exposure of hot fuel to air would always cause conversion of Ru
to RU04 to be substantial, and all vapors released from the fuel to the cask would be
transported from the cask to the environment by the convective flow of gases.

3.2.3 Release Fractions for High-Temperature Events

The discussion presented in Section 3.2.2 indicates that at elevated temperatures release
fractions for Al-U alloy and TRIGA fuels will differ substantially from those used in the EA
for Category 6 events and also for Category 5 events that reach unusually high temperatures.
To allow the consequences of such high-temperature events to be examined, the EA severity
category scheme was modified by subdividing Categories 5 and 6 into low (Categories 5A and
6A) and high (Categories 5B and 6B) temperature categories.

Fire events that do not heat cask contents above 900 K are placed in Categories 5A and 6A.
Fire events that heat cask contents above 900 K are placed in Categories 5B and 6B. Events
that lead to seal failure are placed in Category 5. Events that lead to catastrophic cask failures
(e.g., one medium hole, two or more small holes), failures that permit significant convective
flow of gases through the failed cask, are placed in Category 6. Thus, for Category 5 events,
transport from the cask interior to the environment of fission products released from fuel to the
cask interior must be driven by expansion of cask gases caused by heating of the cask by the
fire; whereas for Category 6 events, transport from the cask to the environment can be
efficiently driven by convective flow of gases through the cask. Table 2 summarizes the
attributes of the modified EA Accident Categories (from now on, these modified accident
categories will be designated EIS4, EIS5A, EIS5B, EIS6A, and EIS6B to distinguish them
from the original EA Accident Categories EA4, EA5, and EA6).

3.2.3.1 Release Fraction Formulas

In order to develop release fraction formulas for the moditied Accident Categories EIS4,
EIS5A, EIS5B, EIS6A, and EIS6B, let

FBI = the fraction of fuel elements failed by mechanical forces caused by the ship collision
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Table 2. EA Release Category Scheme Attributes as Modified to Reflect the
High-Temperature Behavior of Research Reactor Fuels

Transport Process Temperature of
Category Cask Failure Mode From Cask Cask Contents

EIS4 Seal Failure Diffusion Ambient

EIS5A Seal Failure Gas Expansion T<900K
EIS5B Seal Failure Gas Expansion T>900K
EIS6A One medium hole or Convection T<900K

two small holes
EIS6B One medium hole or Convection T>900K

two small holes

‘FC1 = the release fraction for fission products from the fiel to the cask cavity caused by
the mechanical effects of the ship collision

Fc~l = the fraction of the fission products released to the cask cavity that escape from the
cask in the absence of a fue

Then, the release fraction (F~d)for Category 4 events is given by

FR4 = F~lF~clFc~l (1)

If the collision leads to a fire that heats the cask to elevated temperatures that do not exceed
900 K, heating of the fuel may cause more fission products to be released from the fuel to the
cask cavity, and expansion of cask gases due to heating by the f~e will cause some fraction of
the gas-borne fission products to be transported from the cask interior through the failed cask
seal to the environment. Thus, the release fraction for Category 5A events is given by

FWA =

where

F~c2 =

F~z =

FRA+ F~lF~cl(l - FCEI)FCEZ+ [FBI + (1 - FB1)FB2]FFC2FCE2 (2)

the fraction of fission products released from the fuel to the cask cavity due to
heating of the fuel from ambient temperature (T,) to some elevated fiml temperature
(T~) less than 900 K for Category 5A and 6A accidents and greater than 900 K for
Category 5B and 6B accidents

the fraction of the fuel elements failed by burst rupture due to heating from T. to
T~ = 0.0 as all rods are assumed to fail mechanically due to crush
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1 - (T,/T~) = the fraction of fission products that escape from the cask to the -.
environment due to heating of cask gases from ambient temperature (T~) to some
elevated temperature (Tf), where T~/Tf = the fraction of the gases in the cask at
ambient temperature that remain in the cask after heating to Tf

and F~A,FBI, F~cl, and Fc~l are as previously defined.

If the collision has led to cask failures (a single medium hole or two smaller holes) that allow
substantial convective flow through the cask, then all fission products released to the cask
interior will be transported from the cask to the environment. Thus, the release fraction for
Category 6A events is given by

F~GA= F~l + F~lF~cl(l - Fc~l) + [FBI + (1 - F~l)F~z]F~cz

as by definition Fc~z = 1.0 for Category 6 events.

The release fraction for fire events that heat a failed cask to temperatures above
Al-U alloy fuels melt and TRIGA fuel burns if exposed to oxygen, is given by

FR.5B=

where

FFC3=

F~g =

Fc~~ =

FWA + [FBI + (1 - FB1)(FB2+ FB3)]FFC3FCE3 .

_/
(3)

900 K, where

(4)

the fraction of fission products released from the fuel to the cask cavity after the fuel
has been heated to TFC-, the temperature where Al-U alloy fhels melt, and TFUGA
fuel burns if exposed to air

the fraction of the fuel elements failed by burst rupture due to heating from T~c~ to
~—

Tf where now Tf > T~cq = 0.0 as all rods are assumed to fail mechanically due to
crush

1- (T~c~/Tf) = the fraction of fission products in the cask at T~c~that escape to the
environment due to heating of cask gases from TFC3to some temperature Tf > TFC3,
where TFc3/Tf = the fraction of the gases in the cask after heating to TFc~ that
remain in the cask after fimther heating to Tf

and all other parameters are as previously defined. Again, if a Category 6 event has occurred,

FR6B = FR6A+ [FBI + (1 - FB1)(FB2 + FB3)]FFC3 (5)

since by deftition FCE3= 1.0 for Category 6 events.

3.2.3.2 Parameter Values for Release Fraction Formulas

The release fractions used in the EA are the same as those used in the Taiwan EA [DOE86,
DOE88a], which cites Wilmot ~i84] as its source for release fractions. Wilmot developed
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release fractions for air-cooled casks for release of fission products from spent commercial
UOZ Iiel for three processes: impact, burst, and oxidation. EA Category 4 release fractions
are the same as those developed by Wilmot for impact events involving air-cooled casks.
Except for Cs, EA Category 5 release fractions are equal to the sum of Wilmot’s release
fractions for impact and burst, and EA Category 6 release fractions are equal to the sum of
Wilrnot’s release fractions for impact, burst, and oxidation. For Cs, the EA used release
fractions that were adjusted to reflect the effect of metallic fuel properties on Cs release.

For im act events, Wilmot used FBI = 0.1, F~cl = 0.2 and FCEI = 0.5 for Kr; and FFC1=
?2 x 10- and Fc~l ❑= 0.05 for Cs, Ru, and I% (i.e., for release of fuel frees and thus also for

the fission products trapped in the frees). For burst events, Wilmot assumed that F~z = 0.9.
Table 1 shows that the EA used values of 0.1, 9 x 104, 1 x 10-6,and 5 x 10-8, respectively, for
the release fractions for Kr, Cs, Ru, and Particulate for Category 5 events. If Equation 2 is
solved for FFC2using the EA values for Category 5 events for F~A, Wilmot’s values for FBI,
F~z, F~cl, and Fe-l, and values of 300 and 800 K for T, and T~, then the foliowing values are
obtained for FFC2: 0.15 for Kr, 1.6 x 10-3for Cs, 1.6 x 10-6for Ru, and Ofor Particulate.

Cask damage caused by impact and crush forces is analyzed below in Section 3.4.4. That
analysis suggests (1) that cask damage will not result from the impact forces experienced by
casks during ship collisions, and (2) that, if a cask is subjected-to crush forces, the resulting
cask damage will always fail most of the fuel elements in the cask. Therefore, to be
conservative, FBI = FB2 = FB3 = 1.0.

To facilitate comparison of the release fraction values developed here to the values used in the
EA, the release fraction values for the Cs, Ru, and Particulate chemical element groups for
Category 4 events were forced to be the same as the values used in the EA. Although A1-U
alloy fbels should have very little (if any) fuel frees associated with the metal plates from
which the fuel bundles are fabricated, to regenerate the EA Category 4 release fraction for
Particulate, it was arbitrarily assumed that Al-U alloy fuels have amounts of fuel fines one-
tenth of the amount assumed by Wilmot for U02 fuels. Thus, for Al-U alloy fuels, FFC1=
2 x 10-7and therefore, because FBI = 1.0, FR4= 2 x 10-8, which is the value used in the EA
for the release fraction for Cs, Ru, and Particulate for Category 4 events.

The parameter F~c3 specifies the fraction of fission products that are released to the cask cavity
from spent research reactor fuel when Al-U alloy fuels melt or TIUGA fuel burns. Literature
values for this parameter could not be found. Reasonable values for FFc~for Al-U alloy fuels
are 1.0 for Kr, 0.1 for Cs, 1.6 x 10-5for Ru, and 1.6 x 10-6for Particulate, where Ru release
from alloy ~el upon melting has been assumed to be ten times the Ru release estimated for
commercial U02 ffiel during Category 5A events (the value of FFC2for Ru release from U02
fuel for Category 5A events), and Particulate release has been assumed to be about the same as
Ru release from U02 fueI for Category 5A events and about ten times larger than Particulate
release from Al-U alloy fuels for Category 4 events (the value of FFC1for Particulate release
from Al-U alloy fuels for Category 4 events), as the melting of Al-U alloy fuels due to heating
of the cask by a fire is not likely to be violent.
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Category 6B accidents involve cask failures that allow convective flow of combustion gases
and air through the failed cask. During Category 6B accidents, TRIGA fuel will burn
exothermically, if convection causes air to flow through the cask. Accordingly, reasonable
values for F~c2 for TRIGA fuel for Category 6B accidents are 1.0 for Kr; 0.3 for Cs; 0.3 for
Ru, since burning of the fuel means that Ru will be converted to volatile RuOd by exposure to
air; and 0.01 for Particulate, on the assumption that the high exothermicity of the combustion
process will cause one percent of the fhel mass to be aerosolized.

Air can enter a failed cask during Category 5B accidents only when cask gases contract upon
cask cooling. But entry of air will not always lead to increased release of fission products
from TRIGA fuel. Increased release will not occur if the air cools the TRIGA fhel below
900 K, the temperature at which TRIGA fuel burns spontaneously in air. Even if burning does
occur, the fission products released by burning of fuel can be efficiently transported from the
cask to the environment only by expansion of cask gases during the burning of the TRIGA
fiel. But expansion of cask gases will stop air flow into the cask and consequently the burning
will also cease. Thus, substantial release of fission products during Category 5B accidents can
occur from TRIGA fuel only if the cask passes through several cooling/burning cycles. As
this is unlikely, Category 6B values for F~cqfor TRIGA fuel are not suitable for Category 5B
accidents. Accordingly, when applied to Category 5B accidents, the TRIGA fuel F~c~ values
for Category 6B accidents were decreased by a factor of three.

Table 3 lists the parameters used in Equations 1 through 5, and presents the values used for
each input parameter to calculate the release fractions FR4, FMA, FR6AYFw~, and FR6B. In the
table, a check mark (~) indicates the chemical element group (Kr, Cs, Ru, P = Particulate)
that the values in the row apply to and quotation marks mean that the previous value listed in
the column was used to calculate the indicated FR value. For the four EA5 results for Uoz
fuel, the result calculated is the F~c2value, not the FM value, which here is an input parameter
whose value was set equal to the release fraction value used in the EA for the indicated
chemical element group for Category 5 accidents.

Table 4 presents the release fraction values developed using the construct just described, and
compares the values to the release fraction values used in the EA for Accident Categories 4, 5,
and 6 by presenting the ratio (EIS value/EA value) of the EIS values for Al-U and TRIGA
(U-Zr-H) fuels to the value used in the EA that was developed from Wilmot’s results ~i81,
Wi84].

Table 4 shows that EA4 and EIS4 release fractions for Cs, Ru, and Particulate from Al-U
alloy and U02 fuels are the same. They are the same because the parameter values used to
calculate the EIS4 release fractions for these three chemical element classes were deliberately
given values that would reproduce the EA4 value of lE-8. The EIS4 release fraction for Kr
also has a value of lE-8 because, below the melting point of the Al-U alloy, Kr can only be
released as a constituent of small particles that become gasborne as a result of the collision.
Therefore the release fraction for Kr is the same as that for Particulate. U-Zr-H (TRIGA) fuel
EIS4 release fractions all have values that are ten times larger than the EA4 release fraction
values because the EIS release construct assumes that the crush forces that characterize a ship
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Table 3. Input Parameter Values Used to Calculate Release Fractions for High-Temperature Fire Events

Accident Element Parameter
Category Fuel Kr Cs Ru P FBI F~cl Fc~l F~z F~cz F~~ T.(K) T~c~ T~K) F~c~ F~

EA4 uo~ d 0.1 0.2 0!5
4 4 d “

0.01
x 2E-6

d
0.05 lE-8

EA5 x ,, 0.2 0.5
d

0.9 0.15 300 800 IE-1
x ,( 2E-6 0.05 “ 1.6E-3 ,, ,,

4
9E-4

x
d ~ ~ ~ ~ ::F-6 ~ ~

lE-6
x

4
5E-8

EIS4 U-Zr-H
4 d d l;O ;;6 :::5

0.1
x

j d 4 d “
lE-7

Al-U 2E-7 “ lE-8
EIS5A U-Zr-H II

4
0.2 0.5 0.0 0.15 300 800 0.26

x II 2E-6 0.05 “ 1.6E-3 II It

4
lE-3

x
d ~ ~ ~ ~~ %-6 ~ ~~

2.3E-6
x

d 4 4 4 “
1.3E-6

Al-U 2E-7 “ “ 0.0 II II

d
1.3E-7

EIS5B U-Zr-H II

d
0.2 0.5 “ 0.15 0.0 “ 923 1023 0.33 0.31

x It 2E-6 0.05 “ 1.6E-3 “ “ “ “ 0.1 1.lE-2
x d
x d ~ ~ ~ ~~ ;::E-6 ~~ ~ ~~ ~~ ::lE-3 %::
Al-U 4 It

4
2E-7 “ “ “ “ “ “ “ 1.0 9.8E-2

x
x 4 ~ ~ ~ ~ ~ ~ ~ ~ ~~ ::iE-5 %:
x 4 “ “ “ “ “ “ “ “ “ 1.6E-6 3.OE-7

EIS6A U-Zr-H d II 0.2 0.5 “ 0,15 II

4
800 0.35

x 2E-6 0.05 “
4 ~~ “

1.6E-3 II II 1.6E-3
x II

d “ “ “ ~ %-6 ~ ~~
3.6E-6

x
d d d 4 “

2E-6
Al-U 2E-7 “ “ “ II II

4
2E-7

EIS6B U-Zr-H 11 0.2 0.5 “ 0.15 0.0 “ 923 1023 1.0 1.0
x d 11 2E-6 0.05 “ 1.6E-3 “ “ “ “ 0.3 0.3
x d
x d ~ ~ ~~ ~ :::E-6 ~~ ~ ~ ~ :::1 :::1
Al-U d II 2E-7 “ “ “ “ “ “ “ 1.0 1.0

d II II II II It 11 II II II

d
0.1 0.1

d ~ ~ ~ ~ ~~ ~~ ~~ ~~ ~ ::%: ::%:;



Table 4. Release Fraction Values for Research Reactor Fuels

Accident Element Group

Category Fuel Kr Cs Ru Particulate
EA4 U02 0.01 lE-8 lE-8 lE-8
EIS4 Al-U lE-8 lE-8 lE-8 lE-8
Ratio lE-6 1 1 1

EA5 uo~ 0.1 9E-4 lE-6 5E-8
EIS5A Al-U 1.3E-7 1.3E-7 1.3E-7 1.3E-7
Ratio 1.3E-6 1.4E-4 0.13 2.6

EA5 uo~ 0.1 9E-4 lE-6 5E-8
EIS5B Al-U 9.8E-2 9. 8E-3 1.7E-6 3E-7
Ratio 0.098 11 1.7 0.6

EA6 uo~ 0.11 9.8E-4 4.2E-5 5E-8
EIS6A Al-U 2E-7 2E-7 2E-7 2E-7
Ratio 1.8E-6 2.OE-4 4.6E-3 4.0

EA6 uo~ 1.lE-1 9.8E-4 4.2E-5 5E-8
EIS6B AL-U 1.0 0.1 1.6E-5 1.6E-6
Ratio 9.1 100 0.4 32

EA4 UO* 0.01 lE-8 lE-8 lE-8
EIS4 U-Zr-H 0.1 lE-7 lE-7 lE-7
Ratio 10 10 10 10

EA5 uo~ 0.1 9E-4 lE-6 5E-8
EIS5A U-Zr-H 0.26 lE-3 2.3 E-6 1.3E-6
Ratio 2.6 1.1 2.3 26

EA5 uo~ 0.1 9E-4 lE-6 5E-8
EIS5B U-Zr-H 0.31 1.lE-2 9.8E-3 3.3 E-4
Ratio 3.1 12 9.8E+3 6.6E+3

EA6 uo~ 0.11 9. 8E-4 4.2E-5 5E-8
EIS6A U-Zr-H 0.35 1.6E-3 3.6E-6 2E-6
Ratio 3.2 1.6 0.086 40

EA6 uo~ 0.11 9.8E-4 4.2E-5 5E-8
EIS6B U-Zr-H 1.0 0.3 0.3 0.01
Ratio 0.91 310 7.1E+3 2E+5
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collision will fail all of the rods in the transportation cask, whereas Wilmot assumed that the
impact forces that characterize truck and train collisions would fail only ten percent of the
spent UOZ fuel rods in the cask.

Differences between EA and EIS release fraction values for Accident Categories 5, 5A, 5B, 6,
6A, and 6B cannot be quantitatively explained. In general, EIS5A release fractions for Al-U
alloy fuels are smaller than EA5 release fractions while EIS5B release fractions are larger than
EA5 release fractions. The same pattern is observed for EIS6A and 6B release fractions when
compared to EA6 release fractions. This pattern is expected for Al-U alloy fuels where
release will be inhibited in comparison to pelletized fuels until the alloy melts, whereupon
release will be greatly enhanced. For U-Zr-H (TRIGA) fuel, EIS5A ‘release fractions are
larger and EIS5B release fractions are much larger than EA5 release fractions. EIS5A release
fractions are larger than EA5 release fractions because the EIS construct assumes that all rods
fail while the EA construct assumes that only ten percent of the rods fail. Thus, although
fission product transport in TRIGA and UOZ fuel pellets should be similar, because the EIS
construct assumes that more rods fail, release from the rods to the cask is always greater for
the EIS construct than for the EA construct. Conversely, because the EIS construct assumes
that TRIGA fiel bums spontaneously at elevated temperatures, release from TRIGA fuel
pellets is much larger than release from UOZ fuel pellets once the TRIGA fuel pellets begin to
burn.

Although not quantitatively explicable, the trends in release fraction values generated by the
EIS release construct are consistent with the behavior expected for Al-U alloy fuels and
TRIGA fuel pellets during ship accidents. Therefore, the release fraction values generated by
the new EIS release construct are wholly suitable for use in the ship accident consequence
calculations performed for this study.

As is described in detail in Section 4.0, three sets of consequence calculations were performed
for this study: base case calculations, high-temperature calculations, and sensitivity
calculations. Base case calculations use EA release fraction values (FR values) taken from
Table 1. High-temperature calculations use release fraction values taken from Table 3.
During the sensitivity shidies described below, MACCS calculations were performed that used
release fractions that were developed for truck and rail accidents by Lawrence Livermore
National Laboratory (LLNL) for the NRC’s Modal Study [Fi87]. Although the EA presents
release fractions for six severity categories, MACCS calculations were not performed for the
first two categories, because cask failure does not occur for either category, or for Category 3,
because only CRUD is released in a Category 3 accident, and only minor amounts of CRUD
deposits form on research reactor spent fuel. To examine the possible impacts of CRUD
release, during the sensitivity studies, one Category 3 accident calculation was performed
during which 350 Ci of ‘Co was the only nuclide released, and one calculation was performed
that added the same amount of ‘Co to the base case calculation.
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3.2.4 Inventories

About 100 research reactors may ship spent fuel to the United States. The fuels used in these
reactors are fabricated as rods or stacks of flat, curved, or cylindrical plates. Radionuclide
inventories for four representative research reactors, Osiris (flat plate design), RHF (curved
plates arranged in an annular design), BR-2 (cylindrical plate design), and TRIGA (rod
design), were examined during this study. Table 5 presents these inventories. Cask
inventories were constructed for these four reactor fuels by SAIC [DOE95] using the ORIGEN
2 code [Cr80]. The constructions assumed transport in fully loaded Pegase casks [FR88].
Transport in Pegase casks was assumed as this maximized inventory -size. Figure 1 and
Table 6 depict the construction of the Pegase cask.

3.3 Source Term Timing and Sensible Heat

Ship accident source terms may be released as a puff (a short-duration release) and/or a tail (a
long, slow release). Usually the puff release will follow the failure of the cask due to collision
forces as the radioactive materials transferred to the cask atmosphere by the collision forces
are transported from the cask by diffusion, or by gas expansion if the fuel is pressurized. A
puff release may also occur if an ensuing fire leads to near-simultaneous cask and rod failure
due to thermal loads. After cask failure due to collision forces, a tail release may occur, if an
ensuing fire drives volatile fission products from the fuel over an extended heating period.

Ship collisions are short duration events. Therefore, if collision forces-produce a puff release,
the effective duration of the puff should be relatively short (10 to 30 minutes) as deposition to
surfaces inside the failed cask will steadily decrease the amount of gas-borne aerosols available
for release from the cask to the environment. Moreover, the release should be comprised of
materials that are cold (no significant sensible heat content) and because cold should not be
subject to plume rise.

If the puff release is caused by the near-simultaneous failure of cask seals and fuel
elements due to fire-driven thermal loads, then the puff will be delayed in time and subject to
plume rise, as the materials in the puff will be hot. The delay time will usually be about an
hour, as a substantial engulfing fire must burn for about an hour to heat a cask and its contents
to temperatures where cask seals and fiel elements may fail and vaporization rates [CU84,
C090] for nongaseous fission products (e.g., CSZO)become significant. Puff releases caused
by burst rupture of fuel elements should have relatively short durations (about ten minutes) as
relief of cask pressure through the failed cask seal will be fairly rapid. Conversely, if cask
failure was caused by collision forces, then thermal releases will take place over a long time
period (of duration about an hour) as both vaporization of fission products and expansion of
cask gases will take place throughout the entire heating period caused by the long-duration
engulfing fire.
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Table5. Curie Content of Fully haded Stipping Casks for Four Representative Fuel Types

Fuel

Nuclide BR-2 RHF OSIRIS TRIGA

H-3 8.64E+ 1 3.70E+1 1.03E+2 1.31E+1
Kr-85 2.47E+3 1.07E+3 2.76E+3 3.63E+2
Sr-89 4.08E+4 1.76E+4 6.68E+4 2.75E+3
Sr-Y-90 2.08E+4 8.93E+3 2.29E+4 3.16E+3
Y-91 7.30E+4 3.14E+4 1.14E+5 4.56E+3
Zr-95 1.07E+5 4.63E+4 1.63E+5 6.48E+3
Nb-95 2.20E+5 9.49E+4 3.28E+5 1.28E+4
Ru-103; Rh-103m 8.90E+3 3.77E+3 2.02E+4 8.44E+2
Ru-106; Rh-106m 2.15E+4 9.16E+3 4.05E+4 2.54E+3
Sn-123 4.27E+2 1.84E+2 6.16E+2 2.71E+1
Sb-125 8.90E+2 3.81E+2 1.22E+3 1.19E+2
Te-125m 2.12E+2 9.06E+1 2.86E+2 2.87E+1
Te-127m 8.87E+2 3.82E+2 1.40E+3 5.57E+1
Te-129m 1.89E+2 7.98E+1 4.98E+2 2.31E+1
CS-134 1.64E+4 4.00E+3 2.60E+3 1.16E+3
CS-137 2.06E+4 8.87E+3 2.38E+4 3.19E+3
Ce-141 5.74E+3 2.44E+3 1.39E+4 6.97E+2
Ce-Pr-144 3.12E+5 1.35E+5 3.73E+5 2.55E+4
Pm-147 4.83E+4 2.46E+4 4.80E+4 7.02E+3
Pm-148m 7.56E+1 2.92E+1 2.59E+2 4.68E+1
Eu-154 6.20E+2 1.63E+2 9.33E+2 4.18E+1
Eu-155 1.30E+2 4.56E+ 1 2.04E+2 2.27E+ 1
U-234 9. 14E-4 3.74E-4 1.28E-3 1.81E-4
U-235 1.38E-2 1.09E-2 1.47E-2 7.91E-3
U-238 3.41E-4 2.06E-4 2.OIE-2 6.51E-3
Pu-238 6.42E+ 1 1.03E+1 1.16E+2 3.03E+0
Pu-239 1.84E+0 8.89E-2 3.05E+1 5.50E-1
Pu-240 1.20E+0 4.21E-1 2.38E+1 2.09E+0
Pu-241 2.84E+2 6.77E+1 6.06E+3 2.13E+2
Am-241 3.96E-1 9.67E-2 7.20E+0 4.07E-1
Am-242m 1.05E-3 1.55E-4 5.22E-2 9.00E-3
Am-243 4.33E-3 3.76E-3 1.llE-1 4.38E-4
Cm-244 1.33E+0 9.26E-3 5.51E+0 7. 14E-3
Cm-242 1.75E+0 1.27E-1 8.37E+1 5.25E+0
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Figure 1. Pegase Cask
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Table6. Pegase Cask Properties

.

—

Description

Body I Two stainless steel shells that enclose a lead shield.

I
I

The outer shell is fitted with cooling fins and attaches
to a base rdate that is filled with asbestos..

Lid Steel filled with lead and plaster.

Base Steel fitted with four turnbuckles that attach the cask
to the base during transport.

Baskets Various designs that allow different reiearch reactor
fuels (e.g., BR-2, RHF, Osiris) to be transported.

Weight

Body 15500 kg

Lid

Cover

2000 kg

=
Total 18900 kg

I Dimensions

Body - External

Diameter 1600 mm

Height 1760 nun

Body - Internal

Diameter 800 mm

Height 1040 mm

Lid
Diameter 1875 mm

Thickness 693 mm

Base

Length 3250 mm

Width 2000 mm

Cask

Total Height
Maximum Diameter I

2450 mm
1875 mm I
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The preceding discussion suggests that ship accident source terms could follow any of four
release timing patterns: (1) a single short-duration (10 minute) release, synchronous with and
caused only by mechanical collision loads; (2) a single short-duration (10 minute) release
caused by mechanical collision loads, followed by a longer (60 minute) thermal release driven
by an ensuing fue that begins about 60 minutes after the collision takes place; (3) a single
long-duration (60 minute) thermally driven release that begins about 60 minutes after the
collision, when fuel elements are failed by collision forces but cask seals are failed by thermal
loads; and (4) a single, much delayed (90 minute delay) short-duration (10 minute) release, if
cask failure and burst rupture of fuel elements occur nearly simultaneously due to thermal
loads.

Because only a substantial long-duration engulfing fwe can cause a thermal release, radioactive
materials released due to thermal loads were assumed to be released directly into the fire
plume. Because plumes from freely burning fires will have bulk gas temperatures of about
1200 K, the rate of release of sensible heat in fire plumes was taken to be 1.0 x 105 watts for
Category 5 releases and 1.5 x 105watts for Category 6 releases.

The start time and duration of the four hypothetical release patterns are presented in Table 7.
For base case calculations, the f~st release pattern was assumed for Severity Category 4
accidents and the third pattern for Severity Category 5 and 6 accidents. The second release
pattern was examined during the workforce sensitivity study described in Section 4.4.2.5. The
fourth pattern was not examined, because both prompt and delayed short-duration releases
should lead to very similar consequences, when emergency response actions are not
undertaken, and the consequences of delayed short-duration releases
by emergency response actions.

Table 7. Release Timing Patterns

I I 1

will usually be diminished

Puff Tail

Release Release Release Release
start Duration Start Duration

Pattern (rein) (rein) (rein) (rein)

1 0 10
2 0 10 60 60
3 60 60
4 90 10

3.4 Source Term Probabilities

In this section, probability expressions for each EA and EIS source term are formulated and
values are estimated for each probability that enters the expressions. New expressions and
values are developed in order to remove the conservatism inherent in the EA of using a
single value (4.0 x 104) for the conditional probability (severity fraction) of EA Accident
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Categories 4, 5, and 6 despite the considerable difference in the severity of the ship accidents
. represented by each category (see Section 3.2.1, EA Source Terms).

3.4.1 EA Source Term Probability Expressions

.

—

—

,-

Table 8 presents a sequence of events that encompasses all of the accident conditions set forth
in Table 1. Thus, this sequence of events provides a reasonable description of a severe
collision between two large ships that leads both to a severe fire and to a release of
radioactivity from the failed spent fuel cask. This event sequence allows source term
probabilities (P~T) to be estimated as the product of some or all of. the probabilities of
occurrence of the seven events. Table 9 shows how values for P~~ were calculated in this
study for EA Accident Categories 4 through 6. Although event trees were not used to develop
the expressions for Ps~ presented in Table 9, they are used in Section 3.4.4.5 below to develop
values of PsT that reflect the unique physical and chemical behavior of research reactor fuels
during high-temperature, long-duration fire events.

Table 8. Event Sequence for a Severe Ship Accident

Event
Event Probability

Collisions between large ships ‘Collision

RAM hold struck ‘Hold

Collision subjects cask to impact forces large enough to darnage cask ‘Impact
contents

Cask subjected to crush forces because bow of striking ship contacts the ‘Cmsh
cask or cargo compression causes the hold to go material solid

Severe fire ensues PSevereFue

The f~e engulfs the cask (cask heat loads are sufllcient to vaporize CSI) PEngulfmgFire

Convective flow of air through the cask causes Ru to be oxidized to RuOd ‘Convection

Table 9. Source Term Probability Expressions for EA Accident
Categories 4 Through 6

Accident
Category Probability Expression

EA4 PST = PcOllisionx PHOldx (pImpact + ‘Cmsh)

EA5 Ps= = pcolli~io~x pHold X (pImpact+ pc~~h)x Psevere Fir.X ‘EngulfingFire

EA6 PST ) XPse,e~er.lr~X= pcollisionx PHoldx (Pkpact + ‘Crush ‘EngolfmgFirex ‘Convection
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3.4.2 Event Probabilities

—

-.

Values for PcOlli,iO~and P~~v~,~~i,~were estimated from ship accident data. Because data were
sparse for some of the ports studied, these probabilities were not developed separately for each
port (i.e., dependencies on port traffic were neglected). Values for P~Ol~and P~~@f~~~i,cwere
derived from ship specifications (number of cargo holds and the dimensions of these holds for
the prototypic break-bulk freighter used in the impact and crush analyses). Values for PI~P,C~
and Pc~,~ were estimated, as is described below, using the methods of Minors& [Mi59] and
results from previous studies of ship accidents [OR181]. A value for PcO~V~CtiO,was estimated
by review of data on fires and on the temperatures required to oxidize Ru to RuO1. Finally,
because they were reestimated, the accident probabilities

—

—

_,

‘Collision

and the severity category probabilities --,

‘SeverityCategory = ‘Hold x (Phnpact + pcm~h) x PSevere Firex ‘Engulfing Firex ‘Convection

used in the EA source term calculations described below have values that differ from those
used in the original EA.

3.4.3 Probabilities Developed From Ship and Accident Data

3.4.3.1 Probability of Collisions in Ports

Fifteen years of Lloyd’s casualty data [LMIS91] and previous studies of ship accidents ~a76,
SR178, 0R180, Ab85] were reviewed to develop (1) the probability of a severe collision
(Pcolli~ion)between large ships that occurs dockside in ports or while sailing in port channels,
and (2) the probability that such a collision leads to a severe fire (Ps.v~re~ir~).

Ship accident casualty data for the years 1978 through 1993 and U.S. port call data for the
years 1992 and 1993 were obtained from Lloyd’s Maritime Information Services, Inc.
Searches of the port call data for the two-year period 1992 through 1993 identified the number
of port calls made in U.S. ports by all ships, all dry cargo ships, and all dry cargo ships of
deadweight 10 to 20 thousand long tons. The searches were performed twice, once restricting
the results to collisions that occurred in port waters only and once adding collisions that
occurred in restricted approaches (e.g., rivers) that lead to some of the ports. The addition of
restricted approach waters was done to permit comparison to results from the literature that
included or seemed to include collisions in the rivers that lead to ports. Table 10 compares the
results developed by searches of the Lloyd’s databases (the first five entries in the table) to
results from previous studies.

The values for collisions per port call in Table 10 range from 3.7 x 10-5to 1.5 x 10-3. The
geometric mean of this range is 2.4 x 104. Table 10 contains three values of collisions per
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Table 10. Collisions per Port Call

Collisions per Port Call

Port plus
Dead Weight Restricted

Port, Region, or Study Ref. Ship Type (long tons) Port only Waters

All U.S. Lloyds All All 4.8E-5 7.7E-5
11 Dry cargo All 6.lE-5 9.7E-5
!! Dry cargo 10-20 3..7E-5 3.7E-5

New York II Dry cargo All 3.0E-4 3.6E-4
Galveston/Houston 1! Dry cargo All 2.OE-4 3.8E-4

All U.S. 0R180 All All 1.2E-3

All Us. Wa76 All All 5 .8E-4
New York II All All 8.6E-4
Galveston/Houston 11 All All 8.3E-4

Houston Ship Channel Ab85 Tanker All 1.5E-3
Mobile !! !1 All 1.5E-3
Corpus Christi !1 11 All 1.3E-3
Delaware Bay !1 II All 7.2E-4
Providence 11 II All 3.lE-4
Thames 11 !1 All 4.6E-5
Holland !1 II All 5 .OE-5
North Sea !1 II All 6.7E-5
J.J. Henry Study !! 11 All 4.6E-5
IMCO Study II Iv All 7.lE-5
Washington State Study “ 11 All 6.2E-4
Tanker Fleet Analysis “ 1! All 4.7E-4

port call for “All U. S.” ports, 7.7 x 10-5, 1.2 x 10-3, and 5.8 x 104, based respectively on
collision and port call data developed by Lloyd’s, ORI [OR180], and Warrick and Anderson
~a76]. A fc&th value of 1.2x 10-3collisions per port call can be developed from the data of
Abkowitz and Galarraga [Ab85]. The average of these four values is 7.6x 104.

The Lloyd’s data contains 69 collisions in U.S. ports during the fifteen-year period 1978
through 1993, and 60,000 U.S. port calls per year during the two-year period 1992 through
1993. Review by ORI of U.S. Coast Guard data identified 94 collisions in U.S. ports and
39,000 U.S. port calls per year during the two-year period 1974 through 1975. Review of
U.S. Coast Guard data for the five-year period 1970 through 1974 by Warrick and Anderson
identified 83 collisions and 64,000 port calls per year that occurred in seven U.S. ports (New
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York, Baltimore, Hampton Roads, New Orleans, Galveston/Houston, Los Angeles/Long
Beach, and Oakland/San Francisco). Abkowitz and Galarraga identified 391 collisions
involving tankers that occurred during the years 1976 through 1980 in five U.S. ports
(Houston Ship Channel, Mobile, Corpus Christi, Delaware, and Providence). For this five-
year period, 64,000 port calls per year were made to these ports.

Three of the four values for collisions per port call for “All U. S.” ports are based on about
60,000 port calls per year, while the fourth, the ORI result, is based on only 39,000 port calls
per year. If the ORI value for port calls per year is low, then the OIU value for collisions
per port call may be high. Because 228 of the 391 collisions that enter the value of Abkowitz
and Galarraga occurred in the Houston Ship Channel, the Abkowitz and “Galarraga value may
be more characteristic of a high-traffic port than an average port. Thus, the true value for
collisions per port call for an average U.S. port may lie nearer to the mean of the range of
values presented in Table 10 than to the average of the four values for “All U. S.” ports. In
any event, the range (10-3 to 10-5) and variability of the results presented in Table 10 are too
large to support the use of a single value for collisions per port call for all ports. Since the data
is somewhat sparse, use of order-of-magnitude estimates is indicated. Therefore, use of values
of 10-3, 104, and 10-5 collisions per port call for high, medium, and low traffic ports seems
appropriate. Finally, because research reactor spent fuel is not likely to be shipped to high
traffic ports, the 104 collisions per port call value was used in all of the MACCS consequence
calculations performed for this study.

3.4.3.2 Probability That the RAM Hold is Struck

If foreign research reactor spent-fuel casks are shipped one at a time, as is assumed here, then
P~Ol~,the probability that the hold that contains the cask is the hold that is struck, equals
l/N~Ol~,where N~Ol~is the number of holds in the ship transporting the spent fuel cask. The
prototypic break-bulk freighter [OR181] used in the impact and crush analyses described below
has seven holds. Therefore, for this prototypic ship, P~Ol~= 1/7.

3.4.3.3 Probability of Severe Fires

The fifteen years of Lloyd’s casualty data contains 1073 ship collisions in ports located
anywhere in the world. Eleven of these collisions led to fires, five caused extensive fire
damage, and one involved buckling of structures due to thermal loads. Therefore, the
Lloyd’s data suggest that the chance that a ship collision leads to a severe fue is about
5/1073 = 4.5 x 10-3, Only one of the 83 collisions identified by Warick and Anderson led to
a fire. However, that fire consumed one of the ships involved in that collision, the Sea Witch.
Thus, the Warick and Anderson data suggest that the chance that a collision will lead to a
severe fire is about 1/83 = 1.2 x 10-2. Only 17 of the 391 collisions in the Abkowitz and
Galarraga study led to fires of any severity. Thus, the probability that a collision leads to a
fire of any severity is about 17/391 = 4.4 x 10-2. SRI data [SR178] suggest that about nine
percent of all fires on break-bulk freighters involve at least an entire deck in one cargo hold,
when the fire occurs while the ship is in port (docked or sailing in port waters). Thus, the
chance that a ship fire on a break-bulk freighter will filly involve at least one cargo hold is
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about 0.12, when the ship is in port. Combining these last two results allows the probability
that a cargo ship collision leads to a severe fire (one that fully involves at least one hold) to be
estimated as follows:

(fires per collision) x (fill hold fires per fire) = (4.4x 10-2)x (0.09)
= 4.0 x 10-3severe fues per collision

Fires on cargo ships were reviewed by several nations for the International Maritime
Organization (IMO). The French submission ~092] to the IMO developed data for 599
cargo ship fwes that took place during the eleven-year period 1978 through 1988. Only 2 of
the 599 fires were caused by ship collisions, but Lloyd’s data indicate that ship fires occur
with about the same frequency as ship collisions (2000 collisions and 2547 fires during the
15 years from 1978 through 1992). Thus, the probability that a collision leads to a fwe of any
severity is - (2/599)(2547/2000) = 4.3 x 10-3. Of the 599 fires, 122 led to immediate total
loss, and 195 led to damage fust thought to be repairable but later was determined to be
beyond repair. Thus, given that a fwe has occurred, the chance that a fwe is severe is greater
than 122/599 = 0.20 and less than (122+195)/599 = 0.53. If the average of these two
estimates is used, then the probability that a collision leads to a severe fue can again be
calculated as was just done above:

(fires per collision) x (severe fires per free) = (4.3x 10-3)x (1/2)(0.20 + 0.53)
= 1.6 x 10-3severe fues per collision

If these four estimates for severe fires per collision are averaged, a value of 5.5 x 10-3results.
Rounding to the nearest order-of-magnitude suggests that Ps~vc~~Fi~~= 10-2 is a reasonable
estimate for the chance that a severe fire will be caused by a ship collision.

3.4.3.4 Probability That a Severe Fire Engulfs a RAM Cask

‘EngulfingFire is the probability that a severe fue starts on or spreads to the cargo deck where a
RAM cask is stowed, and then completely engulfs the cask. For fires that occur on break-bulk
freighters while the ship is in port, SRI data [SR178] show (1) that 3.7 percent of such frees
fully involve one deck in a single hold, (2) that 2.3 percent filly involve all of the decks in a
single hold, and (3) that 3.0 percent involve the entire ship. The prototypical break-bulk
freighter examined by this study has 21 cargo decks in 7 holds, that each contain 2, 3, or 4
cargo decks. Thus, if a fire starts on one deck in a given hold, fully involves that deck, but
does not spread to other decks or holds, then the chance that that f~e fully engulfs the RAM
cask is 1/21. If a fme starts on a deck in a hold and spreads to all decks above that deck but
not to lower decks or to neighboring holds, then the chance that the fue spreads to the deck
where the RAM cask is stowed and engulfs the cask is (1/2)(2/21 + 1/21) = 0.07 for a hold
with two decks, (1/3)(3/21 + 2/21 + 1/21) = 0.1 for a hold with three decks, and (1/4)(4/21
+ 3/21 + 2/21 + 1/21) = 0.12 for a hold with four decks. Thus, the chance that fire spread
within a hold subjects a RAM cask stowed in that hold to an engulfing tire is about 0.1. Of
course, if the fue involves the entire ship, then the chance that the RAM cask is subjected to
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an engulfing fire is 1.0. Using the SRI data to construct a weighted sum for these three results
gives

‘EngulfingFire = (0.037)(1/21) + (0.023)(1/7) + (0.030)(1 .0) = 0.035

Rounding to the next order of magnitude yields P~n@r~~Fire = 10-1 as a reasonable, though
most likely conservative, estimate of the chance that a severe fue will start on or spread to the
deck of a break-bulk freighter where a RAM cask is stowed, and then fully engulf the cask.

The prototypical break-bulk freighter examined by this study has about 1.1 x 105 ftz of space
for dry bulk cargo, or about 5000 ft2 per cargo deck. The Pegase RAM transport cask
examined by this study has a 7-ft by 10-ft base. This cask should be completely engulfed by a
pool fire that has a diameter of 20 ft and an area of314 ftz, provided that the fire occurs in the
same hold and on the same deck where the cask is stowed and is centered on the cask.
Because the area of an engulfing fme is much smaller than the area of an average deck, it
might seem that a severe fire of a size that could engulf a cask can occur on the deck where
the cask is stowed without engulfing the cask. But severe fries usually involve flammable
liquids (e.g., ship bunker fiel) or loosely packed combustible cargo that easily supports rapid
combustion. Therefore, if it is assumed that severe fires involve rapid combustion, then it
seems unlikely that a severe fire will be confined to a portion of any deck on which it starts or
to which it spreads. Accordingly, although slowly burning fires may be able to coexist on a
deck with a RAM cask without engulfing the cask, it is here assumed that the severe fires of
interest are those that involve rapidly burning materials and thus fhliy involve any deck to
which they spread. Therefore, the value of PEn@f~g~r~ = 10-1was not decreased to reflect the
possibility that a severe fire might occur on a deck where a IL4M cask was stowed without
engulfing the cask.

3.4.4 Mechanical and Thermal Loads That Cause Damage

A severe ship collision may damage a spent fuel shipping cask, and the spent fuel elements
contained in the cask, by subjecting the cask to impact forces, crush forces, and/or thermal
loads. Because ship collisions are essentially inelastic events (after a severe collision, ships
usually stick together), energy lost during a collision can be equated to the work done
damaging ship structures or compressing cargo. By relating the work done during the
collision to the masses and initial velocities of the ships involved in the collision, expressions
for the dependence of striking ship velocity on penetration distance and for the average
accelerations experienced by a cask and its contents during the collision can be derived. In
Section 3.4.4.1, an expression for the kinetic energy consumed damaging ship structures
during a collision is derived following the method of Minors& ~i59]. In Section 3.4.4.2,
this expression is used to determine the dependence of penetration distance on collision energy
for several types of cargo. In Section 3.4.4.3, the accelerations experienced by the cask and
its contents during a ship collision and the probability of damage due to impact forces are
estimated for the same set of cargo scenarios. In Section 3.4.4.4, the probability that the cask
will be subjected to crush forces is estimated. Section 3.4.4.5 discusses the probability of
high-temperature, long duration fues and the temperatures and durations required to cause
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burst rupture of intact fhel elements, fail cask seals, or oxidize research reactor spent fhel.
. Finally, Section 3.4.4.6 estimates the probability of cask failures that would allow convective

flow of air through the failed cask and thus enhanced release of Ru due to oxidation to volatile
RuOq.

—

3.4.4.1 Minorsky ’s Method

,— A way to estimate the kinetic energy available to tear or crush ship structures during a
collision between ships has been developed by Minorsky ~i59]. Because penetration of the
striking ship into the hull of the struck ship was the result of interest, Minors& developed his
equations by examining the components of force and momentum oriented along the normal to
the course of the struck ship.

Let MA and MB be the masses of the struck (A) and striking (B) ships; VAand v~ be the initial
velocities of the struck and striking ships; OAand e~ be the angles between the paths of the
struck and striking ships and the normal to the path of the struck ship (in his paper, Minorsky
used the complements of these angles); dm be the mass of water entrained by the ships after
they have collided; U be the component of the final velocity of the two ships and the entrained
water, which together are treated as a single mass after the collision has occurred, normal to
the path of the struck ship; E~ be the kinetic energy expended tearing or crushing ship
structures during the collision; EWbe the kinetic energy required to penetrate the hull of the
struck ship; Ed(d) be the kinetic energy required to penetrate a distance d into the hull after the
hull has been breached by the bow of the striking ship; and E,(d) be-the kinetic energy that
remains to be dissipated after penetration to a distance d. Then, energy balance requires that

—
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—
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—

E,(d) = E~ - EW- Ed(d)

and conservation of momentum

MAVACOSeA + MFjv@s OB

(6)

along the normal to the path of the struck ship requires that

= (MA + MB + dm)U (7)

In addition, along the normal to the path of the struck ship,

E~ = (1/2) MA(VACOS0A)2+ (1/2) M~(VBCOS0~)2- (1/2) @’fA+ MB + dm) U2 (8)

Since OA= 90° and dm is approximately 0.4 MA [M071], combining Equations 7 and 8 yields
the following expression for Ek:

MAMB
Ek = (vB c0se*)2

1.43 MB +2.0 MA
(9)

By analysis of a set of severe ship collisions, Minorsky showed [Mi59] that

EW= 121,900 ton knots2
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and

Ed(d) = 414.5 R~

where R~is a resistance factor
double bottoms in both ships,
bulkheads in and the shell of
damaged structures. Thus,

that represents the amount of damage done to decks, flats, and
to transverse bulkheads in the struck ship, and to longitudinal
the striking ship, expressed as the volume of the tears in the

where ~ is the thickness of the damaged structure i and di and wi are the depth and width of the
tear that damaged the structure.

3.4.4.2 Applic&”on to a Representative Break-Bulk Freighter

Kirkland and Baranano of ORI used Minors@’s method to develop correlations between
penetration depth and the energy absorbed in ship collisions [OR181] where the struck ship is a
seven-hold break-bulk freighter with a displacement of 22.6 kilotons. By considering
empirical probability distributions for displacement, speed, and the angle of impact of the
striking ship, bounding curves were developed for the probability of occurrence of force levels
at selected penetration depths, where force is the negative of the gradient of absorbed energy,
here denoted by W. The force value referred to is the collision force acting between the two
ships.

Only a fraction of the collision force would be absorbed by a spent fiel shipping cask on board
the struck break-bulk freighter. OIU gave a qualitative discussion of this aspect of the
collision, together with values for some limiting cases based on assumptions about stowage
and the presence and type of other cargo.

The present analysis closely follows the Minorsky and ORI analyses. An approximate
treatment of the accelerations experienced by a spent fuel package during a ship collision is
added to the ORI adaptation of Minorsky’s method.

The dynamics of inelastic ship collisions are treated through conservation laws for momentum
and energy. Following Minorsky, the transverse hydrodynamic forces on the hull of the
struck ship are accounted for by a virtual increase in mass (the mass of water entrained behind
the hull of the struck ship), hence kinetic energy. This is a conventional method used by naval
architects, but has limitations when applied to collisions. M. J. Petersen ~e82] pointed out
that experiments and calculations performed by Motora et al. [M071] have shown that the
added mass treatment is not always a good approximation. Here the limitations imposed by the
added mass method are accepted, because a more rigorous treatment of the collision is not
warranted due to other uncertainties in the analysis, particularly in the modeling of cargo
effects.
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Following ORI, energy expended compressing cargo is calculated using the following
equation:

wcargo =Aa(x-fB) (lo)

where

A=

U=

x=

f=

B=

the area of the surface that is compressing the cargo (i.e., the effective surface area
of the deformed bow of the striking ship);

the

the

the

crush strength of the cargo;

penetration distance into the struck ship by the bow of the striking ship;

one-dimensional fraction of the width (beam) of the struck ship that is empty
(i.e., the fraction of the space along the beam of the struck ship both between and
within cargo that is not occupied by material); and

the beam of the struck ship.

—

—

—

—

+

Thus, fB is the penetration distance that will consume all of the empty space along the beam of
the struck ship, AO is the compressive force that is applied to the cargo as soon as this empty
space has been consumed, and x - fB is the distance over which that force acts. Now,
following ORI, the compression surface area A is assumed to increase linearly with
penetration distance, the maximum compression surface area is assumed to equal one-third of
the cross-sectional area of the striking ship at a distance back from its bow equal to one-tenth
its length, and this maximum compressive surface area is assumed to be attained when
penetration distance becomes equal to the beam of the struck ship. Thus,

A = (x/B) (1/3) H (L/10) 2 tan ($/2) (11)

where H, L, and $ are the height, length, and bow angle of the striking ship. Because cargo
compression takes place over a small distance (x - fB), in the expression for A, x is set equal
to fB, the penetration distance at which compression begins.

For the analyses performed here, following ORI, the height, length, and bow angle of the
striking ship were taken to be 7.62 m, 165.8 m, and 26° for all amlyses. Thus,

w cargo = 19.44 fcr (x - fB) (12)

where CJis in MPa, and x and B are in meters.

Parameters and Assumptions. The target break-bulk freighter in the following calculations has
a beam of 24.99 meters and a displacement, m, of 25.31 tonnes. The virtual mass, dm, due to
hydrodynamic forces is 0.4 m = 10.12 tonnes. Eight cases are considered for the

—
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displacement, M, of the striking ship: 5600, 16800, 28000, 39200, 50400, 61600, 72800 and —

84000 kilotonnes, while the normal component of the striking ship’s speed at impact ranges
fromltolOrn/s.

-,

Prior to the initiation of cargo compression, energy is absorbed solely by the deformation of
ship structures. This effect is modeled using the Minorsky value of 32 MJ for the energy
expended penetrating the hull of the struck ship, together with the semi-empirical curves in

—

Figure 6.2 of the ORI report [OR181] that give the dependence of energy absorbed (TV~~i~)
upon penetration depth (x) for a set of eight striking ship displacements. Table 11 gives
coefficients for a quadratic fit used to represent the ORI curves for penetration distances less

.—

than 15 m; a second fit for penetration distances greater than 15 m is given in Table 12.

Table 11. Quadratic Coefficients for Energy Absorbed by Ship Structures (x< 15 m)

I W,tin = a + bx + Cxz

Tonnes a (MJ) b (MJ/m) c (MJ/m2)

5600 9.551 0.6836 0.0405
16800 8.709 0.8118 0.2984
28000 8.056 1.2030- 0.4558
39200 8.121 1.0850 0.5296
50400 9.234 0.6555 0.6217
61600 8.956 0.8639 0.6698
72800 8.574 1.1790 0.6906
84000 8.204 1.5290 0.7154

Table 12. Quadratic Coefficients for Energy Absorbed by Ship Structures (x> 15 m)

Tonnes

5600
16800
28000
39200
50400
61600
72800
84000

W,ti~ = a + bx + CX2

a (MJ)

58.13
14.72
15.76
64.87

189.5
264.4
303.8
412.2

b (MJ/m)

-4.837
-0.057
-0.304
-5.622

-19.21
-29.02
-36.36
-50.50

c (MJ/m2)

0.1919
0.3337
0.5179
0.7306
1.162
1.531
1.878
2.393

The first series of figures below show the energy absorbed as a result of deformation of ship
structures and compression of cargo. Figure 2 is the no cargo case. The light cargo case,

.
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Figure 3, has a one-dimensional empty space fraction (f) of 0.6 and a crush strength (o) of
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6.89 MPa; this cargo closes up and begins compression, i.e., “goes material solid, ” after a
penetration of 15 meters. A medium cargo case, representing a shipment of wood, is shown in
Figure 4; it has an empty space fraction of 0.2 and a crush strength of 34.5 MPa; it closes up -
after a 5-meter penetration. The heavy cargo case shown in Figure 5 represents a cargo of
structural steel or heavy equipment. It has an empty space fraction of 0.5 and a crush
strength of 1500 MPa; it closes up after 12.5 meters of penetration.

Distribution of Shit) Displacements. Speeds. and Amzles

From an analysis of two years of ship accident data, ORI developed probability distributions
for the displacement (M), velocity (V), and impact angle @) of the striking ship. These
distributions are presented in Tables 13 through 15. The ORI tables originally contained 11
intervals for the displacement of the striking ship. For this analysis, the two lowest intervals
were combined, as were the three highest, which reduced the 11 intervals to 8 intervals that
matched the 8 ORI curves for absorbed energy (W). The OIU tables also contain 11 values
of V, with speeds ranging up to 11.3 m/s, and 9 values of impact angle 0. Finally, the 968
different combinations of these values were all examined to estimate the probability of cask
failure.

Speed During a Collision. Let m and v be the mass and transverse speed of the struck ship, M
and V be the mass and transverse speed of the striking ship, V. and E. be the initial transverse
speed and initial transverse kinetic energy of the striking ship, dm be the mass of water
entrained behind the struck ship during the collision, x be the penetration distance of the
striking ship into the hull of the struck ship, d be the final (maximum) penetration distance,
W(x) and W(d) respectively be the work done deforming ship structures and compressing
cargo during the collision for penetration to the distance x and to the final penetration distance
d, and 0 be the angle of impact measured from the normal to the initial direction of the struck
ship (accordingly, V = v~ cos e where v~ is the initial velocity of the striking ship as defined
in Section 3.4.4.1, above).

From Minorsky’s derivation (see Section 3.4.4. 1),

M(m + dm) (m+ dm) vi
W(d) =

2(M + m + dm)
v; = 2A

(M+m+dm
where A =

)M’

E. = +MV:

we have that

(13)
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and
—

(14) —

While the striking ship is penetrating the hull of the struck ship, v and V are not the same.
Thus, during the collision,

36

—

—

—



mm

+

1000

800

600

400

zoo

— 5600tonne

----- 16800tonne

““’””-””””-28000tonne

–---– 39~~ tonne

‘-‘-‘- 504G0tonne

—-—. 61600tonne

—.— 7~8&3[Onnc

--------84000tonne

o ! [ I I I

o 5 10 15 20 25 30

Penetration (m)

Figure 4. Energy Absorbed Versus Penetration in the Medium Cargo Case
(f= 0.2, c = 34.5 MPa)

1000

800

600

400

20C

---===@

I I 1

1 I I

Penetration (m)

— 5600tonne

----- 16800tonne

.......... 28W3 tonne

----- 39~t313t~~ne

‘-‘-‘- 5WMI tonne

———. 61600tonne

—.— 728(KILonne

‘-------84000tonne

Figure 5. Energy Absorbed Versus Penetration in the Heavy Cargo Case
(f= 0.5, a = 1500 MPa)

37



Table 13. Probabilities of Striking Ship Displacements (M) .

Displacement (tonnes) Probability of Occurrence

0-10160
10161-20321
20322-30481
30482-40642
40643-50802
50803-60963
60964-71123
71124- 152407+

0.15
0.25
0.25
0.05
0.05
0.05
0.10
0.1

Table 14. Probabilities of Striking Ship Speeds (V)

Speed (rnls) Probability ofOccurrence

0-1.028
1.028-2.058
2.058-3.087
3.087-4.115
4.115-5.144
5.144-6.173
6.173-7.202
7.202-8.231
8.231-9.260
9.260-10.29
10.29-11.32

0.0448
0.2538
0.1045
0.1343
0.1343
0.0896
0.0746
0.0597
0.0746
0.0149
0.0149

Table ’15. Probabilities of Striking Ship Impact Angles (e)

I Angle Fromthe Normal (degrees) I Probability ofOccurrence

o-1o
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90

0.2754
0.1305
0.0725
0.1305
0.1015
0.0724
0.1303
0.0435
0.0434
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E. = ~MV2 +~(m +dm)v2 + W(x) (15)

Because momentum is conserved during the course of the collision,

MVO = MV + (m + drn)v

Combining Equations 14, 15,
following quadratic expression
collision,

w(x)
~Av2– Vov+ =0

m+dm

(16)

and 16 by replacing E. and V2 in Equation 15 yields the
for the velocity of the struck ship during the course of the

Thus, the value of the struck ship’s transverse speed during the collision is

v ‘5W’=HT

(17)

(18)

as the other root yields a non-zero value for v when x = O. Inspection of Equation 13 shows
that the argument of the square root in Equation 13 equals zero when x = d (i.e., at maximum

penetration). Thus, the terminal transverse veloci~ of both ships is V = v = ~ V..

M~ The maximum penetration of the bow of the striking ship
into the target ship was computed by fiiding the position at which the ships reached their
terminal transverse speed using Newton’s method. From conservation of energy and
momentum, terminal speed is reached when

w(x) = ; pv;

where p = M(m + dm)/(M
ship.

+ m + din), and V. is the initial transverse speed of the striking

For the no cargo case, Figure 6 shows that, for each of the striking ship displacements
considered, initial normal speeds of 8 rnls and 10 m/s were sufficient to cut completely
through the struck ship, resulting in a probable sinking. On the other hand, at 2 rrds only the
four heaviest ships penetrated the hull of the struck ship, and at or below 1 rnls the hull was
not penetrated for striking ships of any displacement.

Figure 7 shows the corresponding information for the light cargo case. Because the empty
space fraction for this case is 0.6, the cargo effect does not begin until penetration has reached
15 m. The figure shows the results as a function of the displacement of the striking ship, for
normal impact speeds from 2 rrds to 10 m/s. There were no cases where the struck ship was
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completely cut through. At the two lowest speeds, the cargo did not close up, and thus was not a
factor in absorbing impact energy. There was no penetration at 1 rds for any of the eight striking
ship displacements considered.

The medium and heavy cargo cases are shown in Figures 8 and 9, respectively. Figure 8 shows
that the cargo effect begins at 5 m of penetration and is important down to impact speeds of
4 m/s. At lower speeds, the cargo did not close up, and thus was not a factor in determining the
penetration depth. A similar result was obtained for heavy cargo. In both cases there was a
strong influence by the cargo on the maximum penetration depth.

3.4.4.3 Impact Forces

Fuel rods experience impact forces if, during a strong acceleration event, they are driven against
the inside of the cask or basket, or come into hard rod-to-rod contact. It is shown in
Sanders et al. that accelerations of 100 g (where g is the acceleration due to gravity, 9.8 m/sec2)
can be produced during hypothetical accidents that involve 9-meter drops onto unyielding targets
[Sa92, US90]. Sanders et al. also showed that the probability of cladding breach can be as large
as 2 x 104. Here, the average accelerations experienced during ship collisions are shown to be
much smaller than 100 g, usually below 1 g, and, therefore, that inertial effects on the fuel are not
likely to be significant during ship collisions.

The acceleration (experienced by the cask during a ship collision) is the time derivative of the
transverse speed of the struck ship,

dv dv dx—=— — =V:
a=dt dxdt

(19)

Differentiating Equation 18 with respect to x and substituting the derivative into Equation 19
yields,

r 1 1 dW(x)

a(x)= v(x)’a

(20)

Because the argument of the square root equals zero at the maximum penetration distance d,
acceleration a(x) increases rapidly as maximum penetration is approached and has a vertical
asymptote at the maximum penetration distance d.

The average acceleration during the collision is

(21)
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where d is the maximum penetration distance.
improper integral. Nevertheless, the integral
slowly, like (d-x)-l’2, as x-+d.

Because a(x) has a singularity at d,
converges, because the integrand

this is an
increases

An analytic solution for the integral in Equation 21 was obtained by transformation of
variables.

Let

2AW(X)
g(x)= v:–m+dm

Then,

g(o) = v& g(d) = O, v(x) = ~ [V. - g(x)l/2], and ~ = _* g(x)-1/2 ~
dx

Transformation of the variables in Equation 21 then yields

1 ‘(0) V. – g(x)l/2
J

v;~=—
2A2d ~(~) l@l’2 dg=~ (22)

When there is no other cargo in the hold with the spent fuel cask, the average acceleration is
only a fraction of 1 g (9.8 rn/s2) in all cases. Figure 10 shows that the average acceleration
with no other cargo is always less than 1 rn/s2. Similar results are obtained for the light cargo
case. as shown in Fiwre 11. In the medium and even in the extreme case of heavy cargo, the.,

average accelerations found were less than 2 m/s2, as
highest acceleration, corresponding to a 75-kilotonne
10 m/s, was about 2 m/s2.

Because of these low average accelerations, generally

shown in Figures 12 and 13; here the
ship striking with a normal speed of

on the order 1 percent relative to the
accelerations expected in the NRC regulatory accident conditions, impact of fuel rods inside
the cask is not expected to do any damage to the fuel as a result of collisions either in port or
on the high seas. Therefore, we conclude PI~P,C~= 0.0.

3.4.4.4 Crush Forces

The spent fuel package examined by this study is the Pegase shipping cask, a transport cask of
French design [FR88]. It is a lead-shielded truck cask, with a mass of 18.9 tonnes, a diameter
of 1.875 m, and a height of 2.239 m. The cask body consists of two stainless-steel shells that
surround a lead shield. The cask is designed to carry fuel or other radioactive materials in
baskets which fit into the cylindrical cavity of the cask.
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Thedesign and construction of the- Pegase cask are similar to that of a generic lead-shielded
truck cask am”lyzed by Fisher et al. [Fi87]. Therefore, although an analysis of the mechanical
response of the Pegase cask to crush forces is not available, that response should be similar to
the response predicted by Fisher et al. for the generic truck cask. The generic cask analyzed
by Fisher et al. is 4.9 m long and has a body that consists of a lead shield 0.133 m thick
surrounded by outer and inner stainless-steel shells with respective thicknesses of 0.0318 and
0.0127 m. Fisher et al. analyzed the response of their generic truck cask to mechanical loads
(i.e., crush forces). Figure 14 presents the results of that analysis for sidewise loadings. The
figure shows that a loading of about 8.9 x 106 newtons produces a radial (that is inward)
deflection of the cask body of about 0.0254 m (1.0 in.). The figure also shows that the
negative slope of the displacement-force curve is much larger for deflectio-ns greater than about
0.0254 m than it is for smaller deflections, which suggests that the cask response changes from
elastic to plastic in this region.

Because the Pegase cask is of similar construction but much shorter than the generic truck cask
analyzed by Fisher et al., it probably is more resistant than the generic cask to inward
deflections due to sidewise loadings. Although most likely conservative for this analysis, it
was assumed that sidewise loadings that exceed 8.9 x 106 newtons would also produce
substantial inward deflections of the body of a Pegase cask. Accordingly, the chance that a
Pegase cask would be subjected to loadings of this magnitude was examined.
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A RAM cask will experience crush forces during a ship collision if the bow of the striking
ship overruns the RAM cask due to penetration of the RAM hold, or if penetration compresses
other cargo stowed in that hold about the cask, thus transmitting force to the cask through the
compressed cargo. After cargo closeup, that is, after all space between and within the cargo
has ‘been consumed by compression of that cargo, the
through the cargo to the RAM cask can be approximated as

‘cask = ‘cargo A

one-dimensional force transmitted

(23)

where cCa~~ois the crush strength of the cargo and A is the area to which the force is applied.
Here, the area to which the force is applied is taken to be the cross-sectional area of the
Pegase cask (i.e., A = &a,kdC,sk,where ~a,k iS the height and dC,skthe diameter Of the PegaSe
cask). Thus, for the Pegase cask, A = 4.198 m2. In actuality, after the cargo has closed
about the cask, the force transmitted through the cargo to the cask will first cause fi.uther
compression of cargo materials until they become so compressed that tieir crush strength is
greater than that of the cask, whereupon inward collapse of cask walls will begin. The forces
experienced by the cask during crush events will thus be larger than the forces estimated using
Equation 23.

Forces transmitted through cargo that has closed about the RAM cask were estimated using
Equation 23 for each of the three cargo cases defined previously in Section 3.4.4.2. For the
light cargo case, the force is 28.0 million newtons, and for the medium and heavy cargo cases,
it is many times larger. Thus, if they occur, crush events caused by compression of cargo
about the RAM cask are expected to subject the RAM cask to forces substantially larger than
8.9 million newtons. But the analysis of Fisher et al. showed that inward collapse of the walls
of a generic truck cask should become substantial when that cask is subjected to crush forces
significantly greater than 8.9 million newtons. Therefore, if this threshold also applies to the
Pegase cask as is assumed here, then most cargo crush events will cause substantial inward
collapse of Pegase cask walls, and consequently will cause a large fraction of the fuel elements
in the Pegase cask to fail. As the available data do not allow this failure fraction to be
estimated, it was assumed to have a value of 1.0 (in Section 3.2.3, above, where estimates of
source term release fractions were developed).

If the RAM hold contains no other cargo, or if cargo closeup does not take place because
striking ship penetration into the hold is shallow, then the RAM cask can experience crush
forces only if it is overrun by the bow of the striking ship as it penetrates the RAM hold (i.e.,
was stowed at a distance from the struck side of the RAM transport ship that is significantly
less than the maximum penetration distance into the RAM hold by the bow of the striking
ship). When stowed within this penetration region, the RAM cask could be crushed, provided
that, if overrun, it is unable to move and therefore is subjected to crush forces.

If overrun, the RAM cask would not be able to move if cask tie-downs do not break or if the
collapse of ship structures prevents the cask from sliding when tie-downs do break. Cask tie-
downs are designed, under United States regulatory practice, to witis~d about 5 million
newtons of transverse force [US90]. The difference between this value and the 8.9 million
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newtons required to produce a 0.025-m deflection in the cask wall of the generic cask is not —

considered to be large enough to assure that tie-downs break. Moreover, in OIU’s opinion
“the RAM package could conceivably be restrained from sliding, even in an empty hold, after
the fittings failed. A buckled deck for example could do this and in effect act as an infinitely
strong fitting” [OR181].

Thus there are two cases to consider for failure due to crush forces. In the first the
.

penetration depth exceeds the cargo closeup distance, whereas in the second it exceeds the cask
stowage location. We expect fuel damage and closure failure in both types of events. —

Since there are two different scenarios, the total probability of cask
sum of two terms, one for cargo going solid, the other for the
overrunning the cask location.

pcm~h = Psolid + ‘Contact

failure due to crush is the
bow of the striking ship —,

‘Solid and ‘Contac: were evaluated by comparing the maximum penetration distance against the
cargo closeup distance and the stowage position of the cask, which was assumed to be on the
centerline of the hull. All possible combinations of the values _of striking ship displacement,
speed, and angle given in Tables 13 through 15 of Section 3.4.4.2 of this report were
evaluated. Each individual case was counted as either causing or not causing cask and iiel
failure (meaning the fiel is damaged and the cask seal is broken). The sum of PsOlid+ PcO.@C~
for all failure cases is Pc~,~.

Histograms of penetration distance were constructed for each of the four cargo cases examined
(no cargo, and light, medium, and heavy cargo). Figure 15 presents the penetration distance
histogram for the no cargo case. The figure shows that the most probable result of a collision is
failure to penetrate the hull of the struck ship, and that this result occurs almost 50 percent of the
time. When the cask is stowed on the centerline of the RAM transport ship, penetration to a
distance of at least 15 m means that cask overrun has occurred. Thus, the last five bars in the
histogram contribute to Pcont.Ct.Because the prototypical break-bulk freighter has a 25-m beam,
the last bar in the histogram represents penetration to distances greater than the beam of the
struck ship, which probably means that the ship would sink.

Figures 16 through 18 present penetration distance histograms for the light, medium, and heavy
cargo cases. In these figures, the bar in the middle of the distribution (that is much taller than its
neighbors) represents the onset of cargo compression sul%cient to cause the RAM hold to go
material solid. For this bar and all bars to its right, penetration distance is greater than the
product fB, where f is the one-dimensional fraction of empty space along the beam of the RAM
hold and B is the width of the beam of that hold, here 25 m. For the light, medium, and heavy
cargo cases, the product fB has values of 15, 5, and 12.5 m, respectively. Thus, the tall bar in the
middle of each distribution and all bars to its right contribute to P~oli~,the probability that the
RAM cask is subjected to crush forces because the R4M hold goes material solid due to
compression of cargo. Also of note is the fact that the beam of the RAM ship is not fully
penetrated for any of these three cargo cases.
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Compmison ofmaxtim penetration distances tocargo closeup distances andto the distance
to the centerline of the RAM transport ship, where the RAM cask is assumed to be stowed,
allow values for ps~lid,PcOnaC~,and their sum pc~~h to be developed. Figure 19 presents a
histogram of these values. The four bars of the histogram present the results for the four
cargo cases examined. For all but the medium cargo case, the crush probability is about 0.29,
although the portion of that probability caused by the hold going material solid (i.e.,
Ps~fi@c~~h)varies considerably, being zero for the no cargo case, about 0.8 for the light cargo
case, and identically one for the heavy cargo case. For the medium cargo case, psOlid/Pc~~his
almost exactly one and thus crush is almost entirely caused by the RAM hold going material
solid. Because the cargo closeup distance for the medium cargo case (5 m) is only about one-
fourth of the beam of the ship, more collisions lead to crush conditions as lower striking ship
speeds are able to produce cargo closeup. Consequently, the medium cargo case yields the
largest value, 0.45, for Pc~,~.

Because the top speed in a harbor is controlled, the ORI open sea speed distribution was
truncated to a top speed of 8.23 m/s. This reduced the number of speed intervals to 8, and
eliminated the three highest speed categories in Table 14. The total number of combinations
of striking ship displacement, speed, and angle was therefore reduced from 968 to 704.
Figure 20 presents the cask probabilities that were obtained for the four cargo cases when
penetration distances were calculated using the truncated speed distribution. The crush
probabilities decrease for each case reexamined. The decrease is smaller for the medium
cargo case, which again yields the largeSt value for pc~~h?0.4. Larger decreases are obtained
for the other three cases because these cases require penetration to the-centerline of the RAM
transport ship in order to produce crush by contact or by cargo compression. Therefore, these
cases are more sensitive to truncation of the speed distribution than the medium cargo case.

If the four values for pc~~htRat were obtained using the full speed distribution are averaged, a
value of 0.33 results. Since this value is bounded by the maximum value of 0.4 obtained using
the truncated speed distribution, p~~,h is set equal to 0.4. This value is probably conservative
because it was obtained assuming (1) that when the cask is overrun, either tie-downs hold or
deformed ship structures prevent the cask horn sliding, if tie-downs break; and (2) that if
cargo compression causes the hold to go material solid, compression forces are not relieved by
buckling of hold bulkheads or of the back wall of the ship or by upward displacement of
cargo. As these assumptions are likely to be incorrect, a significant fraction of the time, the
value of l’c~~h= ().4 is surely quite conservative.

3.4.4.5 Probability of High-Temperature Events

A severe, engulfing (thus, collocated) shipboard fire can heat the contents of a transportation
cask to temperatures above 900 K only if three conditions are met: (1) the fwe must consume
a good fuel, (2) enough fuel must be available to cause the tire to burn for an hour or more,
and (3) the fire cannot be smothered by lack of air or the operation of fire suppression
systems. Thus, PT>~ K, the chance that a ship fire can heat the contents of a transportation
cask to temperatures above 900 K, can be estimated as follows:
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PT> ~ K = P@od Fw1 X PEnough Fuel x ‘Enough Oxygen

Most severe ship fues are supported primarily by the combustion of either the struck ship’s
own fuel (diesel or bunker Iiel), crude oil (when the collision that leads to the fire involves an
oil tanker), or easily combustible cargo (wood or plastics). Diesel fuel, bunker fuel, and crude
oil all have peak flame temperatures that exceed 900 K [Mu88]. Most polymeric materials
(e.g., plastics, wood) have peak flame temperatures of about 1200 K ~a86a]. Fires in cargo

,- holds should behave like enclosure fues. Enclosure fues that bum wood attain peak
temperatures of about 1200 K, if post-fiashover conditions are attained [Ba86b]. Thus, the
fuels and solid materials that are likely to be involved in shipboard fues @ cargo holds should
be able to heat cask contents to temperatures significantly above 900 K, provided the fire
burns long enough and is not suppressed by lack of oxygen or the operation of fire suppression
SyStemS. Thus, PG~OdFuel,the chance that a long burning hold fire is supported by the burning
of a good fiel, is not likely to be small and is here assumed to be 0.9.

Data on the temperatures of real ship fues are sparse. Only one of the five severe firesr
identified by searching Lloyd’s data attained temperatures where steel beams buckled due to
thermal stress. Carbon steels begin to soften at about 475 K and lose 90 percent of their
strength at about 925 K. Thus, buckling of ship structures due to thermal stress might be
expected to occur at about 700 K, the midpoint of this temperature range, which suggests that
one severe fire in five attains temperatures of about 700 K and also that PT>~ K < 0.2.

.

The review of ship fires prepared by the French Bureau Veritas for the International Maritime
Organization [IM092] contains data on ship fire durations. Most ship fires (70 to 80 percent)
do not bum for an hour. However, most severe ship fires (95 percent) bum for more than an
hour. Therefore, the chance that a severe fire involves enough fuel to bum for an hour or

more ? pEnough Fuel? is assumed to be 0.95.

Cargo hold covers are normally closed except during loading or unloading of cargo. Thus, if
a typical port call takes approximately three days, half a day (twelve hours) entering the port
and docking at the pier, two days pier-side with two-thirds of that time (two eight-hour shifts
per day) spent loading and unloading cargo, and half a day casting off and leaving the port,

‘ien ‘AllClosed> the probability that all of the holds are closed while in port, is given by

PAII~lo,~~= [1/(3X 24)](12+8+8+ 12) = 0.554
.

The prototypic break-bulk freighter used in these analyses has seven holds. Five of these
holds contain three cargo decks, one contains four cargo decks, and one contains only two
cargo decks. Thus, there are 21 = (5 x 3) + (1 x 4) + (1 x 2) possible locations for a spent
fhel cask in this prototypic ship. Thus, P~oC,tio.,the chance that a spent fuel cask has been
loaded onto a given deck in one of the seven holds, is 1/21.

When a break-bulk freighter like the prototypic seven-hold ship used in these analyses is being
loaded or unloaded, usually at most four holds are being worked at any given time. Thus,
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when the ship is being loaded or unloaded, pw~~k~d,the probability that a given hold is being
worked, is 4/7.

All hold openings have covers, not just the opening in the main deck through which the hold is
loaded and unloaded but also the openings in the cargo decks within each hold. When a deck
in a cargo hold is being loaded or unloaded, all openings above that deck must be open and the
opening in the deck and all openings in lower decks are normally closed. Thus, while a hold
is being worked, upper decks in that hold will be open to outside air more often than lower
decks. For example, for a three-deck hold, while the hold is being worked, the upper deck
will always be open to outside air, the second deck will be open about two-thirds of the time,
and the bottom deck will be open about one-third of the time. Thus, if Ni is the number of
holds with two, three, or four decks, and P~cC~,iis the probability that a given deck in the Ni
holds that have either two, three, or four decks is open to the outside air, then poP~,, the
chance that an engulfing fire is not partially starved for oxygen because there is a cargo deck
or a main deck hold cover in place between the fire and the outside air, is given by:

‘Open = (1 - PAII~~O,~d)XPwO,~.~x PLOC.tiO,x ~ Ni x l’D~&,i

= (1 - 0.554)(4/7)(1/21)

X {[(5)(1 +213+ 1/3)1+[(1)(1 +3/4+2/4+ 1/4)] +[(1)(1 + 1/2)]}

= 0.17

The ORI study [OR180] found that about half (60 percent) of all cargo ships are equipped with
fire detectors and fire suppression systems. Because COZ and halon fire suppression systems
are not complicated, they should operate reliably on demand most of the time. To be
conservative, successful operation during four of five fwe events is assumed.

Figure 21 presents an event tree for oxygen availability during fires in cargo holds. The tree
shows that most cargo hold fires will be partially starved for oxygen for two reasons, because
fire suppression systems are installed in the hold and operate successfully; or because hold
covers will be closed when the fire starts, or will be deliberately closed after it starts in order
to smother the fire. Two branches of the oxygen availability tree lead to the outcome “enough
air. ” The probabilities of these two branches sum to 0.088. Thus, 0.09 is a reasonable
estimate for pE~Ou@oXy~~n,the chance that a fire has adequate oxygen available to burn freely
and generate maximum heat loads.

Combining the probability estimates for l?G~~dFw1,‘Enough Fuel~ and ‘Enough Oxygen allows ‘T> 900 K

to be estimated as follows:

PT > ~ K = pGood Fue] X pEnough Fuel x ‘Enough Oxygen

= 0.9x 0.95 x 0.09 = 0.077
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Sequence Enough
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Hold Fire
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System Operates

}

Hold Closed
b

Figure 21. Event Tree for Oxygen Availability

0.06!3 Yes

0.020 Yes

0.082 No

0.830 No

Rounding to the next order of magnitude yields a conservative estimate of 10-1for the chance
that a severe engulfing fire with a duration of at least an hour will heat the contents of a
transportation cask engulfed by the fire to temperatures significantly higher than 900 K.

3.4.4.6 Probability of Convective Flow Through the Failed Cask

Non-uniform heating of the cask during engulfing fires could produce substantial flow of gases
through the cask if two or more small holes or one medium hole have been produced in the
cask by the ship collision. Because transportation cask bottoms and lid seats are welded to the
cylindrical shell of the cask using full-penetration welds that are as strong or stronger than the
parent material, if the cask shell is subjected to a severe stress (e.g., high impact or crush
forces), the cask shell should yield before the welds fail. In fact, extra-regulatory 60-mph
drop tests produced large plastic strains in the cylindrical shell of the test cask without failing
its welds [Am95]. Thus, during a ship collision, crush forces should collapse the cask walls
inward without producing catastrophic failure of the lid, its seat, or the welds that attach the
seat or the bottom of the cask to the cask walls. Therefore, an unusual cotilguration of cargo
and/or deformed ship structures must be produced during the ship collision in order to subject
the cask to forces that will produce failures substantially worse than simple failure of the lid
seal. Thus, for gases to connectively flow through a darnaged cask, either the lid seat must be
bent significantly (one large hole), or at least two cask penetrations must break (two medium
holes), or the cask walls must be sheared or punctured (one large hole, the shear or puncture,
and one small hole, the seal failure). Although data for such failures is lacking, because casks
normally do not fail by these mechanisms, the probability that a failure substantially worse
than seal failure occurs is conservatively assumed to be no larger than 0.1.
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3.4.5 Accident Category Event Tree

In Section 3.2.2, thehigh-temperature behavior of research reactor fuels was reviewed. The
review concluded that, if heated to temperatures above 900 K, Al-U alloy fuels melt and
TRIGA fiel, if exposed to air, burns. In Section 3.2.3, EA Accident Categories 5 and 6 were
each divided into a low and a high temperature category (EIS Categories 5A and 6A, T <
900 K; EIS Categories 5B and 6B, T > 900 K), and release fractions were developed for each
of the new categories in order to address the consequences of fue events that might heat
research reactor fuels to temperatures that exceed 900 K.

Figures 22 and 23 present an event tree that depicts the sequences of events that lead to EIS
Category 4, 5A, 5B, 6A, and 6B releases from transportation casks due to ship collisions. In
preceding sections, values were developed for the following probabilities: (1) the probability
that a severe collision will occur in a pOrt (Pc~lli~i~~= 1.0 x 104 per port call, see Section
3.4. 3.1); (2) the probability that the RAM hold of the prototypical seven-hold break-bulk
freighter will be struck (P~Ol~= 1/7 = 0.143, see Section 3.4.3 .2); (3) the probability that the
RAM cask will be subjected to impact (plrn@ = 0.0, see Section 3.4.4.3) or crush (Pc~,~ =
0.4, see Section 3.4.4.4) forces that are large enough to damage the RAM cask ~r its contents;
(4) the probability that a collision will lead to a severe fne T,.V.,, ~i~~= 10-, see Section
3.4.3 .3); (5) the probability that a severe fue is collocated with the cask and thus is an
engulfing fire (pEn@f~gFire = 10-1, see Section 3.4.3.3); and (6) the probability that a severe
fire can heat a RAM cask to temperatures that exceed 900 K (PT>m ~ = 10-1, see Section
3.4.4.5). With one exception, all of the branch point probabilities on”the event tree depicted
in Figures 22 and 23 are either one of these seven probabilities, or the complement of one of
these probabilities. The exception is the probability of a severe engulfing fme which is the

d ‘Errgulf~gFireproduct of P~eve,.~,. an and which thus has a value of 10-3.

After rounding to the nearest integer, Figures 22 and 23 show that EIS Accident Categories 4,
5A, 5B, 6A, and 6B have the following release probabilities per port call:

Category EIS4 EIS5A EIS5B EIS6A EIS6B
Probability 6E-6 5E-9 5E-10 5E-10 6E-11

Table 4 in Section 3.2.3 presents the release fraction values that were developed for this
modified accident category scheme, and compares these new release fraction values to the
values that were used for Accident Categories 4, 5, and 6 in the EA. Table 16 compares the
magnitudes of the new EIS release fractions to the magnitudes of the old EA release fractions.

Because risk is the product of the consequences of an accident and its probability of
occurrence, in order to estimate the risks associated with EA Category accidents, the
probabilities of EA source terms need to be reestimated by combining EIS Accident Categories
and summing their probabilities. Inspection of Table 16 allows accidents that fall into EIS
Accident Categories 5A, 5B, 6A, and 6B to be assigned either to EA Accident Category 5 or
EA Accident Category 6. For Al-U alloy fuels, EIS Category 5A and 6A accidents should be
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Figure 22. Event Tree for Category 4 Accidents
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Figure 23. Event Tree for Category 5 and 6 Accidents
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Table 16. Relative Magnitudes of the New EIS Release Fractions
Compared to the EA Release Fractions Used to Perform
the Base Case Calculations

Accident
Category Size of New EIS Release Fractions

Fuel EA EIS Compared to EA Release Fractions

Al-U Alloy 4 4 About the same (ICI-much smaller)
5 5A Much smaller (Cs 7000 times smaller)
5 5B Somewhat larger (Cs 11 times larger)
6 6A Much smaller (Cs 5000 times smaller)
6 6B Much larger (Cs 100 times larger)

TRIGA (U-Zr-H) 4 4 Ten times larger
5 5A Somewhat larger (Cs 1.1 times larger)
5 5B Much larger (Cs 12 times larger)
6 6A Somewhat larger (Cs 1.6 times larger)
6 6B Very much larger (Cs 310 times larger)

.-

—.

assigned to EA Category 5, because these accidents have release fractions smaller than those
used in the EA for Category 5 accidents. EIS Category 5B and 6B accidents should be
assigned to EA Catego~ 6, because these accidents have release fractions larger than those
used in the EA for Category 6 accidents. For TRIGA fuel, EIS Category 5A and 6A accidents
should be assigned to EA Category 5, because they have release fractions about the same size
as those used in the EA for Category 5 accidents. EIS Category 5B and 6B accidents should
be assigned to EA Category 6 because they have release fractions that are larger or much
larger than those used in the EA for Category 6 accidents. Therefore, the probability of EA
Category 5 accidents is 4.6 x 10-9 + 5.2 x 10-10 = 5 x 10-9, and the probability of EA
Category 6 accidents is 5.2 x 10-10+ 5.7 x 10-11= 6 x 10”1°for both Al-U alloy and TRIGA
fuels.

—

3.4.6 Revised Source Term Probabilities

Table 17 summarizes the estimates developed for event probabilities and for the source term
probabilities constructed from those event probabilities. Probabilities are presented in

Table 17 both for EA source terms 4 through 6, and also for the new set of source terms
derived for research reactor fuels subjected to high-temperature events, hereafter termed EIS
source terms 4, 5A, 5B, 6A, and 6B.

In Table 17, the “units” for PcO1li~iO~and all of the source term probabilities are “per port call. ”
All of the other eVent probabilities (pHOld,. . . . PcOmv.CtiO~are dimensionless but conditional on
the occurrence of preceding events.

—

—

—
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Table 17. Estimated Values for Event Probabilities, EA Source Term Probabilities,
and EIS Source Term Probabilities

Accident
Category Event Estimated Value

‘Collision 104 per port call

‘Hold 0.143

PImpact 0.0

‘Crush 0.4

PSevereFire
~o-2

‘EngulfingFire
1o-1

‘Convection
1o-1

EA4 PsT = pcolli~io.x PHOldx (1’Impact+ ‘Crush) 6 x 10-6per port call

EA5 PST = pc.l]i~]onx PHOldx (P1rnp.ct+ Pcrush) 5 x 10-9per port call

x ‘Severellre x ‘En@fmgFire

EA6 PST = l’colli~ionx ‘H.ld x (P1mpact+ ‘C~Sh) 6 x 10-10per port call
Xpseve~eFirex pEr@fmgF]re

x ‘Convection

EIS4 6 x 10-6per port call

EIS5A 5 x 10-9per port call

EIS5B 5 x 10-10per port call

EIS6A 5 x 10-10per port call

EIS6B 6 x 10-11per port call

3.5 Population Distributions

Table 18 lists the thirteen ports that were examined by this study. Eight of the ports are East
Coast ports, one is a Gulf Coast port, and four are West Coast ports. Three of the ports are
high population ports (population to 10 miles exceeds 1,000,000); five are medium population

ports (10 mile population is less than 700,000 but greater than 300,000); and five are low
population ports (10 mile population is less than 250,000). Ten of the ports are possible
unloading sites for research reactor spent fuel, while three (the three high population ports) are
possible intermediate ports-of-call.
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Coast
East

Gulf
West

Table 18. Destination Ports and Ports-of-Call for Shipments
of Foreign Research Reactor Spent Fuel

Name
Elizabeth
Philadelphia
Hampton Roads
Wilmington
MOTSU
Charleston
Savamah
Jacksonville
Galveston
Los Angeles
Concord NWS
Portland
Tacoma

Port Ch
Location

Newark, NJ
Philadelphia, PA
Norfolk, VA
Wilmington, NC
Wilmington, NC
Charleston, SC
Savannah, GA
Jacksonville, FL
Galveston, TX
Long Beach, CA
San Francisco, CA
Portland, OR
Tacoma, WA

acteristics
Type

Port-of-Call
Port-of-Call
Destination
Destination
Destination
Destination
Destination
Destination
Destination
Port-of-Call
Destination
Destination
Destination

Population
High
High
Medium
Low
Low
Low
Low
Medium
Low
High
Medium
Medium
Medium

For ten of the thirteen ports, two accident locations were considered, a channel location where
a major ship collision appeared to be plausible and a dockside location. For the port of
Tacoma, two channel locations, one near Seattle and one at the entrance to Puget Sound, were
selected. Because the MOTSU and Wihnington NC ports are both reached by the same
channel, the same charnel accident location was used for both ports.

For each of the 26 hypothetical accident locations, population distributions were constructed
on a compass-sector polar coordinate grid that had ten radial intervals (1, 2, 3, 4, 5, 10, 20,
30, 40, and 50 miles). The distributions were constructed from 1990 block census data using
Sandia’s POPSEC90 code [Hu94]. The coordinates of the midpoint of the compass-sector
polar coordinate grid were selected by inspection of navigational maps for the 13 ports
examined by this study. Table 19 gives the coordinates of the 26 hypothetical accident
locations.

The 26 population distributions constructed using POPSEC90 were entered into the site data
file for the dockside or channel accident locations for each of the thirteen ports. Part A of the
Appendix presents these site data files. Examination of these files shows that many of the
cells in the twenty-six population distributions are unpopulated because they are covered by
water (ocean, rivers, bays, harbor channels).

At many ports, the work force population is probably much larger than the residential
population, at least in the commercial area near to the port. Therefore, the work force
population was estimated for one port, the port of Elizabeth, and added to the residential
population distribution that had been constructed for that port using POPSEC90. Then, during

d
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Table 19. Accident Location Map Coordinates

Coordinates

Port Location Description Latitude Longitude

Newark Dock Marine terminal, Sealand pier 40”39’35”N 74 °08’52”JV
Channel Narrows 40”36’29”N 74 °02’21 “W

Philadelphia Dock Packer Avenue marine terminal 39”53’55”N 75 °08’09’’lV”
container births

Channel Commodore Berry fixed bridge 39°49’43 “N 75 °22’18”W

Norfolk Dock Portsmouth marine terminal 36”51’25”N 76”19’45”W

Channel Willoughby Bank, north side 36 °59’57”N 76 °18’43”W

Wilmington Dock Main dock, Wilmington port 34”13’03”N 77 °57’09”w

MOTSU Dock Sumy Point, Wharf 1 33”59’39”N 77”51’21”JV

Channel Lower Swash charnel 33”54’39”N 78”01’12”JV

Charleston Dock Pier at Wando terminal 32”49’51”N 79”53’34”W

Channel Commercial anchorage area D 32 °47’05”N 79”55’10”W

Savannah Dock Savannah Ocean Terminal 32 °05’C)()”N 81°05’lg”lV

Channel Intersection of Savannah River 32 °04’2fj”N 80”58’17”IV
and Intercostal Waterway at
Elba Island Cut

Jacksonville Dock Blount Island Terminal 30”23’16”N 81”33’C)()”W

St. John’s River ferry crossing to 30 °23’40”N 81”26’OC)”W
Mayport

Galveston Dock Container Terminal, Pier 9 29 °19’OO”N 94°46’53 “W

Channel Intersection of Bolivar Roads and 29”20’27”N 94°46’ 12”W
Galveston channels

Los Angeles Dock Pier E 33”45’43”N 118”12’31”W

Channel East side breakwater 33 °43’23”N 118”1O’53”W

Concord NWS Dock Naval Weapons Station 3g003’32”N 122”00’49”W

Channel San Francisco Bay Temporary 37 °49’24”N 122°23’47”W
Anchorage No. 7, Shipping Lane
Route W of Treasure Island

Portland Dock Terminal No. 2 45”32’54”N 122”41’56”W

Channel St. Johns bridge 45”35’04”N 122”45’58”V?

Tacoma Dock Port of Tacoma, Pier No. 7 47 °16’03”N 122°24f49”W

Channel Elliot Bay shipping lane near 47”36’42”N 122”26’30”W
entrance to Port of Seattle

Channel Intersection of 4 shipping lanes 48”11’24”N 122”49’48”W
in Puget Sound N of Port
Townsend
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the sensitivity studies, the effect of the work force population on consequences of accidents at
the port of Elizabeth was examined.

3.6 Meteorological Data

MACCS calculations examine all possible combinations of a representative set of weather
sequences and a representative set of population distributions (the populations of the sixteen
compass sectors at each site studied; the populations in neighboring sectors are used if the
plume becomes wider than one compass sector at any time during its downwind transport).
Thus, MACCS calculations require a site wind rose, which after inversion gives the exposure
probabilities of the compass sector population distributions, and one year of hourly readings of
wind speed, atmospheric stability, and rainfall rate, recorded either at the accident site or at
some not too distant meteorological station that is located in the same meteorological and
topological regime as the accident site, to use in determining dispersion as a fimction of
downwind transport distance. Annual wind roses were available for each of the 13 sites
examined during this study. Table 20 presents these wind roses. One year of hourly
meteorological data was available from National Weather Service stations located in the port
city for only two of the thirteen ports studied (Newark and Charleston). For the other eleven
ports, hourly meteorological data recorded at a nearby National Weather Service station was
used during the base case calculations. Table 21 lists the ports examined during this study and
gives the location of the National Weather Station where the hourly meteorological data, that
was used to analyze the consequences of accidents at that port, were recorded.

Although MACCS calculations can use constant meteorology, one year of hourly
meteorological data is preferred because adverse results are often the result of meteorological
sequences that involve changing meteorological conditions. MACCS uses an importance
sampling scheme to find these less probable sequences that may yield adverse results. The
sampling scheme examines all of the 8760 weather sequences in one year of hourly data and
selects the start times of the approximately one hundred weather sequences that are used
during a variable meteorology calculation. Accordingly, because less probable weather
conditions are not used, constant meteorology calculations usually underestimate higher
quantiles in the Complementary Cumulative Distribution Functions (CCDFS) generated by
variable meteorology MACCS calculations that use representative sets of weather sequences
selected by importance sampling.

Although the use of meteorological data from a nearby weather station has been shown to be
more than satisfactory [A182], this substitution was reexamined during this study by
performing for seven of the thirteen ports studied a large number of constant meteorology
calculations using the meteorological conditions and probabilities of occurrence specified in the
Joint Frequency Distributions that were available for each of the seven ports. Since Joint
Frequency Distributions speci& for each compass sector the probability of occurrence of each
of the six Pasquil-Gifford atmospheric stability classes with each of six windspeed ranges, 16 x
6 x 6 = 576 constant meteorology calculations could each be performed twice, once assuming
that it was raining and once assuming that it was not raining. Then, by cumulating the results

—’
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Table 20. Site Wind Roses

—

1988-92 Summary Wind Rose Table For Charleston, SC Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw
.0974 .0796 .0892 .0650 .0712 .0530 .0380 .0436 .0790 .0817 .0882 .0549 .0479 .0389 .0341 .0385

1988-92 Summary Wind Rose Table For Concord, CA Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNw Nw NNw
.0401 .0384 .0449 .0676 .133!5 .2530 .1597 .0279 .0314 .13380 .0375 .13284 .13J-88.0179 .0310 .0318

1988-92 Summary Wind Rose Table For Galveston, TX Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNWNNW
.1205 .0630 .0396 .0280 .025!) .0339 .0461 .0497 .0805 .0683 .0683 .IJ569 .13582 .0763 .0849 .0997

1988-92 Summary Wind Rose Table For Jacksonville, FL Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNw Nw NNW
.0587 .0504 .0718 .0677 .0706 .0700 .0774 .0533 .0627 .0528 .0805 .0637 .0518 .0480 .0707 .0498

1988-92 Summary Wind Rose Table For Long Beach, CA Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNWNNW
.0246 .0171 .0602 .3092 .1804 .0157 .0177 .0229 .0331 .0227 .0271 .0475 .1115 .0601 .0348 .0154

1988-92 Summary Wind Rose Table For MOTSU, NC Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNW NNw
.0744 .0804 .0994 .0798 .074’7 .0378 .0417 .0435 .0955 .0780 .0699 .0488 .0549 .0351 .0411 .0451

1988-92 Summary Wind Rose Table For Newark, NJ Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw

.0784 .0725 .1015 .0871 .0854 .0639 .0788 .0559 .0832 .0786 .0442 .0273 -0231 .0304 .0452 .0447

1988-92 Summary Wind Rose Table For Norfolk, VA Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw
.1078 .0963 .1021 .0647 .0562 .0456 .0344 .0285 -0940 .0665 -0860 .0573 -0470 -0321 -0358 .0458

1988-92 Summary Wind Rose Table For Philadelphia, PA Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNW NNw
.0682 .0440 .0950 .1118 .1281 .0913 .0715 .0568 .0669 .0266 .0275 .0639 .0545 .0284 .0278 .0378

1988-92 Summary Wind Rose Table For Portland, OR Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w m Nw NNw

.0936 .0551 .0337 .0315 .0756 .0956 .13.63 .1054 -0704 -13187 .0171 .0225 .0638 .1126 .0576 -0304

1988-92 Summary Wind Rose Table For Savannah, GA Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw
.0905 .0616 .0757 .0748 .0685 .0674 -0652 .0567 .0582 .0545 .0664 .0570 .0388 .0358 .0558 .0732

1988-92 Summary Wind Rose Table For Seattle, WA Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw

.1715 .1603 .0948 .0403 .0282 .0327 .0300 .0433 .0988 .0918 -0509 .0133 -13158 .0321 -0472 .0493-

1988-92 Summary Wind Rose Table For Tacoma, WA Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw
.1715 .1603 .0948 .0403 .0282 .0327 .0300 .0433 .0988 .C1918 .0509 .0133 .0158 .0321 .IJ472 .0491

1988-92 Summary Wind Rose Table For Wilmington, NC Port
Wind Directions (Blowing Toward)

N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw m
,0744 .0804 .0994 .0798 .0747 .0378 .0417 .0435 .0955 .0780 .0699 .0488 .0549 .035 1 .0411 .0451
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Table 21. Locations of National Weather Service Stations

Port

Newark (Port of Elizabeth)
Philadelphia
Norfolk (Hampton Roads)
Wilmington
MOTSU (Wilmington, NC)
Charleston
Savannah
Jacksonville
Galveston
Los Angeles (Long Beach, CA)
Concord NWS (San Francisco, CA)
Portland
Tacoma

National Weather Service Station

New York City, NY
New York City, NY
Cape Hatteras, NC
Cape Hatteras, NC
Cape Hatteras, NC
Charleston, SC
Charleston, SC
Charleston, SC
Lake Charles, LA
Santa Maria, CA
Santa Maria, CA
Seattle, WA
Seattle, WA

of each set of approximately 1150 constant meteorology single-weather-trial calculations (rain
does not occur for all of the sets of conditions in the Joint Frequency Distribution), a CCDF
could be constructed to compare with the CCDF obtained using variable meteorology recorded
at the nearest National Weather Service Station.

Tables 22 through 28 present Joint Frequency Distributions for the seven ports examined
during this study. Table 29 presents the probability of rain by stability class for the same
seven ports.

.
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Table 22. Joint Frequency Weather Distribution for Charleston

—

—

1988-92 Summary Joint Frequency Table For Charleston, SC Port

A Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw
1- 3 .0003 .0002 .0002 .0002 .0002 .0002 .0002 .0002 .0003 .0003 .0002 .0003 .0001 .0002 .0001 .0001

4- -J .0005 .0003 .0005 .0004 .0004 .0006 .0003 .0003 .0006 .0004 .0004 .0002 .0002 .0001 .0002 .0003

8-12 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

13-18 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

19-24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

Wind Speed

(mph) N

1- 3 .0008

4- 7 .0018

8-12 .0021

13-18 .0000

19-24 .0000

>24 .0000

B Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNWNNW
.0003 .0006 .0007 .0005 .0007 .0008 .0005 .0011 .0006 .0010 .0007 .0007 .0006 .0004 .0005

.0013 .0017 .0019 .0023 .0020 .0017 .0013 .0031 .0016 .0023 .0017 .0018 .0011 .0013 .0007

.0013 .0021 .0025 .0025 .0014 .0013 .0008 .0016 .0013 .0013 .0010 .0013 .0012 .0016 .0012

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

C Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw WWNWNW NNw

1- 3 .0002 .0002 .0003 .0003 .0003 .0003 .0003 .0003 .0004 .0003-.0005 .oof35 .0003 .0002 -0001 .0001

4- 7 .0015 .0014 .0016 .0022 .0026 .0021 .0019 .0020 .0026 .0021 .0035 .0021 .0014 .0010 .0014 .0012

8-12 .0081 .0038 .0061 .0072 .0090 .0049 .0037 .0031 .0057 .005J- -oo62 .0042 .0034 .0043 .oo42 .oo49

13-18 .0017 .0012 .0021 .0020 .0021 .0014 .0006 .0005 .0006 .0005 .0005 .0004 .0008 .0005 .0008 .0007

19-24 .0000 .0000 .0000 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 .oofJo .0000 -0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

Wind Speed

(mph) N

1- 3 .0009

4- 7 .0045

8-12 .0196

13-18 .0140

19-24 .0009

>24 .0002

Wind Speed

(mph) N

1- 3 .0000

4- 7 .0127

8-12 .0063

13-18 .0000
19-24 .0000

>24 .0000

Wind Speed

(mph) N

1- 3 .0090
4- 7 .0122

8-12 .0000

13-18 .0000

19-24 .0000
>24 .0000

D Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNw Nw NNw

.0005 .0005 .0007 .0006 .0005 .0004 .0008 .0013 .0012 .0013 .0012 .0007 .0007 .0004 .0004

.0030 .0037 .0027 .0028 .0026 .0022 .0044 .0094 .0079 .0093 .0056 .0042 .0039 .0026 .0022

.0151 .0165 .0112 .0108 .0070 .0047 .0061 .o168 .0216 .0201 .0124 .0108 .0075 .0066 .0083

.0179 .0145 .0082 .0133 .0096 .0058 .0058 .oo84 .oo80 .0057 .0047 .0051 .0035 .0034 .0036

.0019 .0020 .0007 .0020 .0023 .0010 .0004 .0003 .0000 .0000 .0001 .0001 .0001 .0001 .0000

.0005 .0002 .0001 .0003 .0003 .0001 .0000 .0000 .0001 .0000 .0000 .0000 .0000 .0000 .0000

E Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw m

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0071 .0088 .0047 .0033 .0023 .0021 .0025 .0050 .0061 .0094 .0066 .0052 .0049 .0036 .0051

.0072 .0085 .0059 .0067 .0058 .0032 .0030 .0038 .0066 .0043 .0021 .0019 .0013 .0011 .0016

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 -0000 .0000 .0000 -0000 .0000

F Stability

Wind Directions (Blowing Toward)

NNE NE ENE F, ESE SE SSE s Ssw Sw Wsw WWNWNW NNw

.0076 .0081 .0059 .0052 .0039 .0035 .0057 .0086 .0076 .0101 .0054 .0054 .0036 .0032 .0035

.0088 .0112 .0074 .0063 .0051 .0044 .0059 .0095 .0104 .0122 .0057 .0044 .0044 .0029 .0039

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

—
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Table 23. Joint Frequency Weather Distribution for Long Beach

Wind Speed

(mph) N

1- 3 .0002

4- 7 .0001

8-12 .0000

13-18 .0000

19-24 .0000

>24 .0000

Wind Speed

(mph) N

l.- 3 .0010

4- 7 .0011

8-12 .0003

13-18 .0000

19-24 .0000

>24 .0000

1988-92 Summary Joint Frequency Table For Long Beach, CA Port

A Stability

wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNW NNw

.0003 .0005 .0011 .0001 .0002 .0000 .0000 .0003 .0000 .0002 .0000 .0000 .0002 .0001 .0001

.0000 .0001 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

B Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNWNNW

.0009 .0013 .0016 .0008 .0002 .0003 .0003 .0007 .0006 .0005 .0006 .0018 .0026 .0019 .0011

.0009 .0019 .0056 .0023 .0004 .0003 .0003 .0006 .0005 .0004 .0006 .0019 .0022 .0018 .0011

.0001 .0018 .0127 .0052 .0002 .0001 .0000 .0001 .0000 .0001 .0001 .0005 .0007 .0003 .0003

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

C Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNWNNW

1-3. 0004 .0001 .0004 .0005 .0004 .0001 .0001 .0002 .0005 .0003 ..0004 .0006 .0013 .0010 .0005 .0002

4- 7 .0010 .0008 .0013 .0045 .0019 .0004 .0006 .0007 .0020 .0016 .0024 .0030 .0076 .0049 .0025 .0010

8-12 .0005 .0007 .0048 .0404 .0195 .0006 .0006 .0004 .0008 .0011 .0011 .0019 .0026 .0015 .0008 .0002

13-18 .0000 .0001 .0021 .0237 .0093 .0001 .0000 .0001 .0000 .0000 .0000 ‘.0000 .0000 .0001 .0002 .000o

19-24 0000 .0000 .0000 .0003 .0003 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0002 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

Wind Speed

(mph) N

1- 3 .0014

4- 7 .0039

8-12 .0022

13-18 .0009

19-24 .0000

>24 .0000

D Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNWNNW

.0010 .0021 .0052 .0041 .0008 .0011 .0010 .0012 .0007 .OO1O .0015 .0047 .0035 .0024 .0015

.0026 .0074 .0247 .0150 .0028 .0023 .0031 .0034 .0018 .0025 .0056 .0166 .0113 .0074 .0029

.0015 .0077 .0483 .0310 .0018 .0010 .0010 .0020 .0018 .0016 .0032 .0110 .0061 .0044 .0013

.0013 .0038 .0585 .0417 .0013 .0019 .0039 .0024 .0009 .0005 .0007 .0020 .0016 .0015 .0006

.0001 .0002 .0022 .0051 .0001 .0002 .0008 .0003 .0001 .0001 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0003 .0018 .0000 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 -oooo

E Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNW NNw

1- 3 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

4- 7 .0019 .0009 .0041 .0125 .0073 .0013 .0017 .0015 .0033 .0017 -0023 .0049 .0105 .oo39 .oo24 .oolo

8-12 .0010 .0005 .0045 .0285 .0176 .0017 .0018 .0022 .0036 .0022 .0013 .0016 .0032 .0012 .0003 .0001

13-18 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

19-24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

F Stability
Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNW NNw

1- 3 .0040 .0025 .0064 .0129 .0060 .0016 .0026 .0031 .0057 .0037 .0052 .0097 .0205 .o097 .0039 .oo22

4-7. 0045 .0028 .0097 .0253 .0107 .0023 .0029 .0042 .0063 .0055 .0075 .0133 .0275 .o098 .oo43 .oo19

8-12 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

13-18 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

19-24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

—

—.

.

—

—

—
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Table 24. Joint Frequency Weather Distribution for Newark

1988-92 Summary Joint Frequency Table For Newark, NJ Port

A Stability
Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNWNNW
1- 3 .0001 .0001 .0000 .0001 .0001 .0000 .0001 .0001 .0001 .0001 .0001 .0000 .0002 .0001 .0000 .0001

4-7. 0003 .0002 .0001 .0001 .0002 .0000 .0001 .0001 .0001 .0002 .0001 .0000 .0001 .0001 .0001 .0002

8-12 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

13-18 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

19-24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

B Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE 13NE E ESE SE SSE S Ssw Sw Wsw w WNWNWNNW

1- 3 .0007 .0005 .0005 .0003 .0003 .0001 .0002 .0003 .0005 .0005 .0003 .0003 .0003 .0002 .0005 .0004

4-7. 0017 .0012 .0012 .0016 .0012 .0006 .0008 .0007 .0016 .0010 .0009 .0008 .0008 .0011 .0017 .0018

8-12 .0009 .0008 .0013 .0013 .OO1O .0007 .0005 -ooo5 .ooll .0009 .0006 .0004 .0005 .0009 .oo14 .oo3-6

13-18 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

19-24 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

C Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNWNNW

1-3. 0004 .0002 .0003 .0002 .0003 .0001 .0001 .0001 .0003 .0002 ..0002 .0002 -0000 -0001 .0002 -0002

4- 7 .0021 .0018 .0020 .0015 .0014 .0007 .0011 .0009 .0026 .0017 .0012 .0009 .0007 -oo12 .ooJ-3 .oo17

8-12 .0038 .0037 .0058 .0060 .0056 .0034 .0038 .0029 .0052 .0039 .0021 .0012 .0007 .0019 .0054 .0048

13-18 .0005 .0005 .0012 .0017 .0016 .0010 .0012 .0009 .0008 .0004 .0005 .0001 .0000 .0003 .0007 .0002

19-24 .0000 .0000 .0001 .0001 .0000 .0001 .0003 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 -0000 .0000 .0000

Wind Speed

(mph) N NNE NE

1- 3 .0016 .0008 .0009

4- 7 .0107 .0050 .0049

8-12 .0182 .0148 .0241

13-18 .0071 .0112 .0233

19-24 .0007 .0015 .0020
>24 .0000 .0001 .0002

D Stability

Wind Directions (Blowing Toward)

13NE E ESE SE SSE S Ssw Sw Wsw w WNWNWNNW

.0006 .0005 .0002 .0003 .0006 .0010 .0013 .OO1O .0015 .ooll -ooll -oo3-7 .oo12

.0041 .0038 .0016 .0022 .0020 .0071 .0085 .0057 -oo64 -oo66 .oo75 .oo93 .oo75

.0196 .0152 .0080 .0094 .0088 .0205 .0242 .0144 .0071 .0054 .0084 .O1O7 .0105

.0236 .0224 .0230 .0310 .0223 .0183 .0179 .0083 .0028 .0018 .0018 .0033 .0029

.0023 .0045 .0079 .0086 .0034 .0020 .0013 .0006 .0003 .0001 .0001 .0001 .0002

.0004 .0009 .0027 .0022 .0006 .0003 .0001 .0003 .0001 .0000 .0000 .0000 .0000

E Stability

Wind speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNWNNW

1-3. 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

4-7. 0101 .0077 .0066 .0038 .0049 .0016 .0019 .0013 .0048 .0041 .0024 .0021 .0019 .0024 .0033 .0045

8-12 .0054 .0062 .0116 .0115 .0100 .0069 .0091 .oo68 .oo77 .oo45 .0012 .0004 .0003 .0005 .0009 .0018

13-18 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 -fJooo .0000 -0000 .0000 -0000

19-24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 -0000 .0000 .0000

F Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNWNNW

1-3. 0043 .0040 .0044 .0025 .0027 .0015 .OoJ.4 .oo1o .oo24 .oo21 .oo18 .oo13 .oo13 -ooll .oo23 .0019

4-7. 0098 .0122 .0110 .0058 .0088 .0039 .0047 .0026 .0067 .0058 .oo24 .oo12 .oo3-3 .oo16 .oo24 .oo32

8-12 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

13-18 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

19-24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 -0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
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Table 25. Joint Frequency Weather Distribution for Norfolk

1988-92 Summary Joint Frequency Table For Norfolk, VA Port

Wind Speed

(mph) N

1- 3 .0001

4- 7 .0001

8-12 .0000

13-18 .0000

19-24 .0000

>24 .0000

Wind Speed

(mph) N

1- 3 .0002

4- 7 .0008

8-12 .0008

13-18 .0000

19-24 .0000
>24 .0000

Wind Speed

(mph) N

1- 3 .0002

4- 7 .0011

8-12 .0043

13-18 .0012

19-24 .0000

>24 .0000

A Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNWNNW
.0001 .0000 .0002 .0003 .0001 .0000 .0000 .0002 .0001 .0001 .0002 .0001 .0001 .0000 .0001

.0002 .0000 .0002 .0003 .0001 .0000 .0000 .0001 .0002 .0001 .0003 .0001 .0001 .0000 .0001

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

B Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sli wsw w w NW m

.0002 .0002 .0004 .0004 .0004 .0002 .0001 .0004 .0004 .0003 .0003 .0004 .0002 .0002 .0003

.0006 .0006 .0010 .0010 .0011 .0005 .0005 .0013 .0015 .0013 .0007 .0009 .0004 .0005 .0006

.0008 .0010 .0013 .0015 .0009 .0006 .0003 .0020 .0030 .0022 .0017 .0012 .0007 .0006 .0005

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 -0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

C Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw

.0001 .0003 .0002 .0003 .0002 .0001 .0001 .0002 .0003 ..0002 .0001 .0003 .0002 .0001 .0001

.0008 .0015 .0014 .0014 .0012 .0005 .0005 .0013 .0017 .0013 .0010 .0012 .0010 .0005 .0003

.0038 .0062 .0048 .0054 .0034 .0021 .0013 .0067 .0080 .0102 .0043 .0042 .0029 .0023 .0017

.0012 .0025 .0021 .0015 .0011 .0003 .0005 .0021 .0015 .0024 .0015 .0008 .0004 .0004 .0003

.0001 .0004 .0002 .0000 .0000 .0000 .0000 .0001 .0000 .0002 .0001 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

D Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNW NNw

1-3. 0008 .0005 .0007 .0007 .0005 .0006 .0004 .0002 .0007 .0006 .0007 .0007 .0008 .0006 .0007 .0008

4- 7 .0043 .0026 .0026 .0027 .0028 .0021 .0018 .0011 .0032 .0032 .0038 .0036 .0042 .0031 .0025 .0026

8-12 .0243 .0197 .0186 .0126 .0096 .0064 .0056 .0052 .0145 .0115 .0148 .0126 .0106 .0074 .0091 .O1O9

13-18 .0218 .0288 .0321 .0168 .0140 .0118 .0102 .0108 .0369 .0200 .0270 .0144 .0054 .0035 .0055 .0061

19-24 .0039 .0036 .0060 .0027 .0026 .0034 .0023 .0021 .0105 .0056 .0069 .0028 .0003 .0001 .0002 .0003

>24 .0008 .0005 .0004 .0002 .0003 .0007 .0003 .0004 .0027 .0015 .0021 .0002 .0000 .0000 .0000 .0000

Wind Speed

(mph) N

1- 3 .0000

4- 7 .0078

8-12 .0124

13-18 .0000

19-24 .0000

>24 .0000

E Stability

Wind Directions (Blowing Tc

NNE NE ENE E ESE SE SSE s Ssw

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0048 .0043 .0027 .0023 .0018 .0012 .0006 .0015 .0013

.0122 .0120 .0069 .0048 .0046 .0049 .0028 .0060 .0034

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

)ward)

Sw Wsw w WNWNWNNW
.0000 .0000 .0000 .0000 .0000 .0000

.0026 .0028 .0052 .0036 .0032 .0054

.0055 .0040 .0017 .0013 .0028 .0047

.0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000

F Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ELSE SE SSE s Ssw Sw Wsw w WNWNW NNw

1- 3 .0097 .0066 .0056 .0033 .0031 .0025 .0013 .0008 .0015 .0013 .0021 .0026 .0047 .0035 .0033 .0052

4-7. 0130 .0090 .0070 .0043 .0042 .0033 .0020 .0012 .0021 .0016 .0023 .0034 .0050 .0030 .0038 .0057

8-12 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
13-18 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
19-24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

—

.

—

—

.

.

—

—

.
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Table 26. Joint Frequency Weather Distribution for Philadelphia

Wind Speed

(mph) N

1- 3 .0000

4- 7 .0003

8-12 .0000

13-18 .0000

19-24 .0000

>24 .0000

Wind Speed

(mph) N

1- 3 .0007

4- 7 .0017

8-12 .0008

3.3-18 .0000

19-24 .0000

>24 .0000

Wind Speed

(mph) N

1- 3 .0003

4- 7 .0018

8-12 .0025

13-18 .0006

19-24 .0000

>24 .0000

Wind Speed

(mph) N

1- 3 .0010

4- 7 .0052

8-12 .0172

13-18 .0137

19-24 .0017

>24 .0004

Wind Speed

(mph) N

1- 3 .0000

4- 7 .0060

8-12 .0057

13-18 .0000

19-24 .0000

>24 .0000

wind Speed

(mph) N

1- 3 .0035

4- 7 .0050

8-12 .0000

13-18 .0000

19-24 .0000

1988-92 Summary Joint Frequency Table For Philadelphia, PA Port

A Stability
Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNw Nw NNw

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0002 .0001 .0002 .0003 .0003 .0001 .0001 .0002 .0000 .0000 .0000 .0002 .0001 .0001 .0002

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .fJfJoo

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

B Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw

.0004 .0005 .0007 .0009 .0005 .0003 .0003 .0005 .0002 .0002 .0003 .0003 .0003 .0005 .0006

.0016 .0026 .0034 .0026 .0014 .0011 .0010 .0014 .0005 .0006 .0005 .0016 .0014 .0013 .0013

.0014 .0035 .0046 .0025 .0010 .0009 .0008 .oo12 .0004 .0004 .0005 .oolo -ooo8 -ooo3 .0003

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 -0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

C Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw

.0001 .0003 .0004 .0006 .0004 .0003 .0001 .0001 .0001-.0000 .0002 .0002 .0003 .0002 .0003

.0010 .0025 .0037 .0035 .0014 .0015 .0014 .0014 .0005 .0004 .0008 .0020 .0010 .0009 .0012

.0026 .0086 .0119 .0071 .0049 .0047 .0043 .0049 .0018 .0013 .0025 .0025 .0012 .0010 .0011

.0007 .0016 .0021 .0017 .0016 .0014 .0011 .0009 .0003 .0001 .0005 .0004 .0001 .0001 .0001

.0000 .0000 .0000 .0001 .0001 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 -0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 -0000 -0000 .0000

D Stability
wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNWNNW

.0003 .0006 .0011 .0012 .0006 .0005 .0005 .0006 .0003 .0003 .0011 .0017 .0012 .0011 .0010

.0021 .0050 .0087 .0076 .0031 .0034 .0031 .0046 .0019 .0017 .0049 .oo86 .oo50 .oo45 .oo46

.0105 .0232 .0221 .0181 .0106 .0095 .0093 .0145 .0068 .0067 .0224 .0168 .0074 .0075 .0094

.0117 .0195 .0115 .0229 .0314 .0204 .0141 .0152 .0092 .0105 .0197 .0092 .0023 .0019 .0040

.0010 .0012 .0005 .0051 .0090 .0035 .0019 .0010 .0005 .0016 .0028 .0005 .0000 .0000 .0007

.0000 .0001 .0001 .0014 .0023 .0013 .0003 .0000 .0000 .0003 .0007 .0004 -oool -oooo .0001

E Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNWNNW

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0022 .0048 .0097 .0099 .0033 .0041 .0032 .oo28 .0004 .0007 -oo20 .oo32 -oo25 .0029 .0050

.0044 .0105 .0088 .0182 .0103 .0079 .0058 .0083 .oo24 -oo12 .oo26 .oo19 .0009 .0008 .oo21

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .000fJ .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

F Stability
Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw wsw w m Nw NNw

.0013 .0025 .0061 .0068 .0029 .0030 .0026 .0020 .0005 .0005 .0010 .0014 .0015 .0019 .0024

.0022 .0078 .0161 .0175 .0062 .0074 .0066 .0072 .0007 .0007 .0015 .0027 .0021 .0027 .0035

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .000o .000o .000o .000o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
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Table 27. Joint Frequency Weather Distribution for Portland

1988-92 Summary Joint Frequency Table For Portland, OR Port

Wind Speed

(mph) N

1- 3 .0001

4- 7 .0000

8-12 .0000

13-18 .0000

19-24 .0000

>24 .0000

Wind Speed

(mph) N

1- 3 .0005

4- 7 .0003

8-12 .0002

13-18 .0000

19-24 .0000

>24 .0000

A Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNW NNw

.0001 .0001 .0002 .0004 .0005 .0005 .0004 .0005 .0003 .0001 .0001 .0000 .0000 .0000 .0000

.0000 .0000 .0001 .0003 .0004 .0006 .0005 .0006 .0003 .0001 .0002 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

B Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNW NNw

.0002 .0004 .0006 .0020 .0027 .0025 .0026 .0033 .0009 .0007 .0006 .0003 .0003 .0002 .0002

.0003 .0005 .0012 .0047 .0059 .0051 .0049 .0053 .0021 .0013 .0008 .0007 .0003 .0003 .0002

.0002 .0001 .0002 .0026 .0038 .0027 .0020 .OO1O .0001 .0001 .0002 .0002 .oOol .Oooo .0001

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

C Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNWNNW

1- 3 .0008 .0003 .0004 .0006 .0014 .oO17 .0016 .0014 .oo19 .0006 -.ooO7 .0008 .0008 .0005 .0002 .0003

4- 7 .0009 .0005 .0005 .0010 .0030 .0058 .0052 .0041 .0043 .0011 .0013 .0016 .0013 .0010 .0004 .0005

8-12 .0010 .0007 .0005 .0005 .0054 .0097 .0083 .0053 .0020 .0002 .0003 .0005 .0013 .0008 .0004 .0003

13-18 .0001 .0000 .0001 .0000 .0005 .0008 .0009 .0008 .0003 .0000 .0000 .0000 .0003 .0000 .0000 .0000

19-24 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .00’00 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 :0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

D Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNWNW NNw

1-3. 0065 .0030 .0025 .0028 .0048 .0044 .o041 .0042 .oo48 .oo22 .oo22 .0024 .oo46 .oo45 .oo33- -oo29

4-7. 0183 .0072 .0059 .0069 .0129 .0125 .0129 .0124 .0128 .0038 .0041 .0051 .0112 .0152 .0085 .0090

8-12 .0269 .0153 .0093 .0056 .0080 .O1O7 .0174 .01S8 .0075 .0004 .0005 .0009 .0081 .0282 .0172 .0068

13-18 .0208 .0173 .0065 .0026 .0028 .0041 .0128 .0166 .0033 .0001 .0002 .0014 .0105 .0329 .0153 .0026

19-24 .0032 .0037 .0008 .0002 .0003 .0001 .0007 .0006 .0001 .0000 .0000 .0003 .0054 .0056 .0015 .0001

>24 .0010 .0010 .0003 .000o .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0024 .0021 .0001 .0000

Wind Speed

(mph) N

1- 3 .0000

4- 7 .0062

8-12 .0007

13-18 .0000

19-24 .0000

>24 .0000

E Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WN’WNW NNw

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0022 .0016 .0029 .0058 .0072 .oo67 .oo48 .oo47 -oo13 .oo13 .ooJ-9 .oo43 .oo74 .oo40 -oo31

.0003 .0001 .0003 .0020 .0041 .0130 .0109 .0029 .0001 .0001 .0003 .0017 .0031 .0013 .0003

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

F Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE s Ssw Sw Wsw w WNWNW N-NW

1- 3 .0046 .0019 .0028 .0037 .0104 .0104 .0098 .0085 .0080 .0034 .0030 .0035 .0067 .0056 .0032 .0026

4-7. 0016 .0008 .0012 .0019 .0085 .0108 .0115 .0093 .0070 .0016 .0012 .0018 .0040 .0052 .0019 .0015

8-12 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

13-18 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

19-24 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

>24 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

—

—
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Table 28. Joint Frequency Weather Distribution for Wilmington

1988-92 Summary Joint Frequency Table For Wilmington, NC Port

Wind Speed

(mph) N

1- 3 .0001

4- 7 .0004

8-12 .0000

13.-18 .0000

19-24 .0000

>24 .0000

Wind Speed

(mph) N

1- 3 .0008

4- 7 .0014

8-12 .0013

13-18 .0000

19-24 .0000

>24 .0000

Wind Speed

(mph) N

1- 3 .0005

4- 7 .0016

8-12 .0057

13-18 .0012

19-24 .0000

>24 .0000

A Stability
Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE s Ssw Sw Wsw WWNWNWNNW
.0002 .0001 .0001 .0001 .0001 .0001 .0001 .0002 .0001 .0001 .0001 .0001 .0001 .0001 .0002
.0006 .0007 .0007 .0007 .0004 .0003 .0003 .0005 .0004 .0001 .0003 .0003 .0002 .0002 .0001
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

B Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw

.0006 .0011 .0012 .0012 .0009 .0009 .0008 .0017 .0007 .0009 .0007 .0012 .0006 .0006 .0006

.0011 .0020 .0029 .0028 .0017 .0018 .0014 .0023 .0015 .0013 .0010 .0015 .0008 .0012 .0010

.0014 .0024 .0032 .0033 .0018 .0010 .0011 .0015 .0012 .0010 .0007 .0016 .0020 .0018 .0015

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

C Stability

Wind Directions (Blowing Toward)

NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw

.0003 .0006 .0006 .0007 .0004 .0003 .0004 .0007 .0004 -.0006 .0005 .0005 .0004 .0005 .0005

.0012 .0018 .0034 .0033 .0018 .0015 .003.9 .0033 .0024 .0019 .0018 .0015 .0013 .0014 .0014

.0044 .0066 .0079 .0075 .0032 .0025 .0028 .0060 .0045 .0049 .0035 .0044 .0052 .0067 .0066

.0014 .0019 .0012 .0015 .0006 .0005 .0004 .0007 .0007 .0005 .0005 .0014 .0009 .0009 .OO1O

.0000 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

D Stability

Wind Speed Wind Directions (Blowing Toward)

(mph) N NNE NE ENE E ESE SE SSE S Ssw Sw Wsw w WNw Nw NNw

1-3. 0012 .0006 .0007 .0009 .0008 .0006 .0007 .0009 .0021 .0012 .0011 .0010 .0014 .0007 .0007 .0007

4- 7 .0055 .0036 .0039 .0043 .0052 .0032 .0030 .0042 .0104 .0064 .0068 .0053 .0047 .0033 .0039 .0034
— 8-12 .0136 .0158 .0175 .0108 .0091 .0048 .0066 .0062 .0167 .0184 .0162 .0093 .0090 .0057 .0058 .0078

13-18 .0104 .0185 .0183 .0064 .0082 .0060 .0066 .0069 .0105 .0128 .0075 .0040 .0075 .0026 .0034 .0049

19-24 .0005 .0015 .0018 .0004 .0008 .0003 .0004 .0003 .0005 .0005 .0001 .0000 .0003 .0000 .0002 .0002

>24 .0000 .0001 .0001 .0000 .0001 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002 .0000 .0000 .0001

.

Wind Speed

(mph) N

1- 3 .0000

4- 7 .0088

8-12 .0027

13-18 .0000

19-24 .0000

>24 .0000

Wind Speed

(mph) N

1- 3 .0113

4- 7 .0073

8-12 .0000

13-18 .0000
19-24 .0000

>24 .0000

E Stability

Wind Directions (Blowing Toward)

NNE NE ENE E .SSE SE SSE s Ssw Sw Wsw w WNw Nw NNw

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0068 .0076 .0066 .0045 .0017 .0018 .0016 .0056 .0048 .0049 .0043 .0042 .0027 .0037 .0043

.0066 .0110 .0070 .0046 .0029 .0047 .0028 .0050 .0061 .0050 .0016 .0019 .0006 .0008 .0012

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

NNE
.0094

.0062

.0000

.0000

.0000

.0000

NE ENE E

.0115 .0113 .0106

.0098 .0109 .0098

.0000 .0000 .0000

.0000 .0000 .0000

.0000 .0000 .0000

.0000 .0000 .0000

F Stability

Wind Directions (Blowing Toward)

ELSE SE SSE s Ssw Sw Wsw WWNWNWNNW

.0042 .0051 .0070 .0171 .0081 .0089 .0083 .0100 .0063 .0067 .0063

.0032 .0039 .0042 .0106 .0079 .0078 .0057 .0034 .0018 .0023 .0032

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

71



Table 29. Probability of Rain by Stability Classes

Rainfall Data for the Charleston, SC Port 1988-1992 Data

Stab Class Avg Rate (in/hr) Fraction Time

A 0.05000 0.00264

B 0.22400 0.00371

c 0.16322 0.00771

D 0.13860 0.11099

E 0.14740 0.00125

F 0.07941 0.00125

Rainfall Data for the Long Beach,

Stab Class Avg Rate (in/hr)

A 0.00000

B 0.00000

c 0.14375

D 0.07837

E 0.06596

F 0.07083

CA Port 1988-1992 Data

Fraction Time

0.00000

0.00000

0.00233

0.03648

0.00809

0.00115

Rainfall Data for the Newark, NJ Port 1988-1992 Data

Stab Class Avg Rate (in/hr) Fraction Time

A 0.00000 0.00000

B 0.05000 0.00059

c 0.08571 0.00648

D 0.08577 0.12139

E 0.08968 0.00971

F 0.05000 0.00153

Rainfall Data

Stab Class

A

B

c

D

E

F

Rainfall Data

Stab Class

A
B

c

D

E

F,

Rainfall Data

Stab Class

A

B

c

D

E
F

Rainfall Data

Stab Class

A

B

c

D

E

F

for the Norfolk, VA

Avg Rate (in/hr)

0.00000

0.09167

0.10921

0.47136

0.12574

0.05000

Port 1988-1992 Data

Fraction Time

0.00000

0.00371

0.00771

0.11099

0.01099

0.00125

for the Philadelphia, PA Port 1988-1992 Data

Avg Rate (in/hr) Fraction Time

0.00000 0.00000

0.17500 0.00089

0.11250 0.00431

0.07520 0.12101

0.10682 0.00649

0.17500 0.00035

for the Portland, OR Port 1988-1992 Data

Avg Rate (in/hr) Fraction Time

0.00000 0.00000

0.11250 0.00139

0.08125 0.01245

0.06172 0.15220

0.06493 0.01428

0.05000 0.00087

for the Wilmington,

Avg Rate (in/hr)

0.00000

0.18235

0.17500

0.15048

0.16295

0.08571

NC Port 1988-1992 Data

Fraction Time

0.00000

0.00718

0.01937

0.12490

0.02310

0.00244

.“.

—

—
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.

—
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4.0 MACCS CALCULATIONS
,-

—

—

—

All of the MACCS calculations performed during this study used a source term probability of
one. Thus, the consequence estimates generated and the probabilities associated with those
estimates are conditional on the release of the source term (i.e., the consequence estimates
generated by any specific MACCS calculation assume the occurrence of both the event that
initiates the accident and also of all subsequent events that contribute to the release of the
source term used in that MACCS calculation).

For any source term, a MACCS calculation generates results for all possible combinations of a
representative set of weather sequences and a representative set of exposed downwind
populations. Since the probability of occurrence of each weather sequence and the exposure
probability of each population distribution are known, the variability of consequences due to
weather and population, conditional on the accident having occurred, can be displayed by
plotting the probability that a consequence magnitude will be equaled or exceeded against
consequence magnitude. Such a plot is called a Complementary Cumulative Distribution
Functions (CCDF).

Three types of MACCS accident consequence calculations. were performed, base case
calculations, high-temperature calculations, and sensitivity calculations. Base case calculations
used

. the inventories given in Table 5,

. the release fractions presented in Table 1 for EA Accident Categories 4, 5, and 6,

. the release timings specified in Table 7 (pattern 1 was used for Accident Category 4
releases and pattern 3 for Category 5 and 6 releases),

● one year of hourly meteorological data recorded at the National Weather Service
station listed in Table 21, and

● population distributions calculated using POPSEC90 for the dockside and charnel
locations presented in Table 19.

Population distributions and other site specific data are input to MACCS via a site data file.
The site data fdes constructed for this study and the input data that was the same for all base

— case calculations are presented in Appendix A.

Input for the high-temperature calculations was identical to that used in the base case
calculations except that the EA release fractions for Accident Categories 4, 5, and 6 were
replaced by the modified release fractions developed for EIS Accident Categories 4, 5A, 5B,
6A, and 6B. The release fraction values used for these EIS Accident Categories are presented
in Table 4.

—
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Sensitivity calculations modified the input used in the base case calculations as required to
identify the influence on consequences

● of using variable meteorology recorded offsite at a nearby National Weather Service
station rather than constant meteorology recorded onsite at the harbor,

e of using source terms that contained 17 nuclides for which acute health-effect dose
conversion factors were not available,

. of neglecting the enhanced shielding likely to be afforded to the population near the
harbor by the masonry buildings that typi~ construction in urban commercial
neighborhoods,

.-

—

.—.

. .,

. of using release fractions developed for the Modal Study [Fi87] for truck and rail
accidents,

● of adding the harbor workforce population to the residential population distribution,

. of modeling accidents that lead to severe frees using a puff and a tail (two segment
release) rather than only a puff, and

. of adding ‘Co to the inventory so that CRUD release can be calculated.

Both the variable meteorology and the constant meteorology MACCS calculations performed
for this study consist of a large number of individual trials (about 1750 trials for each variable
meteorology calculation; about 1150 trials for each constant meteorology calculation). By
accumulating the results of the individual trials, an expected (mean) result and a CCDF are
generated for each output quantity (result) calculated. In addition, for each output calculated,
the value of the largest result obtained for any individual trial, the probability of occurrence of
that trial, and the weather sequence used in that trial are saved.

4.1 Acute Health Effects

The MACCS code can estimate the numbers of fatalities and injuries that might be caused by
acute exposures that occur over time periods of a few days (due to a dose to the stomach or the
intestines) to one year (due to an internal dose to the lungs). Of the seven acute injuries that
MACCS can examine, prodromal vomiting is the acute injury most likely to appear at low
doses and dose rates. Because the occurrence of acute health effects would be cause for
considerable concern, acute fatalities and cases of prodromal vomiting were calculated for
every MACCS run made during this study; and the output of every run was inspected to
determine whether either acute effect had occurred. Inspection of all of the MACCS output
generated showed that no acute fatalities and no cases of prodromal vomiting were ever
predicted to occur for any output quantile (i.e., the mean result, all quantile values on the

.-

—

—

.-

.

—.

—
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CCDF, and the result obtained for the least favorable weather sequence were all zero for acute
fatalities and cases of prodromal vomiting).

4.2 Base Case Calculations

The base case calculations estimated the consequences that might result if any one of twelve
ship accidents (4 inventories, each run with3 sets of release fractions, the release fractions for
accident categories EA4, EA5, and EA6) occurred at any of the twenty-six accident locations
examined. Thus, 4 x 3 x 26 = 312 base case MACCS calculations were performed.

—

—

4.2.1 Typical Output

Table 30 presents MACCS output for one base case calculation, the calculation for the channel
accident location at Newark, NJ (the port of Elizabeth) performed with the BR-2 source term
and accident category EA5 release fractions. The fwst group of results in this table are Health
Effect Cases. The f~st health effect considered is the number of cancer fatalities expected to
occur among the population located within one mile (O-1.6 km) of the accident location. For
this population group, the table shows

. that the conditional probability of getting a non-zero result is O.6818 which means that
no cancer fatalities were predicted to occur in this population group for 31.82 percent
of the some 1750 trials run during this calculation (conversely, at least a fractioml
cancer death was predicted to occur in 68.18 percent of the trials);

● that the expected (mean) number of cancer fatalities for this population group is
0.0985;

. that the 90th and 99th quantiles of the CCDF of cancer fatalities for this population
group have values of 0.0271 and 2.60; and

—

—

—

. that the largest number of cancer fatalities predicted for this population group for any
weather trial was 17.5, that this result had a probability of occurrence of 7.65 x 10-5,
and that the 45th weather sequence selected by the importance sampling scheme led to
this result.

In Table 30, the probability of getting a non-zero result, the mean, 50th, 90th, 95th, 99th, and
99.9th quantile probabilities, and the probability of the peak result are all conditional
probabilities. Thus, each of these probabilities assumes that the accident has occurred and has
progressed to the source term that generated the results given in the table. To obtain the
absolute probability of any of the results presented in Table 30 (the probability per port call of
that result), the conditional probability must be multiplied by the probability of occurrence per
port call of the source term that produced the specific result. These source term probabilities
of occurrence per port call are given in Table 17. Thus, the probability of occurrence per
port call of any mean consequence presented in Table 30 is simply the source term probability

.
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Table 30. Typical Results: Newark Port, Channel Location, BR-2 Inventory, EA5 Release
Fractions, Variable NY Meteorology

SITE=NEW LOC=CHANNEL INV=BR-2 ST.EA5 VA8 MET= NYC
.

PROB

NON- ZERO

HEALTH EFFECTS CASES

CAN FAT/TOTAL O-1.6 KM 0,6818

CAN FAT/TOTAL 0-8.1 KM 0.8854

CAN FAT/TOTAL 0-16.1 KM 0.9686

CAN FAT/TOTAL 0-80.5 KN 1.0000

POPULATION DOSE (SV)

ED EwBODY TOT LIF O-1.6 KM 0,6818

EDENEODY TOT LIF O-3.2 iU4 0.8032

EDEWBODY TOT LIF 0-4.8 KM 0.8750

EDEWBODY TOT LIF O-6.4 RN 0.8750

EDEWBODY TOT LIF O-8.1 KM 0.86’54

EDEWBODY TOT LIF 0-16.1 KM 0.9686

EDEWBODY TOT LIF O-32.2 XW 1.0000

EDEWBODY TOT LIF O-48.3 KN 1.0000

EDEWBODY TOT LIF O-64.4 KM 1.0000

EDEWBODY TOT LIF 0-80.5 SW 1.0000

CENTERLINE DOSE AT SOME DISTANCES (SV)

EDEWBODY TOT LIF O-1.6 KN 1.0000

EDEWBODY TOT LIF 1 .6-3.2 KM 1.0000

EDEWBODY TOT LIF 3 .2-4.8 KM 1.0000

EDEWBODY TOT LIF 4 .8-6.4 KM 1.0000

BDENBODY TOT LIF 6.4-8.2. KM 1.0000

EDEWBODY TOT LIF 8.1-16.1 KN 2..0000

EDEWSODY TOT LIF 16 .3.-32.2 KM 1.0000

EDENBODY TOT LIF 32.2 -48.3 KN 1.0000

EDEWBODY TOT LIF 48.3 -64.4 K3$ 1.0000

EDEWBODY TOT LIF 64.4 -80.5 RIO 1.0000

EDEWEODY POP DOSE (SV) 0-8.1 KM

TOTAL LONG -TEEM PATHWAYS DOSE 0.8043

LONG- TERN DIRECT EXPOSURE PATHWAYS 0.7941

TOTAL INGESTION PATHWAYS DOSE 0.s043

LONG-TERM GROONDSHINE DOSE 0.7941

LONG-TEEM RESUSPENSION DOSE 0.7941

POP DEPENDENT DECONTAM1NATION DOSE 0.0000

AREA DEPENDENT DECONTANINATION DOSE 0.0000

MILK D1RECT-DEPOS1TION DOSE 0.4319

CROP DIRECT-DEPOSITION DOSE 0.4319

MILX ROOT-UPTAKE DOSE 0.8043

CROP ROOT-UPTAKE DOSE 0.8043

WATER INGESTION DOSE 0.8018

MEAN 50TS

TLES

95TH 99TW 99.9TH

PEAK

CONS

PEAK PEAK

PROB TRIAL

7.65E-05 45

7.65E-05 45

1.3.6E-05 44

7.65E-05 45

9oiR

9.85E-02

6.55E-01

1.38E+O0

2.90E+O0

2.32E-06

8.03.E-03

1.23E-01

1.22E+O0

2.71E-02

1,34E+O0

3 .69B+O0

7.38E+O0

2 .60E-01 2.60E+O0 6.86E+O0

2 .64E+O0 l.l SE+O1 2.07E+01

6.05E+O0 2.29E+01 3 .51E+01

1.17E+01 2.91E+01 3.89E+01

1.75E+01

3 .86E+01

5.23E+01

5.53E+01

2.36E+O0

4.92E+O0

8.61E+O0

1.20E+01

2..57E+O1

3.30E+01

5.03E+01

5.56E+01

5.75E+01

6.93E+01

5.22E-05

6.63E-04

2.58E-02

1.27E-01

2,08E-01

3.13E+O0

8.79E+O0

1.34E+01

1.46E+01

2.84E+01

6.05E-01

2.99E+O0

8.94E+O0

1.6512+01

3.35E+01

9 .40E+03.

1.31E+02

1.43B+02

1.47E+02

1.80E+02

6.llE+OO

2 .03S+01

4 .43E+01

5 .36E+01

6.23E+01

3..48E+O2

2,34E+02

2 .45E+02

2 .47E+02

2.61E+02

6.21E+01

1.17E+02

1.84E+02

2. 62E+02

3.23E+02

5.48E+02

7,05E+02

7,09E+02

7.09E+02

7,09E+02

3..74E+O2

2,82E+02

3.96E+02

4 .S5E+02

5.13E+02

8.50E+02

9.38E+02

9 .41E+02

9 .41E+02

9.41E+02

4.21E+02

6,96E+02

8 .57E+02

8.99E+02

9.27E+02

1.25E+03

1.32E+03

1.33E+03

1.33E+03

1.33E+03

7.65E-05 45

7.65E-05 45

7. 65E-05 45

7.65E-05 45

9,81E-05 45

1.2.6E-05 44

7.65E-05 45

7.65E-05 45

7.65E-05 45

7.65E-05 45

3..17E-O3

3.02B-04

2..88E-O4

1.49E-04

1.29E-04

9.12E-05

3.74E-05

2.35E-05

1.37E-05

9. S8E-05

1.60E-06

2.23E-06

2.08E-05

1.59E-05

2 .42E-05

3,92E-05

1.99E-05

1.20E-05

6.15E-06

1.02E-04

5.29E-03

7.78E-04

3.57E-04

2.33E-04

2 .48E-04

2.31E-04

9.87E-05

5.46E-05

2.34E-05

1.2.3E-04

6.69E-03 1.52E-02 NOT-FOUND

2.39E-03 4.68E-03 NOT-FOUND

1.44E-03 2.49E-03 3.43E-03

9.04E-04 1.34E-03 2.09E-03

7.86E-04 1.19E-03 1.63E-03

3.60E-04 5.58E-04 6.90E-04

1.14E-04 1.59E-04 2.67E-04

7.70E-05 NOT-FOUND NOT- FOUNE

4. 86E-05 NOT-FOUND NOT-FOUND

1.18E-04 -2..31E-O4 NOT-FOUND

4 .2.2E-02

9.71E-03

4.40E-03

3.67E-03

2.87E-03

1.19E-03

5.31E-04

1.54E-04

1.21E-04

1.31E-04

1.06E-03 45

1.06E-03 45

1.14E-04 44

1.14E-04 44

1.14E-04 44

2.00E-04 43

2.00E-04 97

4.05E-02 96

4.05B-02 96

9.39E-03 17

.—<
1.57E+01

1.57E+01

3.22E-02

1.56E+01

6.46E-02

0.00E+OO

0.00E+OO

5.13E-03

2.08E-02

1.80E-03

3,97E-03

5.02E-04

2.08E-01

2.00E-01

1.55E-03

2.00E-01

8.00E-04

0.00E+OO

0.00E+OO

0.00B+OO

0.00E+OO

7.56E-05

1.91E-04

2..46E-O5

3 .34E+01

3.33E+01

6.70E-02

3.33E+01

1.34E-01

0.00E+OO

0.00E+OO

1.08E-02

4.22E-02

2.72E-03

6.32E-03

9,26E-04

6 .23E+02.

6.22E+01

1.42E-01

6.23.E+O1

2.62E-01

0.00E+OO

0.00E+OO

2.66E-02

8.60E-02

8.46E-03

1.61E-02

2.33E-03

3 .23E+02

3.23E+02

3.00E-01

3.23E+02

1.18E+O0

0.00E+OO

0.00E+OO

4.79E-02

2.49E-01

3.22E-02

7.43E-02

9.82E-03

5.13 E+02

5.13E+02

3.02E+O0

5.13E+02

2.06E+O0

0.00E+OO

0.00E+OO

5.05E-01

2 .26E+o0

5.llE-02

1.12E-01

2.19E-02

9.26E+02

9.26E+02

4.93E+O0

9.22E+02

3 .82E+O0

0.00E+OO

0,00E+OO

6.88E-01

4.2.lE+OO

7,75E-02

3..71E-O1

4.22E-02

9.81E-05 45

9.81E-05 45

9.20E-05 10

9.81E-05 45

7.65E-05 45

0.00E+OO 0

0.00E+OO O

9.20E-05 10

9.20E-05 10

1.99E-04 45

9.20E-05 45

8.95E-06 44
---

EDEWBODY POP. DOSE (SV) 0-80.5 EM

TOTAL LONG- TERM PATHWAYS DOSE 0.9943

LONG-TERM DIRECT EXPOSURE PATRNAYS 0.9942

TOTAL lNGEST1 ON PATHI+AYS DOSE 0.9943

LONG-TERM GROUNDSHIN2 DOSE 0.9942

LONG-TERM RESUSPENS1ON DOSE 0.9942

POP DEPENDENT DECONTAMINATION DOSE 0.0000

AREA DEPENDENT DECON”TAJflNATION DOSE 0.0000

MILK D1RECT-DEPOS1TION DOSE 0.5503

CROP DIRECT -DEPOSITION DOSE 0.s503

MILK ROOT-UPTAKE DOSE 0.9943

CROP ROOT-UPTAKE DOSE 0.9943

WATER INGESTION DOSE 0.9731

6.92E+01

6.75E+01

1.70E+O0

6.72E+01

2.78E-01

0.00E+OO

0.00E+OO

3.04E-01

1.2 SE+O0

4.00E-02

8.85E-02

1 .46E-02

2.84E+01

2.64E+01

2.50E-01

2.61E+01

1.09E-01

0.00E+OO

0.00E+OO

3 .65E-03

1.16E-02

5.06E-02

1.02E-01

7.31E-03

1.80E+02

1.78E+02

6.02E+O0

1.77E+02

7.32E-01

0.00E+OO

0.00E+OO

9.26E-01

5.20E+O0

7.25E-02

1.38E-01

3.39E-02

2.61E+02

2.57E+02

8.37E+O0

2.57E+02

1.14E+O0

0.00E+OO

0.00E+OO

1.12E+O0

6.58E+O0

7.87E-02

1.58E-01

3.85E-02

7.09E+02 9.41E+02

7.09E+02 9 .41E+02

1.07E+01 1.24E+01

7.09E+02 9 .41E+02

2.87E+O0 3 .89E+O0

0.00E+OO 0,00E+OO

0.00E+OO 0.00E+OO

1.62E+O0 2.09E+O0

1.01 E+03. 1.12E+01

9.51E-02 NOT-FOUND

2.13.E-01 NOT- FOOTill

5.26E-02 NOT-FOUND

2.,33E+03

1,33E+03

1,66E+01

1,32E+03

5 .47E+O0

0.00E+OO

O .00E+OO

2 .40E+O0

1 .38E+01

1.12E-01

2 .47E-01

6.97E-02

7.65E-05

7.65E-05

9.94E-06

7.65E-05

7.65E-05

0.00E+OO

0.00E+OO

9.94E-06

9.94E-06

3.53E-03

3.53E-03

3.46E-03

45

45

25

45

45

0

0

25

25

96

96

96

—

ECONOMIC COST MEASURES (S) o-8.1 m

TOTAL ECONOM1 C COSTS 0.0038

POP DEPENDENT COSTS 0.0000

AREA DEPENDENT COSTS 0.0038

MILK DISPOSAL COST 0.0038

CROP DISPOSAL COST 0.0038

ECONOMIC COST MEASURES (S) 0-80.5 5U4

TOTAL ECONOMIC COSTS 0.0038

POP DEPENDENT COSTS 0.0000

AREA DEPENDENT COSTS 0,0038

AREA DEPENDENT DECONTAMINATION COST 0.0000

AREA DEPENDENT INTERD1CTION COST 0.0000

AREA DEPENDENT CONDEMNATION COST 0.0000

EVACUATION lJ6E RELOCATION COST 0.0000

MILK DISPOSAL COST 0.0038

CROP DISPOSAL COST 0.0038

1.80E+01

0.00E+OO

1.80E+01

4.75E+O0

1.33E+01

O .00E+OO

0.00E+OO

0.00E+OO

O .00E+OO

O .00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+oO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0. OOE+OO NOT- FOOII12

0.00E+OO 0.00E+OO

O 00E+OO NOT-FOUND

0.00E+OO NOT-FOUND

0. OOE+OO NOT- FOL06E

5.64E+03

0.00E+OO

5.64E+03

1.49E+03

4.2.5E+03

2 .44E-03 16

0.00E+OO 0

2.44E-03 3.6

2.44E-03 3.6

2.44E-03 16

—

.

—

.

1.80E+01

0.00E+oo

1.80E+01

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

4.75E+O0

1.33E+01

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0 .00E+OO

O .00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0,00E+OO

0,00E+OO

0.00E+OO

0.00E+OO NOT- FOUNTI

0.00E+OO 0.00E+OO

0.00E+OO NOT-FOUND

0.00E+OO 0.00E+OO

0.00E+OO 0.00E+OO

0.00E+OO 0.00E+OO

0.00E+OO 0.00E+OO

O 00E+oo NOT-FOUND

0.00E+OO NOT-FOUND

5. 64E+03

0.00E+OO

5.64E+03

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1 .49E+03

4.15E+03

2.44E-03 16

0.00E+OO O

2.44E-03 16

0.00E+OO 0

0.00E+OO O

0.00E+OO 0

O.OOE+o O O

2.44E-03 3.6

2.44E-03 16

MAXIMUM LONG-TERN ACTION DISTANCE (KM)

MILK DISPOSAL DIST. 0.0038 6.12E-03 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO NOT-FOUND 1.63.E+OO 3.80E-03 16

CROP DISPOSAL DIST 0.0038 6.2.2E-03 0.00E+OO 0.00E+OO 0,00E+OO 0.00E+OO NOT-FOUND 1.61E+O0 3.80E-03 16
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per port call. For the probability of a non-zero result, for consequence quantiles, and for the
largest consequence found for any single weather trail (the peak consequence), the absolute
probability of occurrence per port call of the listed resultis the product of the source term
probability per port call and either the probability of the non-zero result, the quantile
probability, or the probability of the peak result. For example, the probability perport callof
an accident that leads to 2.60 radiation-induced cancer fatalities 20 t040 years after the timeof
the accident (the 99th quantileresult)is

l?~~~ x p99~ Q~~e = (5x 10-9)(0.01) = 5 x 10-11per port call

Figure 24 presents the CCDF for cancer fatalities among the population located within one
mile of the channel accident location at Newark, NJ. Figure 24 shows that there is one chance
in a thousand (probability = 1.OE-03) that an accident that leads to an accident category EA5
release from a cask that contains the BR-2 inventory will produce about seven cancer deaths.
Thus, the 99.9th quantile of the CCDF has a value of about seven. Inspection of the CCDF
also shows that the tail of the distribution has a probability of occurrence of almost 1.OE-04
and a magnitude of about 17. Of course, these are the values produced by the weather trial
that led to the largest result among the fi.dl set of weather trials.

Fractional numbers of cancer fatalities are presented in Table 30 and are displayed in
Figure 24 because MACCS estimates cancer fatalities as the product of an individual cancer
risk (the chance that an individual contracts and dies from cancer given a specific radiation
exposure) and the number of people who received that exposure. For example, suppose that
one hundred thousand people receive radiation exposures so large that each of these people has
one chance in a million of contracting and dying from cancer. Then, the number of cancer
fatalities that would be expected to occur among this population group 20 to 40 years in the
future is 105 x 10-4= 0.1. Thus, fractional numbers of cancer fatalities are predicted by
MACCS whenever the reciprocal of the number of people who receive a given radiation dose
is larger than the individual risk of contracting and dying from cancer given that the individual
received the dose.

The results presented in Table 30 illustrate patterns that are general over all of the calculations
performed. First, both cancer deaths and population dose increase monotonically as distance
range increases (e.g., O-1.6 km, 0-8.1 km ,...,0-80.5 km). Second, the centerline dose to an
individual standing under the plume decreases monotonically with increasing distance, as it
should, until it reaches the last computational interval (64.4-80.5 km) where counterintuitively
it increases. It increases because, during all calculations, rain was artificially forced to occur
when the radioactive plume entered this computatioml interval in order to ensure that all
radioactive particulate in the plume deposit onto the ground before the plume exits the
computational grid at 80.5 krn from the accident location. Deposition of all remaining
radioactive particulate onto the ground within the last computational interval ensures that all
radioactivity that might enter food pathways at some time after the accident does enter
those pathways. Third, total population dose is caused ahnost entirely by long-term
groundshine exposures (external direct exposure to radiation emitted by radionuclides

,—
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deposited on the ground). Fourth, the economic losses (costs) caused by the accident are very
small (expected value of $18; peak value of $5640) and entirely attributable to the disposal of
contaminated crops and milk by farms located close to the accident site (the largest disposal
distance found was 1.6 km).

—

The values of mean (expected) centerline dose (Dc- presented in Table 30 are plotted versus
distance (d) in Figure 25. The figure shows that on a log-log plot, dose decreases linearly
with distance with a slope very close to minus one. Therefore, as one would expect,
individual centerline dose is inversely proportional to distance [DCL= l/d].

Table 30 presents a breakdown by exposure pathways of long-term population dose [calculated
as a 50-year wholebody dose by the Effective Dose Equivalent (EDE) method using 50-year
dose conversion factors, and thus labeled EDEWBODY POP. DOSE]. Inspection of this
breakdown and comparison of the total long-term pathway dose to the total population dose
shows

. that total population dose (69.3 Sv) is almost entirely due to the dose delivered by long-
term exposure pathways (69.2 Sv);

—

. that only a small dose (O.1 Sv = 69.3 Sv -69.2 Sv) is delivered by short-term (acute)
pathways;

—

. that long-term dose is caused mainly by direct exposure pathways (67.5 Sv) and only
secondarily by ingestion pathways (1.70 Sv);—

—

—

—

—

--

—

. that groundshine (67.2 Sv) causes almost all long-term direct dose and that
resuspension (external direct exposure to radiation emitted by radionuclides
resuspended from the ground) causes the rest (0.3 Sv);

. that the dose from radioactivity deposited directly on food crops (1.25 Sv) or on grass
consumed by milk cows (0.30 Sv) accounts for most of the ingestion dose; and

. that the rest of the ingestion dose is caused by root uptake (to food crops, 0.09 Sv; to
grass and fodder crops, 0.04 SV) with drinking of contaminated water causing only a
very small dose (0.01 Sv).

4.2.2 Archival Tables

Results for all of the 312 base case calculations are presented in archival tables in Part B of the
Appendix. Because the pattern of result magnitudes discussed in the preceding section was
general, the full set of results displayed in Table 30 was pared down during the construction of
the archival tables presented in Appendix B. Thus, the archival tables contain results for only
a limited set of distance ranges (O-1.6 km, O-8.1 km, 0-16.1 km, 0-80.5 km) and only for
those long-term dose pathways and cost measures that account for most doses or costs.
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4.2.3 Principal Base Case Results
—

—

Values for Population Dose, Cancer Fatalities, and Costs for the distance range 0-80 km, and
Centerline Dose and Centerline Cancer Risk for the distance range O-1.6 km are presented in
Table 31, Mean (Expected) Values; Table 32, 99.9th Quantile Values; Table 33, Largest
(Peak) Result Calculated; and Table 34, Conditional Probability of the Largest Result
Calculated. Table31 shows that the expected total 50-year population dose within 50 miles
(80.5 km) of the accident location varies from a low of 9.72 x 10-6Sv for the MOTSU dock
calculation that used the TRIGA inventory, EA4 release fractions, and Cape Hatteras weather,
to a high of 69.3 Sv for the Newark channel calculation that used the BR-2 inventory, EA5
release fractions, and New York City weather.

Since the total population within 50 miles of the Newark channel accident location is about
16 million people and typical plumes are about two compass sectors wide, a typical accident
plume will expose about two million people to radiation. Thus, for the largest base-case mean
result obtained, the average 50-year individual dose over the total exposed population is about
69 Sv/2.O x 106 people = 3.5 x 10”5Sv per person. To place this average, 50-year mean
accident dose in perspective, it should be compared to the average 50-year dose that
individuals normally receive from natural (e.g., cosmic rays, radon, terrestrial radionuclides)
and routine man-made (e.g., medical X-rays) radiation sources: As the average annual dose
from natural and routine man-made radiation sources is 3.6 x 10-3Sv @3EIR90], an average
50-year dose from natural and man-made sources is 0.18 Sv, which is 5000 times larger than
the largest, individual, 50-year mean accident dose presented in Table 31, the mean accident
dose that was calculated for the Newark channel accident location using the BR-2 inventory
with EA5 release fractions.

Table 33 shows that the largest value (peak result) calculated for the 50-year population dose
within 50 miles of any accident location was 1450 Sv and that this result was obtained for the
Newark charnel calculation that used the BR-2 inventory, EA6 release fractions, and New
York City weather. Dividing by the two million people exposed by the accident gives an
average, 50-year individual dose over the exposed population of about 7.3 x 104 Sv, which is
250 times smaller than a normal 50-year individual dose from natural and routine man-made
radiation sources. In addition, Table 34 shows that the conditional probability of this result
was 7.65 x 10-5 (conditioml on the accident having occurred). Since the probability of this
accident occurring is about 6 x 10-10per port call, the chance of having this result is about 5 x
10-14per port call.

Table 31 also shows that mean (expected) individual 50-year centerline doses at a distance of
0.5 mile from the accident location (the midpoint of the O-1.6 lun computational interval)
range from a low of 6.04 x 10-8 Sv for the MOTSU and Norfolk calculations that used the
TRIGA inventory, EA4 release fractions, and Cape Hatteras weather, to a high of 1.17 x
10-3Sv for the Newark calculations that used the BR-2 inventory, EA5 release fractions, and
New York City weather. Thus, the largest expected 50-year individual dose is 160 times
smaller than a normal 50-year individual dose, which suggests that the mean risk to a

—
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Table 31. Mean Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EA Accident Categories

EDEWhole Body Population Dose, 0-80 b (SV)

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC -D

CNC -c

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT-D

NEW-D

NEW- C

NOR-D

NOR- C

PHI-D

PHI -C

POR-D

POR- C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

W7L-C

2.40E-04

3.78E-04

4.40E-04

9.44E-04

7.26E-04

3.23E-04

2.79E-04

2.58E-04

2.13E-03

8.09E-04

7.24E-05

2.33E-03

3.76E-03

5.52E-04

3.02E-04

1.77E-03

8.48E-04
7.70E-04

5.33E-04

5.60E-04

1.34E-04

1.31E-04

5.55E-04

3.87E-04

3.80E-04

9.65E-05

4.15E+O0

4.18E+O0

2.07E+01

3.31E+01

1.44E+01

1.42E+01

6.82E+O0

5.33E+O0

4.71E+01

4.26E+01

2.08E+O0

6.55E+01

6.93E+01

8.54E+O0

6.65E+O0

2.81E+01

2.74E+01

1.17E+01

1.12E+01

4.91E+O0

3.82E+O0

7.54E+O0

1.73E+01

1.43E+01

4.82E+O0

2.07E+O0

4.13E+O0

4.21E+O0

2.21E+01

3.40E+01

1.58E+01

1.55E+01

6.76E+O0

5.45E+O0

4.82E+01

4.40E+01

2.21E+O0

6.51E+01

6.77E+01

8.32E+O0

6.64E+O0

2.78E+01

2.81E+01

1.19E+01

1.15E+01

5.OIE+OO

3.93E+O0

8.29E+O0

1.83E+01

1.50E+01

5.02E+O0

2.20E+O0

OSIRIS

Site/Lot EA4 EA5 EA6

CHA- D

cm- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT-D

NEW-D

NEW- C

NOR- D
NOR- C

PHI-D

PHI -C

POR-D

POR- C

SAV-D

SAV-C

SEA- C
TAC -D

TAC -C
wIL-D

WIL-C

2.84E-04

4.66E-04

5.28E-04

1.19E-03

8.78E-04

3.6’9E-04

3.28E-04

3.OIE-04

2.71E-03

1.02E-03

7.35E-05

2.97E-03

4.81E-03

6.82E-04
3.68E-04

2.25E-03

1.06E-03

9.55E-04

6.49E-04

6.85E-04

1.43E-04
1.46E-04

6.72E-04

4.71E-04
4.60E-04

1.07E-04

3.48E+O0

3.50E+O0

1.89E+01

3.llE+O1

1.27E+01

1.24E+01

5.84E+O0

4.51E+O0

4.49E+01

4.06E+01

1.60E+O0

6.30E+01

6.67E+01

7.59E+O0
5.83E+O0

2.65E+01

2.57E+01

1.04E+01

9.92E+O0

3.98E+O0

3.02E+O0
6.56E+O0

1.58E+01

1.30E+01
4.06E+O0

1.63E+O0

3.43E+O0

3.50E+O0

2.02E+01

3.20E+01

1.40E+01

1.37E+01

5.74E+O0

4.58E+O0

4.59E+01

4.19E+01

1.69E+O0

6.27E+01

6.53E+01
7.33E+O0
5.78E+O0

2.62E+01

2.64E+01

1.05E+01

1.OIE+O1

4.04E+O0

3.09E+O0

7.22E+O0

1.67E+01

1.35E+01
4.21E+O0
1.73E+O0

EA4

9.55E-05

1.51E-04

1.76E-04

3.77E-04

2.90E-04

1.29E-04

1.llE-04

1.03E-04

8.52E-04

3.23E-04

2.88E-05

9.30E-04

1.50E-03

2.20E-04

1.21E-04

7.08E-04

3.39E-04

3.07E-04

2.13E-04

2.23E-04

5.32E-05

5.21E-05

2.21E-04

1.55E-04

1.51E-04

3.84E-05

EA4

2.97E-05
4.58E-05

5.43E-05

1.13E-04

8.94E-05

4.13E-05

3.48E-05

3.22E-05

2.54E-04

9.72E-05

9.72E-06

2.77E-04

4.46E-04

6.69E-05
3.70E-05
2.llE-04

1.02E-04

9.32E-05

6.52E-05

6.82E-05

1.75E-05

1.68E-05

6.81E-05
4.75E-05

4.66E-05
1.24E-05

RHF

EA5

1.54E+O0

1.55E+O0

7.97E+O0

1.29E+01

5.45E+O0

5.36E+O0

2.55E+O0

1.99E+O0

1.85E+01

1.67E+01

7.45E-01

2.58E+01

2.73E+01

3.25E+O0

2.51E+O0

1.1OE+O1

1.07E+01

4.45E+O0

4.26E+o0

1.80E+O0

1.38E+O0

2.84E+O0

6.67E+O0

5.50E+O0

1.79E+O0

7.47E-01

TRIGA

EA5

5.32E-01
5.35E-01

2.78E+o0

4.52E+O0

1.90E+O0

1.86E+O0

8.84E-01

6.87E-01

6.49E+O0

5.86E+O0

2.54E-01

9.07E+O0

9.60E+O0

1.13E+O0
8.73E-01
3.84E+O0

3.74E+O0

1.55E+O0

1.48E+O0

6.18E-01

4.74E-01

9.86E-01
2.33E+o0

1.92E+O0

6.19E-01
2.56E-01

EA6

1.53E+O0

1.56E+O0

8.51E+O0

1,32E+01

6.00E+OO

5.89E+O0

2.52E+O0

2.03E+O0

1.89E+01

1.73E+01

7.91E-01

2.56E+01

2.67E+01

3.15E+O0

2.50E+O0

1.08E+01

1.09E+01

4.50E+O0

4.36E+O0

1.83E+o0

1.42E+O0

3.12E+O0

7.02E+O0

5.73E+O0

1.86E+O0

7.96E-01

EA6

5.26E-01

5.37E-01

2.97E+O0

4.63E+O0

2.08E+O0

2.04E+O0

8.71E-01

6.99E-01

6.62E+O0

6.05E+-00

2.70E-01

9.00E+OO

9.37E+O0

1.09E+O0
8.67E-01

3.79E+O0

3.83E+O0

1.56E+O0

1.51E+O0

6.28E-01

4.86E-01

1.08E+O0
2.45E+O0

2.00E+OO
6.43E-01

2.72E-01

—
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Table 31. Mean Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EA Accident Categories (Continued)

Total Cancer Fatalities, 0-80 Iun

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT-D

NEW-D

NEW- C

NOR-D

NOR -C

PHI-D

PHI-C

POR-D

E’OR-C

SAV -D

SAV-C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

1.05E-05

1.66E-05

1.91E-05

4.1OE-O5

3.17E-05
1.39E-05

1.22E-05

1.13E-05

9.32E-05

3.51E-05

3.16E-06

1.02E-04

1.64E-04

2.42E-05

1.32E-05

7.75E-05

3.70E-05

3.37E-05

2.33E-05

2.46E-05

5.88E-06

5.61E-06

2.41E-05

1.68E-05

1.66E-05

4.22E-06

1.89E-01

1.90E-01

8.96E-01

1.41E+O0

6.39E-01
6.30E-01

3.07E-01

2.42E-01

1.99E+O0

1.80E+O0

9.94E-02

2.75E+O0

2.90E+O0

3.77E-01

2.96E-01

1.20E+O0

1.17E+O0

5.18E-01

4.97E-01

2.28E-01

1.79E-01

3.37E-01

7.54E-01

6.26E-01

2.19E-01

9.76E-02

1.90E-01

1.93E-01

9.57E-01

1.45E+O0
7.02E-01

6.92E-01

3.06E-01

2.49E-01

2.04E+O0

1.86E+O0

1.06E-01

2.73E+O0

2.84E+O0

3.70E-01

2.97E-01

1.19E+O0

1.20E+O0

5.27E-01

5.12E-01

2.34E-01

1.85E-01

3.70E-01

7.95E-01

6.55E-01

2.29E-01

1.04E-01

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

cm-c

CNC -D

CNc-c

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW- D

NEW- C

NOR-D

NOR- C

PHI-D

PHI -C

POR-D

POR-C

SAV -D

SAV-C

SEA- C

TAC -D
TAC -C

WIL-D

WIL-C

1.22E-05

2.00E-05

2.24E-05

5.06E-05

3.75E-05

1.56E-05

1.4.OE-05

1.29E-05

1.16E-04

4.32E-05

3.14E-06

1.27E-04

2.06E-04

2.92E-05

1.57E-05
9.64E-05

4.53E-05

4.09E-05

2.78E-05

2.94E-05

6.12E-06

6.15E-06

2.86E-05
2.OIE-05

1.97E-05

4.59E-06

1.56E-01

1.57E-01

8.llE-01

1.31E+O0

5.54E-01

5.44E-01

2.58E-01

2.OIE-01

1.88E+O0

1.70E+O0

7.49E-02

2.63E+O0

2.79E+O0

3.30E-01

2.55E-01

1.12E+O0

1.09E+O0

4.52E-01

4.32E-01

1.81E-01

1.39E-01

2.88E-01

6.78E-01
5.59E-01

1.81E-01
7.53E-02

1.54E-01

1.57E-01

8.66E-01

1.35E+O0

6.1OE-O1

5.99E-01

2.55E-01

2.05E-01

1.93E+O0

1.76E+O0

7.96E-02

2.62E+O0

2.73E+O0

3.20E-01

2.54E-01

1.llE+OO

1.12E+O0

4.57E-01

4.43E-01

1.84E-01

1.43E-01

3.17E-01

7.15E-01
5.83E-01
1.89E-01

8.03E-02

EA4

4.20E-06

6.65E-06

7.63E-06

1.65E-05

1.27E-05

5.57E-06

4.88E-06

4.51E-06

3.75E-05

1.41E-05

1.25E-06

4.09E-05

6.62E-05

9.71E-06

5.30E-06

3.12E-05

1.49E-OS

1.35E-05

9.34E-06

9.87E-06

2.32E-06

2.23E-06

9.66E-06

6.75E-06

6.66E-06

1.68E-06

EA4

1.24E-06

1.90E-06

2.23E-06

4.63E-06

3.70E-06

1.71E-06

1.45E-06

1.34E-06

1.04E-05

3.96E-06

4.13E-07

1.13E-05

1.83E-05

2.76E-06

1.53E-06

8.67E-06

4.19E-06

3.85E-06

2.70E-06

2.83E-06

7.42E-07

6.93E-07

2.81E-06
1.95E-06
1.93E-06

5.22E-07

RHF

EA5

6.97E-02

7.OIE-02

3.44E-01

5.48E-01

2.41E-01
2.37E-01

1.14E-01

8.95E-02

7.79E-01

7.05E-01

3.53E-02

1.08E+O0

1.14E+O0

1.42E-01

1.llE-01

4.66E-01

4.53E-01

1.95E-01

1.87E-01

8.28E-02

6.45E-02

1.26E-01

2.88E-01

2.38E-01

8.09E-02

3.50E-02

TRIGA

EA5

2.40E-02

2.41E-02

1.20E-01

1.92E-01

8.35E-02

8.20E-02

3.94?3-02

3.09E-02

2.73E-01

2.47E-01

1.20E-02

3.80E-01

4.OIE-01

4.94E-02

3.85E-02
1.63E-01

1.59E-01

6.78E-02

6.50E-02

2.84E-02

2.20E-02

4.36E-02

1.00E-01
8.30E-02

2.79E-02

1.20E-02

EA6

6.95E-02

7.08E-02

3.67E-01

5.62E-01
2,65E-01

2.60E-01

1.13E-01

9.16E-02

7.97E-01

7.28E-01

3.76E-02

1.07E+O0

1.12E+O0

1.39E-01

1.llE-01

4.61E-01

4.66E-01

1.98E-01

1.92E-01

8.46E-02

6.65E-02

1.39E-01

3.04E-01

2.49E-01

8.43E-02

3.74E-02

EA6

2.39E-02

2.43E-02

1.28E-01

1.97E-01

9.17E-02

9.OIE-02

3.91E-02

3.15E-02

2.79E-01

2.55E-01

1.28E-02

3.77E-01

3.92E-01

4.82E-02

3.84E-02
1.61E-01

1.63E-01

6.87E-02

6.66E-02

2.90E-02

2.27E-02

4.79E-02

1.06E-01
8.66E-02

2.90E-02

1.28E-02
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Table 31. Mean Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EA Accident Categories (Continued)

Total Costs, 0-80 Iun

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

cm- c

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW-D

NEW- C

NOR -D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV- D

SAV- C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

1.87E+01

1.00E+O1

0.00E+OO

0.00E+OO

3.46E+01

1.31E+01

3.97E+01

5.1OE+O1

0.00E+OO

0.00E+OO

3.23E+01

3.58E+01

1.80E+01

9.43E+O0

5.52E+O0

2.38E+01

8.42E+O0

1.80E+O0

2.00E+O0

4.65E+01

2.60E+01

O.OOE+OO

4.50E+O0

O.OOE+OO

4.52E+01

2.60E+01

1.87E+01

1.00E+O1

0.00E+OO

0.00E+OO

3.83E+01

1.52E+01

3.97E+01

5.1OE+O1

0.00E+OO

O.OOE+OO

3.23E+01

3 .58E+01

1.80E+01

9.43E+O0

5.52E+O0

2.38E+01

8.42E+O0

1.80E+O0

2.00E+OO

4.65E+01

2.60E+01

0.00E+OO

4.50E+O0

O.OOE+OO

4.52E+01

2.60E+01

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D
JAC -C

LOS -D

LOS-C

MOT -D

NEW- D

NEW- C

NOR-D

NOR- C

PHI-D
PHI-C
POR-D

POR- C

SAV-D

SAV- C

SEA- C
TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.27E+01

6.76E+O0

0.00E+OO

0.00E+OO

1.78E+01

5.86E+O0

2.76E+01

3.55E+01

0.00E+OO

0.00E+OO

2.02E+01

1.56E+01

7.87E+O0

5.92E+O0

3.47E+O0

2.04E+01
7.22E+O0

1.80E+O0

2.00E+OO

3.28E+01

1.76E+01

O.OOE+OO

4.50E+O0

0.00E+OO

2.84E+01

1.63E+01

1.27E+01

6.76E+O0

0.00E+OO
O.OOE+OO

2.65E+01

9.59E+O0

2.76E+01

3.55E+01
0.00E+OO

0.00E+OO

2.02E+01

1.56E+01

7.87E+O0

5.92E+O0

3.47E+O0
2.38E+01
8.42E+O0

1.80E+O0

2.00E+O0

3.28E+01

1.76E+01

O.OOE+OO
4.50E+O0

0.00E+OO

2.84E+01

1.63E+01

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

O.OOE+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA4

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+oo

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+oO

0.00E+oo

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+oo

0.00E+OO

O.OOE+OO

0.00E+OO

RHF

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

7.60E+O0

2.50E+O0

0.00E+OO

O.OOE+OO

0.00E+OO

O.OOE+OO

1.20E+01

0.00E+OO

0.00E+OO

3.51E+O0

2.06E+O0

3.40E+O0

1.20E+O0

9.02E-01

9.98E-01

0.00E+OO

0.00E+oo

0.00E+OO

2.25E+O0

0.00E+OO

1.68E+01

9.66E+O0

TRIGA

EA5

O.OOE+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+oo

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO
O.OOE+OO

0.00E+OO

0.00E+OO
0.00E+oO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

EA6

O.OOE+OO

0.00E+OO

O.OOE+OO

0.00E+OO

7.60E+O0

2:50E+O0

0.00E+OO

0.00E+OO

0.00E+oo

0.00E+OO

1.20E+01

0.00E+OO

0.00E+OO

3.51E+O0

2.06E+O0

3.40E+O0

1.20E+O0

9.02E-01

9.98E-01

0.00E+OO

0.00E+oo

0.00E+OO

2.25E+O0

0.00E+OO

1.68E+01

9.66E+O0

EA6

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO
0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

0.00E+OO

0.00E+OO

—
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—
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Table 31. Mean Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EA Accident Categories (Continued)

Individual Centerline EDEWhole Body Dose, 0-1.6 Iun (SV)

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS -C

MOT -D

NEW- D

NEW- C

NOR- D

NOR- C

PHI-D

PHI -C

POR-D

POR- C
SAV-D

SAV- C

SEA- c

TAC -D

TAC- C

WIL-D

WIL-C

8.60E-07

8.60E-07

1.07E-06

1.07E-06

9.29E-07

9.29E-07

8.60E-07

8.60E-07

1.07E-06

1.07E-06

5.32E-07

5.98E-07

5.98E-07

5.32E-07

5.32E-07

1.OIE-06

1.OIE-06

7.54E-07

7.54E-07

8.60E-07

8.60E-07
7.54E-07

7.54E-07

7.54E-07

5.32E-07

5.32E-07

6.83E-04

6.83E-04

2.28E-04

2.28E-04

6.52E-04

6.52E-04

6.83E-04

6.83E-04

2.28E-04

2.28E-04

6.24E-04

1.17E-03

1..17E-O3

6.24E-04

6.24E-04

6.31E-04

6.31E-04

7.56E-04

7.56E-04

6.83E-04

6.83E-04

7.56E-04

7.56E-04

7.56E-04

6.24E-04

6.24E-04

7.1OE-O4

7.1OE-O4

2.17E-04

2.17E-04

6.91E-04

6.91E-04
7.1OE-O4

7.1OE-O4

2.17E-04

2.17E-04

5.51E-04

9.53E-04

9.53E-04

5.51E-04

5.51E-04

6.59E-04

6.59E-04

7.97E-04

7.97E-04

7.1OE-O4

7.1OE-O4
7.97E-04

7.97E-04

7.97E-04

5.SIE-04

5.51E-04

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW- C

NOR- D

NOR- C

PHI-D

PHI -C

POR-D

POR-C

SAV-D

SAV- C

SEA-C

TAC -D
TAC -C
WIL-D

WIL-C

1.17E-06

1.17E-06

1.46E-06

1.46E-06

1.26E-06

1.26E-06

1.1.7E-06

1.17E-06

1.46E-06

1.46E-06

7.17E-07

8.04E-07

8.04E-07
7.17E-07

7.17E-07

1.37E-06

1.37E-06

1.02E-06

1.02E-06

1.17E-06

1.17E-06

1.02E-06

1.02E-06
1.02E-06
7.17E-07

7.17E-07

6.63E-04

6.63E-04
2.21E-04

2.21E-04

6.33E-04

6.33E-04

6.63E-04

6.63E-04

2.21E-04

2.21E-04

6.06E-04

1.13E-03

1.13E-03

6.06E-04

6.06E-04

6.13E-04

6.13E-04

7.33E-04

7.33E-04

6.63E-04

6.63E-04

7.33E-04

7.33E-04
7.33E-04

6.06E-04
6.06E-04

6.91E-04

6.91E-04

2.llE-04
2.I.lE-04

6.73E-04

6.73E-04

6.91E-04

6.91E-04

2.llE-04

2.llE-04

5.36E-04

9.27E-04

9.27E-04

5.36E-04

5.36E-04

6.41E-04

6.41E-04
7.75E-04

7.75E-04

6.91E-04

6.91E-04

7.75E-04

7.75E-04
7.75E-04

5.36E-04

5.36E-04

EA4

3.44E-07

3.44E-07

4.29E-07

4.29E-07

3.71E-07

3.71E-07

3.44E-07

3.44E-07

4.29E-07

4.29E-07

2.12E-07

2.39E-07

2.39E-07

2.12E-07

2.12E-07

4.02E-07

4.02E-07

3.OIE-07

3.OIE-07
3.44E-07

3.44E-07
3.OIE-07

3.OIE-07

3.OIE-07

2.12E-07

2.12E-07

EA4

9.71E-08

9.71E-08
1.21E-07

1.21E-07

1.05E-07

1.05E-07

9.71E-08

9.71E-08

1.21E-07

1.21E-07

6.04E-08

6.81E-08

6.81E-08

6.04E-08

6.04E-08

1.14E-07

1.14E-07

8.57!3-08

8.57E-08

9.71E-08

9.71E-08

8.57E-08

8.57E-08
8.57E-08

6.04E-08
6.04E-08

RHF

EA5

2.70E-04

2.70E-04

9.01.E-05

9.OIE-05

2.58E-04

2.58E-04

2.70E-04

2.70E-04

9.01.E-05

9.OIE-05

2.47E-04

4.63E-04

4.63E-04

2.47E-04

2.47E-04

2.50E-04

2.50E-04

2.99E-04

2.99E-04

2.70E-04

2.70E-04

2.99E-04

2.99E-04

2.99E-04

2.47E-04

2.47E-04

TRIGA

EA5

9.51E-05

9.51E-05
3.17E-05
3.17E-05

9.08E-05

9.08E-05

9.51E-05

9.51E-05

3.17E-05

3.17E-05

8.69E-05

1.63E-04

1.63E-04

8.69E-05

8.69E-05

8.78E-05

8.78E-05

1.05E-04

1.05E-04

9.51E-05

9.51E-05

1.05E-04

1.05E-04
1.05E-04
8.69E-05

8.69E-05

EA6

2.81E-04

2.81E-04

8.59E-05

8.59E-05

2.74E-04

2:74E-04

2.81E-04

2.81E-04

8.59E-05

8.59E-05

2.18E-04

3.77E-04

3.77E-04

2.18E-04

2.18E-04

2.61E-04

2.61E-04

3.15E-04
3.15E-04

2.81E-04

2.81E-04

3.15E-04

3.15E-04

3.15E-04

2.18E-04

2.18E-04

EA6

9.88E-05

9.88E-05

3.02E-05

3.02E-05

9.62E-05

9.62E-05

9.88E-05

9.88E-05

3.02E-05

3.02E-05

7.67E-05

1.33E-04

1.33E-04
7.67E-05

7.67E-05

9.16E-05

9.16E-05
1.llE-04

1.llE-04

9.88E-05

9.88E-05

1.llE-04

1.llE-04
1.llE-04
7.67E-05

7.67E-05
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Table 31. Mean Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EA Accident Categories (Concluded)

Individual Centerline Cancer Risk, 0-1.6 km

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW- D

NEW- C

NOR-D

NOR-C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV -C

SEA- C

TAC -D

TAC -C

WIL-D
wIL-C

4.1 OE-O8

4.1OE-O8

5.12E-08

5.12E-08

4.43E-08

4.43E-08

4.1OE-O8

4.1OE-O8

5.12E-08

5.12E-08

2.51E-08

2.80E-08

2.80E-08

2.51E-08

2.51E-08

4.80E-08

4.80E-08

3.55E-08

3.55E-08

4.1OE-O8

4.1OE-O8

3.55E-08

3.55E-08

3.55E-08
2.51E-08

2.51E-08

2.85E-05

2.85E-05

9.50E-06

9.50E-06

2.72E-05

2.72E-05

2.85E-05

2.85E-05

9.50E-06

9.50E-06

2.60E-05

4.88E-05

4.88E-05

2.60E-05

2.60E-05

2.63E-05

2.63E-05

3.15E-05

3.15E-05

2.85E-05

2.85E-05

3.15E-05

3.15E-05

3.15E-05

2.60E-05
2.60E-05

2.96E-05

2.96E-05

9.06E-06

9.06E-06

2.88E-05

2.88E-05

2.96E-05

2.96E-05

9.06E-06

9.06E-06

2.30E-05

3.97E-05

3.97E-05

2.30E-05

2.30E-05

2.75E-05

2.75E-05

3.32E-05

3.32E-05

2.96E-05

2.96E-05

3.32E-05

3.32E-05

3.32E-05

2.30E-05
2.30E-05

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D
JAC -C
LOS-D

LOS-C

MOT-D

NEW-D

NEW-C

NOR -D

NOR -C

PHI-D
PHI -C

POR -D
POR -C

SAV-D

SAV- C

SEA-C
TAC -D

TAC -C

WIL-D

WIL-C

5.38E-08

5.38E-08

6.73E-08

6.73E-08

5.81E-08

5.81E-08

5.3,8E-08

5.38E-08

6.73E-08

6.73E-08

3.28E-08

3.66E-08

3.66E-08

3.28E-08

3.28E-08

6.30E-08
6.30E-08

4.63E-08
4.63E-08

5.38E-08

5.38E-08
4.63E-08

4.63E-08

4.63E-08

3.28E-08

3.28E-08

2.76E-05

2.76E-05

9.19E-06

9.19E-06

2.63E-05

2.63E-05

2.76E-05

2.76E-05

9.19E-06

9.19E-06

2.52E-05

4.72E-05

4.72E-05

2.52E-05

2.52E-05
2.55E-05
2.55E-05

3.05E-05

3.05E-05
2.76E-05

2.76E-05

3.05E-05

3.05E-05
3.05E-05

2.52E-05

2.52E-05

2.87E-05

2.87E-05

8.79E-06

8.79E-06

2.80E-05

2.80E-05

2.87E-05

2.87E-05

8.79E-06
8.79E-06

2.23E-05

3.86E-05

3.86E-05

2.23E-05

2.23E-05

2.67E-05
2.67E-05

3.23E-05

3.23E-05
2.87E-05

2.87E-05

3.23E-05
3.23E-05

3.23E-05

2.23E-05

2.23E-05

EA4

1.66E-08

1.66E-08

2.08E-08

2.08E-08

1.80E-08

1.80E-08

1.66E-08

1.66E-08

2.08E-08

2.08E-08

1.02E-08

1.14E-08

1.14E-08

1.02E-08

1.02E-08

1.95E-08

1.95E-08

1.44E-08

1.44E-08

1.66E-08

1.66E-08

1.44E-08

1.44E-08

1.44E-08

1.02E-08

1.02E-08

EA4

4.29E-09

4.29E-09

5.36E-09

5.36E-09
4.63E-09

4.63E-09

4.29E-09

4.29E-09

5.36E-09
5.36E-09

2.64E-09

2.96E-09

2.96E-09

2.64E-09

2.64E-09
5.OIE-09
5.OIE-09

3.74E-09

3.74E-09
4.29E-09

4.29E-09

3.74E-09

3.74E-09
3.74E-09

2.64E-09

2.64E-09

RHF

EA5
1.13E-05

1.13E-05

3.75E-06

3.75E-06

1.08E-05

1.08E-05

1.13E-05

1.13E-05

3.75E-06

3.75E-06

1.03E-05

1.93E-05

1.93E-05

1.03E-05

1.03E-05

1.04E-05

1.04E-05

1.25E-05

1.25E-05

1.13E-05

1.13E-05

1.25E-05

1.25E-05

1.25E-05

1.03E-05

1.03E-05

TRIGA

EA5

3.96E-06

3.96E-06

1.32E-06

1.32E-06

3.78E-06

3.78E-06

3.96E-06

3.96E-06

1.32E-06
1.32E-06

3.62E-06

6.78E-06

6.78E-06

3.62E-06

3.62E-06
3 .66E-06
3.66E-06
4.38E-06

4.38E-06

3.96E-06

3.96E-06

4.38E-06
4.38E-06

4.38E-06

3.62E-06

3.62E-06

EA6

1.17E-05

1.17E-05

3.58E-06

3.58E-06

1.14E-05

1:14E-05

1.17E-05

1.I.7E-05

3.58E-06

3.58E-06

9.08E-06

1.57E-05

1.57E-05

9.08E-06

9.08E-06

1.09E-05

1.09E-05

1.31E-05

1.31E-05

1.17E-05

1.17E-05

1.31E-05

1.31E-05

1.31E-05

9.08E-06
9.08E-06

EA6

4.llE-06

4.llE-06

1.26E-06

1.26E-06

4.OIE-06

4.OIE-06

4.llE-06

4.llE-06

1.26E-06
1.26E-06

3.19E-06

5.52E-06

5.52E-06

3.19E-06

3.19E-06
3.82E-06
3.82E-06

4.62E-06

4.62E-06

4.llE-06

4.llE-06

4.62E-06

4.62E-06

4.62E-06

3.19E-06

3.19E-06

—

—

.

—

.—

—

—

—

—

—

—

—

.—.

—

—
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Table 32. 99th Quantile Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and
Centerline Individual Risk for EA Accident
Categories

EDEWhole Body Population Dose, 0-80 km (SV)

BR-2

Site/Lot EA4 EA5 EA6

CHA- D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MCST-D

NEW- D

NEW- C

NOR-D

NOR- C

PHI-D

PHI-C

POR -D

POR- C

SAV -D

SAV -C

SEA- C

TAC- D

TAC -C

WIL-D

WIL-C

1.20E-03

3.40E-03

3.31E-03

1.06E-02

5.03E-03

1.37E-03

1.29E-03

1.26E-03

NOT -FOUND

3.66E-03

5.03E-04

1.20E-02

3.13E-02

3.40E-03

1.62E-03

8.45E-03

5.07E-03

3.16E-03

3.48E-03

5.26E-03

8.OIE-04

8.69E-04

1.55E-03

1.87E-03

4.47E-03

1.03E-03

4.63E+01

9.03E+01

9.47E+01

1.55E+02

1.33E+02

8.70E+01
7.23E+01

6.40E+01

2.67E+02

2.19E+02

2.46E+01

5.87E+02

9.41E+02

1.03E+02

9.02E+01

3.1OE+O2

2.86E+02

1.09E+02

1.01E+02

1.26E+02

4.37E+01

5.53E+01

8.36E+01

9.69E+01

7.09E+01

2.25E+01

5.26E+01

9.75E+01

1.02E+02

1.73E+02

1.38E+02

1.16E+02

7.86E+01

6.77E+01

2.70E+02

2.41E+02

2.63E+01

6.37E+02

1.08E+03

1.1OE+O2

1.00E+02

3.32E+02

2.98E+02

1.13E+02

1.04E+02

1.28E+02

4.44E+01

5.99E+01

8.67E+01

1.01E+02

7.65E+01

2.79E+01

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT-D

NEW-D

NEW- C
NOR-D

NOR- C

PHI-D
PHI-C

POR- D
POR-C

SAV- D

SAV-C
SEA- c
TAC -D

TAC -C

WIL-D
WIL- C

1.32E-03

5.08E-03

3.99E-03

1.20E-02

5.48E-03

1.90E-03

1.46E-03

1.55E-03

NOT -FOUND

5.33E-03

4.65E-04

1.40E-02

3.80E-02
4.64E-03

2.07i3-03

1.llE-02
6.98E-03

3.65E-03
4.26E-03

7.06E-03

8.72E-04
1.12E-03
2.19E-03

2.40E-03

5.92E-03

1.20E-03

4.19E+01

8.69E+01

8.15E+01

1.52E+02

1.04E+02

8.30E+01

7.03E+01

5.95E+01

2.39E+02

2.13E+02

1.81E+01

5.70E+02

9.14E+02

9.93E+01
8.71E+01

3.09E+02

2.82E+02

1.08E+02

9.86E+01

1.23E+02

3.88E+01

5.12E+01
8.24E+01

9.48E+01
6.49E+OI

1.99E+01

4.82E+01

9.48E+01

9.55E+01

1.68E+02

1.27E+02

8.80E+01

7.27E+01

6.39E+01

2.65E+02

2.20E+02

1.92E+01

6.11E+02

9.46E+02

1.07E+02
9.33E+01

3.23E+02

2.92E+02

1.12E+02

1.02E+02

1.26E+02

4.03E+01

5.61E+01
8.50E+01

9.92E+01
7.18E+01

2.02E+01

EA4

3.82E-04

1.23E-03

1.29E-03

3.77E-03

2.OIE-03

6.77E-04

5.59E-04

5.28E-04

NOT -FOUND

1.38E-03

1.80E-04

4.24E-03

1.19E-02

1.40E-03

7.13E-04

3.45E-03

2.03E-03

1.18E-03

1.35E-03

2.1OE-O3

3.33E-04

3.54E-04

7.OIE-04

7.23E-04

1.79E-03

3.89E-04

EA4

1,30E-04

3.98E-04

3.87E-04

1.17E-03

5.35E-04

2.OIE-04

1.45E-04

1.55E-04

NOT -FOUND

5.13E-04

6.25E-05

1.34E-03

3.52E-Q3

4.59E-04
2.06E-04

1.00E-03

6.95E-04

3.55E-04
4.02E-04

6.05E-04

9.87E-05
1.12E-04
2.09E-04

2.20E-04

.5.1OE-O4

1..18E-O4

RHF

EA5

1.71E+01

3.70E+01

3.41E+01

5.55E+01

4.90E+01

3.72E+01

2.78E+01

2.45E+01

1.02E+02

9.72E+01

8.87E+O0

2.42E+02

3.86E+02

4.04E+01

3.35E+01

1.15E+02

1.05E+02

4.G2E+01

3.55E+01

5.56E+01

1.59E+01

2.3.OE+O1

3.51E+01

3.65E+01

2.75E+01

8.70E+O0

TRIGA

EA5

6.21E+O0

1.22E+01

1.17E+01

1.91E+01

1.66E+01

1.30E+01

1.OIE+O1

8.55E+O0

3.32E+01

3.14E+01

2.90E+O0

8.29E+01

1.33E+02

1.30E+01
1.16E+01
4.65E+01

4.13E+01
1.40E+01

1.19E+01

2.04E+01

5.65E+O0

7.43E+O0
1.19E+01

1.29E+01

9.33E+O0

3.00E+OO

EA6

2.04E+01

4.13E+01

3.56E+01

5:20E+01

4.92E+01

3.93E+01

3.07E+01

2.69E+01

1.04E+02

9.84E+01

9.48E+O0

2.52E+02

3.99E+02

4.41E+01

3.56E+01

1.18E+02

1.08E+02

4.90E+01

4.37E+01

5.98E+01
1.72E+01

2.29E+01

3.60E+01

4.21E+01

2.98E+01

9.96E+O0

EA6

7.13E+O0

1.37E+01

1.22E+01

1.97E+01

1.92E+01

1.38E+01

1.05E+01

9.22E+O0

3.64E+01

3.12E+01

2.95E+O0

8.68E+01

1.42E+02

1.39E+01
1.24E+01

5.03E+01

4.63E+01

1.59E+01
1.46E+01

2.16E+01

5.42E+O0

8.llE+OO
1.23E+01

1.52E+01

1.08E+01

3.llE+OO
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Table 32. 99th Quantile Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and
Centerline Individual Risk for EA Accident
Categories (Continued)

Total Cancer Fatalities, 0-80 km

BR-2

Site/Lot EA4 EA5 EA6

CH?J-D

cm- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT-D

NEW-D

NEW- C

NOR-D

NOR -C

PHI-D

PHI-C

POR-D

POR- C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

NIL-D

wIL-C

4 .33E-05

1.30E-04

1.43E-04

4.60E-04

2.07E-04

7.04E-05

5.80E-05

6.04E-05

NOT -FOUNE

1.98E-04

2.32E-05

4.40E-04

1.29E-03

1.55E-04

7.23E-05

3.54E-04

2.03E-04

1.47E-04

1.48E-04

2.23E-04

3.52E-05

3.73E-05

7.55E-05

8.26E-05

1.99E-04

4.89E-05

1.98E+O0

3.96E+O0

4.07E+O0

6.20E+O0

4.93E+O0

3.88E+O0

3.1OE+OO

2.71E+O0

1.03E+01

9.81E+O0

1.22E+O0

2.46E+01

3.89E+01

4.23E+O0

3.59E+O0

1.18E+01

1.22E+01

4.90E+O0

3.78E+O0

5.68E+O0

1.79E+O0

2.41E+O0

3.60E+O0

3.94E+O0

2.90E+O0

1.04E+O0

2.24E+O0

4.27E+O0

4.38E+O0

6.23E+O0

5,12E+O0

4.09E+O0

3.21E+O0

2.87E+O0

1.05E+01

1.OIE+O1

1.33E+O0

2.58E+01
4.36E+01

4.63E+O0

3.97E+O0

1.23E+01

1.12E+01

5.16E+O0

4.71E+O0

6.22E+O0

1.93E+O0

2.61E+O0

3.74E+O0

4.73E+O0

3.25E+O0

1.16E+O0

OSIRIS

Site/LOc EA4 F,A5 EA6

CHA-D

cm-c

CNC -D

CNC -C

GAL-D

GAL-C
JAC -D

JAC -C

LOS-D
LOS-C

MOT -D

NEW-D

NEW- C

NOR -D
NOR-C

PHI-D

PHI-C

POR-D

POR-C

SAV -D

SAV- C

SEA-C

TAC -D

TAC -C
WIL-D

WIL-C

5.58E-05

2.1OE-O4

1.72E-04

5.48E-04

2.28E-04

7.96E-05

6.80E-05
7.28E-05

NOT -FOUND

2.16E-04

2.26E-05

5.94E-04

1.57E-03

2.02E-04
8.85E-05
4.18E-04

2.99E-04

1.74E-04

1.99E-04

3.03E-04
3.74E-05

4.24E-05

9.51E-05

9.61E-05

2.63E-04

5.28E-05

1.85E+O0

3.84E+O0

3.44E+O0

5.55E+O0

4.90E+O0

3.72E+O0
2.85E+O0
2.44E+O0

1.02E+01

9.80E+O0

8.76E-01

2.43E+01

3.87E+01

4.08E+O0
3.46E+O0

1.16E+01

1.06E+01

4.71E+O0

3.63E+O0

5.56E+O0
1.60E+O0

2.14E+O0

3.53E+O0

3.83E+O0
2.79E+O0

8.65E-01

2.1OE+OO

4.13E+O0

360E+O0

5.25E+O0

5.00E+OO

3.98E+O0
3.09E+O0
2.70E+O0

1.04E+01

1.OIE+O1

9.29E-01

2.54E+01

4.17E+01

4.45E+O0
3.59E+O0

1.22E+01
1.09E+01

5.OIE+OO

4.59E+O0

6.22E+O0

1.72E+O0

2.32E+O0

3.68E+O0
4.72E+O0

3.llE+OO

9.96E-01

EA4

1.63E-05

7.14E-05

5.84E-05

1.80E-04

7.64E-05

2.89E-05

2.38E-05

2.29E-05

NOT -FOUND
7.39E-05

8.61E-06

1.72E-04

5.34E-04

6.51E-05

3.08E-05

1.29E-04

9.95E-05

6.OIE-05

6.08E-05

1.OIE-04

1.28E-05

1.40E-05

3.03E-05

3.19E-05

7.68E-05

1.96E-05

EA4

5.50E-06

1.60E-05

1.60E-05

5.25E-05

2.18E-05

7.95E-06
6.67E-06

6.50E-06

NOT -FOUIW
2.08E-05

2.67E-06

5.49E-05

1.40E-04

1.85E-05
8.46E-06

3.88E-05

2.85E-05

1.61E-05

1.63E-05

2.41E-05

3.71E-06
4.16E-06

8.41E-06

9.47E-06

2.05E-05

5.15E-06

RHF

EA5
7.81E-01

1.61E+O0

1.28E+O0

2.55E+O0

1.96E+O0

1.49E+O0

1.12E+O0

1.08E+O0

4.49E+O0

3.39E+O0

4.08E-01

I..1OE+O1

1.47E+01

1.62E+O0

1.39E+O0

5.18E+O0

4.74E+O0

1.96E+O0

1.56E+O0

2.20E+O0

6.84E-01

9.06E-01

1.32E+O0

1.59E+O0

1.17E+O0

4.13E-01

TRIGA

EA5

2.67E-01

4.94E-01

5.30E-01

8.80E-01

7.00E-01

5.73E-01
3.91E-01

3.53E-01

1.45E+O0

1.18E+O0

1.43E-01

3.48E+O0

5.75E+O0

5.99E-01
5.25E-01

1.90E+O0

1.78E+O0

6.89E-01

5.45E-01
7.91E-01

2.45E-01

3.17E-01

5.55E-01
5.25E-01

3.98E-01
1.45E-01

EA6

8.41E-01

1.69E+o0

1.35E+O0

2:59E+O0

2.07E+O0

1.54E+o0

1.15E+O0

1.14E+O0

4.52E+O0

3.90E+O0

4.42E-01

1.15E+01

1.67E+01

1.81E+O0

1.43E+O0

5.55E+O0

4.93E+O0

2.03E+O0

1.84E+O0

2.45E+O0

7.04E-01

9.68E-01

1.42E+O0

1.87E+O0

1.21E+O0

4.66E-01

EA6

2.89E-01

5.80E-01

5.55E-01

8.78E-01

7.31E-01

5.88E-01
4.34E-01

3.75E-01

1.58E+O0

1.19E+O0

1..47E-O1

3.83E+O0 ‘

6.28E+O0

6.50E-01
5.47E-01

2.05E+O0

1.85E+O0
7.13E-01

6.19E-01

8.82E-01

2.62E-01

3.47E-01

5.74E-01

6.20E-01
4.27E-01

1.55E-01
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Table 32. 99th Quantile Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and
Centerline Individual Risk for EA Accident
Categories (Continued)

Total Costs, 0-80 km

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

CHA-C

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT-D

NEW- D

NEW-C

NOR- D

NOR -C

PHI -D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO 5.39E+03 5.39E+03

0.00E+OO 5.04E+03 5.04E+03

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO 5.84E+03 5.98E+03

0.00E+OO 5.24E+03 5.40E+03

0.00E+OO 1.18E+04 1.18E+04

0.00E+OO 1.27E+04 1.27E+04

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO NOT-FOUND NOT-FOUND

0.00E+OO NOT-FOUND NOT-FOUND

0.00E+OO NOT-FOUND NOT-FOUND

0.00E+OO 5.14E+03 5.14E+03

0.00E+OO 3.27E+03 3.27E+03

0.00E+OO 8.1OE+O3 8.1OE+O3

0.00E+OO 3.78E+03 3.78E+03

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO O.OOE+OO 0.00E+OO

0.00E+OO 1.27E+04 1.27E+04

0.00E+OO 5.95E+03 5.95E+03

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO 1.31E+04 1.31E+04

0.00E+OO 1.00E+04 1.00E+04

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

cm-c

CIJC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

Los-c

MOT -II

NEW-D

NEW- C

NOR-D

NOR-C

PHI-D

PHI-C

POR-D

POR- C

SAV- D

SAV- C
SEA- C
TAC -II

TAC -C

WIL-D

WIL-C

0.00E+OO 5.81E+03 5.81E+03

0.00E+OO 2.00E+03 2.00E+03

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+oO 0.00E+OO 0.00E+OO

0.00E+OO 5.87E+03 5.61E+03

O.dOE+OO 1.94E+03 5.00E+03

0.00E+OO 1.1OE+O4 1.1OE+O4

0.00E+OO NOT-FOUND NOT-FOUND

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO NOT-FOOND NOT-FOUND

0.00E+OO 7.24E+03 7.24E+03

0.00E+OO NOT-FOUNO NOT-FOUND

0.00E+OO 3.04E+03 3.04E+03

0.00E+OO 4.39E+02 4.39E+02

0.00E+OO 7.91E+03 8.1OE+O3

0.00E+OO 3.17E+03 3.78E+03

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO NOT-FODND NOT-FOUND

0.00E+OO 5.55E+03 5.S5E+03

0.00E+OO 0.00E+OO 0.00E+OO
0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO 0.00E+OO 0.00E+OO

0.00E+OO 1.18E+04 1.18E+04

0.00E+OO 7.79E+03 7.79E+03

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

000E+OO

O.,00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

RHF

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

5.1OE+O3

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.69E+03

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.05E+04

3.09E+03

TRIGA

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA6

0.00E+OO

0.00E+OO

0.00E+OO

O-.00E+OO

5.1OE+O3

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.69E+03

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.05E+04

3.09E+03

EA6

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
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Table 32. 99th Quantile Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and
Centerline Individual Risk for EA Accident
Categories (Continued)

Individual Centerline EDEwhole Body Dose, O-1. 6 lm (SV)

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

cm-c

CNC -D

CNC-C

GAL-D

GAL-C

JAC -D

JAC -C

Los -D

LOS-C

MOT-D

NEW-D

NEW -C

NOR -D

NOR -C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

NOT -FOUND NOT -FOUND NOT- FOUND

NOT -FOUN12 NOT -FOUND NOT- FOUND

NOT-FOUND 2.07E-02 2.1 OE-O2

NOT -FOUNE 2.07E-02 2.1 OE-O2

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUNB NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT -FOUNE 2.07E-02 2.1OE-O2

NOT-FOUND 2.07E-02 2.1OE-O2

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FODND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUNC NOT-FOUND

NOT-FOUND 4.14E-02 4.14E-02

NOT-FOUND 4.14E-02 4.14E-02

NOT-FOUND 3.87E-02 3.87E-02

NOT -FOUNL 3.87E-02 3.87E-02

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUNE NOT-FOUND NOT-FOUND

NOT-FOUND 3.87E-02 3.87E-02

NOT-FOUND 3.87E-02 3.87E-02

NOT -FOUND 3.87E-02 3.87E-02
NOT-FOVND NOT-FOUTID NOT-FOUND

NOT-FOUNE NOT-FOUND NOT-FOUND

OSIRIS

Site/LOC EA4 EA5 EA6

CHA-D

cm-c

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW-D

NEW -C

NOR-D
NOR -C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C
SEA- C

TAC -D
TAC -C

WIL-D

WIL-C

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 2.06E-02 2.09E-02

NOT -FOUND 2.06E-02 2.09E-02

NOT-FOUND NOT-FOOND NOT-FOUND

NOT:FOOND NOT-FOUND NOT-FOUND

NOT-FOUNE NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT -FOUNE 2.06E-02 2.09E-02

NOT -FOIJNE 2.06E-02 2.09E-02

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUNE NOT-FODND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOOND NOT-FOUND
NOT-FOUNE NOT-FOUNE NOT-FOUND

NOT-FOUND 4.05E-02 4.14E-02

NOT-FOOTID 4.05E-02 4.14E-02

NOT-FOUND 3.87E-02 3.87E-02

NOT-FOUNE 3.87E-02 3.87E-02

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT -FOUNL 3.87E-02 3.87E-02

NOT- FOUND 3.87E-02 3.87E-02

NOT-FOUND 3.87E-02 3.87E-02

NOT-FOUND NOT-FOUND NOT-FOOND
NOT-FOUND NOT-FOUND NOT-FOUND

PHF

EA4 EA5 EA6

NOT-FOUND NOT-FOUNE NOT-FOUNE

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 7.39E-03 1.00E-02

NOT-FOUNE 7.39E-03 1,00E-02

NOT-FOUND NOT-FODND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOOND

NOT-FODND NOT-FOUND NOT-FOUND

NOT-FOUNE 7.39E-03 1.00E-02

NOT-FOUND 7.39E-03 1.00E-02

NOT-FOUND NOT-FOUND NOT-FODND

NOT-FOUND NOT-FODND NOT-FOUND

NOT-FOOND NOT-FOOND NOT-FOUND

NOT-FODND NOT-FOOND NOT-FOUNE

NOT-FOUND NOT-FOOND NOT-FOUND

NOT-FOUND 1.58E-02 1.58E-02

NOT-FOUND 1.58E-02 1.58E-02

NOT -FOUND 1.-42E-02 1.42S-02

NOT -FOUNE 1.42E-02 1.42E-02

NOT-FOUND NOT-FOUNE NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 1.42E-02 1.42E-02

NOT-FOUND 1.42E-02 1.42E-02

NOT-FOUND 1.42E-02 1.42E-02

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

TRIGA

EA4 EA5 EA6

NOT-FOUN’E NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUlfD 3.OIE-03 3.llE-03

NOT -FOUND 3.OIE-03 3.llE-03

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUNS NOT-FOOND NOT-FOUND
NOT-FOUNE NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT -FOUND 3.OIE-03 3.llE-03

NOT-FOUND 3.OIE-03 3.llE-03

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUNE

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FODND
NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 5.71E-03 5.96E-03

NOT-FOUND 5.71E-03 5.96E-03

NOT -FOONE 5.35E-03 5.82E-03

NOT-FOUND 5.35E-03 5.82E-03

NOT-FOUND NOT-FOUND NOT-FOOND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUN12 5.35E-03 5.82E-03

NOT-FOUND 5.35E-03 5.82E-03
NOT -FOOND 5.35E-03 5.82E-03

NOT-FOUND NOT-FOUND NOT-FOOND

NOT-FOUND NOT-FOOND NOT-FOUND

—
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Table 32. 99th Quantile Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and
Centerline Individual Risk for EA Accident
Categories (Concluded)

Individual Centerline Cancer Risk, 0-1.6 Iun

BR-2

Site/Lot EA4 EA5 EA6

CHA-D
CHA-c
CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA- C

TAC -D

TAC -C

WIL-D

WIL- C

NOT-FOUNE NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOCNC

NOT-FOUND 7.40E-04 1.00E-03

NOT -FOUND 7.40E-04 1.00E-03

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 7.40E-04 1.00E-03

NOT-FOUND 7.40E-04 1.00E-03

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 1.58E-03 2.27E-03

NOT-FOUND 1.58E-03 2.27E-03

NOT-FOUND 1.42E-03 1.42E-03

NOT -FOUND 1.42E-03 1.42E-03

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 1.42E-03 1.42E-03

NOT-FOUND 1.42E-03 1.42E-03

NOT-FOUND 1.42E-03 1.42E-03

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC -D

CNc-c

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D
NEW-D

NEW-C
NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR- c

SAV-D

SAV- C
SEA-C
TAC -D

TAC -C
WIL-D

WIL-C

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 7.40E-04 1.00E-03

NOT-FOUND 7.40E-04 1.00E-03

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-’FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 7.40E-04 1.00E-03

NOT -FOUND 7.40E-04 1.00E-03

NOT-FOUND NOT-FOUND NOT-FOUND
NOT-FOUND NOT-FOUN?J NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND
NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 1.58E-03 1.58E-03

NOT -FOUND 1.58E-03 1.58E-03

NOT -FOUND 1.42E-03 1.42E-03

NOT -FOUND 1.42E-03 1.42E-03

NOT-FOUND NOT-FOUND NOT-FOOND

NOT-FOUND NOT-FOUND NOT-FOUND
NOT -FOUND 1.42E-03 1.42E-03
NOT-FOUND 1.42E-03 1.42E-03

NOT-FOUND 1.42E-03 1.42E-03

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOOND NOT-FOUND

RHF

EA4 EA5 EA6
NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUNE 3.15E-04 3.20E-04

NOT’-FOOND 3.15E-04 3..2OE-O4

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 3.15E-04 3.20E-04

NOT-FOUND 3.15E-04 3.20E-04

NOT-FOUND NOT-FOUIJD NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FODND

NOT-FOUND 8.05E-04 8.06E-04

NOT-FOUND 8.05E-04 8.06E-04

NOT-FOUND 5.-92E-04 5.92E-04

NOT-FOCND 5.92E-04 5.92E-04

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 5.92E-04 5.92E-04

NOT-FOUND 5.92E-04 5.92E-04

NOT-FOUND 5.92E-04 5.92E-04

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

TRIGA

EA4 EA5 EA6

NOT-FOUND NOT-FOUNE NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 1.06E-04 1.16E-04

NOT-FOUND 1.06E-04 1.16E-04
NCIT-FOIJND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FODND

NOr-FOUND 1.06E-04 1.16E-04

NOT -FOUND 1.06E-04 1.16E-04

NOr-FOUND NOT-FOUND NOT-FOUND
NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUNE 2.35E-04 2.S4E-04
NOT-FOUND 2.35E-04 2.54E-04

NOT-FOUND 2.17E-04 2.40E-04
NOT-FOUND 2.17E-04 2.40E-04

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND 2.17E-04 2.40E-04
NOT-FOUND 2.17E-04 2.40E-04

NOT -FODND 2.17E-04 2.40E-04

NOT-FOOND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND
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Table 33. Peak Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EA Accident Categories

BR-2

Site/Lot EA4 EA5 ?3A6

CHA-D

CHA- c

CNC -D

CNC -C

GPJ-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT- D

NEW-D

NEW- C

NOR -D

NOR- C

PHI -D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

2.82E-03

4.41E-03

3.35E-03

1.42E-02

5.60E-03

2.09E-03

2.15E-03

1.90E-03

1.30E-02

5.97E-03

7.72E-04

1.86E-02

3.41E-02

4.29E-03

2.78E-03

1.13E-02

8.77E-03

3.85E-03

3.94E-03

6.18E-03

1.43E-03

9.93E-04

2.67E-03

3.13E-03

5.50E-03

1.18E-03

1.04E+02

2.12E+02

1.02E+02

6.71E+02

2.33E+02

1.85E+02

1.1OE+O2

1.12E+02

3.94E+02

3.47E+02

4.61E+01

1.13E+03

1.33E+03

1.66E+02

1.64E+02

7,15E+02

4.87E+02

1.69E+02

1.70E+02

2.39E+02

7.65E+01

5.62E+01

1.18E+02

1.70E+02

1.49E+02

3.28E+01

1.1OE+O2

2.31E+02

1.11E+02

7.27E+02

2.54E+02

2.02E+02

1.20E+02

1.23E+02

4.29E+02

3.76E+02

5.03E+01

1.24E+03

1.45E+03

1.81E+02

1.78E+02

7.80E+02

5.31E+02

1.85E+02

1.85E+02

2.60E+02

8.00E+O1

6.13E+01

1.29E+02

1.85E+02

1.63E+02

3.58E+01

OSIRIS

Site/Lot EA4 EA5 EA6

CHA- D

CHA- c

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW- C

NOR-D
NOR-C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C
WIL-D
WIL-C

3.48E-03

5.59E-03

4.14E-03

1.79E-02

6.93E-03

2.4,7E-03

2.59E-03

2.27E-03

1.66E-02

7.49E-03

7.74E-04

2.34E-02

4.40E-02

5.49E-03
3.45E-03

1.42E-02

1.09E-02

4.81E-03

4.99E-03

7.85E-03

1.70E-03

1.19E-03

3.25E-03

3.93E-03
7.07E-03

1.49E-03

9.83E+01

2.08E+02

9.88E+01
6.52E+02

2.23E+02

1.74E+02

1.03E+02

1.11E+02

3.83E+02

3.37E+02

3.84E+01

1.1OE+O3

1.29E+03

1.56E+02
1.56E+02

6.90E+02

4.69E+02

1.64E+02

1.62E+02

2.34E+02

6.97E+01

5.13E+01

1.14E+02

1.61E+02
1.45E+02

3.14E+01

1.05E+02

2.27E+02

1.08E+02
7.08E+02

2.37E+02

1.91E+02

1.12E+02

1.22E+02

4.18E+02

3.65E+02

4.20E+01

1.20E+03

1.41E+03

1.70E+02
1.71E+02

7.55E+02

5.13E+02

1.80E+02

1.77E+02

2.55E+02

7.29E+01

5.61E+01

1.25E+02

1.76E+02
1.58E+02

3.43E+01

EA4

1.12E-03

1.76E-03

1.33E-03

5.70E-03

2.22E-03

8.28E-04

8.53E-04

7.52E-04

5.20E-03

2.39E-03

2.98E-04

7.44E-03

1.36E-02

1.71E-03

1.llE-03

4.52E-03

3.50E-03

1.54E-03

1.57E-03

2.46E-03

5.66E-04

3.93E-04

1.06E-03

1.25E-03

2.20E-03

4.71E-04

EA4

3.41E-04

5.23E-04

4.00E-04

1.72E-03

6.69E-04
2.56E-04

2.61E-04

2.31E-04

1.54E-03

7.21E-04

9.74E-05
2.24E-03

4.OIE-03

5.08E-04
3.36E-04

1.36E-03

1.06E-03

4.64E-04

4.67E-04

7.32E-04

1.75E-04

1.22E-04

3.23E-04

3.78E-04

6.51E-04
1.41E-04

RHF

EA5

4.07E+01

8.56E+01

4.03E+01

2.66E+02

9.59E+01

7.23E+01

4.28E+01

4.59E+01

1.56E+02

1.37E+02

1.71E+01

4.48E+02

5.25E+02

6.49E+01

6.44E+01

2.82E+02

1.92E+02

6.69E+01

6.66E+01

9.64E+01

2.94E+01

2.14E+01

4.66E+01

6.64E+01

5.91E+01

1.29E+01

TRIGA

EA5

1.43E+01

3.00E+O1

1.42E+01
9.34E+01

3.36E+01

2.53E+01

1.50E+01

1.61.E+O1

5.49E+01

4.83E+01

5.88E+O0

1.58E+02

1.85E+02

2.27E+01
2.26E+01

9.91E+01

6.75E+01

2.35E+01

2.34E+01

3.38E+01

1.03E+01

7.44E+O0

1.64E+01

2.33E+01
2.08E+01
4.57E+O0

EA6

4.32E+01

9.34E+01

4.40E+01

2.88E+02

1:05E+02

7.89E+01

4.66E+01

5.OIE+O1

1.70E+02

1.49E+02

1.86E+01

4.89E+02

5.73E+02

7.06E+01

7.00E+O1

3.08E+02

2.1OE+O2

7.30E+01

7.27E+01

1.05E+02

3.07E+01

2.33E+01

5.09E+01

7.25E+01

6.44E+01

1.41E+01

EA6

1.51E+01

3.27E+01

1.55E+01

1.01E+02

3.66E+01

2.76E+01

1.63E+01

1.76E+01

5.98E+01

5.23E+01

6.42E+O0

1.72E+02

2.02E+02

2.47E+01
2.45E+01

1.08E+02

7.36E+01

2.57E+01

2.55E+01

3.69E+01

1.07E+01

8.llE+OO

1.79E+01

2.54E+01

2.27E+01
4.99E+O0
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Table 33. Peak Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline Individual Risk
for EA Accident Categories (Continued)

Total Cancer Fatalities, 0-80 km

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC -D

CNC- C

GAL-D

GA-L-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW-D

NEW- c

NOR-D

NOR- C

PHI-D

PHI -C

.POR-D

POR- C

SAV- D

SAV -C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

1.20E-04

1.95E-04

1.49E-04

6.OIE-04

2.48E-04

9.02E-05

9.25E-05

8.20E-05

5.75E-04

2.52E-04

3.49E-05

7.88E-04

1.50E-03

1.89E-04

1.19E-04

4.79E-04

3.71E-04

1.68E-04

1.74E-04

2.74E-04

6.15E-05

4.27E-05

1.14E-04

1.33E-04

2.43E-04

5.22E-05

4.41E+O0

8.90E+O0

4.31E+O0

2.80E+01

9.97E+O0
7.89E+O0

4.71E+O0

4.71E+O0

1.64E+01

1.45E+01

2.1OE+OO

4.72E+01

5.53E+01

7.09E+O0

6.92E+O0

2.99E+01

2.04E+01

7.05E+O0

7.18E+O0

1.00E+O1

3.32E+O0

2.47E+O0

5.03E+O0

7.18E+O0

6.24E+O0

1.41E+O0

4.69E+O0

9.71E+O0

4.68E+O0

3.03E+01

1.09E+01

8.61E+O0
5.12E+O0

5.13E+O0

1.79E+01

1.57E+01

2.29E+O0

5.16E+01

6.04E+01

7.71E+O0

7.52E+O0

3.26E+01

2.23E+01

7.70E+O0

7.84E+O0

1.09E+01

3.48E+O0

2.69E+O0

5.49E+O0

7.84E+O0

6.80E+O0

1.54E+O0

OSIRIS

Site/LOc EA4 EA5 EA6

CHA- D
cm- c

CNC -D

CNC-C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW- D

NEW- C

NOR- D

NOR- C

PHI-D

PHI -C

POR -D

POR-C

SAV-D

SAV- C

SEA- C
TAC -D

TAC -C
WIL-D

WIL-C

1.45E-04

2.41E-04

1.80E-04

7.40E-04

2.99E-04

1.04E-04

1.09E-04

9.56E-05

7.18E-04

3.1OE-O4

3.42E-05

9.71E-04
1.90E-03

2.37E-04
1.44E-04

5.91E-04

4.53E-04

2.07E-04

2.16E-04

3.39E-04

7.12E-05

4.96E-05
1.36E-04

1.64E-04

3.05E-04

6.42E-05

4.14E+O0

8.72E+O0

4.llE+OO

2.71E+01

9.37E+O0

7.36E+O0

4.36E+O0

4.67E+O0

1.59E+01

1.40E+01

1.71E+O0

4.57E+01

5.36E+01

6.60E+O0

6.56E+O0

2.88E+01

1.96E+01

6.83E+O0

6.79E+O0

9.82E+O0

2.98E+O0

2.16E+O0
4.76E+O0

6.77E+O0

6.03E+O0

1.32E+O0

4.41E+O0

9.53E+O0

4.50E+O0

2.94E+01

1.00E+O1

8.04E+O0

4.75E+O0

5.llE+OO

1.74E+01

1.52E+01

1.87E+O0

5.00E+O1

5.86E+01
7.20E+O0

7.14E+O0

3.15E+01

2.14E+01

7.47E+O0

7.42E+O0

1.07E+01

3.12E+O0

2.36E+O0
5.21E+O0
7.40E+O0

6.58E+O0

1.44E+O0

EA4

4.80E-05

7.83E-05

5.96E-05

2.42E-04

9.90E-05
3.57E-05

3.68E-05

3.26E-05

2.31E-04

1.OIE-04

1.34E-05

3.17E-04

6.06E-04

7.62E-05

4.75E-05

1.93E-04

1.49E-04

6.74E-05

7.00E-05

1.1OE-O4
2.44E-05

1.69E-05

4.54E-05

5.34E-05

9.80E-05

2.1OE-O5

EA4

1.37E-05

2.17E-05

1.68E-05

6.84E-05

2.79E-05

1.05E-05

1.07E-05

9.47E-06

6.37E-05

2.87E-05

4.24E-06

8.94E-05

1..66E-O4

2.1OE-O5

1.35E-05

5.44E-05

4.,23E-05

1,,87E-05

1,.94E-05

3..O4E-O5

7.14E-06

4.99E-06
1.31E-05

1.51E-05

2.69E-OS

5.94E-06

RHF

EA5

1.72E+O0

3.60E+O0

1.68E+O0

1.llE+O1

4.08E+O0

3.07E+O0

1.82E+O0

1.93E+O0

6.50E+O0

5.73E+O0

7.69E-01

1.87E+01

2.19E+01

2.75E+O0

2.71E+O0

1.18E+01

8.03E+O0

2.79E+O0

2.81E+O0

4.07E+O0

1.27E+O0

9.33E-01

1.95E+O0

2.80E+O0

2.46E+O0

5.42E-01

TRIGA

EA5

6.02E-01

1.26E+O0

5.90E-01

3.89E+O0

1.43E+O0

1.07E+O0

6.37E-01

6.77E-01

2.29E+O0

2.OIE+OO

2.65E-01

6.56E+O0
7.69E+O0

9.63E-01

9.50E-01
4.14E+O0

2.82E+O0

9.80E-01

9.84E-01

1.43E+O0

4.42E-01

3.24E-01
6.83E-01
9.82E-01

8.70E-01

1.93E-01

EA6

1.83E+O0

3.93E+O0

1.83E+O0

1.20E+01

4.45E+O0

3:35E+O0

1.98E+O0

2.llE+OO

7.08E+O0

6.20E+O0

8.39E-01

2.04E+01

2.39E+01

2.99E+O0

2.94E+O0

1.29E+01

8.77E+O0

3.04E+O0

3.06E+O0

4.44E+O0

1.33E+O0

1.02E+O0

2.12E+O0

3.06E+O0

2.69E+O0

5.92E-01

EA6

6.39E-01

1.38E+O0

6.44E-01

4.22E+O0

1.55E+O0

1.17E+O0

6.93E-01

7.38E-01

2.49E+O0

2.18E+O0

2.88E-01

7.16E+O0

8.39E+O0

1.05E+O0

1.03E+O0
4.52E+O0

3.08E+O0

1.07E+O0

1.07E+O0

1.55E+O0

4.62E-01

3.53E-01
7.45E-01

1.07E+O0

9.48E-01

2.1OE-O1
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Table 33. Peak Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline Individual Risk
for EA Accident Categories (Continued)

Total Costs, 0-80 km

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

cm- c

CNC -D

CNc-c

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW- D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

2.61E+04

2.55E+04

0.00E+OO

0.00E+OO

2.53E+04

2.27E+04

5.45E+04

5.90E+04

0.00E+OO

0.00E+OO

1.47E+04

1.31E+04

5.64E+03

6.14E+03

4.91E+03

9.14E+03

6.53E+03

3.22E+03

3.22E+03

4.33E+04

3.95E+04

0.00E+OO

8.08E+03

0.00E+OO

1.47E+04

1.32E+04

2.61E+04

2.55E+04

0.00E+OO

0.00E+OO

2.53E+04

2.27E+04

5.45E+04

5.90E+04

0.00E+OO

0.00E+OO

1.47E+04

1.31E+04

5.64E+03

6.14E+03

4.91E+03

9.14E+03

6.53E+03

3.22E+03

3.22E+03

4.33E+04

3.95E+04

0.00E+OO

8.08E+03

0.00E+OO

1.47E+04

1.32E+04

OSIRIS

Site/LOc EA4 EA5 EA6

CHA-D

CHA- c

CNC-D

CNC -C

GAL-D

GA-L-C
JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW-D

NEW- C

NOR-D
NOR -C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

O.O.OE+OO

0.00E+OO
0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

6.53E+03

5.87E+03

0.00E+OO

0.00E+OO

6.48E+03

5.84E+03
1.49E+04

1.42E+04

O.OOE+OO

0.00E+OO

1.47E+04

1.31E+04

5.64E+03

6.14E+03
4.91E+03

9.14E+03

6.53E+03

3.22E+03

3.22E+03
1.08E+04

1.03E+04
0.00E+OO

8.08E+03

0.00E+OO

1.47E+04

1.32E+04

6.53E+03

5.87E+03

0.00E+OO

0.00E+OO

2.53E+04

2.27E+04

1.49E+04
1.42E+04

0.00E+OO

0.00E+OO

1.47E+04

1.31E+04

5.64E+03

6.14E+03
4.91E+03

9.14E+03

6.53E+03

3.22E+03

3.22E+03

1.08E+04

1.03E+04
0.00E+OO

8.08E+03

0.00E+OO

1.47E+04

1.32E+04

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

RHF

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

6.48E+03

5.84E+03

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.47E+04

O.OOE+OO

0.00E+OO

6.14E+03

4.91E+03

9.14E+03

6.53E+03

3.22E+03

3.22E+03

0.00E+OO

0.00E+OO

O.OOE+OO

8.08E+03

0.00E+OO

1.47E+04
1.32E+04

TRIGA

EA5

0.00E+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA6

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

6.48E+03

5:84E+03

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.47E+04

0.00E+OO

O.OOE+OO

6.14E+03

4.91E+03

9.14E+03

6.53E+03

3.22E+03

3.22E+03

0.00E+OO

0.00E+OO

0.00E+OO

8.08E+03

0.00E+OO
1.47E+04

1.32E+04

EA6

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

.
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Table 33. Peak Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline Individual Risk
for EA Accident Categories (Continued)

Individual Centerline EDE Whole Body Dose, 0-1.6 km (SV)

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC- D

CNC -C

GAL-D

GAL-C
.JAC-D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR- D

NOR- C

PHI-D

PHI -C

POR-D

POR- c

SAV- D

SAV- C

SEA- C
TAC -D

TAC -C

WIL-D

WIL- C

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

3.66E-06

5.85E-02

5.85E-02

2.51E-02

2.51E-02

5.34E-02

5.34E-02
5.85E-02

5.85E-02
2.51E-02

2.51E-02

5.96E-02

4.12E-02

4.12E-02

5.96E-02

5.96E-02

6.06E-02

6.06E-02

5.64E-02

5.64E-02

5.85E-02
5.85E-02

5.64E-02
5.64E-02

5.64E-02

5.96E-02

5.96E-02

6.39E-02

6.39E-02

2.74E-02

2.74E-02

5.82E-02

5.82E-02
6.39E-02

6.39E-02

2.74E-02

2.74E-02

6.50E-02

4.50E-02

4.50E-02

6.50E-02

6.50E-02

6.61E-02

6.61E-02

6.I,5E-02

6.15E-02

6.39E-02

6.39E-02

6.15E-02

6.15E-02

6.15E-02

6.50E-02

6.50E-02

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

CHA-C

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW- D

NEW- C

NOR -D
NOR- C

PHI -D

PHI-C

POR-D

POR- C

SAV- D

SAV- C

SEA-C
TAC -D

TAC -C

WIL-D

WIL-C

5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.O.6E-06

5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.06E-06
5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.06E-06
5.06E-06

5.06E-06

5.06E-06

5.06E-06

5.68E-02

5.68E-02

2.44E-02

2.44E-02

5.18E-02

5.18E-02

5.68E-02

5.68E-02

2.44E-02

2.44E-02

5.7SE-02

4.00E-02

4.00E-02

5.78E-02
5.78E-02

5.88E-02

5.88E-02

5.47E-02

5.47E-02

5.68E-02

5.68E-02

5.47E-02
5.47E-02

5.47E-02

5.78E-02

5.78E-02

6.21E-02

6.21E-02

2.67E-02

2.67E-02

5.67E-02

5.67E-02

6.21E-02

6.21E-02

2.67E-02

2.67E-02

6.32E-02

4.38E-02

4.38E-02

6.32E-02
6.32E-02
6.43E-02

6.43E-02

5.98E-02

5.98E-02

6.21E-02

6.21E-02

5.98E-02
5.98E-02

5.98E-02

6.32E-02

6.32E-02

EA4

1..46E-O6

1,,46E-06

146E-06

1,,46E-06

146E-06

1.,46E-06

1..46E-O6

1..46E-O6

1.46E-06

1,,46E-06

1,,46E-06

1.46E-06

1.,46E-06

1.,46E-06

146E-06

1,46E-06

1,,46E-06

1.46E-06

1,46E-06

1,46E-06

1.46E-06

1.46E-06

1.46E-06

1,46E-06

1.46E-06

1.46E-06

EA4

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07
4.06E-07

4.06E-07
4.06E-07
4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

4.06E-07

RHF

EA5

2.32E-02

2.32E-02

9.94E-03

9.94E-03

2.llE-02

2.llE-02
2.32E-02

2.32E-02

9.94E-03

9.94E-03

2.36E-02

1.63E-02

1.63E-02

2.36E-02

2.36E-02

2.40E-02

2.40E-02

2.23E-02

2.23E-02

2.32E-02

2.32E-02

2.23E-02

2.23E-02

2.23E-02

2.36E-02

2.36E-02

TRIGA

EA5

8.15E-03

8.15E-03

3.50E-03

3.50E-03
7.43E-03

7.43E-03

8.15E-03

8.15E-03

3.50E-03

3.50E-03

8.29E-03

5.74E-03

5.74E-03

8.29E-03
8.29E-03

8.43E-03

8.43E-03
7.85E-03

7.85E-03

8.15E-03

8.15E-03

7.85E-03
7.85E-03

7.85E-03

8.29E-03

8.29E-03

EA6

2.53E-02

2.53E-02

1.08E-02

1.08E-02

2.31E-02

2:31E-02
2.53E-02

2.53E-02

1.08E-02

1.08E-02

2.57E-02

1.78E-02

1.78E-02

2.57E-02

2.57E-02

2.62E-02

2.62E-02

2.43E-02

2.43E-02

2.53E-02

2.53E-02

2.43E-02

2.43E-02

2.43E-02

2.57E-02

2.57E-02

EA6

8.89E-03

8.89E-03

3.81E-03

3.81E-03

8.1OE-O3

8.1OE-O3

8.89E-03

8.89E-03

3.81E-03

3.81E-03

9.04E-03

6.26E-03

6.26E-03

9.04E-03
9.04E-03
9.20E-03

9.20E-03

8.56E-03

8.56E-03

8.89E-03

8.89E-03

8.56E-03
8.56E-03

8.56E-03

9.04E-03

9.04E-03
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Table 33. Peak Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline Individual Risk
for EA Accident Categories (Concluded)

Individual Centerline Cancer Risk, 0-1.6 km

BR-2

Site/LOc EA4 EA5 EA6

CHA-D

cm-c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR- D

NOR -C

PHI-D

PHI-C

POR-D

POR-C

SAV -D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

1.79E-07

2.44E-03

2.44E-03

1.05E-03

1.05E-03

2.23E-03

2.23E-03

2.44E-03

2.44E-03

1.05E-03

1.05E-03

2.48E-03

1.72E-03

1.72E-03

2.48E-03

2.48E-03

2.53E-03

2.53E-03

2.35E-03

2.35E-03

2.44E-03

2.44E-03

2.35E-03

2.35E-03

2.35E-03

2.48E-03

2.48E-03

2.66E-03

2.66E-03

1.14E-03

1.14E-03

2.43E-03

2.43E-03

2.66E-03

2.66E-03

1.14E-03

1.14E-03

2.71E-03

1.88E-03

1.88E-03

2.71E-03

2.71E-03

2.76E-03

2.76E-03

2.57E-03

2.57E-03

2.66E-03

2.66E-03

2.57E-03

2.57E-03

2.57E-03

2.71E-03

2.71E-03

OSIRIS

Site/Lot EA4 EA5 EA6

CHA- D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C
JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR-D
NOR- C

PHI-D

PHI-C

POR-D
POR-C

SAV-D

SAV-C
SEA- C

TAC -D

TAC -C

WIL-D
WIL-C

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.3,9E-07
2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07
2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.39E-07

2.36E-03

2.36E-03

1.OIE-03

1.OIE-03

2.15E-03

2.15E-03
2.36E-03

2.36E-03

1.OIE-03

1.OIE-03

2.40E-03

1.67E-03

1.67E-03

2.40E-03

2.40E-03

2.45E-03

2.45E-03

2.28E-03

2.28E-03

2.36E-03
2.36E-03

2.28E-03

2.28E-03

2.28E-03

2.40E-03

2.40E-03

2.59E-03

2.59E-03

1.llE-03

1.llE-03

2.36E-03

2.36E-03
2.59E-03

2.59E-03

1.llE-03

1.llE-03

2.63E-03

1.82E-03

1.82E-03

2.63E-03

2.63E-03

2.68E-03

2.68E-03
2.49E-03

2.49E-03

2.59E-03

2.59E-03

2.49E-03
2.49E-03

2.49E-03

2.63E-03

2.63E-03

EA4
7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08
7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

7.29E-08

EA4

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08
1.84E-08

3..84E-O8

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08
1.84E-08

1.84E-08

1.84E-08

1.84E-08

1.84E-08

RHF

EA5

9.65E-04

9.65E-04

4.14E-04

4.14E-04

8.80E-04

8.80E-04

9.65E-04

9.65E-04

4.14E-04

4.14E-04

9.82E-04

6.80E-04

6.80E-04

9.82E-04

9.82E-04

9.98E-04

9.98E-04

9.29E-04

9.29E-04

9.65E-04

9.65E-04

9.29E-04

9.29E-04

9.29E-04

9.82E-04

9.82E-04

TRIGA

EA5

3.39E-04

3.39E-04

1.46E-04

1.46E-04

3.09E-04

3.09E-04
3.39E-04

3.39E-04

1.46E-04

1.46E-04

3.45E-04

2.39E-04

2.39E-04

3.45E-04

3.45E-04

3.51E-04

3.51E-04

3.27E-04
3.27E-04

3.39E-04

3.39E-04

3.27E-04
3.27E-04

3.27E-04

3.45E-04

3.45E-04

EA6

1.05E-03

1.05E-03

4.52E-04

4.52E-04

9.60E-04

9:60E-04

1.05E-03

1.05E-03

4.52E-04

4.52E-04

1.07E-03

7.42E-04

7.42E-04

1.07E-03
1.07E-03

1.09E-03

1.09E-03

1.OIE-03

1.OIE-03

1.05E-03

1.05E-03

1.OIE-03

1.OIE-03

1.OIE-03

1.07E-03

1.07E-03

EA6

3.70E-04

3.70E-04

1.59E-04

1.59E-04

3.37E-04

3.37E-04

3.70E-04

3.70E-04

1.59E-04

1.59E-04

3.77E-04

2.61E-04

2.61E-04

3.77E-04

3.77E-04

3.83E-04

3.83E-04

3.56E-04
3.56E-04

3.70E-04

3.70E-04

3.56E-04
3.56E-04

3.56E-04

3.77E-04

3.77E-04
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Table 34. Conditional Probabilities of Peak Values of
Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline
Individual Risk for EA Accident Categories

EDEWhole Body Population Dose, 0-80 km (SV)

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC- D

JAC- C

LOS-D

Los-c

MOT -D

NEW- D

NEW-C

NOR-D

NOR-C

PHI-D

PHI-C

POR-D

POR- C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1. OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04

1.07E-05

3.17E-06

2.44E-05

1.26E-05

3.19E-04

1.13E-05

1.30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

9.75E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

9.75E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06
1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

cm- c

CNC -D

CNc-c

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C
POR- D

POR- C

SAV-D

SAV- C

SEA- C
TAC -D

TAC -C

WIL-D

WIL-C

1.OIE-05

7.77E-06

8.47E-04
7.58E-06

7.80E-06

7.8UE-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

2.76E-05

2.03E-05

2.50E-04

3.51E-04

1.07E-05

3.17E-06

2.44E-05

1.26E-05

3.19E-04

1.13E-05

1.30E-05

1.97E-04
5.33E-06

1.08E-05

3.26E-04

3.04E-04

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06
1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04
1.14E-05

1.08E-05

1.16E-04

1.08E-04

1.OIE-05

4.44E-06

1.18E-05
7.58E-06

9.75E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04
1.14E-05

1.08E-05

1.16E-04

1.08E-04

EA4

1.OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04

1.07E-05

3.17E-06

2.44E-05

1.26E-05

3.19E-04

1.13E-05

1.30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

EA4

1.OIE-05
7.77E-06

8.47E-04
7.58E-06

7.80E-06

7.80E-06

6.03E-06
6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04
1.07E-05

3..17E-O6

2,,44E-05

1,,26E-05

3,19E-04

1,13E-05

1.30E-05

1.36E-04
5.33E-06

1.08E-05

3.26E-04

3.04E-04

RHF

EA5

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

TRIGA

EA5

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06
1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04
1.14E-05

1.08E-05

1.16E-04

1.08E-04

EA6

1.OIE-05

4.44E-06

1.18E-05

7,58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

EA6

1.OIE-05

4.44E-06

1.18E-05
7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04
1.14E-05

1.08E-05

1.16E-04

1.08E-04
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Table 34. Conditional Probabilities of Peak Values of Population
Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EA Accident
Categories (Continued)

_,

Total Cancer Fatalities, 0-80 km

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT-D

NEW-D

NEW- C

NOR-D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV -D

SAV -C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1. OIE-05

7.77E-06

8.47E-04
7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04

1.07E-05

3.17E-06

2.44E-05

2.98E-04

3.19E-04

1.13E-05

1.30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

1.OIE-05

4.44E-06

5.08E-04
7.58E-06

9.75E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05
7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.08E-05

1.08E-05

1.16E-04

1.27E-05

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

9.75E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06
1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.08E-05

1.08E-05

1.16E-04

1.27E-05

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

cH& c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C
LOS-D

LOS-C

MOT -D

NEW-D

NEW- C

NOR -D
NOR- C

PHI -D

PHI -c

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C
WIL-D

WIL-C

1.OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06
1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04
1.07E-05

3.17E-06

2.44E-05

2.98E-04

3.19E-04

1.13E-05

1.30E-05

1.97E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06
2.76E-05

2.03E-05

7.65E-05

9.62E-06
1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

9.75E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06
2.81E-06

2.76E-05

2.03E-05
7.65E-05

9.62E-06
1.61E-05

3.17E-06
2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04
1.14E-05

1.08E-05
1.16E-04

1.08E-04

EA4

1.OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04

1.07E-05

3.17E-06

2.44E-05

2.98E-04

3.19E-04

1.13E-05

1.30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

EA4

1.01.E-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06
1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04
1.07E-05

3.17E-06

2.44E-05

2.98E-04

3.19E-04

1.13E-05

1.30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04
3.04E-04

RHF

EA5

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.~9E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.08E-05

1.08E-05

1.16E-04

1.08E-04

TRIGA

EA5

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06
2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06
1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04
1.14E-05

1.08E-05
1.16E-04

1.08E-04

EA6

1.OIE-05

4.44E-06

1.18E-05

7..58E-O6

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.08E-05

1.08E-05

1.16E-04

1.08E-04

EA6

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06
3.42E-06

2.81E-06

2.76E-05

2.03E-05
7.65E-05

9.62E-06
1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05
6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04
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Table 34. Conditional Probabilities of Peak Values of Population
Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EA Accident
Categories (Continued)

Total Costs, 0-80 km

BR- 2

Site/Lot EA4 EA5 EA6
CHA- D

CHA- c

CNC-D

CNc-c

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW-D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

2.57E-05

9.91E-06

0.00E+OO

0.00E+OO

3.50E-05

1.30E-05

7.73E-06

1.49E-05

0.00E+OO

0.00E+OO

1.75E-03

1.19E-03

2.44E-03

4.38E-04

4.21E-04

4.61E-04

2.04E-04

2.38E-04

1.88E-04

3.34E-05

7.44E-06

0.00E+OO

5.OIE-05

0.00E+OO

6.06E-04

2.15E-04

2.57E-05

9.91E-06

0.00E+OO

0.00E+OO

5.25E-05

1.95E-05

7.73E-06

1.49E-05

0.00E+OO

0.00E+OO

1.75E-03

1.19E-03

2.44E-03

4.38E-04

4.21E-04

4.61E-04

2.04E-04

2.38E-04

1.88E-04

3.34E-05

7.44E-06

0.00E+OO

5.OIE-05

0.00E+OO

6.06E-04

2.15E-04

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO
0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

cm-c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW- C

NOR-D

NOR-C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA- C
TAC -D

TAC- C

WIL-D

WIL-C

7.46E-04

4.69E-04

0.00E+OO

0.00E+OO

5.48E-04

6.49E-04

2.3873-04

1.12E-03

0.00E+OO

0.00E+OO

1.1OE-O3

5.19E-04

1.07E-03

2.75E-04

2.65E-04

3.95E-04

1.75E-04

2.38E-04

1.88E-04

2.21E-03

2.16E-04

0.00E+OO
5.OIE-05
0.00E+OO

3.81E-04

1.35E-04

7.46E-04

4.69E-04

0.00E+OO

0.00E+OO

1.75E-05

6.50E-06

2.38E-04

1.12E-03

0.00E+OO

0.00E+OO

1.1OE-O3

5.19E-04

1.07E-03

2.75E-04

2.65E-04

4.61E-04

2.04E-04

2.38E-04

1.88E-04

2.21E-03

2.16E-04

0.00E+OO
5.OIE-05
0.00E+OO

3.81E-04

1.35E-04

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA4

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

000E+OO

O.,00E+OO

O..00E+OO
O ,00E+OO

0.00E+OO
0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

RHF

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

2.34E-04

2.77E-04

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

6.51E-04

0.00E+OO

0.00E+OO

1.63E-04

1.57E-04

6.58E-05

2.92E-05

1.19E-04

9.38E-05

0.00E+OO

0.00E+OO

0.00E+OO

2.51E-05

0.00E+OO

2.26E-04

7.99E-05

TRIGA

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA6

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

2.34E-04

2.77E-04

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

6.51E-04

0.00E+OO

0.00E+OO

1.63E-04

1.57E-04

6.58E-05

2.92E-05

1.19E-04

9.38E-05

0.00E+OO

0.00E+OO

0.00E+OO

2.51E-05

0.00E+OO

2.26E-04

7.99E-05

EA6

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
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Table 34. Conditional Probabilities of Peak Values of Population
Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EA Accident
Categories (Continued)

Individual Centerline EDEWhole Body Dose, 0-1.6 km (SV)

BR- 2

Site/Lot EA4 EA5 EA6

CHA- D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT- D

NEW-D

NEW- C

NOR- D

NOR- C

PHI-D

PHI -C

POR-D

POR-C

SAV- D

SAV- C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03

3.45E-03

8.16E-03

S.16E-03

7.89E-02

7.89E-02

2.91E-02

2.91E-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1..O6E-O3

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

cm- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT-D

NEW-D
NEW -C

NOR -D
NOR -C

PHI-D

PHI -C

POR-D

POR-C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D
WIL-C

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03
3.45E-03

8.16E-03
8.16E-03
7.89E-02

7.89E-02

2.91E-02

2.91E-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03
1.46E-03
5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03
1.46E-03

5.14E-04
5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03
1.46E-03

EA4

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03

3.45E-03

8.16E-03

8.16E-03

7.89E-02

7.89E-02

2.91E-02

2.91E-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

EA4

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03

3.45E-03

8.16E-03
8.16E-03

7.89E-02
7.89E-02

2.91E-02

2.91E-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

RHF

EA5

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

TRIGA

EA5

1.66E-03

1.66E-03

2<OOE-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03
1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

EA6

1.66E-03

1.66E-03

2.00E-04

2,00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

EA6

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03
1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03
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Table 34. Conditional Probabilities of Peak Values of Population
Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EA Accident
Categories (Concluded)

Individual Centerline Cancer Risk, 0-1.6 km

BR-2

Site/Lot EA4 EA5 EA6
CHA-D
CHA- c

CNC-D
CNC -C
GAL-D
GAL-C
JAC -D
JAC -C
LOS -D

LOS -C
MOT -D

NEW-D

NEW- C

NOR- D

NOR- C
PHI-D

PHI-C
POR-D
POR-C

SAV-D
SAV- C
SEA- C

TAC -D

TAC -C
WIL-D

WIL-C

2.36E-02

2.36E-02
1.22E-01
1.22E-01

3 .73E-02
3.73E-02
2.36E-02
2.36E-02
1.22E-01
1.22E-01

8.16E-03

3.45E-03

3.45E-03

8.16E-03

8.16E-03
7.89E-02

7.89E-02
2.91E-02
2.91E-02

2.36E-02
2.36E-02

2.91E-02

2.91E-02
2.91E-02

8.16E-03

8.16E-03

Site/Lot EA4

CHA-D 2.36E-02

CHA- c 2.36E-02

CNC-D 1.22E-01

CNC -C 1.22E-01

GAL-D 3.73E-02

GAL-C 3.73E-02

JAC -D 2.3.6E-02

JAC -C 2.36E-02

LOS -D 1.22E-01

LOS -C 1.22E-01

MOT -D 8.16E-03

NEW-D 3.45E-03
NEW-C 3.45E-03
NOR- D 8.16E-03
NOR- C 8.16E-03
PHI-D 7.89E-02

PHI-C 7.89E-02

POR-D 2.91E-02

POR-C 2.91E-02

SAV- D 2.36E-02

SAV- C 2.36E-02

SEA- c 2.91E-02

TAC -D 2.91E-02

TAC -C 2.91E-02
WIL-D 8.16E-03
WIL-C 8.16E-03

1.66E-03

1.66E-03
2.00E-04
2.00E-04
1.57E-03
1.57E-03
1.66E-03
1.66E-03
2.00E-04

2.00E-04
1.46E-03

1.06E-03

1.06E-03

1.46E-03
1.46E-03

5.14E-04

5.14E-04
4.00E-04
4.00E-04

1.66E-03

1.66E-03
4.00E-04

4.00E-04
4.00E-04

1.46E-03

1.46E-03

1.66E-03

1.66E-03
2.00E-04
2.00E-04
1.57E-03
1.57E-03
1.66E-03
1.66E-03
2.00E-04
2.00E-04
1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04
5.14E-04
4.00E-04
4.00E-04

1.66E-03
1.66E-03

4.00E-04
4.00E-04

4.00E-04
1.46E-03

1.46E-03

OSIRIS
EA5 EA6

1.66E-03 1.66E-03
1.66E-03 1.66E-03
2.00E-04 2.00E-04
2.00E-04 2.00E-04
1.57E-03 1.57E-03

1.57E-03 1.57E-03
1.66E-03 1.66E-03
1.66E-03 1.66E-03
2.00E-04 2.00E-04
2.00E-04 2.00E-04
1.46E-03 1.46E-03

1.06E-03 1.06E-03
1.06E-03 1.06E-03
1.46E-03 1.46E-03
1.46E-03 1.46E-03
5.14E-04 5.14E-04
5.14E-04 5.14E-04
4.00E-04 4.00E-04

4.00E-04 4.00E-04

1.66E-03 1.66E-03
1.66E-03 1.66E-03
4.00E-04 4.00E-04
4.00E-04 4.00E-04
4.00E-04 4.00E-04
1.46E-03 1.46E-03
1.46E-03 1.46E-03

EA4
2..36E-O2

2,36E-02
1,22E-01
1..22E-O1
3,73E-02
3.73E-02
2,36E-02
2,36E-02
1,22E-01
1.,22E-01

8..16E-O3

3.45E-03

3,45E-03

8.,16E-03

8.16E-03
7..89E-O2
7.89E-02
2.91E-02
2,91E-02

2.36E-02
2,36E-02

2.91E-02

2.91E-02
2.91E-02

8.16E-03

8.16E-03

EA4

2.36E-02
2.36E-02
1.22E-01
1.22E-01
3.73E-02

3.73E-02
2.36E-02
2.36E-02

1.22E-01
1.22E-01
8.16E-03

3.45E-03
3.45E-03
8.16E-03
8.16E-03
7.89E-02
7.89E-02
2.91E-02
2.91E-02
2.36E-02
2.36E-02
2.91E-02

2.91E-02
2.91E-02
8.16E-03
8.16E-03

RHF

EA5

1.66E-03
1.66E-03
2.00E-04
2.00E-04
1.57E-03
1.57E-03
1.66E-03
1.66E-03
2.00E-04
2.00E-04
1.46E-03

1.06E-03

1.06E-03

1.46E-03
1.46E-03

5.14E-04

5.14E-04
4.00E-04
4.-OOE-04

1.66E-03
1.66E-03

4.00E-04
4.00E-04

4.00E-04

1.46E-03
1.46E-03

TRIGA
EA5

1.66E-03
1.66E-03
2.00E-04
2.00E-04

1.57E-03

1.57E-03
1.66E-03

1.66E-03
2.00E-04

2.00E-04
1.46E-03
1.06E-03

1.06E-03
1.46E-03
1.46E-03
5.14E-04
5.14E-04
4.00E-04
4.00E-04
1.66E-03
1.66E-03
4.00E-04
4.00E-04
4.00E-04
1.46E-03
1.46E-03

EA6
1.66E-03
1.66E-03

2.00E-04
2.00E-04
1.57E-03
1.57E-03
1.66E-03
1.66E-03
2.00E-04
2.00E-04
1.46E-03

1.06E-03

1.06E-03
1.46E-03

1.46E-03

5.14E-04

5.14E-04
4.00E-04
4.00E-04

1.66E-03
1.66E-03

4.00E-04
4.00E-04

4.00E-04
1.46E-03

1.46E-03

EA6
1.66E-03
1.66E-03
2.00E-04
2.00E-04
1.57E-03

1.57E-03
1.66E-03

1.66E-03
2.00E-04

2.00E-04
1.46E-03

1.06E-03
1.06E-03
1.46E-03
1.46E-03
5.14E-04
5.14E-04
4.00E-04
4.00E-04
1.66E-03
1.66E-03
4.00E-04
4.00E-04
4.00E-04
1.46E-03
1.46E-03
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maximally exposed member of the general population is not of great concern. Table 33 shows
that the largest value (peak result) calculated for an individual, 50-year centerline dose for a
person located 0.5 mile from the accident location was 6.61 x 10-2Sv and that this result was
obtained for the Philadelphia calculations that used the BR-2 inventory, EA6 release fractions,
and Washington DC weather. Table 34 shows that the conditional probability of this result is
5.14 x 104 (conditional on the accident having occurred). Since the probability of occurrence
of an EA6 accident is 6 x 10-10per port call, the chance that a maximally exposed individual
will receive an accident dose that is 2.7 times smaller than a normal, 50-year individual dose is
about 3 x 10-13per port call.

Table 31 shows that the number of cancer deaths, expected to occur 20”to 40 years after the
accident among the population located at the time of the accident within 50 miles of the
accident site, ranges from 4.1 x 10-7for the MOTSU dock calculation that used the TRIGA
inventory, EA4 release fractions, and Cape Hatteras weather, to almost 3 for the Newark
channel calculation that used the BR-2 inventory, EA5 release fractions, and New York City
weather. If all three of the cancer deaths predicted to occur as a result of the accident at the
Newark site should happen to occur in the same year, then the death rate among the two
million people exposed to radiation by this accident would be 3/2 x 106 = 1.5 x 10-6 deaths
per year. Since the normal death rate due to all types of cancer is about 200 deaths per
100,000 people per year ~A92] or 2.0 x 10-3 deaths per year, the largest mean (expected)
death rate for any base case calculation is 1000 times smaller than the normal death rate due to
cancer.

Table 33 shows that the largest number of cancer deaths obtained for any weather trial in any
base case calculation was 60 and that this result was obtained for the Newark channel
calculation that used the BR-2 inventory, EA6 release fractions, and New York City weather.
Again, if all of these deaths were to occur in the same year, 20 to 40 years in the future (a
very improbable outcome), the death rate during that year among the population exposed to
radiation by the accident would be 3 x 10-5or 68 times lower than the normal death rate due to
cancer among this population. Table 34 shows that the conditional probability of this result is
7.65 x 10-5(conditional on the occurrence of the accident), and thus the absolute probability of
occurrence of this result is about 5 x 10-14per port call, as the probability of occurrence of an
EA6 accident is about 6 x 10-10per port call. Thus, even the largest number of cancer deaths
predicted by this MACCS calculation would be wholly undetectable in the exposed population
by the best of epidemiological studies.

Figures 26 and 27 present CCDFS for population dose and cancer fatalities among the
population located within 50 miles of the accident site (0-80 km) for each of the thirteen ports
studied. The figures display the range and probability (conditional on the occurrence of the
accident) of these two consequence measures. Figure 26 shows that any large accident (a ship
collision that leads to an EA5 release from a BR-2 inventory is a large accident) will lead to a
50-year population dose of 0.1 Sv, that the values of the 99th quantile (conditional probability
of 1.OE-02) range from about 20 Sv to about 400 Sv, and that the largest (peak) result
calculated ranges from about 46 Sv to about 1100 Sv. Figure 27 shows that a large accident
has about one chance in 10 (range of 0.002 to 0.6) of causing at least one cancer death among
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the exposed population 20 to 40 years in the future, that the values of the 99.9th quantile range
from 1 cancer fatality toabout 40 cancer deaths, andt.hatthelargest (peak) result calculated
ranges from 1.4 to 55 deaths due to cancer some 20 to 40 years after the time of the accident,

Figure 28 presents CCDFS for the 50-year population dose and cancer fatalities for the
distance range 0-80.5 km for both the dock and channel locations at the Charleston port.
Figures 29 through 39 present the same set of CCDFS for each of the other twelve ports
examined. In all of these figures, the two cancer fatality CCDFS lie below and to the left of
the two population dose CCDFS. These figures show that at ten of the fourteen ports the dock
and channel CCDFS for both population dose and cancer fatalities are quite similar; and that at
the remaining four ports (Concord, Charleston, Savannah, and Wihr&gton) the dock and
channel CCDFS are similar until the 99th quantile is reached (that is, lower quantiles differ
significantly). These results show that moving the coordinates of the origin of a population
distribution a small distance (a few miles) has little effect on population dose or cancer
fatalities among a population located within 50 miles of the accident location (Table 19 lists
the coordinates of the origins of the polar coordinate population distributions used in these
calculations).

4.3 High-Temperature Calculations

The high-temperature calculations estimated the consequences that might result if any one
of twenty ship accidents (4 inventories, each run with 5 sets of release fractions, the release
fractions for Accident Categories EIS4, EIS5A, EIS5B, EIS6A, and EIS6B) occurred at any of
the twenty-six accident locations examined. Thus, 4 x 5 x 26 = 520 high-temperature
MACCS calculations were performed.

The five accident categories examined by this set of calculations consist of two high-
temperature categories, two lower temperature categories, and one ambient temperature
category. Section 3.2.3 described the development of the release fkactions used in these
calculations.

The two high-temperature Accident Categories, EIS5B and EIS6B, address the behavior of
spent research reactor fuels when heated to temperatures above 900 K, where Al-U alloy fuels
melt and, if exposed to air, TRIGA fuel burns. The two lower-temperature categories, EIS5A
and EIS6A, address the behavior of spent research reactor fuels when exposed to severe fires
that do not heat the fuels to temperatures that exceed 900 K. The one ambient-temperature
category addresses the behavior of research reactor fiels during ship collisions that do not lead
to fries. Although only two of the five categories address high-temperature events, where fiel
melting or combustion may occur, MACCS calculations were performed for all five categories
because their release fractions and/or their probabilities of occurrence differed significantly
from those specified in the EA for Accident Categories EA4, EA5, and EA6.

As was the case for the EA Accident Category MACCS calculations (the base case
calculations), no early fatalities or injuries were predicted for any of the 520 EIS accident
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1.OE+OO

1,OE-01

1.OE-02

1.OE-03

1,OE-04

1.OE-05

1.OE-06

c D CD

I 1 1

1.OE-01 I. OE+OO I. OE+O1 1.0E+02 1.0E+03

Total Cancer Fatalitiesand Population Dose (Sv)

Figure 30. Total Cancer Fatalities and EDE Whole Body Population Dose (Sv), 0-80 km, Galveston Dock (D)
and Channel (C) Locations, BR-2 Inventory, EA5 Release Fractions, Variable Meteorology
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Figure 33. Total Cancer Fatalities and EDE Whole Body Population Dose (Sv), 0-80 km, Newark Dock (D)
and Channel (C) Locations, BR-2 Inventory, EA5 Release Fractions, Variable Meteorology
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Figure 34. Total Cancer Fatalities and EDE Whole Body Population Dose (Sv), 0-80 km, Norfolk Dock (D)
and Channel (C) Locations, BR-2 Inventory, EA5 Release Fractions, Variable Meteorology
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Figure 36. Total Cancer Fatalities and EDE Whole Body Population Dose (Sv), 0-80 km, Portland Dock (D)
and Channel (C) Locations, BR-2 Inventory, EA5 Release Fractions, Variable Meteorology
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category calculations. And, as was done for the base, case calculations, the results of the high-
temperature series of calculations are also summarized in result tables, which are archived in
Part C of the Appendix.

.

.—

—

Values for Population Dose, Cancer Fatalities, and Costs for the distance range 0-80 km, and
Centerline Dose and Centerline Cancer Risk for the distance range O-1.6 km are presented
in Table 35, Mean (Expected) Values; Table 36, 99.9th Quantile Values; Table 37, Largest
(Peak) Result Calculated; and Table 38, Conditional Probability of the Largest Result
Calculated. Table 35 shows that the expected total 50-year population dose within 50 miles
(80.5 km) of the accident location varies from a low of 2.87 x 10-5 Sv for the MOTSU dock
calculation that used the RHF inventory, EIS4 release fractions, and Cape Hatteras weather to
a high of 6440 Sv for the Newark dock calculation that used the BR-2 inventory, EIS6B
release fractions, and New York City weather. Since the total population within 50 miles of
the Newark channel accident location is about 16 million people and typical plumes are about
two compass sectors wide, a typical accident plume will expose about two million people to —

radiation. Therefore, for the mean result obtained for the largest high-temperature event, the
average 50-year individual dose over the total exposed population is about 6440 Sv/2.O x 106
people = 3.2x 10-3Sv per person, which is 56 times smaller than the average 50-year 0.18 Sv —

dose people normally receive from mtural and routine man-made exposures DEIR90].

.—

—

. _.

Table 37 shows that the largest value (peak result) calculated for the 50-year population dose
within 50 miles of any accident location was 1.44 x 105 Sv and that this result was obtained
for the Newark channel calculation that used the BR-2 inventory, EIS6B release fractions, and
New York City weather. Dividing by the two million people exposed by the accident gives an

—

average 50-year individual dose over the exposed population of about 7.2 x 10-2Sv, which is
2.5 times smaller than the average individual 0.18 Sv dose people would normally receive over
a 50-year period. In addition, Table 38 shows that the probability of this result was 1.45 x

-.

10-5, conditional on the accident having occurred. Since the probability of this accident
occurring is about 6 x 10-11per port call, the chance of having this result is about 9 x 10-16per —
port call.

Table 35 also shows that mean (expected) individual 50-year centerline doses at a distance of
0.5 miles from the accident location (the midpoint of the O-1.6 km computational interval)
range from a low of 2.51 x 10-8Sv for the Concord and Los Angeles calculations that used the
RHF inventory, EIS5A release fractions, and Santa Maria CA weather, to a high of 2.68 x
10-2Sv for the Portland, Seattle, and Tacoma calculations that used the Osiris inventory,
EIS6B release fractions, and Seattle weather. Thus, the largest expected 50-year individual
dose is about 6.7 times smaller than a normal 50-year individual dose. Table 37 shows that
the largest value (peak result) calculated for the individual centerline dose for a person located
0.5 mile from the accident location was 0.275 Sv and that this result was obtained for the
Galveston calculations that used the Osiris inventory, EIS6B release fractions, and Lake
Charles LA weather. Table 34 shows that the probability of this result is 9.75 x 10-6
conditional on the accident having occurred. Since the probability of occurrence of an EIS6B
accident is about 6 x 10-1I per port call, the chance that a maxixnally exposed individual will

—-

--J

—

-4

—

—.
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Table 35. Mean Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories

EDEWhole Body Population Dose, 0-80 km (SV)

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS- C

MOT-D

NEW-D

NEW- C

NVK-ii

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

2.38E-04

3.76E-04

4.37E-04

9.33E-04

7.24E-04

3.22E-04

2.78E-04

2.56E-04

2.llE-03

7.98E-04

7.23E-05

2.31E-03

3.74E-03

5.4YE-134

3.OIE-04
1.76E-03

8.40E-04

7.65E-04

5.30E-04

5.58E-04

1.34E-04

1.30E-04

5.51E-04

3.85E-04

3.78E-04

9.63E-05

1.35E-03

1.35E-03

6.06E-03

9.53E-03
4.57E-03

4.52E-03

2.19E-03

1.74E-03

1.35E-02

1.22E-02

7.73E-04

1.83E-02

1.93E-02
-_—~--,u~-~~

2.14E-03

8.llE-03

7.93E-03

3.67E-03

3.53E-03

1.63E-03

1.31E-03

2.35E-03

5.19E-03

4.34E-03

1.59E-03

7.48E-04

4.48E+01

4.48E+01

2.25E+02

3.60E+02

1.55E+02

1.54E+02

7.39E+01

5.77E+01

5.13E+02

4.64E+02

2.25E+01

7.12E+02

7.49E+02
~.2qE+oi

7.21E+01

3.05E+02

2.98E+02

1.27E+02

1.22E+02

5.22E+01

4.13E+01

8.21E+01

1.89E+02

1.56E+02

5.14E+01

2.22E+01

1.91E-03

1.93E-03

9.llE-03

1.38E-02

7.09E-03

6.99E-03

3.08E-03

2.52E-03

1.94E-02

1.77E-02

1.16E-03

2.55E-02

2.64E-02
--—

3. 13E-03

3.04E-03

1.13E-02

1.15E-02

5.27E-03

5.13E-03

2.37E-03

1.92E-03

3.64E-03

7.70E-03

6.39E-03

2,34E-03

1.13E-03

3.84E+02

3.73E+02

2.24E+03

3.45E+03

1.55E+03

1.56E+03

6.48E+02

5.20E+02

4.87E+03

4.47E+03

2,14E+02

6.44E+03

6.39E+03
--—

7.vblH.i32

6.47E+02
2.64E+03

2.75E+03

1.15E+03

1.14E+03

4.29E+02

3.75E+02

8.37E+02
1.83E+03

1.51E+03

4.61E+02

2.12E+02

EIS4

9.50E-05

1.50E-04

1.74E-04

3.72E-04
2.89E-04

1.29E-04

1.1OE-O4

1.02E-04

8.42E-04

3.19E-04

2.87E-05

9.24E-04

1.49E-03

2.i9E-04

1.20E-04

7.OIE-04

3.35E-04

3.05E-04

2.llE-04

2.22E-04

5.30E-05

5.20E-05

2.20E-04

1.53E-04

1.51E-04

3.84E-05

EIS5A

5.36E-04

5.37E-04

2.42E-03

3.80E-03

1.83E-03

1.80E-03

8.69E-04

6.91E-04

5.39E-03

4.88E-03

3.08E-04

7.32E-03

7.70E-03

i.uw-u3

8,55E-04

3.23E-03

3.16E-03

1.46E-03

1.41E-03

6.49E-04

5.20E-04

9.38E-04

2.07E-03

1.73E-03

6.34E-04

2.98E-04

RHF

EIS5B

1.67E+01

1.68E+01

8.68E+01

1.41E+02

5.90E+01

5.83E+01

2.78E+01

2.16E+01

2,01E+02

1.82E+02

8.08E+O0

2.81E+02

2.97E+02

3.53E+U1

2.74E+01

1.19E+02

1.16E+02

4.84E+01

4.64E+01

1.94E+01

1.50E+01

3.09E+01

7.26E+01

5.98E+01

1.94E+01

8.1OE+OO

EIS6A

7,58E-04

7.68E-04

3.63E-03

5.49E-03

2.83E-03

2.79E-03

1.22E-03

1.00E-03

7.75E-03

7.08E-03

4.63E-04

1.02E-02

1.05E-02

1.49E-03

1.21E-03

4.50E-03

4.57E-03

2.1OE-O3

2.05E-03

9.40E-04

7.60E-04

1.45E-03

3.07E-03

2;55E-03

9.32E-04

4.50E-04

EIS6B

1.51E+02

1.49E+02

8,66E+02

1.35E+03

5.94E+02

5.95E+02

2.53E+02

2.01E+02

1.92E+03

1.76E+03

7.89E+01

2.59E+03

2.65E+03

3.13E+02

2.52E+02

1.08E+03

1.11E+03

4.52E+02

4.39E+02

1.71E+02

1.42E+02

3.18E+02

7.13E+02

5.83E+02

1.80E+02

7.88E+01

1 i
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Table 35. Mean Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

EDEWhole Body Population Dose, 0-80 km (SV)

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CRA-D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT- D

NEW-D

NEW-C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

2.83 E-04

4.64 E-04

5.25E-04

1.18E-03

8.76E-04

3.68E-04

3.26E-04

3.00E-04

2.68E-03

1.00E-03

7.34E-05

2.95E-03

4.79E-03

6.79E-04

3.66E-04

2.23E-03

1.05E-03

9.49E-04

6.45E-04

6.82E-04

1.42E-04

1.46E-04

6.68E-04

4.68E-04

4.58E-04

1.07E-04

[

1.48E-03

1.48E-03

7.21E-03

1.17E-02

5.18E-03

5.1OE-O3

2.46E-03

1.93E-03

1.69E-02

1.53E-02

7.92E-04

2.31E-02

2.43E-02

3.12E-03

2.45E-03

9.96E-03

9.72E-03

4.22E-03

4.06E-03

1.74E-03

1.38E-03

2.63E-03

6.13E-03

5.1OE-O3

1.74E-03

7.79E-04

(.

3.76E+01

3.77E+01

2.06E+02

3.39E+02

1.37E+02

1.35E+02

6.34E+01

4.89E+01

4.89E+02

4.42E+02

1.73E+01

6.86E+02

7.25E+02

8.23E+01

6.34E+01

2.87E+02

2.79E+02

1.13E+02

1.08E+02

4.25E+01

3.28E+01

7.14E+01

1.72E+02

1.41E+02

4.37E+01

1.76E+01

2.07E-03

2.1OE-O3

1.08E-02

1.69E-02

8.02E-03

7.90E-03

3.42E-03

2.77E-03

2.42E-02

2.21E-02

1.19E-03

3.21E-02

3.32E-02

4.27E-03

3.44E-03

1.38E-02

1.40E-02

6.02E-03

5.85E-03

2.50E-03

2.00E-03

4.08E-03

9.07E-03

7.47E-03

2.55E-03

1.17E-03

i

3.32E+02

3.22E+02

2.05E+03

3.24E+03

1.37E+03

1.38E+03

5.68E+02

4.47E+02

4.64E+03

4.25E+03

1.67E+02

6.24E+03

6.28E+03

7.07E+02

5.74E+02

2.54E+03

2.62E+03

1.03E+03

1.01E+03

3.58E+02

3.07E+02

7.33E+02

1.68E+03

1.37E+03

3.95E+02

1.69E+02

[

EIS4

2.97E-04

4.57E-04

5.43E-04

1.13E-03

8.94E-04

4.13E-04

3.48E-04

3.21E-04

2.54E-03

9.70E-04

9.72E-05

2.77E-03

4.45E-03

6.68E-04

3.70E-04

2.llE-03

1.02E-03

9.32E-04

6.52j3-04

6.81E-04

1.75E-04

1.68E-04

6.81E-04

4.74E-04

4.65E-04

1.24E-04

EIS5A

5.92E-01

5.95E-01

3.1OE+OO

5.03E+O0

2.llE+OO

2.07E+O0

9.84E-01

7.65E-01

7.21E+O0

6.52E+O0

2.83E-01

1.OIE+O1

1.07E+01

1.26E+O0

9.71E-01

4.28E+O0

4.16E+O0

1.72E+O0

1.65E+O0

6.88E-01

5.28E-01

1.1OE+OO

2.59E+O0

2.13E+O0

6.89E-01

2.85E-01

TRIGA

EIS5B

6.91E+O0

6.96E+O0

3.62E+01

5.89E+01

2.46E+01

2.42E+01

1.15E+01

8.94E+O0

8.45E+01

7.64E+01

3.32E+O0

1.18E+02

1.25E+02

1.47E+01

1.14E+01

5.00E+O1

4.86E+01

2.OIE+O1

1.93E+01

8.02E+O0

6.17E+O0

1.28E+01

3.03E+01

2.49E+01

8.05E+O0

3.34E+O0

EIS6A

8.60E-01

8.76E-01

4.84E+O0

7.56E+O0

3.40E+O0

3.34E+O0

1.42E+O0

1.14E+O0

1.08E+01

9.86E+O0

4.41E-01

1.47E+01

1.53E+01

1.79E+O0

1.42E+O0

6.19E+O0

6.25E+O0

2.55E+O0

2.47E+O0

1.03E+O0

7.95E-01

1.77E+O0

4.00E+OO

3;26E+O0

1.05E+O0

4.45E-01

EIS6B

1.67E+02

1.64E+02

9.70E+02

1.52E+03

6.62E+02

6.64E+02

2.81E+02

2.23E+02

2.17E+03

1.98E+03

8.70E+01

2.91E+03

2.98E+03

3.48E+02

2.81E+02

1.21E+03

1.24E+03

5.03E+02

4.90E+02

1.87E+02

1.56E+02

3.54E+02

7.99E+02

6.53E+02

1.99E+02

8.70E+01

I i,(
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Table 35. Mean Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Total Cancer Fatalities, 0-80 km

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

cm-b

CHA-C

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC- C

LOS-D

LOS-C

MOT-D

NEW-D

NEW- C
Mnv -g..“..

NOR-C

PHI -D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1.05E-05

1.65E-05

1.90E-05

4.08E-05

3.16E-05

1.39E-05

1.22E-05

1.13E-05

9.27E-05

3.48E-05

3.16E-06

1.OIE-04

1.64E-04
~.~~~-~~

1.32E-05

7.72E-05

3.68E-05

3.36E-05

2.32E-05

2.46E-05

5.87E-06

5.60E-06

2.40E-05

1.68E-05

1.66E-05

4.22E-06

5.88E-05

5.89E-05

2.62E-04

4.13E-04

1.96E-04

1.93E-04

9.56E-05

7.59E-05

5.87E-04

5.31E-04

3.36E-05

7.91E-04

8.31E-04
~.~7~-134

9.30E-05

3.50E-04

3.43E-04

1.59E-04

1.53E-04

7.13E-05

5.74E-05

1.OIE-04

2.23E-04

1.87E-04

6.88E-05

3.25E-05

2.04E+O0

2,05E+O0

9.76E+O0

1.53E+01

6.87E+O0

6.83E+O0

3.33E+O0

2.62E+O0

2.17E+01

1.96E+01

1.07E+O0

2.99E+01

3.14E+01
~ .~g~+.~~

3.21E+O0

1.30E+01

1.27E+01

5.63E+O0

5.40E+O0

2.42E+O0

1.94E+O0

3.67E+O0

8.20E+O0

6.81E+O0

2.34E+O0

1.05E+O0

8.32E-05

8.42E-05

3.93E-04

5.95E-04

3.03E-04

2,99E-04

1.34E-04

1.1OE-O4

8.43E-04
7.70E-04

5.06E-05

1.1OE-O3

1.13E-03
~.~~~-~~

1.32E-04

4.86E-04

4.95E-04

2.28E-04

2.22E-04

1.03E-04

8.38E-05

1.56E-04

3.31E-04

2.76E-04

1.OIE-04

4.90E-05

1.76E+01

1.72E+01

9.71E+01

1.47E+02

6.88E+01

6.93E+01

2.93E+01

2.37E+01

2.06E+02

1.89E+02

1.02E+01

2.71E+02

2.68E+02
~.~g~+~~

2.89E+01

1.12E+02

1.17E+02

5.1OE+O1

5.05E+01

2.OIE+O1

1.76E+01

3.74E+01

7.96E+01

6.59E+01

2.llE+O1

1.00E+O1

EIS4

4.19E-06

6.63E-06

7.60E-06

1.64E-05

1.27E-05

5.56E-06

4.86E-06

4.49E-06

3.73E-”05

1.40E-05

1.24E-06

4.08E-05

6.60E-05
~.~~~-n~

5.28E-06

3.llE-05

1.48E-05

1.35E-05

9.31~-06

9.84E-06

2.32E-06

2.23E-06

9.63E-06

6.72E-06

6.65E-06

1.68E-06

EIS5A

2.33E-05

2.33E-05

1.05E-04

1.66E-04

7.81E-05

7.71E-05

3.79E-05

3.OIE-05

2.36E-04

2.13E-04

1.33E-05

3.18E-04

3.34E-04
4.6g~-Q~

3.71E-05

1.41E-04

1.38E-04

6.33E-05

6.1OE-O5

2.81E-05

2.26E-05

4.OIE-05

8.93E-05

7.48E-05

2.73E-05

1.29E-05

RHF

EIS5B

7.55E-01

7.60E-01

3.74E+O0

5.96E+O0

2.60E+O0

2,57E+O0

1.24E+O0

9.71E-01

8.48E+O0
7.67E+O0

3.83E-01

1.18E+01

1.24E+01
~.~~~+QQ

1.21E+O0

5.06E+O0

4.93E+O0

2.13E+O0

2.04E+O0

8.92E-01

7.00E-01

1.37E+O0

3.14E+O0

2.60E+O0

8.76E-01

3.79E-01

EIS6A

3.29E-05

3.33E-05

1.57E-04

2.39E-04

1.21E-04

1.19E-04

5.33E-05

4.36E-05

3.39E-04

3.09E-04

2.00E-05

4.42E-04

4.56E-04
g.~g~-()~

5.26E-05

1.95E-04

1.98E-04

9.07E-05

8.84E-05

4.07E-05

3.30E-05

6.21E-05

1.32E-04

1:1OE-O4

4.00E-05

1.94E-05

EIS6B

6.87E+O0

6.81E+O0

3.73E+01

5.72E+01

2.62E+01

2.63E+01

1.14E+01

9.08E+O0

8.09E+01
7.40E+01

3.74E+O0

1.08E+02

1.11E+02
~.~~~+~~

1.12E+01

4.60E+01

4.71E+01

1.99E+01

1.94E+01

7.95E+O0

6.64E+O0

1.41E+01

3.08E+01

2.53E+01

8.18E+O0

3.70E+O0

1
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Table 35. Mean Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Total Cancer Fatalities, 0-80 km

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC-D

CNC-C

GAL-D

GAL-C

JAC -D

JAC- C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR- D

NOR- C

PHI -D

PHI-C

POR-D

POR-C

SAV- D

SAV-C

SEA-C

TAC- D

TAC- C

WIL-D

WIL-C

1.22E-05

2.00E-05

2.23E-05

5.03E-05

3.74E-05

1.56E-05

1.40E-05

1.29E-05

1.15E-04

4.29E-05

3.14E-06

1.26E-04

2.05E-04

2.92E-05

1.57E-05

9.60E-05

4.51E-05

4.07E-05

2.77E-05

2.94E-05

6.1OE-O6

6.14E-06

2.85E-05

2.00E-05

1.97E-05

4.58E-06

6.33E-05

6.32E-05

3.05E-04

4.97E-04

2.17E-04

2.14E-04

1.05E-04

8.24E-05

7.19E-04

6.49E-04

3.37E-05

9.76E-04

1.03E-03

1.33E-04

1.04E-04

4,21E-04

4.12E-04

1.79E-04

1.72E-04

7.43E-05

5.89E-05

1.llE-04

2.58E-04

2.15E-04

7.35E-05

3.31E-05

i 1,

1.68E+O0

1.69E+O0

8.82E+O0

1.43E+01

5.97E+O0

5.91E+O0

2.80E+O0

2.18E+O0

2.05E+01

1.85E+01

8.llE-01

2.87E+01

3.03E+01

3.58E+O0

2.77E+O0

1.21E+01

1.18E+01

4.91E+O0

4.70E+O0

1.93E+O0

1.51E+O0

3.14E+O0

7.38E+O0

6.08E+O0

1.95E+O0

8.14E-01

I

8.84E-05

8.94E-05

4.56E-04

7.14E-04

3.36E-04

3.31E-04

1.46E-04

1.18E-04

1.03E-03

9.39E-04

5.06E-05

1.35E-03

1.40E-03

1.81E-04

1.46E-04

5.82E-04

5.92E-04

2.54E-04

2.48E-04

1.07E-04

8.54E-05

1.71E-04

3.82E-04

3.15E-04

1.07E-04

4.98E-05

I

1.49E+01

1.45E+01

8.78E+01

1.37E+02

5.97E+01

6.02E+01

2.52E+01

2.00E+O1

1.95E+02

1.79E+02

7.86E+O0

2.61E+02

2.62E+02

3.09E+01

2.52E+01

1.07E+02

1.11E+02

4.50E+01

4.41E+01

1.65E+01

1.42E+01

3.22E+01

7.21E+01

5.91E+01

1.77E+01

7.84E+O0

I

EIS4

1.24E-05

1.90E-05

2.23E-05

4.63E-05

3.70E-05

1.71E-05

1.45E-05

1.34E-05

1.04E-04

3.96E-05

4.13E-06

1.13E-04

1.83E-04

2.76E-05

1.53E-05

8.67E-05

4.19E-05

3.85E-05

2.70E-05

2.83E-05

7.42E-06

6.93E-06

2.81E-05

1.95E-05

1.93E-05

5.22E-06

I I

EIS5A

2.67E-02

2.69E-02

1.33E-01

2.13E-01

9.28E-02

9.13E-02

4.38E-02

3.43E-02

3.04E-01

2.75E-01

1.34E-02

4.22E-01

4.46E-01

5.50E-02

4.28E-02

1.81E-01

1.76E-01

7.54E-02

7.23E-02

3.16E-02

2.45E-02

4.85E-02

1.12E-01

9.23E-02

3.1OE-O2

1.33E-02

TRIGA

EIS5B

3.llE-01

3.13E-01

1.55E+O0

2.50E+O0

1.08E+O0

1.06E+O0

5.12E-01

4.00E-01

3.57E+O0

3.23E+O0

1.56E-01

4.95E+O0

5.23E+O0

6.44E-01

5.OIE-01

2.12E+O0

2.07E+O0

8.81E-01

8.45E-01

3.66E-01

2.85E-01

5.64E-01

1.30E+O0

1.08E+O0

3.61E-01

1.55E-01

EIS6A

3.90E-02

3.97E-02

2.08E-01

3.21E-01

1.50E-01

1.47E-01

6.38E-02

5.15E-02

4.55E-01

4.16E-01

2.09E-02

6.15E-01

6.39E-01

7.86E-02

6.27E-02

2.63E-01

2.65E-01

1.12E-01

1.09E-01

4.73E-02

3.71E-02

7.82E-02

1.73E-01

1,41E-01

4.74E-02

2.08E-02

EIS6B

7.54E+O0

7.43E+O0

4.17E+01

6.44E+01

2.90E+01

2.91E+01

1.25E+01

1.00E+O1

9.15E+01

8.38E+01

4.08E+O0

1.22E+02

1.25E+02

1.53E+01

1.24E+01

5.16E+01

5.29E+01

2.21E+01

2.15E+01

8.61E+O0

7.24E+O0

1.56E+01

3.44E+01

2.83E+01

8.95E+O0

4.04E+O0

[
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Table 35. Mean Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Total Costs, 0-80 km

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

Los-n

Los-c

MOT-D

NEW-D

NEW- C
?.,nll–n..”’.“

NOR- C

PHI-D

PHI-C

POR-D

??OR-C

SAV-D

SAV- C

SEA-C

TAC -D

‘TAC-C

WIL-D

Full-c

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
n nnv~nn“ .v“- .“-

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
Q.!3fi~+~Q

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

2.09E+04

6.54E+04

1.26E+03

2.64E+01

1.91E+05

3.42E+03

4.20E+03

1.69E+04

1.30E+04

4.28E+O0

1.19E+03

1.86E+05

6.15E+05
~ .~~~+~d

2.13E+04

1.26E+05

3.40E+04

1.49E+04

2.12E+04

1.28E+05

1.42E+03

2.51E+01

6.55E+02

4.95E+01

9.64E+04

1.54E+04

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
Q.cloE+Qn

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.84E+06

3.56E+06

1.86E+05

8.31E+05

3.17E+06

1.06E+06

1.83E+06

1.81E+06

2.92E+06

2.00E+05

1.03E+05

2.06E+07

5.47E+07

4:94E+Q6

2.08E+06

1.35E+07

4.31E+06

5.38E+06

2.43E+06

4.69E+06

3.07E+05

4.95E+04

1.84E+06

6.51E+05

2.56E+06

3.32E+05

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.130E+O0

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.oop+oo

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS5A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

RHF

EIS5B

2.35E+03

7.19E+03

5.67E+O0

0.00E+OO

1.75E+04

3.25E+02

4.79E+02

1.90E+03

1.OIE+O1

9.46E-02
1.80E+02

7.23E+03

2.34E+04
3.73E+03

1.44E+03

1.24E+04

3.37E+03

7.41E+02

1.04E+03

1.43E+04

1.95E+02

1.35E-01

1.55E+02

2.66E-01

6.64E+03

1.13E+03

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

EIS6B

2.29E+05

7.1OE+O5

1.48E+04

5.40E+04

1.03E+06

1.40E+05

1.54E+05

3.22E+05

3.17E+05

2.41E+02

8.89E+03

2.69E+06

7.63E+06

6.36E+05

1.93E+05

2.08E+06

6.32E+05

5.29E+05

3.67E+05

1.11E+06

1.98E+04

1.39E+03

1.17E+05

2.42E+04

6.78E+05

1.01E+05

I
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Table 35. Mean Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Total Costs,

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW-D

NEW- C

NOR -D

NOR- C

PHI -D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0,00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

I I

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.07E+04

3.33E+04

4.97E+02

1.33E+01

7.69E+04

1.72E+03

2.02E+03

8.42E+03

5.16E+03

1.25E+O0

5.54E+02

2.75E+04

8.98E+04

2.79E+04

1.08E+04

5.46E+04

1.47E+04

7.47E+03

1.06E+04

6.58E+04

7.17E+02

1.35E+O0

3.35E+02

2.66E+O0

4.90E+04

7.82E+03

I

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

7.78E+05

1.91E+06

1.02E+05

4.99E+05

2.42E+06

6.00E+05

7.34E+05

9.90E+05

1.82E+06

8.19E+04

3.22E+04

1.07E+07

2.92E+07

2.60E+06

8.42E+05

7.1OE+O6

2.29E+06

2.85E+06

1.57E+06

2.81E+06

9.78E+04

1.75E+04

6.76E+05

1.65E+05

1.71E+06

2.27E+05

U-uu m

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

I ‘1

EIS5A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

I

TRIGA

EIS5B

1.87E+01

1.00E+O1

4.99E+O0

0.00E+OO

3.83E+01

1.52E+01

3.97E+01

5.1OE+O1

8.90E+O0

8.31E-02

4.05E+01

4.llE+O1

2.07E+01

1.18E+01

6.93E+O0

2.38E+01

8.42E+O0

1.80E+O0

2.00E+OO

4.65E+01

2.60E+01

0.00E+OO

4.50E+O0

0.00E+OO

5.67E+01

3.26E+01

EIS6A

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

EIS6B

2.93E+05

9.02E+05

1.95E+04

9.56E+04

1.24E+06

2.19E+05

2.13E+05

4.27E+05

4.64E+05

6.32E+02

1.07E+04

3.68E+06

1.01E+07

9.44E+05

2.95E+05

2.85E+06

8.58E+05

8.68E+05

5.36E+05

1.36E+06

2.60E+04

1.39E+03

1.74E+05

2.96E+04

7.76E+05

1.08E+05

I
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Table 35. Mean Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Individual Centerline EDE Whole Body Dose, 0-1.6 km (SV)

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

cm-c

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS -C

MOT -D

NEW-D

NEW-C

NOR -D

NOR -C

PHI-D

PHI-C

POR-D

Poll-c

SAV-D

SAV-C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

1.16E-06

1.16E-06

1.45E-06

1.45E-06

1.25E-06

1.25E-06

1.16E-06

1.16E-06

1.45E-06

1.45E-06

7.13E-07

7.99E-07

7.99E-07

7.13E-07

7.13E-07

1.36E-06

1.36E-06

1.OIE-06

1.OIE-06

1.16E-06

1.16E-06

1.OIE-06

1.OIE-06

1.OIE-06

7.13E-07

7.13E-07

I

2.29E-07

2.29E-07

7.98E-08

7.98E-08

2.19E-07

2,19E-07

2.29E-07

2.29E-07

7.98E-08

7.98E-08

2.18E-07

4.15E-07

4.15E-07

2.18E-07

2.18E-07

2.llE-07

2.llE-07

2.62E-07

2.62E-07

2.29E-07

2.29E-07

2.62E-07

2.62E-07

2.62E-07

2.18E-07

2.18E-07

5.40E-03

5.40E-03

2.24E-03

2.24E-03

5.04E-03

5.04E-03

5.40E-03

5.40E-03

2.24E-03

2.24E-03

5.64E-03

1.17E-02

1.17E-02

5.64E-03

5.64E-03

5.83E-03

5.83E-03

7.42E-03

7.42E-03

5.40E-03

5.40E-03

7.42E-03

7.42E-03

7.42E-03

5.64E-03

5.64E-03

3.32E-07

3.32E-07

1.05E-07

1.05E-07

3.24E-07

3.24E-07

3.32E-07

3.32E-07

1.05E-07

1.05E-07

2.61E-07

4.52E-07

4.52E-07

2.61E-07

2.61E-07

3.08E-07

3.08E-07

3.87E-07

3.87E-07

3.32E-07

3.32E-07

3.87E-07

3.87E-07

3.87E-07

2.61E-07

2.61E-07

I J I

1.19E-02

1.19E-02

8.26E-03

8.26E-03

6.93E-03

6.93E-03

1.19E-02

1.19E-02

8.26E-03

8.26E-03

1.29E-02

1.83E-02

1.83E-02

1.29E-02

1.29E-02

1.23E-02

1.23E-02

2.68E-02

2.68E-02

1.19E-02

1.19E-02

2.68E-02

2.68E-02

2.68E-02

1.29E-02

1.29E-02

EIS4

9.70E-07

9.70E-07

1.21E-06

1.21E-06

1.05E-06

1.05E-06

9.70E-07

9.70E-07

1.21E-06

1.21E-06

6.03E-07

6.80E-07

6.80E-07

6.03E-07

6.03E-07

1.13E-06

1.13E-06

8.56E-07

8.56E-07

9.70E-07

9.70E-07

8.56E-07

8.56E-07

8.56E-07

6.03E-07

6.03E-07

EIS5A

1.06E-04

1.06E-04

3.52E-05

3.52E-05

1.OIE-04

1.OIE-04

1.06E-04

1.06E-04

3.52E-05

3.52E-05

9.66E-05

1.81E-04

1.81E-04

9.66E-05

9.66E-05

9.77E-05

9.77E-05

1.17E-04

1.17E-04

1.06E-04

1.06E-04

1.17E-04

1.17E-04

1.17E-04

9.66E-05

9.66E-05

TRIGA

EIS5B

1.23E-03

1.23E-03

4.12E-04

4.12E-04

1.18E-03

1.18E-03

1.23E-03

1.23E-03
4.12E-04

4.12E-04

1.13E-03

2.12E-03

2.12E-03

1.13E-03

1.13E-03

1.14E-03

1.14E-03

1.37E-03

1.37E-03

3..23E-O3

1.23E-03

1.37E-03

1.37E-03

1.37E-03

1.13E-03

1.13E-03

EIS6A

1.61E-04

1.61E-04

4.93E-05

4.93E-05

1.57E-04

1.57E-04

1.61E-04

1.61E-04

4.93E-05

4.93E-05

1.25E-04

2.16E-04

2.16E-04

1.25E-04

1.25E-04

1.49E-04

1.49E-04

1.81E-04

1.81E-04

1.61E-04

1.61E-04

1.81E-04

1.81E-04

1.81E-04

1.25E-04

1.25E-04

EIS6B

8.68E-03

8.68E-03

5.70E-03

5.70E-03

7.97E-03

7.97E-03

8.68E-03

8.68E-03

5.70E-03

5.70E-03

1.04E-02

1.82E-02

1.82E-02

1.04E-02

1.04E-02

1.15E-02

1.15E-02

1.56E-02

1.56E-02

8.68E-03

8.68E-03

1.56E-02

1.56E-02

1.56E-02

1.04E-02

1.04E-02

I I I I
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Table 35. Mean Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Individual Centerline Cancer Risk, 0-1.6 km

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC-D

CNC- C!

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW-D

NEW-C

NOR-D

NOR- C

PHI-D

PHI-C

.POR-D

POR-C

SAV- D

SAV- C

SEA- c

TAC- D

TAC- C

WIL-D

WIL-C

4.08E-08

4.08E-08

5.1OE-O8

5.1OJ3-O8

4.40E-08

4.40E-08

4.08E-08

4.08E-08

5.1OE-O8

5.1OE-O8

2.50E-08

2.79E-08

2.79E-08

2.50E-08

2.50E-08

4.77E-08

4.77E-08

3.53E-08

3.53E-08

4.08E-08

4.08E-08

3.53E-08

3.53E-08

3.53E-08

2.50E-08

2.50E-08

7.71E-09

7.71E-09

2.70E-09

2.70E-09

7.35E-09

7.35E-09

7.71E-09

7,71E-09

2.70E-09

2.70E-09

7.38E-09

1.41E-08

1.41E-08

7.38E-09

7.38E-09

7.llE-09

7.llE-09

8.85E-09

8.85E-09

7.71E-09

7.71E-09

8.85E-09

8.85E-09

8.85E-09

7.38E-09

7.38E-09

2.08E-04

2.08E-04

8.94E-05

8.94E-05

1.77E-04

1.77E-04

2.08E-04

2,08E-04

8.94E-05

8.94E-05

2.02E-04

4.30E-04

4,30E-04

2.02E-U4

2.02E-04

2.30E-04

2,30E-04

3.llE-04

3.llE-04

2.08E-04

2.08E-04

3.llE-04

3.llE-04

3.llE-04

2.02E-04

2.02E-04

1.12E-08

1.12E-08

3.55E-09

3.55E-09

1.09E-08

1.09E-08

1.12E-08

1.12E-08

3.55E-09

3.55E-09

8.78E-09

1.52E-08

1.52E-08
~.~~~-(j~

8.78E-09

1.04E-08

1.04E-08

1.31E-08

1.31E-08

1.3.2E-08

1.12E-08

1.31E-08

1.31E-08

1.31E-08

8.78E-09

8.78E-09

4.76E-04

4.76E-04

3.14E-04

3.14E-04

2.79E-04

2.79E-04

4.76E-04

4.76E-04

3.14E-04

3.14E-04

4.74E-04

5.78E-04

5.78E-04

< .74E-04

4.74E-04

4.79E-04

4.79E-04

1.OIE-03

1.OIE-03

4.76E-04

4.76E-04

1.OIE-03

1.OIE-03

1.OIE-03

4.74E-04

4.74E-04

EIS4

1.65E-08

1.65E-08

2.07E-08

2.07E-08

1.79E-08

1.79E-08

1.65E-08

1.65E-08

2.07E-08

2.07E-08

1.OIE-08

1.13E-08

1.13E-08

1.OIE-08

1.OIE-08

1.94E-08

1.94E-08

1.43E-08

1.43E-08

1.65E-08

1.65E-08

1.43E-08

1.43E-08

1.43E-08

1.OIE-08

1.OIE-08

EIS5A

3.1OE-O9

3.1OE-O9

1.09E-09

1.09E-09

2.96E-09

2.96E-09

3.1OE-O9

3.1OE-O9

1.09E-09

1.09E-09

2.97E-09

5.66E-09

5.66E-09
9 07’7-09‘../,-

2.97E-09

2.86E-09

2,86E-09

3.56E-09

3.56E-09

3.1OE-O9

3.1OE-O9

3.56E-09

3.56E-09

3.56E-09

2.97E-09

2.97E-09

RHF

EIS5B

1.08E-04

1.08E-04

4.09E-05

4.09E-05

1.03E-04

1.03E-04

1.08E-04

1.08E-04

4.09E-05

4.09E-05

1.04E-04

2.06E-04

2.06E-04
~,~4g3_~4

1.04E-04

1.06E-04

1.06E-04

1.34E-04

1.34E-04

1.08E-04

1.08E-04

1.34E-04

1.34E-04

1.34E-04

1.04E-04

1.04E-04

EIS6A

4.49E-09

4.49E-09

1.43E-09

1.43E-09

4.39E-09

4.39E-09

4.49E-09

4.49E-09

1.43E-09

1.43E-09

3.53E-09

6.12E-09

6.12E-09
~.~g~-n9

3.53E-09

4.16E-09

4.16E-09

5.26E-09

5.26E-09

4.49E-09

4.49E-09

5.26E-09

5.26E-09

5J26E-09

3.53E-09

3.53E-09

EIS6B

3.41E-04

3.41E-04

2.18E-04

2.18E-04

3.05E-04

3.05E-04

3.41E-04

3.41E-04

2.18E-04

2.I.8E-04

4.20E-04

6.97E-04

6.97E-04
4.20E-04

4.20E-04

4.40E-04

4.40E-04

6.91E-04

6.91E-04

3.41E-04

3.41E-04

6.91E-04

6.91E-04

6.91E-04

4.20E-04

4.20E-04

I
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Table 35. Mean Values of Population Dose, Cancer Fatalities, Costs,
Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Concluded)

Individual Centerline Cancer Risk, 0-1.6 km

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA- D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C
LOS-D

LOS-C

MOT -D

NEW- D

NEW-C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV- D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

I

5.36E-08

5.36E-08

6.70E-08

6.70E-08

5,79E-08

5.79E-08

5.36E-08

5.36E-08

6.70E-08

6.70E-08

3,26E-08

3.64E-08

3.64E-08

3.26E-08

3.26E-08

6.28E-08

6.28E-08

4.62E-08

4.62E-08

5.36E-08

5.36E-08

4.62E-08

4.62E-08

4.62E-08

3.26E-08

3.26E-08

9.53E-09

9.53E-09

3.37E-09

3.37E-09

9.08E-09

9.08E-09

9.53E-09

9.53E-09

3.37E-09

3.37E-09

9.19E-09

1.76E-08

1.76E-08

9.19E-09

9.19E-09

8.79E-09

8.79E-09

1.1OE-O8

1.1OE-O8

9.53E-09

9.53E-09

1.1OE-O8

1.1OE-O8

1.1OE-O8

9.19E-09

9.19E-09

2.25E-04

2.25E-04

9.32E-05

9.32E-05

2.1OE-O4

2.1OE-O4

2.25E-04

2.25E-04

9.32E-05

9.32E-05

2.35E-04

4.86E-04

4.86E-04

2.35E-04

2.35E-04

2.42E-04

2.42E-04

3.09E-04

3.09E-04

2.25E-04

2.25E-04

3.09E-04

3.09E-04

3.09E-04

2.35E-04

2.35E-04

1.38E-08

1.38E-08

4.41E-09

4.41E-09

1.35E-08

1.35E-08

1.38E-08

1.38E-08

4.41E-09

4.41E-09

1.08E-08

1.88E-08

1.88E-08

1.08E-08

1.08E-08

1.28E-08

1.28E-08

1.62E-08

1.62E-08

1.38E-08

1.38E-08

1.62E-08

1.62E-08

1.62E-08

1.08E-08

1.08E-08

4,96E-04

4.96E-04

3.44E-04

3.44E-04

2.88E-04

2.88E-04

4.96E-04
4.96E-04

3,44E-04

3.44E-04

5.38E-04

7.61E-04

7.61E-04

5.38E-04

5.38E-04

5.12E-04

5.12E-04

1.llE-03

1.llE-03

4.96E-04

4.96E-04

1.llE-03

1.llE-03

1.llE-03

5.38E-04

5.38E-04

EIS4

4.28E-08

4.28E-08

5.35E-08

5.35E-08

4.63E-08

4.63E-08

4.28E-08

4.28E-08

5.35E-08

5.35E-08

2.64E-08

2.96E-08

2.96E-08

2.64E-08

2.64E-08

5.OIE-08

5.OIE-08

3.74E-08

3.74E-08

4.28E-08

4.28E-08

3.74E-08

3.74E-08

3.74E-08

2.64E-08

2.64E-08

EIS5A

4.40E-06

4.40E-06

1.47E-06

1.47E-06

4.20E-06

4.20E-06

4.40E-06

4.40E-06

1.47E-06

1.47E-06

4,02E-06

7.53E-06

7.53E-06

4.02E-06

4.02E-06

4.07E-06

4.07E-06

4.87E-06

4.87E-06

4.40E-06

4.40E-06

4.87E-06

4.87E-06

4.87E-06

4.02E-06

4.02E-06

TRIGA

E’rs5B

5.13E-05

5.13E-05

1.72E-05

1.72E-05

4.90E-05

4.90E-05

5.13E-05

5.13E-05

1.72E-05

1.72E-05

4.71E-05

8.85E-05

8,85E-05

4.71E-05
4.71E-05

4.74E-05

4.74E-05

5.70E-05

5.70E-05

5.13E-05

5.13E-05

5.70E-05

5.70E-05

5.70E-05

4.71E-05

4.71E-05

EIS6A

6.71E-06

6.71E-06

2.05E-06

2.05E-06

6.53E-06

6.53E-06

6.71E-06

6.71E-06

2.05E-06

2.05E-06

5.20E-06

9.00E-06

9.00E-06

5.20E-06

5.20E-06

6.22E-06

6.22E-06

7.52E-06

7.52E-06

6.71E-06

6.71E-06

7.52E-06

7.52E-06

7.52E-06

5.20E-06

5.20E-06

EIS6B

3.62E-04

3.62E-04

2.38E-04

2.38E-04

3.32E-04

3.32E-04

3.62E-04

3.62E-04

2.38E-04

2.38E-04

4.34E-04

7.59E-04

7.59E-04

4.34E-04

4.34E-04

4.79E-04

4.79E-04

6.54E-04

6.54E-04

3.62E-04

3.62E-04

6.54E-04

6.54E-04

6.54E-04

4.34E-04

4.34E-04

I I I ‘{ I I I
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Table 36. 99th Quantile Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories

EDE Whole Body Population Dose, 0-80 km (SV)

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA- D
CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

13AC-D

JAC -C

LOS-D

LOS -C

MOT- D

NEW-D

NEW- C

IJOR-D

NOR- C

PHI-D

PHI-C

POR -D

POR- C

SAV- D

SAV -C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1.20E-03

3.40E-03

3.25E-03

1.06E-02

5.03E-03

1.37E-03

1.29E-03

1.26E-03

NOT-FOUND

3.64E-03

5.03E-04

1.19E-02

3.13E-02

3.39E-03

1.62E-03

8.45E-03

5.07E-03

3.16)3-03

3.46E-03

5.25E-03

7.88E-04

8.68E-04

1.55E-03

1.87E-03

4.47E-03

1.03E-03

1.22E-02

2.54E-02

2.74E-02

4.llE-02

3.06E-02

2.49E-02

1.96E-02

1.63E-02

7.09E-02

6.81E-02

6.44E-03

1.55E-01

2.54E-01

2.70E-02

2.28E-02

7.93E-02

8.30E-02

3.04E-02

2,71E-02

3.45E-02

1.14E-02

1.42E-02

2.35E-02

2.77E-02

1.83E-02

6.81E-03

5.09E+02

8.99E+02

1.02E+03

1.72E+03

1.27E+03

1.3.4E+03
7.81E+02

6.65E+02

2.75E+03

2.48E+03

2.63E+02

6.38E+03

1.04E+04

1.08E+03

1.00E+03

3.31E+03

2.96E+03

1.12E+03

1.03E+03

1.05E+03

4.54E+02

S.98E+02

8.67E+02

1.01E+03

5.41E+02

2.63E+02

1.92E-02 3.77E+03

3,90E-02 4.04E+03

4.19E-02 1.03E+04

4.99E-02 1.68E+04

4.91E-02 NOT-FOUND

3.94E-02 NOT-FOUND

3.00E-02 6.31E+03

2.56E-02 5.98E+03

1.03E-01 2.22E+04

1.OIE-01 2.45E+04

9.69E-03 2.39E+03

2.42E-01 6.36E+04

3.87E-01 8.37E+04

4.i4E-02 7.7i3i%tG3

3.48E-02 8.06E+03

1.16E-01 2.62E+04

1.06E-01 2.98E+04

4.84E-02 9.47E+03

3.71E-02 9.85E+03

5.60E-02 4.95E+03

1.73E-02 4.12E+03

2.22E-02 6.09E+03

3.56E-02 8.11E+03

3.85E-02 9.83E+03

2.80E-02 2.78E+03

1.00E-02 2.21E+03

EIS4

3.82E-04

1.23E-03

1.28E-03

3.77E-03

2.OIE-03

6.77E-04

5.43E-04

5.27E-04

NOT-FOOND

1.38E-03

1.80E-04

4.22E-03

1.19E-02

1 .392-03

7.13E-04

3.45E-03

2.03E-03

1.18E-03

1.34E-03

2.1OE-O3

3.33E-04

3.53E-04

6.92E-04

7.16E-04

1.79E-03

3.88E-04

EIS5A

5.16E-03

9.74E-03

1.08E-02

1.69E-02

1.36E-02

8.89E-03

7.77E-03

6.73E-03

3.02E-02
2.51E-02

2.56E-03

6.05E-02

9.46E-02

1.!3eE-!?2

9.60E-03

3.23E-02

2.93E-02

1.12E-02

1.03E-02

1.28E-02

4.54E-03

5.68E-03

8.62E-03

1.OIE-02

7.63E-03

2.30E-03

RI-IF

EIS5B

1.97E+02

3.79E+02

3.56E+02

6.23E+02

4.68E+02

3.89E+02

3.09E+02

2.71E+02

1.04E+03

1.01E+03

9.29E+01

2.52E+03

3.84E+03
~,~~~+o~

3.56E+02

1.18E+03

1.25E+03

4.95E+02

4.45E+02

5.41E+02

1.77E+02

2.29E+02

3.60E+02

4.21E+02

2.74E+02

9,20E+01

EIS6A

7.88E-03

1.61E-02

1.64E-02

2.00E-02

1.95E-02

1.48E-02

1.llE-02

9.97E-03

4.47E-02

3.39E-02

3.86E-03

9.19E-02

1.46E-01
1.r5m.-n2

1.35E-02

5.12E-02

4.68E-02

1.93E-02

1.51E-02

2.20E-02

6.65E-03

8.69E-03

1.33E-02

1.58E-02

1.15E-02

3.85E-03

EIS6B

2.00E+03

2.27E+03

3.59E+03

S,21E+03

NOT-FOUND

NOT-FOUND

2.94E+03

2.42E+03

1.03E+04

9,84E+03

9.16E+02

2.52E+04

3.79E+04

3.58E+03

3.52E+03

1.14E+04

1.09E+04

4.02E+03

4.33E+03

3.05E+03

3..6OE+O3

2.33E+03

3.53E+03

4.62E+03

1.41E+03

8.99E+02

I
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Table 36. 99th Quantile Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

EDE Whole Body Population Dose, 0-80 km (SV)

Site/Lot EIS4

CHA-D 1.32E-03

CHA- c 5.07E-03

C!NC-D 3.97E-03

CNC -C 1.20E-02

GAL-D 5.43E-03

GAL-C 1.90E-03

JAC -D 1.46E-03

JAC -C 1.55E-03

LOS-D NOT-FODND

LOS -C 5.30E-03

MOT -D 4.65E-04

NEW -D 1.39E-02

NEW -C 3.7BE-02

NOR-D 4.62E-03

NOR -C 2.07E-03

PHI-D 1.llE-02

PHI-C 6.98E-03

POR -D 3.65E-03

POR -C 4.25E-03

SAV- D 7.05E-03

SAV- C 8.70E-04

SEA-C 1.12E-03

TAC -D 2.18E-03

TAC -C 2.38E-03

WIL-D 5.46E-03

WIL-C 1.20E-03

EIS5A

1.42E-02

2.93E-02

3.38E-02

4.58E-02

4.08E-02

2.63E-02

2.33E-02

2.14E-02

9.16E-02

8.31E-02

6.62E-03

2.19E-01

3.25E-01

3.29E-02

3.OIE-02

1.03E-01

9.56E-02

3.62E-02

3.1OE-O2

5.02E-02

1.22E-02

1.72E-02

2.64E-02

3.08E-02

2.24E-02

6.87E-03

OSIRIS

EIS5B

4.67E+02

9.01E+02

9.55E+02

1.68E+03

1.18E+03

8.51E+02

7.27E+02

6.41E+02

2.73E+03

2.25E+03

1.83E+02

6.12E+03

9.45E+03

1.04E+03

9.29E+02

3.23E+03

2.92E+03

1.11E+03

1.01E+03

1.08E+03

4.00E+02

5.58E+02

8.50E+02

9.92E+02

5.91E+02

1.89E+02

EIS6A EIS6B

2.40E-02 4.16E+03

4.56E-02 4.30E+03

5.05E-02 9.56E+03

6.65E-02 1.67E+04

S.54E-02 NOT-FOUND

4.20E-02 NOT-FOOND

3.41E-02 6.63E+03

3.19E-02 5.80E+03

1.15E-01 2.17E+04

1.12E-01 2.19E+04

9.76E-03 1.79E+03

3.27E-01 6.08E+04

4.63E-01 8.48E+04

5.14E-02 8.26E+03

4.54E-02 8.52E+03

1.38E-01 2.98E+04

1.57E-01 2.96E+04

5.73E-02 1.02E+04

5.06E-02 9.71E+03

7.37E-02 5.08E+03

1.89E-02 3.90E+03

2.65E-02 5.69E+03

4.05E-02 8.05E+03

4.93E-02 9,84E+03

3.33E-02 2.80E+03

1.02E-02 1.69E+03

EIS4

1.30E-03

3.98E-03

3.86E-03

1.17E-02

5.35E-03

2.OIE-03

1.45E-03

1.55E-03

NOT-FOUND

5.13E-03

6.25E-04

1.34E-02

3.52E-02

4.59E-03

2.06E-03

1.00E-02

6.95E-03

3.55E-03

4.OIE-03

6.05E-03

9.87E-04

1.12E-03

2.09E-03

2.20E-03

5.1OE-O3

1.18E-03

EIS5A

7.34E+O0

1.42E+01

1.24E+01

2.21E+01

1.92E+01

1.43E+01

1.08E+01

9.54E+O0

4.03E+01

3.31E+01

2.96E+O0

8.77E+01

1.46E+02

1.41E+01

1.24E+01

5.09E+01

4.68E+01

1.64E+01

1.48E+01

2.16E+01

6.30E+O0

8,26E+O0

1.24E+01

1,53E+01

1.llE+O1

3.14E+O0

TRIGA

EIS5B

8.40E+01

1.69E+02

1.35E+02

2.61E+02

2.00E+02

1.50E+02

1.14E+02

1.11E+02

4.58E+02

4.03E+02

3.85E+01

1.15E+03

1.65E+03

1.80E+02

1.42E+02

5.53E+02

4.93E+02

2.03E+02

1.85E+02

2.38E+02

6.94E+01

9.58E+01

1.42E+02

1.87E+02

1.18E+02

3.51E+01

EIS6A EIS6B

1.16E+01 2.15E+03

2.23E+01 2.39E+03

2.19E+01 3.82E+03

3.00E+O1 6.56E+03

3.00E+O1 NOT-FODND

2.35E+01 NOT-FOOND

1.56E+01 3.19E+03

1.41E+01 2.66E+03

6.16E+01 1.07E+04

5.14E+01 1.03E+04

4.90E+O0 9.35E+02

1.42E+02 3.24E+04

2.44E+02 4.00E+04

2.51E+01 3.74E+03

2.16E+01 4.31E+03

7.67E+01 1.21E+04

6.81E+01 1.30E+04

2.92E+01 5.04E+03

2.24E+01 4.73E+03

3.38E+01 3.1OE+O3

9.69E+O0 1.80E+03

1.32E+01 2.63E+03

2.27E+01 3.80E+03

2\23E+Ol 4.79E+03

1.67E+01 1.45E+03

5.13E+O0 9.07E+02
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Table 36. 99th Quantile Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Tokal Cancer Fatalities, 0-80 km

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC-C

GAL-D

GAL-C

JAC- D

JAC -C

LOS-D

LOS -C

MOT -D

NEW-D

NEW-C

NOR-D

NOR -C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

4.33E-05

1.29E-04

1.42E-04

3.91E-04

2.07E-04

7.04E-05

5.79E-05
6.02E-05

NOT-FOUND

1.98E-04

2.32E-05

4.40E-04

1.28E-03

1.54E-04

7.22E-05

3.53E-04

2.03E-04

1.46E-04

1.47E-04

2.23E-04

3.52E-05

3.73E-05

7.55E-05

8.26E-05

1.99E-04

4.51E-05

5.52E-04

9.90E-04

1.22E-03

1.75E-03

1.41E-03

1.24E-03

8.19E-04

7.44E-04

3.03E-03

3.00E-03

2.78E-04

6.43E-03

1.12E-02

1.llE-03

1.OIE-03

3.35E-03

3.41E-03

1.16E-03

1.05E-03

1.30E-03

4.73E-04

6.17E-04

9.15E-04

1.03E-03

7.87E-04

2.98E-04

2.19E+01

3.87E+01

4.39E+01

6.27E+01

4.60E+01

3.98E+01

3.15E+01

2.85E+01

1.05E+02

1.04E+02

1.35E+01

2.58E+02

3.98E+02

4.39E+01

3.94E+01

1.23E+02

1.29E+02

5.1OE+O1

4.63E+01

5.24E+01

1.87Ei-01

2.61E+01

3.74E+01

4.74E+01

2.28E+01

1.16E+-01

8.29E-04

1.69E-03

1.80E-03

2.58E-03

2.03E-03

1.52E-03

1.13E-03

1.1OE-O3

4.77E-03

3.95E-03

4.33E-04

1.12E-02

1.48E-02
~.~~~-~g

1.40E-03

5.42E-03

4.79E-03

1.98E-03

1.77E-03

2.32E-03

7.02E-04

9.45E-04

1.39E-03

1.63E-03

1.18E-03

4.66E-04

1.56E+02

1.81E+02

3.71E+02

6.09E+02

NOT-FOUND

NOT-FODND

2.57E+02

2.47E+02

1.00E+03

1.01E+03

1.15E+02

2.56E+03

3.56E+03
- --- ,...
_$.LYcri’u.4

3.21E+02

1.07E+03

1.12E+03

3.58E+02

4.50E+02

2.02E+02

1.72E+02

2.66E+02

3.46E+02

4.31E+02

1.36E+02

1.05E+02

EIS4

1.62E-05

7.1OE-O5

5.82E-05

1.80E-04

7.64E-05

2.89E-05

2.37E-05

2.29E-05

NOT-FOUND

7.32E-05

8.61E-06

1.72E-04

5.33E-04

6.42E-05

3.08E-05

1.29E-04
9.95E-05

5.96E-05

6.02E-05

1.OIE-04

1.28E-05

1.40E-05

3.03E-05

3.19E-05

7.63E-05

1.96E-05

EIS5A

2.18E-04

4.29E-04

4.64E-04

6.30E-04

5.21E-04

4.04E-04

3.16E-04

3.13E-04

1.12E-03

1.09E-03

1.04E-04

2.57E-03

4.17E-03
q.~~g_Q~

3.70E-04

1.22E-03

1.33E-03

5.07E-04

4.71E-04

6.22E-04

1.87E-04

2.44E-04

3.74E-04

4.75E-04

3.25E-04

1.07E-04

RIH?

EIS5B

8.41E+O0

1.67E+01

1.35E+01

2.61E+01

1.93E+01

1.48E+Ol

1.16E+01

1.13E+01

4.57E+01

4.03E+01

4.35E+O0

1.15E+02

1.58E+02
~.?~E+Q~

1.43E+01

5.55E+01

4.93E+01

2.03E+01

1,84E+01

2.22E+01

7.94E+O0

9.68E+O0

1.39E+01

1.88E+01

1.12E+01

4.50E+O0

EIS6A

3.34E-04

6.28E-04

7.32E-04

9.40E-04

8.71E-04

6.21E-04

5.07E-04

4.33E-04

1.91E-03

1.59E-03

1.62E-04

4.02E-03

6.44E-03
1.~~~-n4

6.27E-04

2.14E-03

1.93E-03

7.81E-04

7.OIE-04

1.OIE-03

2.78E-04

3.75E-04

5.91E-04

6.78E-04

4.66E-04

1.65E-04

EIS6B

8.16E+01

1.03E+02

1.36E+02

2.59E+02

NOT-FOUND

NOT-FOUND

1.13E+02

1.12E+02

4.08E+02

3.95E+02

4.33E+01

1.15E+03

1.47E+03
1.46E+02

1.38E+02

5.44E+02

4.97E+02

1.91E+02

1.81E+02

1.11E+02

6.77E+OI

9.68E+01

1.34E+02

1.87E+02

7.09E+01

4.31E+01

I
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Table 36. 99th Quantile Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Total Cancer Fatalities, 0-80 km

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW-D

NEW-C

NOR -D

NOR-C

PHI-D

PHI -C

POR -D

POR-C

SAV-D

SAV -C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

I

5.58E-05

2.09E-04

1.71E-04

5.42E-04

2.28E-04

7.96E-05

6.80E-05

7.27E-05

NOT-FOOND

2.16E-04

2.26E-05

5.94E-04

1.56E-03

2.02E-04

8.83E-05

4.18E-04

2.99E-04

1.73E-04

1.99E-04

3.03E-04

3.72E-05

4.24E-05

9.51E-05

9.61E-05

2.63E-04

5.28E-05

6.31E-04

1.15E-03

1.47E-03

2.1OE-O3

1.67E-03

1.36E-03

1.OIE-03

8.81E-04

3.65E-03

3.28E-03

2.81E-04

8.09E-03

1.31E-02

1.28E-03

1.16E-03

4.51E-03

4.21E-03

1.37E-03

1.24E-03

2.02E-03

5.91E-04

7.16E-04

1.19E-03

1.25E-03

9.32E-04

2.98E-04

2.07E+01

3.62E+01

3.59E+01

6.23E+01

4.56E+01

3.93E+01

3.08E+01

2.72E+01

1.04E+02

1.01E+02

9.26E+O0

2.54E+02

4.05E+02

4.25E+01

3.60E+01

1.21E+02

1.27E+02

4.94E+01

4.54E+01

5.24E+01

1.78E+01

2.31E+01

3.67E+01

4.71E+01

2.51E+01

9.05E+O0

9.95E-04 1.68E+02

1.89E-03 1.86E+02

2.22E-03 3.65E+02

2.88E-03 5.09E+02

2.55E-03 NOT-FOUND

1.61E-03 NOT-FOUND

1.29E-03 2.86E+02

1.29E-03 2.37E+02

5.52E-03 1.00E+03

5.07E-03 1.01E+03

4.32E-04 8.60E+01

1.26E-02 2.53E+03

1.81E-02 3.72E+03

2.13E-03 3.30E+02

1.84E-03 3.35E+02

6,78E-03 1.11E+03

6.58E-03 1.09E+03

2.32E-03 4.04E+02

2.05E-03 4.34E+02

3.06E-03 2.09E+02

8.13E-04 1.61E+02

1,1OE-O3 2.35E+02

1.56E-03 3,54E+02

1.97E-03 4.33E+02

1.29E-03 1.29E+02

4.73E-04 8.54E+01

EIS4

5.50E-05

1.60E-04

1.60E-04

5.25E-04

2.18E-04

7.95E-05

6.67E-05

6.50E-05

NOT-FOUND

2.08E-04

2.67E-05

5.49E-04

1.40E-03

1.85E-04

8.46E-05

3.88E-04

2.85E-04

1.61E-04

1.63E-04

2.41E-04

3.71E-05

4.16E-05

8.41E-05

9.47E-05

2.05E-04

5.15E-05

I

EIS5A

3.04E-01

5.94E-01

5.62E-01

8.90E-01

7.31E-01

5.86E-01

4.45E-01

3.82E-01

1.65E+O0

1.25E+O0

1.48E-01

3.91E+O0

6.31E+O0

6.54E-01

5.66E-01

2.05E+O0

1.85E+O0

7.38E-01

6.45E-01

8.83E-01

2.76E-01

3.53E-01

5.78E-01

6.39E-01

4.58E-01

1.57E-01

I

TRIGA

EIS5B

3.52E+O0

6.81E+O0

7.3SE+O0

1.12E+01

9.40E+O0

6.21E+O0

5.33E+O0

4,68E+O0

2.02E+01

1.64E+01

1.69E+O0

4.19E+01

6.64E+01

7.63E+O0

6.75E+O0

2.28E+01

2.OIE+O1

8.46E+O0

7.27E+O0

L.03E+01

3.OIE+OO

4.02E+O0

6.llE+OO

7.07E+O0

5.18E+O0

1.82E+O0

EIS6A

4.79E-01

9.33E-01

9.54E-01

1.68E+O0

1.35E+O0

8.83E-01

7.34E-01

6.46E-01

2.59E+O0

2.16E+O0

2.52E-01

5.99E+O0

9.45E+O0

1.05E+O0

9.23E-01

3.23E+O0

2.91E+O0

1.llE+OO

1.OIE+OO

1.28E+O0

4.31E-01

5.67E-01

8.45E-01

9.92E-01

7.32E-01

2.27E-01

1’)

EIS6B

8.76E+01

1.04E+02

1.85E+02

2,86E+02

NOT-FOUND

NOT-FOUND

1,21E+02

1.16E+02

5.05E+02

4.89E+02

4,51E+01

1.23E+03

1.51E+03

1.66E+02

1.75E+02

6.18E+02

5.70E+02

2.08E+02

1.92E+02

1.12E+02

8.32E+01

1.12E+02

1.45E+02

1.94E+02

7.12E+01

4.35E+01

I I
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Table 36. 99th Quantile Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Total Costa,

BR-2

Site/~oc EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC-C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW -D

NEW-C

NOR -D

NOR -C

PHI -D

PHI -C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC- D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

U,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

6.83E+06

2.16E+07

9.28E+03

0.00E+OO

4.97E+07

8.04E+05

5.36E+05

4.04E+06

3.27E+06

0.00E+OO

2.13E+05

3.60E+07

1.27E+08

1.248+G7

5.73E+06

3.74E+07

1.22Et07

4.26E+06

4.82E+06

3.66E+07

1.52E+05

6.06E+03

1.14E+05

1.58E+04

2.37E+07

3.66E+06

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.oox-ioo

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

2.34E+08

5.37E+08

7.03E+07

1.62E+08

5.96E+08

3.07E+08

2.76E+08

3.20E+08

8.24E+08

2.32E+07

1.31E+07

1.01E+09

3.38E+09
~.~~~+o~

3.64E+08

1.28E+09

5.67E+08

6.91E+08

2.49E+08

7.48E+08

4.53E+07

2.68E+06

2.93E+08

1.59E+08

3.34E+08

6.92E+07

U-BU m

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
~.~~~+nn

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS5A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

RHF

EIS5B

8.31E+04

3.87E+05

0.00E+OO

0.00E+OO

9.87E+06

3.24E+04

6.28E+04

4.59E+OS

0.00E+OO

0.00E+OO

5.27E+04

5.61E+04

2.56E+04

2.75E+04

1.24E+04

9.84E+04

7.14E+04

7.49E+03

8.67E+03

4.39E+06

3.70E+04

0.00E+OO

1.07E+04

0.00E+OO

9.83E+04

5.31E+04

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.,00E+OO

0.00E+OO

0.00E+OO

EIS6B

4.69E+07

1.68E+08

3.06E+05

3.55E+06

1.74E+08

4.72E+07

3.61E+07

7.85E+07

1.11E+08

3.68E+03

1.13E+06

2.84E+08

9.1OE+O8

1.20E+08

3.85E+07

2.71E+08

1.33E+08

1.52E+08

5.81E+07

2.34E+08

3.69E+06

2.31E+05

3.83E+07

5.09E+06

1.21E+08

3.06E+07
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Table 36. 99th Quantile Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Site/Lot EIS4

cm-l) NOT-FOUND

CHA-C NOT-FODND

CNC -D NOT-FOOND

CNC- C NOT-FOUND

GAL-D NOT-FODND

GAL-C NOT-FOUND

JAC -D NOT-FODND

L7AC-C NOT-FOUND

LOS-D NOT-FOUND

Los -c NOT-FOUND

MOT-D NOT-FOUND

NEW-D NOT-FOUND

NEW-C NOT-FOUND

NOR- D NOT-FOUND

NOR- C NOT-FOUND

PHI-D NOT-FOOND

PHI-C NOT-FOUND

POR-D NOT-FOOND

POR- C NOT-FOUND

SAV- D NOT-FOOND

SAV-C NOT-FOUND

SEA-C NOT-FOUND

TAC -D NOT-FOUND

TAC -C NOT-FODND

WIL-D NOT-FOOND

WIL-C NOT-FOOND

Individual Centerline EDE Whole Body Dose, 0-1.6 km (SV)

BR-2 RHF

EIS5A EIS5B EIS6A EIS6B EIS4 EIS5A EIS5B EIS6A EIS6B

NOT-FOOND NOT-FOUND NOT-FOUND 2.21E-01 NOT-FOUND NOT-FOUND NOT-FOOND NOT-FOUND 2.63E-01

NOT-FOUND NOT-FOUND NOT-FOUND 2.21E-01 NOT-FOUND NOT-FOOND NOT-FOUND NOT-FODND 2.63E-01

5.22E-06 1,16E-01 7.40E-06 1.87E-01 NOT-FOUND 2.09E-06 1.00E-01 3.14E-06 2.32E-01

5.22E-06 1.16E-01 7.40E-06 1.87E-01 NOT-FOUND 2.09E-06 1.00E-01 3.14E-06 2.32E-01

NOT-FOOND NOT-FOUND NOT-FOUND 2.04E-01 NOT-FOUND NOT-FOUND NOT-FOOND NOT-FOUND NOT-FOOND

NOT-FOUND NOT-FODND NOT-FOUND 2.04E-01 NOT-FOUND NOT-FOOND NOT-FOUND NOT-FOOND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND 2.21E-01 NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 2.63E-01

NOT-FOOND NOT-FOOND NOT-FOOND 2.21E-01 NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 2.63E-01

5.22E-06 1.16E-01 7.40E-06 1.87E-01 NOT-FOUND 2.09E-06 1.00E-01 3.14E-06 2.32E-01

5.22E-06 1.16E-01 7.40E-06 1.87E-01 NOT-FOWND 2.09E-06 1.00E-01 3.14E-06 2.32E-01

NOT-FODND NOT-FOUND NOT-FOUND 2.54E-01 NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOOND

NOT-FOUND NOT-FOOND NOT-FODND 2.46E-01 NOT-FOOND NOT-FOOND 1.29E-01 NOT-FOUND NOT-FOUND

NOT-FOOND NOT-FOOND NOT-FOUND 2.46E-01 NOT-FOUND NOT-FOOND 1.29E-01 NOT-FOUND NOT-FOOND

NOT-FOUND NuT-FOU”NiJ ifGT-F@OND 2.S41!-01 }~QT_FQL~~D NOT-FOUND N@T’-F0l_~D NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FODND 2.54E-01 NOT-FODND NOT-FOUND NOT-FOOND NOT-FOOND NOT-FOUND

1.20E-05 1.76E-01 1.58E-05 2.23E-01 NOT-FOUND 4.14E-06 1.24E-01 7,98E-06 NOT-FOUND

1.20E-05 1.76E-01 1.58E-05 2.23E-01 NOT-FOUND 4.14E-06 1.24E-01 7.98E-06 NOT-FODND

8.37E-06 1.64E-01 1.42E-05 NOT-FODND NOT-FOUND 3.87E-06 1.47E-01 5,82E-06 2.42E-01

8.37E-06 1.64E-01 1.42E-05 NOT-FOOND NOT-FOUND 3.87E-06 1.47E-01 5.82E-06 2.42E-01

NOT-FOUND NOT-FOUND NOT-FOOND 2.21E-01 NOT-FOUND NOT-FOOND NOT-FOUND NOT-FOUND 2.63E-01

NOT-FOUND NOT-FOUND NOT-FOOND 2.21E-01 NOT-FOUND NOT-FODND NOT-FOUND NOT-FOUND 2.63E-01

8.37E-06 1.64E-01 1.42E-05 NOT-FOUND NOT-FOUND 3.87E-06 1.47E-01 5.82E-06 2.42E-01

8.37E-06 1.64E-01 1.42E-05 NOT-FOUND NOT-FOUND 3.87E-06 1.47E-01 5.82E-06 2.42E-01

8.37E-06 1.64E-01 1.42E-05 NOT-FOUND NOT-FOUND 3.87E-06 1.47E-01 5.82E-06 2.42E-01

NOT-FOUND NOT-FOUND NOT-FOUND 2.54E-01 NOT-FOUND NOT-FOUND NOT-FOOND NOT-FOOND NOT-FOUND

NOT-FOUND NOT-FODND NOT-FOUND 2.54E-01 NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOOND

I

I
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Table 36. 99th Quantile Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Individual Centerline EDE Whole Body Dose, 0-1.6 km (SV)

Site/I

CHA-D

CBA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS -C

MOT -D

NEW-D

NEW-C

NOR -D

NOR -C

PHI-D

PHI-C

POR -D

POR- C

SAV -D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

OSIRIS

JOc EIS4 EIS5A EIS5B EIS6A EIS6B

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 2.40E-01

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 2.40E-01

NOT-FODND 7.02E-06 1.66E-01 1.04E-05 1.91E-01

NOT-FOUND 7.02E-06 1.66E-01 1.04E-05 1.91E-01

NOT-FODND NOT-FOUND NOT-FOUND NOT-FOUND 2.22E-01

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FODND 2.22E-01

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 2.40E-01

NOT-FOOND NOT-FODND NOT-FOOND NOT-FOUND 2.40E-01

NOT-FODND 7.02E-06 1.66E-01 1.04E-05 1.91E-01

NOT-FOUND 7.02E-06 1.66E-01 1.04E-05 1.91E-01

NOT-FOUND NOT-FODND NOT-FOOND NOT-FOOND 2.23E-01

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FODND 2.74E-01

NOT-FOUND NOT-FODND NOT-FOUND NOT-FOOND 2.74E-01

NOT-FOOND NOT-FOUND NOT-FOUND NOT-FOOND 2.23E-01

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOOND 2.23E-01

NOT-FOUND 1.54E-05 2.24E-01 2.35E-05 2.41E-01

NOT-FOUND 1.54E-05 2.24E-01 2.35E-05 2.41E-01

NOT-FOOND 1.36E-05 2.llE-01 1.51E-05 NOT-FOUND

NOT-FOUND 1.36E-05 2.llE-01 1.51E-05 NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOOND NOT-FOUND 2.40E-01

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FODND 2.40E-01

NOT-FODND 1.36E-05 2.llE-01 1.51E-05 NOT-FOUND

NOT-FOOND 1.36E-05 2.llE-01 1.51E-05 NOT-FOOND

NOT-FOUND 1.36E-05 2.llE-01 1.51E-05 NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FODND NOT-FOUND 2.23E-01

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 2.23E-01

TRIGA

EIS4 EIS5A EIS5B EIS6A EIS6B

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 2.69E-01

NOT-FOUND NOT-FOOND NOT-FOUND NOT-FODND 2.69E-01

NOT-FOOND 3.12E-03 3.20E-02 5.17E-03 2.56E-01

NOT-FOUND 3.3.2E-03 3.20E-02 5.17E-03 2.56E-01

NOT-FODND NOT-FOOND NOT-FOOND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FODND NOT-FOUND NOT-FODND

NOT-FOUND NOT-FODND NOT-FODND NOT-FODIID 2.69E-01

NOT-FODND NOT-FOUND NOT-FOUND NOT-FOOND 2.69E-01

NOT-FOUND 3.12E-03 3.20E-02 5.17E-03 2.56E-01

NOT-FOOND 3.12E-03 3.20E-02 5.17E-03 2.56E-01

NOT-FOUND NOT-FOOND NOT-FODND NOT-FOUND NOT-FOUND

NOT-FOOND NOT-FODND NOT-FOUND NOT-FOOND NOT-FOOND

NOT-FOUND NOT-FOUND NOT-FODND NOT-FODND NOT-FOUND

NOT-FODND NOT-FODND NOT-FODND NOT-FOUND NOT-FOUND

NOT-FODND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FODND 5.96E-03 8.06E-02 1.17E-02 NOT-FOUND

NOT-FOUND 5.96E-03 8.06E-02 1.17E-02 NOT-FOUND

NOT-FODND 5,82E-03 5.92E-02 8.37E-03 2.63E-01

NOT-FOUND 5,82E-03 5.92E-02 8.37E-03 2.63E-01

NOT-FOUND NOT-FOOND NOT-FODND NOT-FOUND 2.69E-01

NOT-FOOND NOT-FOUND NOT-FOUND NOT-FOUND 2.69E-01

NOT-FOUND 5.82E-03 5.92E-02 13.37E-03 2.63E-01

NOT-FOUND 5.82E-03 5.92E-02 8.37E-03 2.63E-01
NOT-FOUND 5.82E-03 5.92E-02 8,37E-03 2.63E-01

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND

1’[ 1 {
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Table 36. 99th Quantile Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Individual Centerline Cancer Risk, 0-1.6 km

BR-2

Site/Lot EIS4 EIS5A EIS5B E.IS6A EIS6B

Cl-IA-D

CHA- c

CNC-D

CNC-C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR-D

NOR-C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA- Cl

TAC -D

TAC -C

WIL-D

WIL-C

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.OIE-02

NOT-FODND NOT-FOUND NOT-FODND NOT-FODND 1.OIE-02

NOT-FOUND 2.1OE-O7 5.28E-03 3.17E-07 6.77E-03

NOT-FOUND 2,1OE-O7 5.28E-03 3.17E-07 6.77E-03

NOT-FODND NOT-FODND NOT-FOUND NOT-FOUND 9.79E-03

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 9.79E-03

NOT-FOUND NOT-FODND NOT-FOUND NOT-FOUND 1.OIE-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.OIE-02

NOT-FOUND 2.1OE-O7 5.28E-03 3.17E-07 6.77E-03

NOT-FODND 2.1OE-O7 5.28E-03 3.17E-07 6.77E-03

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FODND 1.06E-02

NOT-FOUND NOT-FOUND NOT-FOOND NOT-FOOND 9.97E-03

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 9.97E-03

NOT-FOUND NOT-FODND NOT-FODND NOT-FOUNiJ i.~~E-~~

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.06E-02

NOT-FOUND 4.14E-07 7.98E-03 8.06E-07 8.64E-03

NOT-FODND 4.14E-07 7.98E-03 8.06E-07 8.64E-03

NOT-FOUND 3.87E-07 NOT-FOUND 5.92E-07 NOT-FOUND

NOT-FODND 3.87E-07 NOT-FOUND 5.92E-07 NOT-FODND

NOT-FOUND NOT-FOUND NOT-FODND NOT-FOUND 1.OIE-02

NOT-FODND NOT-FOUND NOT-FODND NOT-FODND 1.OIE-02

NOT-FOUND 3.87E-07 NOT-FOUND 5.92E-07 NOT-FOUND

NOT-FODND 3.87E-07 NOT-FOUND 5.92E-07 NOT-FOUND

NOT-FOOND 3.87E-07 NOT-FODND 5.92E-07 NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.06E-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.06E-02

RHF

EIS4 EIS5A EIS5B EIS6A EIS6B

NOT-FOUND NOT-FODND NOT-FOUND NOT-FOUND 1.09E-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.09E-02

NOT-FOUND 1.00E-07 3.19E-03 1.19E-07 1.OIE-02

NOT-FOUND 1.00E-07 3.19E-03 1.19E-07 1.OIE-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FODND

NOT-FODND NOT-FODND NOT-FOOND NOT-FOOND 1.09E-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.09E-02

NOT-FOUND 1.00E-07 3.19E-03 1.19E-07 1.OIE-02

NOT-FOUND 1.00E-07 3.19E-03 1.19E-07 1.OIE-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FODND NOT-FOUND

NOT-FOUND NOT-FODND 5.40E-03 NOT-FOUND NOT-FOOND

NOT-FODND NOT-FOUND 5.40E-03 NOT-FOUND NOT-FODND
...- -.*,TB. L,c.-mnnxln NnT-F~CWD NQT-~QLIND NQT-FODNDlYU1-ru”J1.lL.”.=.-””..- ..-.

NOT-FOUND NOT-FODND NOT-FOUND NOT-FODND NOT-FOUND

NOT-FOOND 1.58E-07 5.50E-03 3.40E-07 NOT-FOUND

NOT-FODND 1.58E-07 5.50E-03 3.40E-07 NOT-FOUND

NOT-FOUND 1.42E-07 6.26E-03 2.45E-07 1.03E-02

NOT-FOUND 1.42E-07 6.26E-03 2.45E-07 1.03E-02

NOT-FODND NOT-FOUND NOT-FODND NOT-FOOND 1.09E-02

NOT-FODND NOT-FODND NOT-FOUND NOT-FOUND 1.09E-02

NOT-FOOND 1.42E-07 6.26E-03 2.45E-07 1.03E-02

NOT-FOUND 1.42E-07 6.26E-03 2.45E-07 1.03E-02

NOT-FOUND 1.42E-07 6.26E-03 2.45E-07 1.03E-02

NOT-FODND NOT-FODND NOT-FOUND NOT-FODND NOT-FOUND

NOT-FOUND NOT-FODND NOT-FOUND NOT-FOOND NOT-FOUND



Table 36, 99th Quantile Values of Population Dose, Cancer Fatalities,
Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Concluded)

Individual Centerline Cancer Riskr 0-1.6 km

Site/l

CHA-D

cm-c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW-D

NEW-C

NOR -D

NOR -C

PHI -D

PHI-C

POR -D

POR-C

SAV -D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

OSIRIS

>Oc EIS4 EIS5A EIS5B EIS6A EIS6B

NOT-FOOND NOT-FOUND NOT-FODND NOT-FOUND 1.07E-02

NOT-FODilD NOT-FOOND NOT-FODND NOT-FOUND 1.07E-02

NOT-FOUND 3.OIE-07 6.80E-03 3,54E-07 9.73E-03

NOT-FOUND 3.OIE-07 6.80E-03 3.54E-07 9.73E-03

NOT-FOOND NOT-FODND NOT-FOOND NOT-FOUND 1.OIE-02

NOT-FOUND NOT-FOOND NOT-FOOND NOT-FOOND 1.OIE-02

NOT-FOOND NOT-FODND NOT-FODND NOT-FOUND 1.07E-02

NOT-FODND NOT-FOUND NOT-FOUND NOT-FOOND 1.07E-02

NOT-FOUND 3.OIE-07 6.80E-03 3.54E-07 9.73E-03

NOT-FOUND 3.OIE-07 6.80E-03 3.54E-07 9.73E-03

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.04E-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.14E-02

NOT-FOOND NOT-FOUND NOT-FOUND NOT-FOUND 1.14E-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FODND 1.04E-02

NOT-FOGND NOT-FOUND NOT-FOUND NOT-FOUND 1.04E-02

NOT-FOUND 5.71E-07 8.94E-03 8.06E-07 1.07E-02

NOT-FOOND 5.71E-07 8.94E-03 8.06E-07 1.07E-02

NOT-FOUND 3.87E-07 8.49E-03 7.51E-07 NOT-FOUND

NOT-FOUND 3.87E-07 8.49E-03 7.51E-07 NOT-FOOND

NOT-FODND NOT-FOUND NOT-FOUND NOT-FOUND 1.07E-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.07E-02

NOT-FOOND 3.87E-07 8.49E-03 7.51E-07 NOT-FODND

NOT-FOUND 3.87E-07 8.49E-03 7.51E-07 NOT-FOUND

NOT-FODND 3.87E-07 8.49E-03 7.51E-07 NOT-FOUND

NOT-FOUND NOT-FOOND NOT-FOUND NOT-FOUND 1.04E-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.04E-02

TRIGA

EIS4 EIS5A EIS5B EIS6A EIS6B

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOOND 1.llE-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.llE-02

NOT-FOUND 1.17E-04 1.23E-03 2.08E-04 1.04E-02

NOT-FOUND 1.17E-04 1.23E-03 2.08E-04 1.04E-02

NOT-FOOND NOT-FOOND NOT-FOOND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FODND

NOT-FOUND NOT-FOUND NOT-FOOND NOT-FOUND 1.llE-02

NOT-FOOND NOT-FODND NOT-FOUND NOT-FOUND 1.llE-02

NOT-FOUND 1.17E-04 1.23E-03 2.08E-04 1.04E-02

NOT-FOOND 1.17E-04 1.23E-03 2.08E-04 1.04E-02

NOT-FODND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOOND

NOT-FOUND NOT-FOOND NOT-FODND NOT-FOUND NOT-FOOND

NOT-FOOND NOT-FOUND NOT-FOOND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND

NOT-FOOND NOT-FOOND NOT-FOOND NOT-FOUND NOT-FOOND

NOT-FOUND 2.54E-04 3.53E-03 4.14E-04 NOT-FODND

NOT-FOUND 2.54E-04 3.53E-03 4.14E-04 NOT-FOUND

NOT-FODND 2.40E-04 2.45E-03 3.87E-04 1.02E-02

NOT-F~OND 2.40E-04 2.45E-03 3.87E-04 1.02E-02

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND 1.llE-02

NOT-FOOND NOT-FODND NOT-FOOND NOT-FOUND 1.llE-02

NOT-FODND 2.40E-04 2.45E-03 3.87E-04 1.02E-02

NOT-FOUND 2.40E-04 2.45E-03 3.87E-04 1.02E-02

NOT-FOOND 2.40E-04 2,45E-03 3:87E-04 1.02E-02

NOT-FOOND NOT-FOUND NOT-FOOND NOT-FOUND NOT-FOUND

NOT-FOUND NOT-FOUND NOT-FOUND NOT-FOUND NOT-FODND

1,[ i {
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Table 37. Peak Values of Population Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EIS Accident Categories

EDE Whole Body Population Dose, 0-80 km (W)

BR- 2

Sike/Loc EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT- D

NEW-D

NEW -C

NOR- D

?KXi-c

PHI -D

PHI-C

POR-D

POR -C

SAV-13
SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

2.82E-03

4.38E-03

3.33E-03

1.42E-02

5.57E-03

2.09E-03

2.14E-03

1.89E-03

1.29E-02

5.97E-03

7.71E-04

1.86E-02

3.313E-02

4.26E-03
~.?~~-~~

1.13E-02

8.76E-03

3.84E-03

3.91E-03

6.15E-03

1.43E-03

9.92E-04

2.66E-03

3.12E-03

5.48E-03

1.18E-03

2.74E-02

5.68E-02

2.91E-02

1.76E-01

6.42E-02

4.83E-02

2.88E-02

3.05E-02

1.04E-01

9.28E-02
1.21E-02

2.95E-01

3.46E-01

4.35E-02
4.~9E-132

1.86E-01

1.27E-01

4.49E-02

4.42E-02

6.42E-02

2.04E-02

1.47E-02

3.16E-02

4.42E-02

3.98E-02

9.42E-03

1.08E+03

1.57E+03

1.11E+03

7.31E+03

2.24E+03

1.84E+03

1.11E+03

1.07E+03

4.06E+03

3.78E+03

S.02E+02

1.23E+04

1.42E+04

1.72E+03

1.75E+03

7.69E+03

5.30E+03

1.84E+03

1.83E+03

1.78E+03

8.32E+02

6.12E+02

1.28E+03

1.84E+03

8.62E+02

3.13E+02

4.09E-02

8.73E-02

4.46E-02

2.68E-01

9.88E-02

7.43E-02

4.41E-02

4.68E-02

1.59E-01

1.41E-01

1.86E-02

4.54E-01

5.33E-01

6.67E-02

6.57E-02

2.86E-01

1.95E-01

6.91E-02

6.81E-02

9.86E-02

2.99E-02

2.26E-02

4.86E-02

6.80E-02

6.llE-02

1.45E-02

5.58E+03

6.02E+03

I,13E+04

4.02E+04

1.16E+04

1.04E+04

9.49E+03

9.98E+03

3.17E+04

3.37E+04

3.37E+03

1,26E+05

1.44E+05

1.14E+04

1.17E+04

4.20E+04

5.30E+04

1.33E+04

1.64E+04

7.13E+03

7.31E+03

6.24E+03

1.02E+04

1.59E+04

3.81E+03

2.53E+03

EIS4

1.12E-03

1.74E-03

1.32E-03

5.69E-03

2.21E-03

8.26E-04

8.49E-04

7.49E-04

5.14E-03

2.39E-03

2.97E-04

7.43E-03

1.35E-02

1.70E-03

1.1OE-O3

4.50E-03

3.49E-03

1.53E-03

1.56E-03

2.45E-03

5.65E-04

3.92E-04

1.06E-03

1.25E-03

2.19E-03

4.69E-04

EIS5A

1.09E-02

2.26E-02

1.16E-02

7.03E-02

2.55E-02

1.92E-02

1.14E-02

1.21E-02

4.15E-02

3.71E-02

4.71E-03

1.18E-01

1.38E-01

1.73E-02

1.71E-02

7.43E-02

5.06E-02

1.80E-02

1.76E-02

2.55E-02

8.07E-03

5.78E-03

1.27E-02

1.76E-02

1.59E-02

3.77E-03

RI-U?

EIS5B

4.43E+02

8.96E+02

4.39E+02

2.89E+03

8.98E+02

7.26E+02

4.57E+02

4.75E+02

1.70E+03

1.50E+03

1.86E+02

4.88E+03

5.61E+03

7.06E+02

7.01E+02

3.06E+03

2.09E+03

7.29E+02

7.25E+02

1.00E+03

3.20E+02

2.33E+02

5.08E+02

7.23E+02

4.04E+02

1.17E+02

EIS6A

1.63E-02

3.48E-02

1.77E-02

1.07E-01

3.92E-02

2.95E-02

1.75E-02

1.87E-02

6.37E-02

5.64E-02

7.25E-03

1.81E-01

2.13E-01

2,65E-02

2.62E-02

1.14E-01

7.78E-02

2.76E-02

2.71E-02

3.93E-02

1.18E-02

8.89E-03

1.95E-02

2.71E-02

2.44E-02

5:81E-03

EIS6B

3.25E+03

3.49E+03

4.48E+03

2.62E+04

4.45E+03

3.98E+03

4.25E+03

3.94E+03

1.41E+04

1.51E+04

1.90E+03

4.97E+04

5.72E+04

5.73E+03

6.83E+03

2.34E+04

2.1OE+O4

7.4333+03

7.12E+03

4.14E+03

2.85E+03

2.37E+03

4.76E+03

7.06E+03

2.09E+03

1.18E+03
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Table 37. Peak Values of Population Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EIS Accident Categories (Continued)

EDE Whole Body Population Dose, 0-80 km (SV)

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT-D

NEW-D

NEW-C

NOR -D

NOR- C

PHI -D

PHI-C

POR -D

POR -C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

{{

3.48E-03

5.55E-03

4.12E-03

1.79E-02

6.90E-03

2.47E-03

2.58E-03

2.26E-03

1.65E-02

7.48E-03

7.73E-04

2.34E-02

4.37E-02

5.46E-03

3.44E-03

1.42E-02

1.09E-02

4.80E-03

4.96E-03

7.80E-03

1.69E-03

1.19E-03

3.25E-03

3.93E-03

7.04E-03

1.48E-03

I

3.35E-02

6.99E-02

3.64E-02

2.20E-01

7.76E-02

5.87E-02

3.47E-02

3.74E-02

1.30E-01

1.17E-01

1.31E-02

3.69E-01

4.33E-01

5.29E-02

5.30E-02

2.32E-01

1.58E-01

5.60E-02

5.43E-02

7.86E-02

2.42E-02

1.73E-02

3.94E-02

5.40E-02

4.95E-02

1.15E-02

1.04E+03

2.05E+03

1.013E+03

7.09E+03

2.16E+03

1.78E+03

1.06E+03

1.16E+03

3.94E+03

3,67E+03

4.19E+02

1.20E+04

1.38E+04

1.66E+03

L.70E+03

7.45E+03

5.11E+03

1.79E+03

1.76E+03

2.25E+03

7.59E+02

5.59E+02

1.25E+03

1.75E+03

9.09E+02

2.56E+02

4.99E-02

1.07E-01

5.59E-02

3.36E-01

1.19E-01

9.02E-02

5.32E-02

5.76E-02

1.99E-01

1.77E-01

2.OIE-02

5.68E-01

6.67E-01

8.1OE-O2

8.15E-02

3.56E-01

2.42E-01

8.62E-02

8.35E-02

1.21E-01

3.53E-02

2.66E-02

6.06E-02

8.32E-02

7.61E-02

1.76E-02

1[ ‘/1

6.29E+03

6.40E+03

1.1OE+O4

4.52E+04

1.05E+04

9.31E+03

1.01E+04

9.65E+03

3.08E+04

3.38E+04

3.13E+03

1.22E+05

1.40E+05

1.37E+04

1.34E+04

5.73E+04

5.14E+04

1.60E+04

1.74E+04

7.68E+03

6.86E+03

5.70E+03

1.14E+04

1.73E+04

4.03E+03

2.69E+03

EIS4

3.41E-03

5.23E-03

4.00E-03

1.72E-02

6.69E-03

2.55E-03

2.63.E-03

2.31E-03

1.54E-02

7.21E-03

9.74E-04
2.24E-02

4.OIE-02

5.07E-03

3.35E-03

1.36E-02

1.06E-02

4.64E-03

4.67E-03

7.32E-03

1.75E-03

1.22E-03

3.23E-03

3.78E-03

6.50E-03

1.41E-03

i{

EIS5A

1.58E+01

3.34E+01

1.58E+01

1.04E+02

3.73E+01

2.82E+01

1.67E+01

1.79E+01

6.1OE+O1

5.38E+01

6.54E+O0

1.75E+02

2.05E+02

2.53E+01

2.51E+01

1.1OE+O2

7.50E+01

2.62E+01

2.60E+01

3.76E+01

1.14E+01

8.27E+O0

1.82E+01

2.59E+01

2.32E+01

5.09E+O0

TRIGA

EIS5B

1.84E+02

3.79E+02

1.83E+02

1.21E+03

4.07E+02

3.27E+02

1.93E+02

2.01E+02

7.09E+02

6.26E+02

7.53E+01

2.03E+03

2.39E+03

2.93E+02

2.92E+02

1.28E+03

8.71E+02

3.04E+02

3.01E+02

4.26E+02

1.32E+02

9.59E+01

2.12E+02

3.00E+02

2.69E+02

5.87E+01

EIS6A

2.47E+01

5.34E+01

2.52E+01

1.65E+02

5.97E+01

4.51E+01

2.66E+01

2.86E+01

9.74E+01

8.52E+01

1.05E+01

2.80E+02

3.29E+02

4.03E+01

4.00E+O1

1.76E+02

1.20E+02

4.19E+01

4.16E+01

6.OIE+O1

1.75E+01

1.32E+01

2.92E+01

4.14E+01

3.70E+01

8:14E+O0

(1’1

EIS6B

3.40E+03

3.39E+03

5.03E+03

2.76E+04

4.92E+03

4.39E+03

4.79E+03

4.44E+03

1.49E+04

1.70E+04

1.72E+03

5.58E+04

6.39E+04

6.42E+03

6.47E+03

2.62E+04

2.35E+04

7.65E+03

7.98E+03

4.12E+03

3.19E+03

2.63E+03

5.25E+03

7.92E+03

2.09E+03

1.29E+03

{ J [ 1’
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Table 37. Peak Values of Population Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EIS Accident Categories (Continued)

Total Cancer Fatalities, 0-80 km

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA- D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS -C

MOT-D

NEW-D

NEW- C

NOR-D

NOR –c

PHI-D

PHI-C

POR- D

POR-C

SAV- D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1.20E-04

1.94E-04

1.49E-04

6.OIE-04

2.47E-04

9.OIE-05

9.23E-05

8.18E-05

5.71E-04

2.52E-04

3.49E-05

7.87E-04

1.49E-03

1.88E-04
~.~g~_Qq

4.79E-04

3.71E-04

1.67E-04

1.74E-04

2.73E-04

6.14E-05

4.26E-05

1.14E-04

1.32E-04

2.42E-04

5.20E-05

1.17E-03

2.40E-03

1.29E-03

7.39E-03

2.73E-03

2.05E-03

1.22E-03

1.29E-03

4.37E-03

3.92E-03

5.32E-04

1.24E-02

1.45E-02

1.85E-03

1.82E-03

7.83E-03

5.34E-03

1.88E-03

1.87E-03

2.71E-03

8.82E-04

6.33E-04

1.33E-03

1.87E-03

1.67E-03

3.96E-04

4.56E+01

6.53E+01

4.69E+01

3.05E+02

9.36E+01

7.66E+01

4.70E+01

4.54E+01

1.69E+02

1.58E+02

2.28E+01

S.14E+02

S.91E+02

7.24E+01

7.30E+01

3.21E+02

2.22E+02

7.68E+01

7.74E+01

7.46E+01

3.61E+01

2.69E+01

5.35E+01

7.76E+01

3.60E+01

1.45E+01

1.74E-03

3.69E-03

1.98E-03

1.13E-02

4.20E-03

3.15E-03

1.87E-03

1.98E-03

6.69E-03

5.96E-03

8.19E-04

1.91E-02

2.24E-02

2.83E-03

2.78E-03

1.20E-02

8.21E-03

2.90E-03

2.88E-03

4.17E-03

1.29E-03

9.74E-04

2.04E-03

2.87E-03

2.57E-03

6.09E-04

2.33E+02

2.52E+02

4.72E+02

1.68E+03

5.08E+02

4.58E+02

3.98E+02

4.18E+02

1.32E+03

1.40E+03

1.45E+02

5.23E+03

6.00E+03

4.77E+02

4.90E+02

1.75E+03

2.21E+03

5.56E+02

6.86E+02

2.98E+02

3.12E+02

2.74E+02

4.25E+02

6.67E+02

1.65E+02

1.12E+02

EIS4

4.80E-05

7.79E-05

5.94E-05

2.42E-04

9.87E-05

3.57E-05

3.67E-05

3.25E-05

2.30E-04

1.OIE-04

1.34E-05

3.16E-04

6.03E-04

7.59E-05

4.73E-05

1.92E-04

1.49E-04

6.70E-05

6.97E-05

1.09E-04

2.43E-05

1.69E-05

4.54E-05

5.33E-05

9.77E-05

2.09E-05

EIS5A

4.66E-04

9.60E-04

5.17E-04

2.97E-03

1.09E-03

8.18E-04

4.87E-04

5.15E-04

1.75E-03

1.58E-03

2.07E-04

4.98E-03

5.84E-03

7.38E-04

7.27E-04

3.14E-03

2.14E-03

7.58E-04

7.47E-04

1.08E-03

3.50E-04

2.49E-04

5.34E-04

7.46E-04

6.72E-04

1.59E-04

RHF

EIS5B

1.87E+01

3.74E+01

1.83E+01

1.20E+02

3.75E+01

3.03E+01

1.94E+01

1.98E+01

7.08E+01

6.23E+01

8.38E+O0

2.03E+02

2.34E+02

3.00E+O1

2.95E+01

1.28E+02

8.75E+01

3.04E+01

3.06E+01

4.20E+01

1.38E+01

1.02E+01

2.12E+01

3.05E+01

1.68E+01

5.31E+O0

EIS6A

6,94E-04

1.48E-03

7,92E-04

4.53E-03

1.67E-03

1.26E-03

7.46E-04

7.91E-04

2.69E-03

2.40E-03

3.18E-04

7.66E-03

8.99E-03

1.13E-03

1.llE-03

4.83E-03

3.29E-03

1.17E-03

1.15E-03

1.67E-03

5.llE-04

3.84E-04

8.21E-04

1.15E-03

1.03E-03

2:45E-04

EIS6B

1.36E+02

1.46E+02

1.86E+02

1.09E+03

1.93E+02

1.74E+02

1.78E+02

1.65E+02

5.89E+02

6.30E+02

8.55E+01

2.07E+03

2.38E+03

2.40E+02

2.85E+02

9.75E+02

8.73E+02

3.1OE+O2

2.98E+02

1.73E+02

1.21E+02

1.04E+02

1.98E+02

2.95E+02

9.02E+01

5.35E+01
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Table 37. Peak Values of Population Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EIS Accident Categories (Continued)

Total Cancer Fatalities, 0-80 km

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

cm- D

cm-c

CNC -D

CNC-C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT-D

NEW-D

NEW-C

NOR-D

NOR-C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

1.45E-04

2.40E-04

1.79E-04

7.40E-04

2.99E-04

1.04E-04

1.09E-04

9.55E-05

7.14E-04

3.1OE-O4

3.42E-05

9.70E-04

1.89E-03

2.36E-04

1.44E-04

5.90E-04

4.53E-04

2.06E-04

2.15E-04

3.38E-04

7.llE-05

4.96E-05

1.36E-04

1.63E-04

3.04E-04

6.40E-05

1.40E-03

2.89E-03

1.57E-03

9.08E-03

3.22E-03

2.43E-03

1.44E-03

1.55E-03

5.36E-03

4.84E-03

5.62E-04

1.52E-02

1.79E-02

2.20E-03

2.19E-03

9.56E-03

6.50E-03

2.31E-03

2.24E-03

3.25E-03

1.02E-03

7.16E-04

1.62E-03

2.24E-03

2.04E-03

4.73E-04

4.35E+01

8.54E+01

4.48E+01

2.95E+02

9.02E+01

7.41E+01

4.46E+01

4.82E+01

1.G4E+02

1.53E+02

1.86E+01

4.98E+02

5.72E+02

6.90E+01

7.06E+01

3.1OE+O2

2.13E+02

7.44E+01

7.39E+01

9.37E+01

3.25E+01

2.35E+01

5.18E+01

7.37E+01

3.78E+01

1.14E+01

2.013E-03

4.44E-03

2.42E-03

1.38E-02

4.96E-03

3.74E-03

2.21E-03

2.38E-03

8.21E-03

7.34E-03

8.64E-04

2.34E-02

2.75E-02

3.36E-03

3.36E-03

1.47E-02

1.00E-02

3.55E-03

3.45E-03

5.00E-03

1.49E-03

1.1OE-O3

2.50E-03

3.44E-03

3.14E-03

7.27E-04

2.62E+02

2.67E+02

4.57E+02

1.88E+03

4.51E+02

4.03E+02

4.19E+02

4.02E+02

1.28E+03

1.41E+03

1.33E+02

5.07E+03

5.81E+03

5.72E+02

5.57E+02

2.39E+03

2.14E+03

6.66E+02

7.26E+02

3.20E+02

2.90E+02

2.40E+02

4.77E+02

7.20E+02

1.73E+02

1.19E+02

EIS4

1.37E-04

2.17E-04

1.67E-04

6,84E-04

2.79E-04

1.05E-04

1,07E-04

9.46E-05

6.36E-04

2.87E-04

4.24E-05

8.94E-04

1.65E-03

2.1OE-O4

1.35E-04

5.43E-04

4.23E-04

1.87E-04

1.94E-04

3.04E-04

7.14E-05

4.99E-05

1.31E-04

1.53.E-04

2.69E-04

5.93E-05

EIS5A

6.69E-01

1.40E+O0

6.56E-01

4.33E+O0

1.58E+O0

1.19E+O0

7.09E-01

7.53E-01

2.54E+O0

2.24E+O0

2.94E-01

7.30E+O0

8.55E+O0

1.07E+O0

1.06E+O0

4.60E+O0

3.14E+O0

1.09E+O0

1.09E+O0

1.58E+O0

4.91E-01

3.60E-01

7.60E-01

1.09E+O0

9.67E-01

2.14E-01

TRIGA

EIS5B

7.77E+O0

1.58E+01

7.66E+O0

5.02E+01

1.73E+01

1.38E+01

8.20E+O0

8.40E+O0

2.95E+01

2.61E+01

3.37E+O0

8.47E+01

9.92E+01

1.24E+01

1.22E+01

5.34E+01

3.64E+01

1.27E+01

1.27E+01

1.78E+01

5.69E+O0

4.15E+O0

8.83E+O0

1.26E+01

1.12E+01

2.46E+O0

EIS6A

1.04E+O0

2.24E+O0

1.05E+O0

6.87E+O0

2.54E+O0

1.91E+O0

1.13E+O0

1.20E+O0

4.06E+O0

3.55E+O0

4.71E-01

1.17E+01

1.37E+01

1.71E+O0

1.68E+O0

7.37E+O0

5.02E+O0

1.74E+O0

1.75E+O0

2.53E+O0

7.54E-01

5.76E-01

1.22E+O0

1.75E+O0

1.55EtO0

3.’43E-O1

EIS6B

1.42E+02

1.41E+02

2.1OE+O2

1.15E+03

2.13E+02

1.91E+02

1.99E+02

1.85E+02

6.21E+02

7.09E+02

7.61E+01

2.32E+03

2.66E+03

2.68E+02

2.71E+02

1.09E+03

9.79E+02

3.18E+02

3.33E+02

1.72E+02

1.35E+02

1.14E+02

2.20E+02

3.31E+02

8.99E+01

5.73E+01

I ‘1 [ I ‘ [ 1[ il I J.!{ [ [ 1’
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Table 37. Peak Values of Population Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EIS Accident Categories (Continued)

Total Costs,

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC!-C

LOS -D

LOS -C

MOT-D

NEW-D

NEW-C

NOR- D
~oR-~

PHI-D

PHI-C

POR-D

POR- c

SAV- D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
~ .~oE+oo

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.80E+!20

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

2.04E+07

8.69E+07

1.25E+07

1.13E+05

1.31E+08

3.54E+07

7.56E+06

6.76E+07

3.75E+07

1.14E+05

3.66E+05

1.35E+08

4.25E+08

8.52E+07
~ .67E+~7

1.73E+08

7.79E+07

5.05E+07

7.58E+07

1.17E+08

2.48E+05

1.24E+05

2.09E+06

1.49E+05

1.20J3+08

2.33E+07

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
Q.QoE+no

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

8.42E+08

9.97E+08

1.54E+08

4.78E+09

1.85E+09

1.42E+09

7.80E+08

6.50E+08

2.33E+09

1.02E+09

9.61E+07

2.01E+09

6.64E+09

1.14E+09
1.24E+09

6.1OE+O9

1.56E+09

1.07E+09

7.96E+08

1.29E+09

2.69E+08

1.23E+07

1.06E+09

3.97E+08

5.94E+08

1.05E+08

u-mu K3n

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

RHF

EIS5B

3.69E+06

1.22E+07

1.53E+04

0.00E+OO

1.62E+07

7.36E+05

1.13E+06

3.63E+06

1.53E+04

3.06E+03

1.32E+05

3.66E+07

1.15E+08

1.52E+07

6.53E+06

3.06E+07

1.37E+07

9.32E+06

1.40E+07

2.11E+07

8.11E+04

8.08E+03

3.82E+05

2.02E+04

2.14E+07

4,17E+06

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.’OOE+OO

EIS6B

2.78E+08

7.40E+08

1.04E+08

2.66E+08

6.28E+08

5.45E+08

2.33E+08

4.79E+08

4.78E+08

1.51E+06

2.40E+07

5.27E+08

2.16E+09

2.11E+08

3.27E+08

1.13E+09

3.12E+08

3.71E+08

2.57E+08

8.14E+08

5.81E+07

6.52E+05

2.88E+08

4.31E+07

2.18E+08

5.73E+07



Table 37. Peak Values of Population Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EIS Accident Categories (Continued)

Total Costs,

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA- D

CHA-C

CNC -D

CNC-C

GAL-D

GAI-C

JAC -D

JAC -C

LOS-D

LOS-C

MO1’-D

NEW-D

NEW-C

NOR -D

NOR- C

PHI-D

PHI-C

POR -D

POR-C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

O 00E+OO

O 00E+OO

0.00E+OO

O .00E+OO

O 00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

1.83E+07

6.09E+07

1.24E+07

3.67E+04

9.05E+07

3.37E+07

5.36E+06

1.79E+07

3.74E+07

3.52E+04

3.66E+05

3.67E+07

1.15E+08

7.85E+07

3.38E+07

1.63E+08

7.34E+07

4.23E+07

6.35E+07

1.05E+08

2.48E+05

8.08E+03

1.73E+06

2.02E+04

1.11E+08

2.14E+07

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

4.36E+08

8.99E+08

1.19E+08

2.94E+09

1.64E+09

1.32E+09

4.12E+08

5.21E+08

1.82E+09

9.26E+08

3.05E+07

1.57E+09

4.39E+09

8.99E+08

5.54E+08

4.72E+09

1.31E+09

9.15E+08

6.80E+08

1.11E+09

1.35E+08

1.19E+07

9.18E+08

2.97E+08

5.25E+08

9.97E+07

0-80 km

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS5A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

TRIGA

EIS5B

2.61E+04

2.55E+04

1.53E+04

0.00E+OO

2.53E+04

2.27E+04

5.45E+04

5.90E+04

1.53E+04

3.06E+03

1.47E+04

1.31E+04

5.64E+03

6.14E+03

4.91E+03

9.14E+03

6.53E+03

3.22E+03

3.22E+03

4.33E+04

3.95E+04

0.00E+OO

8.08E+03

0.00E+OO

1.47E+04

1.32E+04

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O:OOE+OO

EIs6i3

3.34E+08

8.26E+08

1.18E+08

1.09E+09

6.94E+08

6.07E+08

2.70E+08

4.95E+08

8.08E+08

3.50E+07

2.90E+07

6.36E+08

2.39E+09

3.09E+08

3.51E+08

1.66E+09

4.54E+08

4.38E+08

2.88E+08

8.95E+08

8.77E+07

6.52E+05

3.29E+08

4.31E+07

2.70E+08

6.62E+07



Table 37. Peak Values of Population Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EIS Accident Categories (Continued)

Individual Centerline EDEwhole Body Dose, 0-1.6 Iun (SV)

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC -D

CNC- C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT-D

NEW-D

NEW-C

NOR-D

EGR-C

PHI -D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA- C

TAC- D

TAC- C

WIL-D

WIL-C

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3 .62!3-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3.62E-06

3,62E-06

3.62E-06

3.62E-06

1.53E-05

1.53E-05

6.58E-06

6.58E-06

1.39E-05

1.39E-05

1.53E-05

1.53E-05

6.58E-06

6,58E-06

1.57E-05

1.08E-05

1.08E-05

1.57E-05

1.5’7E-05

1.59E-05

1.59E-05

1.48E-05

1.48E-05

1.53E-05

1.53E-05

1.48E-05

1.48E-05

1.48E-05

1.57E-05

1.57E-05

2.30E-01

2.30E-01

1.33E-01

1.33E-01

2.18E-01

2.18E-01

2.30E-01

2.30E-01

1.33E-01

1.33E-01

2.33E-01

1.87E-01

1.87E-01

2,33E-01
~.q~~-Q~

2.35E-01

2.35E-01

2,25E-01

2.25E-01

2.30E-01

2.30E-01

2.25E-01

2.25E-01

2.25E-01

2.33E-01

2.33E-01

2.36E-05

2.36E-05

1.OIE-05

1.OIE-05

2.14E-05

2.14E-05

2.36E-05

2.36E-05

1.OIE-05

1.OIE-05

2.41E-05

1.66E-05

1.66E-05

2.41E-05
2:41E-OS

2.44E-05

2.44E-05

2.27E-05

2.27E-05

2.36E-05

2.36E-05

2.27E-05

2.27E-05

2.27E-05

2.41E-05

2.41E-05

2.44E-01

2.44E-01

2.37E-01

2.37E-01

2.48E-01

2.48E-01

2.44E-01

2.44E-01

2.37E-01

2.37E-01

2.54E-01

2.46E-01

2.46E-01

2.54E-01

2.54E-01

2.46E-01

2.46E-01

2.44E-01

2.44E-01

2.44E-01

2.44E-01

2.44E-01

2.44E-01

2.44E-01

2.54E-01

2,54E-01

EIS4

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

1.45E-06

EIS5A

6.12E-06

6.12E-06

2.63E-06

2.63E-06

5.57E-06

5.57E-06

6.12E-06

6.12E-06

2.63E-06

2.63E-06

6.26E-06

4.31E-06

4.31E-06

6.26E-06

6.26E-06

6.34E-06

6.34E-06

5.90E-06

5.90E-06

6.12E-06

6.12E-06

5.90E-06

5.90E-06

5.90E-06

6.26E-06

6.26E-06

RHF

EIS5B

1.49E-01

1.49E-01

1.08E-01

1.08E-01

1.64E-01

1.64E-01

1.49E-01

1.49E-01

1.08E-01

1.08E-01

1.26E-01

1.30E-01

1.30E-01

1.26E-01

3..26E-O1

1.44E-01

1.44E-01

1.57E-01

1..57E-O1

1.49E-01

1.49E-01

1.57E-01

1.S7E-01

1.57E-01

1.26E-01

1.26E-01

EIS6A

9.42E-06

9.42E-06

4.04E-06

4.04E-06

8.57E-06

8.57E-06

9.42E-06

9.42E-06

4.04E-06

4.04E-06

9.63E-06

6.64E-06

6.64E-06

9.63E-06

9.63E-06

9.75E-06

9.75E-06

9.07E-06

9.07E-06

9.42E-06

9.42E-06

9.07E-06

9.07E-06

9.07E-06

9.63E-06

9;63E-06

EIS6B

2.63E-01

2.63E-01

2.63E-01

2.63E-01

2.59E-01

2.59E-01

2.63E-01

2.63E-01

2.63E-01

2,63E-01

2.63E-01

2.61E-01

2.61E-01

2.63E-01

2.63E-01

2.58E-01

2.58E-01

2.63E-01

2.63E-01

2.63E-01

2.63E-01

2.63E-01

2.63E-01

2.63E-01

2.63E-01

2.63E-01

I



Table 37. Peak Values of Population Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EIS Accident Categories (Continued)

Individual Centerline EDE Whole Body Dose, 0-1.6 km (SV)

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

Los -c

MOT -D

NEW-D

NEW- C

NOR-D

NOR-C

PHI-D

PHI-C

POR-D

!?OR-C

SAV-D

SAV- C

SEA-C

TAC- D

TAC- C

WIL-D

WIL-C

[(

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5,03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5,03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

5.03E-06

[’

1.92E-05

1.92E-05

8.25E-06

8.25E-06

1.75E-05

1.75E-05

1.92E-05

1.92E-05

8.25E-06

8.25E-06

1.97E-05

1.35E-05

1.35E-05

1.97E-05

1.97E-05

1.99E-05

1.99E-05

1.85E-05

1.85E-05

1.92E-05

1.92E-05

1.85E-05

1.85E-05

1.85E-05

1.97E-05

1.97E-05

[ 1,

2.64E-01

2.64E-01

1.73E-01

1.73E-01

2.55E-01

2.55E-01

2.64E-01

2.64E-01

1.73E-01

1.73E-01

2.66E-01

2.15E-01

2.15E-01

2.66E-01

2.66E-01

2.68E-01

2.68E-01

2.61E-01

2.61E-01

2.64E-01

2.64E-01

2.61E-01

2.61E-01

2.61E-01

2.66E-01

2.66E-01

2.96E-05

2.96E-05

1.27E-05

1.27E-05

2.69E-05

2.69E-05

2.96E-05

2.96E-05

1.27E-05

1.27E-05

3.03E-05
2.08E-05

2.08E-05

3.03E-05

3.03E-05

3.06E-05

3.06E-05

2.85E-05

2.85E-05

2.96E-05

2.96E-05

2.85E-05

2.85E-05

2.85E-05

3.03E-05

3.03E-05

2.74E-01

2.74E-01

2.69E-01

2.69E-01

2.75E-01

2.75E-01

2.74E-01

2.74E-01

2.69E-01

2.69E-01

2.74E-01

2,74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

2.74E-01

[:{ I :[

EIS4

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4,06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

4.06E-06

EIS5A

9.06E-03

9.06E-03

3.89E-03

3.89E-03

8.26E-03

8.26E-03

9.06E-03

9.06E-03

3.89E-03

3.89E-03

9.22E-03

6.38E-03

6.38E-03

9.22E-03

9.22E-03

9.38E-03

9.38E-03

8.72E-03

8.72E-03

9.06E-03

9.06E-03

8.72E-03

8.72E-03

8.72E-03

9.22E-03

9.22E-03

TRIGA

EIS5B

1.05E-01

1,05E-01

4.52E-02

4.52E-02

9.60E-02

9.60E-02

1,05E-01

1.05E-01

4.52E-02

4.52E-02

1.07E-01

7.42E-02

7,42E-02

1.07E-01

1.07E-01

1.09E-01

1.09E-01

1.OIE-01

1.OIE-01

1.05E-01

1.05E-01

1.OIE-01

1.OIE-01

1.OIE-01

1.07E-01

1.07E-01

EIS6A

1.45E-02

1.45E-02

6.22E-03

6.22E-03

1.32E-02

1.32E-02

1.45E-02

1.45E-02

6.22E-03

6.22E-03

1.47E-02

1.02E-02

1.02E-02

1.47E-02

1.47E-02

1.50E-02

1.50E-02

1.40E-02

1.40E-02

1.45E-02

1.45E-02

1.40E-02

1.40E-02

1.40E-02

1.47E-02

1:47E-02

EIS6B

2.69E-01

2.69E-01

2.63E-01

2.63E-01

2.65E-01

2.65E-01

2.69E-01

2.69E-01

2.63E-01

2.63E-01

2.67E-01

2.67E-01

2.67E-01

2.67E-01

2.67E-01

2.64E-01

2.64E-01

2.68E-01

2.68E-01

2.69E-01

2.69E-01

2.68E-01

2.68E-01

2.68E-01

2.67E-01

2.67E-01
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Table 37. Peak Values of Population Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EIS Accident Categories (Continued)

Individual Centerline Cancer Risk, 0-1.6 km

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC-D

CNC- C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW -C

NOR -D

WCS -c!

PHI -D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC- C

WIL-D

WIL-C

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1,78E-07

1.7s!3-07

1,78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

1.78E-07

6.4SE-07

6.45E-07

2.77E-07

2.77E-07

5.86E-07

5.86E-07

6.45E-07

6.45E-07

2.77E-07

2.77E-07

6.61E-07

4.55E-07

4.55E-07

6.61E-07
~ .~~~-Q7

6.68E-07

6.68E-07

6.21E-07

6.21E-07

6.45E-07

6.45E-07

6.21E-07

6.21E-07

6.21E-07

6.61E-07

6.61E-07

9.57E-03

9.57E-03

5.56E-03

5.56E-03

9.06E-03

9.06E-03

9.57E-03

9.57E-03

5.56E-03

5.56E-03

9.68E-03

7.79E-03

7.79E-03

9.68E-03
9:fi13E-03

9.77E-03

9.77E-03

9.36E-03

9.36E-03

9.57E-03

9.57E-03

9.36E-03

9.36E-03

9.36E-03

9.68E-03

9.68E-03

9.93E-07

9.93E-07

4.26E-07

4.26E-07

9.02E-07

9.02E-07

9.93E-07

9.93E-07

4.26E-07

4.26E-07

1.02E-06

7.00E-07

7.00E-07

1.02E-06

1.02E-06

1.03E-06

1.03E-06

9.56E-07

9.56E-07

9.93E-07

9.93E-07

9.56E-07

9.56E-07

9.56E-07

1.02E-06

1.02E-06

1.02E-02

1.02E-02

9.85E-03

9.85E-03

1.03E-02

1.03E-02

1.02E-02

1.02E-02

9.85E-03

9.85E-03

1.06E-02

1.02E-02

1.02E-02

1.06E-02

1.06E-02

1.02E-02

1.02E-02

1.OIE-02

1.OIE-02

1.02E-02

1.02E-02

1.OIE-02

1.OIE-02

1.OIE-02

1.06E-02

1.06E-02

EIS4

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

7.24E-08

EIS5A

2.59E-07

2.59E-07

1.llE-07

1.IIE-07

2.35E-07

2.35E-07

2.59E-07

2.59E-07

1.llE-07

1.llE-07

2.66E-07

1.83E-07

1.83E-07

2.66E-07

2.66E-07

2.68E-07

2.68E-07

2.50E-07

2.50E-07

2.59E-07

2.59E-07

2.50E-07

2.50E-07

2.50E-07

2.66E-07

2.66E-07

RHF

EIS5B

6.22E-03

6.22E-03

4.51E-03

4.51E-03

6.84E-03

6.84E-03

6.22E-03

6.22E-03

4.51E-03

4.51E-03

5.25E-03

5.41E-03

5.41E-03

5.25E-03

5.25E-03

6.02E-03

6.02E-03

6.55E-03

6.55E-03

6.22E-03

6.22E-03

6.55E-03

6.55E-03

6.55E-03

5.25E-03

5.25E-03

EIS6A

3.99E-07

3.99E-07

1.71E-07

1.71E-07

3.62E-07

3.62E-07

3.99E-07

3.99E-07

1.71E-07

1.71E-07

4.09E-07

2.81E-07

2.81E-07

4.09E-07

4.09E-07

4.13E-07

4.13E-07

3.84E-07

3.84E-07

3.99E-07

3.99E-07

3.84E-07

3.84E-07

3.84E-07

4.09E-07

4:09E-07

EIS6B

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.08E-02

1.08E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.07E-02

1.07E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02

1.09E-02



Table 37. Peak Values of Population Dose, Cancer Fatalities, Costs, Centerline Individual
Dose and Centerline Individual Risk for EIS Accident Categories (Concluded)

Individual Centerline Cancer Risk, 0-1.6 lm

OSIRIS

Site/Lot EIS4 EISSA EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC-D

CNC-C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR-D

NOR- C

PHI -D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

2.38E-07

7.94E-07

7.94E-07

3.41E-07

3.41E-07

7.20E-07

7.20E-07

7.94E-07

7.94E-07

3.41E-07

3.41E-07

8.14E-07

5.59E-07

5.59E-07

8.14E-07

8.14E-07

8.22E-07

8.22E-07

7.65E-07

7.65E-07

7.94E-07

7.94E-07

7.65E-07

7.65E-07

7.65E-07

8.14E-07

8.14E-07

1.1OE-O2

1.1OE-O2

7.21E-03

7.21E-03

1.06E-02

1.06E-02

1.1OE-O2

1.1OE-O2

7.21E-03

7.21E-03

1.llE-02

8.96E-03

8.96E-03

1.llE-02

1.llE-02

1.llE-02

1.llE-02

1.08E-02

1.08E-02

1.1OE-O2

1.1OE-O2

1.08E-02

1.08E-02

1.08E-02

1.13.E-02

1.llE-02

1,22E-06

1.22E-06

5.24E-07

5.24E-07

1.llE-06

1.llE-06

1.22E-06

1.22E-06

5.24E-07

5.24E-07

1.25E-06

8.61E-07

8.61E-07

1.25E-06

1.25E-06

1.26E-06

1.26E-06

1.18E-06

1.18E-06

1.22E-06

1.22E-06

1.18E-06

1.18E-06

1.18E-06

1.25E-06

1.25E-06

1.14E-02

1.14E-02

1.12E-02

1.12E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.12E-02

1.12E-02

1,14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

1.14E-02

EIS4

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

1.84E-07

EIS5A

3.77E-04

3.77E-04

1.62E-04

1.62E-04

3.44E-04

3.44E-04

3.77E-04

3.77E-04

1.62E-04

1.62E-04

3.84E-04

2.66E-04

2.66E-04

3.84E-04

3.84E-04

3.90E-04

3.90E-04

3.63E-04

3.63E-04

3.77E-04

3.77E-04

3.63E-04

3.63E-04

3.63E-04

3.84E-04

3.84E-04

TRIGA

EISSB

4.38E-03

4.38E-03

1.88E-03

1.88E-03

3.99E-03

3.99E-03

4.38E-03

4.38E-03

1.88E-03

1.88E-03

4.46E-03

3.09E-03

3.09E-03

4.46E-03

4.46E-03

4.53E-03

4.53E-03

4.22E-03

4.22E-03

4.38E-03

4.38E-03

4.22E-03

4.22E-03

4.22E-03

4.46E-03

4.46E-03

EIS6A

6.03E-04

6.03E-04

2.59E-04

2.59E-04

5.50E-04

5.50E-04

6.03E-04

6.03E-04

2.59E-04

2.59E-04

6.14E-04

4.25E-04

4.25E-04

6.14E-04

6.14E-04

6.25E-04

6.25E-04

5.81E-04

5.81E-04

6.03E-04

6.03E-04

5.81E-04

5.83.E-04

5.81E-04

6.14E-04

6:14E-04

EIS6B

1.llE-02

1.llE-02

1.09E-02

1.09E-02

1.1OE-O2

1.1OE-O2

1.llE-02

1.llE-02

1.09E-02

1.09E-02

1.llE-02

1.llE-02

1.llE-02

1.llE-02

l,llE-02

1.1OE-O2

1.1OE-O2

1.13E-02

1.13E-02

1.llE-02

1.llE-02

1.13E-02

1.13E-02

1.13E-02

1.llE-02

1.llE-02
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Table 38. Conditional Probability of Peak Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories

EDE Whole Body Population Dose, 0-80 km (SV)

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC-D

CNC- C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT- D

NEW- D

NEW- C

NOR -D

NOR -C

PHI-D

PHI-C

POR -D

POR-C

SAV -D

SAV -C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1. OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3 .5’LE-04

1.07E-05

3.17E-06

2.44E-05

1.26E-05

3.19E-04

1.13E-05

1,30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05
a c9v_Q~/ .“.-u

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

1.OIE-05

6.44E-05

1.18E-05

7.58E-06

9.75E-06

9.75E-06

6.03E-06

4.37E-05

3.42E-06
2.81E-06

2.76E-05

2.03E-05

1.16E-05
~.~~~-~g

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.64E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04
2.98E-05

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05
~.g~~-~g

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

8.88E-06

4.44E-06

1.18E-05

4.33E-06

3.40E-03

3.40E-03

1.46E-05

4.37E-05

4.83E-06

4.83E-06

2.76E-05

2.03E-05

1.45E-05
9,62E-06

4.88E-06

7.78E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

2.98E-05

1.08E-05

9.93E-05
4.59E-05

EIS4

1.OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04
3:51E-n4

1.07E-05

3.17E-06

2.44E-05

1.26E-05

3.19E-04

1.13E-05

1.30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

EIS5A

1.OIE-05

4.44E-06

5.08E-04
7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05
7.65E-05

9,62E-06

1.61E-05

3,17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

RHF

EIS5B

1.OIE-05

4,44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06
2.81E-06

2.76E-05

2.03E-05

1.16E-05
9.62E-06

1.61E-05

3.17E-06

2,44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04
7.43E-05

EIS6A

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1..O8E-O5

1.16E-04

1.08E-04

EIS6B

1.OIE-05

8.88E-06

1.18E-05

4.33E-06

3.40E-03

3.40E-03

1.46E-05

4.37E-05

3.53E-05

2.81E-06

2.76E-05

2.03E-05

1.16E-05

9.62E-06

1.61E-05

7.78E-06

2.44E-05

1.09E-05

1.09E-05

1.24E-05

1.14E-05

6.79E-04

1.08E-05

1.08E-05

9.93E-05

2.68E-04



Table 38. Conditional Probability of Peak Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

EDEwhole Body Population Dose, 0-80 km (SV)

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CRA-C

CNC -D

CNC -C

GAL-D

GAJ-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW- C

NOR-D

NOR -C

PHI-D

PHI-C

POR-D

POR- C

SAV -D

SAV -C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1.OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

2.76E-05

2.03E-05

2.50E-04

3.51E-04

1.07E-05

3.17E-06

2.44E-05

1.26E-05

3.19E-04

1,13E-05

1.30E-05

1.97E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

[’[:(.

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

9.75E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

1.16E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.64E-06

1.14E-05

9.80E-04

1.14E-05

1.08E-05

1.16E-04

2.68E-04

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

8.88E-06

4.44E-06

1.18E-05

4.33E-06

3.40E-03

3.40E-03

4.37E-05

4.37E-05

4.83E-06

4.91E-06

2.76E-05

2.03E-05

1.45E-05

9.62E-06

1.61E-05

7.78E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04

1.08E-05

1.08E-05

9.93E-05

2.68E-04

( {’ I {

EIS4

1.OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04

1.07E-05

3.17E-06

2.44E-05

1.26E-05

3.19q-04

1.13E-05

1.30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

EIS5A

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

TRIGA

EIS5B

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

9.75E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

EIS6A

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04

1.14E-05

1,08E-05

1.16E-04

1.08E-04

EIS6B

2.OIE-05

8.88E-06

1.18E-05

4.33E-06

3.40E-03

3.40E-03

1.46E-05

4.37E-05

3.53E-05

2.81E-06

2.12E-05

2.03E-05

1.45E-05

9.62E-06

1.61E-05

7.78E-06

2.44E-05

1.09E-05

1.09E-05

1.24E-05

1.14E-05

9.80E-04

1.08E-05

1.08E-05

9.93E-05

2.68E-04
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Table 38. Conditional Probability of Peak Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Total Cancer Fatalities, 0-80 km

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT-D

NEW-D

NEW-C

NOR-D

NOR- C

PHI-D

PHI-C

POR -D

POR-C

SAV-D

SAV -C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

1.OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04

1.07E-05

3.17E-06

2.44E-05

2.98E-04

3.19E-04

1.13E-05

1.30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05
~.~~E-~~

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

1.OIE-05

6.44E-05

5.08E-04

7.58E-06

9.75E-06

9.75E-06

6.03E-06

4.37E-05

3.42E-06

2.81E-06

2.76E-05

2.03E-05

1.16E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.64E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

2.98E-05

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05
~.~~~-o~

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

8.88E-06

4.44E-06

1.18E-05

4.33E-06

3.40E-03

3.40E-03

1.27E-05

4.37E-05

4.83E-06

4.83E-06

2.76E-05

2.03E-05

1.45E-05

9.62E-06

4.88E-06

7.78E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

2.98E-05

1.08E-05

9.93E-05

4.59E-05

EIS4

1.OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-”03

4,91E-06

1.67E-05

2.03E-05

2.50E-04

2 .51!3-04

1.07E-05

3.17E-06

2.44E-05

2.98E-04

3.19E-04

1.13E-05

1.30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

EIS5A

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05
9.52~-Q~

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

RHF

EIS5B

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

1.16E-05
Q,~~~-Q~

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.08E-05

1.08E-05

1.16E-04

1.27E-05

EIS6A

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05
9.G2E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1,14E-05

1,08E-05

1.16E-04

1.08E-04

EIS6B

1.OIE-05

8.88E-06

1.18E-05

4.33E-06

3.40E-03

3.40E-03

1.46E-05

4.37E-05

3.53E-05

2.81E-06

2.76E-05

2.03E-05

1.I.6E-05
9.K2E-06

1.61E-05

7.78E-06

2.44E-05

1.09E-05

1.09E-05

1.24E-05

1.14E-05

6.79E-04

1.08E-05

1.08E-05

9.93E-05

2.98E-05

}
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Table 38. Conditional Probability of Peak Values of Population Dose,
Fatalities, Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Cancer

Total Cancer Fatalities, 0-80 km

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW-D

NEW- C

NOR -D

NOR- c

PHI-D

PHI-C

POR -D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1.OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04

1.07E-05

3.17E-06

2.44E-05

2.98E-04

3.19E-04

1.13E-05

1.30E-05

l,97E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

1.OIE-05

4.44E-06

5.08E-04

7.S8E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

9.75E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

1.16E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.64E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

2.98E-05

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

9.80E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

8.88E-06

4.44E-06

1.18E-05

4.33E-06

3.40E-03

3.40E-03

4.37E-05

4.37E-05

4.83E-06

4.91E-06

2.76E-05

2.03E-05

1.45E-05

9.62E-06

1.61E-05

7.78E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.08E-05

1.08E-05

9.93E-05

2.68E-04

EIS4

1.OIE-05

7.77E-06

8.47E-04

7.58E-06

7.80E-06

7.80E-06

6.03E-06

6.08E-06

1.83E-03

4.91E-06

1.67E-05

2.03E-05

2.50E-04

3.51E-04

1.07E-05

3.17E-06

2.44E-05

2.98E-04

3.19~-04

1.13E-05

1.30E-05

1.36E-04

5.33E-06

1.08E-05

3.26E-04

3.04E-04

EIS5A

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

TRIGA

EIS5B

1.OIE-05

4.44E-06

5.08E-04

7.58E-06

9.75E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

EIS6A

1.OIE-05

4.44E-06

1.18E-05

7.58E-06

7.80E-06

9.75E-06

6.03E-06

8.06E-06

3.42E-06

2.81E-06

2.76E-05

2.03E-05

7.65E-05

9.62E-06

1.61E-05

3.17E-06

2.44E-05

1.09E-05

1.09E-05

6.22E-06

1.14E-05

6.79E-04

1.14E-05

1.08E-05

1.16E-04

1.08E-04

EIS6B

2.OIE-05

8.88E-06

5.08E-04

4.33E-06

3.40E-03

3.40E-03

1.46E-05

4.37E-05

3.53E-05

2.81E-06

2.12E-05

2.03E-05

1.45E-05

9.62E-06

1.61E-05

7.78E-06

2.44E-05

1.09E-05

1.09E-05

1.24E-05

1.14E-05

6.79E-04

1.08E-05

1.08E-05

9.93E-05

2.68E-04

{ [f [ ‘( {
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Table 38. Conditional Probability of Peak Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Total Costs,

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA -D

CHA -C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC-C

LOS-D

LOS-C

MOT-D

NEW-D

NEW- C

NOR-D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

O 00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

f

1.31E-04

7.93E-05

3.75E-05

1.61E-04

7.80E-06

9.3-9E-06

8.25E-05

8.34E-05

8.07E-05

1.45E-05

3.85E-05

2.59E-04

2.94E-04

1.25E-04

1,49E-04

4,69E-05

1.43E-05

1.26E-05

1,35E-05

9.38E-05

6.64E-06

1.54E-04

1.96E-05

3.42E-05

1.16E-04

1.08E-04

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

4.34E-06

8.88E-06

5.58E-06

7.58E-06

9.75E-06

9.75E-06

9.19E-06

8.06E-06

1.20E-05

7.72E-06

4.69E-06

9.20E-05

7.65E-05

1.90E-05

1.23E-05

3.17E-06

7.78E-06

6.77E-05

8.63E-06

6.64E-06

6.64E-06

4.95E-06

1.52E-06

4.60E-06

9.llE-06

8.49E-06

U-5U Km

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.ooq+oo

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS5A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

TRIGA

EIS5B

2.57E-05

9.91E-06

1.55E-05

0.00E+OO

5.25E-05

1.95E-05

7.73E-06

1.49E-05

3.36E-05

1.27E-05

2.20E-03

1.36E-03

2.81E-03

5.50E-04

5.29E-04

4.61E-04

2.04E-04

2.38E-04

1.88E-04

3.34E-05

7.44E-06

0.00E+OO

5.OIE-05

0.00E+OO

7.61E-04

2.69E-04

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

OJOOE+OO

0.00E+OO

0.00E+OO

EIS6B

4.34E-06

4.44E-06

5.58E-06

7.58E-06

9.75E-06

9.75E-06

9.19E-06

8.06E-06

1.20E-05

9.83E-06

7.04E-06

9.20E-05

7.65E-05

1.llE-05

1.61E-05

3.17E-06

7.78E-06

2.81E-05

3.02E-05

1.93E-05

6.64E-06

2.30E-04

5.33E-06

7.58E-05

1.16E-04

1.08E-04



Table 38. Conditional Probability of Peak Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Individual Centerline EDEWhole Body Dose, 0-1.6 km (SV)

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA- D

CHA- c

CNC-D

CNC- C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT- D

NEW-D

NEW- C
.,n”,“”n-D

NOR -C

PHI-D

PHI-C

POR -D

POR -c

SAV -D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03

3.45E-03

!3.16E-03

8.16E-03

7.89E-02

7.89E-02

2.91E-02

2.91E-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03
,lcl?-~~I.=”x

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03
~.~~~-~$

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03
~..4~~-Q~

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1,14E-04

1.14E-04

8.28E-04

8.28E-04

4,85E-04

4.85E-04

1.14E-04

1.14E-04

8.28E-04

8.28E-04

9.99E-04

9.70E-04

9.70E-04
9.qgE-n4

9.99E-04

1.14E-04

1.14E-04

3.14E-03

3.14E-03

1.14E-04

1.14E-04

3.14E-03

3.14E-03

3.14E-03

9.99E-04

9.99E-04

EIS4

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-’O1

1.22E-01

8.16E-03

3.45E-03

3.45E-03
E!:16E-133

8.16E-03

7.89E-02

7.89E-02

2.91E-02

2.91~-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

EIS5A

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03
1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

RHF

EIS5B

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.34E-03

1.34E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

9.70E-04

9.70E-04
1.46E-03

1.46E-03

5.14E-04

5.14E-04

8.56E-04

8.56E-04

1.66E-03

1.66E-03

8.56E-04

8.56E-04

8.56E-04

1.46E-03

1.46E-03

EIS6A

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4,00E-04

1.46E-03

1.46E-03

EIS6B

9.99E-04

9.99E-04

2.00E-04

2.00E-04

1.34E-03

1.34E-03

9.99E-04

9.99E-04

2.00E-04

2.00E-04

2.45E-03

3.00E-03

3.00E-03

2.45E-03

2.45E-03

2.23E-03

2.23E-03

4.00E-04

4.00E-04

9.99E-04

9.99E-04

4.00E-04

4.00E-04

4.00E-04

2.45E-03

2.45E-03

I 1
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Table 38. Conditional Probability of Peak Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Individual Centerline EDE Whole Body Dose, 0-1.6 km (SJ)

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

cm-c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR -D

NOR -C

PHI-D

PHI-C

POR -D

POR-C

SAV -D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03

3.45E-03

8.16E-03

8.16E-03

7.89E-02

7.89E-02

2.91E-02

2.91E-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.66E-03

1.66E-03

8.28E-04

8.28E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

8.28E-04

8.28E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1,46E-03

1.14E-04

1.14E-04

8.28E-04

8.28E-04

4.85E-04

4.85E-04

1.14E-04

1.14E-04

8.28E-04

8.28E-04

1.14E-04

9.70E-04

9.70E-04

1.14E-04

1.14E-04

1.14E-04

1.14E-04

3.14E-03

3.14E-03

1.14E-04

1.14E-04

3.14E-03

3.14E-03

3.14E-03

1.14E-04

1.14E-04

EIS4

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03

3.45E-03

8.16E-03

8.3.6E-03

7.89E-02

7,89E-02

2.91E-02

2.91E-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

EIS5A

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

TRIGA

EIS5B

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

EIS6A

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4,00E-04

1.46E-03

1.46E-03

EIS6B

9.99E-04

9.99E-04

8.28E-04

8.28E-04

1.34E-03

1.34E-03

9.99E-04

9.99E-04

8.28E-04

8.28E-04

2.45E-03

3.00E-03

3.00E-03

2.45E-03

2.45E-03

2.23E-03

2.23E-03

8.56E-04

8.56E-04

9.99E-04

9.99E-04

8.56E-04

8.56E-04

8.56E-04

2.45E-03

2.45E-03
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Table 38. Conditional Probability of Peak Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Continued)

Individual Centerline Cancer Risk, 0-1.6 km

BR- 2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

cm-c

CNC -D

CNC-C

GAL-D

GAL-C

JAC- D

JAC- C

LOS-D

LOS -C

MOT-D

NEW-D

NEW- C

NOR- D

NOR- C

PHI-D

PHI -C

POR-D

POR -C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02
2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03

3.45E-03

8.16E-03

8.16E-03

7.89E-02

7.89E-02

2.91E-02

2.91E-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03
*

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03
1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

1.26E-03

1.26E-03

1.66E-03

1.66E-03

1.26E-03

1.26E-03

1,26E-03

1.46E-03

1.46E-03

1.66E-03

1.66E-03

2.00E-04

2,00E-04

1.57E-03

1.57E-03

1,66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-U3

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.14E-04

1.14E-04

8.28E-04

8.28E-04

4.85E-04

4.85E-04

1.14E-04
1.14E-04

8.28E-04

8.28E-04

9.99E-04

9.70E-04

9.70E-04

9.99E-04

9.99E-04

1.14E-04

1.14E-04

3.14E-03

3.14E-03

1.14E-04

1.14E-04

3.14E-03

3.14E-03

3.14E-03

9.99E-04

9.99E-04

EIS4

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03

3.45E-03

8.i6E-03

8.16E-03

7.89E-02

7.89E-02

2.91E-02

2.91)$-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

EIS5A

1.66E-03

1.66E-03

2,00E-04

2,00E-04

1.57E-03

1,57E-03

1,66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

i.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

RHF

EIS5B

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.34E-03

1.34E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

9.70E-04

9.70E-04

1.46E-03

1.46E-03

5.14E-04

5.14E-04

8.56E-04

8.56E-04

1.66E-03

1.66E-03

8.56E-04

8.56E-04

8.56E-04

1.46E-03

1.46E-03

EIS6A

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03
, AcD.f12
J..-z”t”-,.,

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.’OOE-O4

1.46E-03

1.46E-03

EIS6B

9.99E-04

9.99E-04

2.00E-04

2.00E-04

1.34E-03

1.34E-03

9.99E-04

9.99E-04

2.00E-04

2.00E-04

2.45E-03

3.00E-03

3.00E-03

2.45!3-!)3

2.45E-03

2.23E-03

2.23E-03

4.00E-04

4.00E-04

9.99E-04

9.99E-04

4.00E-04

4.00E-04

4.00E-04

2.45E-03

2.45E-03

i



Table 38. Conditional Probability of Peak Values of Population Dose, Cancer
Fatalities, Costs, Centerline Individual Dose and Centerline
Individual Risk for EIS Accident Categories (Concluded)

Individual Centerline Cancer Risk, 0-1.6 km

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CH&D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW-D

NEW- C

NOR -D

NOR -C

PHI-D

PHI-C

??OR-D

Poll-c

SAV-D

SAV- C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03

3.45E-03

8.16E-03

8.16E-03

7.89E-02

7.89E-02

2.91E-02

2.91E-02

2.36E-02

2.36E-02

2,91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1,57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.66E-03

1.66E-03

8.28E-04

8.28E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

8.28E-04

8.28E-04

1.46E-03

4.05E-03

4.05E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

1.14E-04

1.14E-04

8.28E-04

8.28E-04

4.85E-04

4.85E-04

1.14E-04

1.14E-04

8.28E-04

8.28E-04

1.14E-04

9.70E-04

9.70E-04

1.14E-04

1.14E-04

1,14E-04

1,14E-04

3.14E-03

3,14E-03

1.14E-04

1.14E-04

3.14E-03

3.14E-03

3.14E-03

1.14E-04

1.14E-04

EIS4

2.36E-02

2.36E-02

1.22E-01

1.22E-01

3.73E-02

3.73E-02

2.36E-02

2.36E-02

1.22E-01

1.22E-01

8.16E-03

3.45E-03

3.45E-03

8.16E-03

8.16E-03

7.89E-02

7.89E-02

2.91E-02

2.91E-02

2.36E-02

2.36E-02

2.91E-02

2.91E-02

2.91E-02

8.16E-03

8.16E-03

EIS5A

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

TRIGA

EIS5B

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5,14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4.00E-04

1.46E-03

1.46E-03

EIS6A

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.57E-03

1.57E-03

1.66E-03

1.66E-03

2.00E-04

2.00E-04

1.46E-03

1.06E-03

1.06E-03

1.46E-03

1.46E-03

5.14E-04

5.14E-04

4.00E-04

4.00E-04

1.66E-03

1.66E-03

4.00E-04

4.00E-04

4,00E-04

1.46E-03

1.46E-03

EIS6B

9.99E-04

9.99E-04

8.28E-04

8.28E-04

1.34E-03

1.34E-03

9.99E-04

9.99E-04

8.28E-04

8.28E-04

2.45E-03

3.00E-03

3.00E-03

2.45E-03

2.45E-03

2.23E-03

2.23E-03

4.00E-04

4.00E-04

9.99E-04

9.99E-04

4.00E-04

4.00E-04

4.00E-04

2.45E-03

2.45E-03

I I
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receive a dose that is about 1.5 times larger than a normal 50-year individual dose is about 6 x
10-IGper port call.

Table 35 shows that the number of cancer deaths, expected to occur 20 to 40 years after the
accident among the population located at the time of the accident within 50 miles of the
accident site, ranges from 1.24 x 10-6 for the MOTSU dock calculation that used the RHF
inventory, EIS4 release fractions, and Cape Hatteras weather to 271 for the Newark dock
calculation that used the BR-2 inventory, EIS6B release fractions, and New York City
weather. If these 271 cancer fatalities occur more or less uniformly over the twenty-year
period that begins twenty years after the accident, then the accident will lead to a cancer death
rate of about 14 people per year during that twenty-year period. If the largest yearly cancer
death rate caused by the accident is twice the average rate, then during some years perhaps 30
people will die from cancers induced by the radiation exposures they received following the
accident. Thus, the largest cancer death rate that might be caused by the accident is 30/2 x 106
= 1.5 x 10-5 where 2 x 106 is the number of people exposed to radiation as a result of the
hypothesized accident at the Newark dock location. Since the normal death rate due to all
types of cancer is about 200 deaths per 100,000 people per year ~A92] or 2.0 x 10-3deaths
per year, the largest mean (expected) death rate for any high-temperature event calculation is
more than 100 times smaller than the normal death rate due to cancer.

Table 37 shows that the largest number of cancer deaths obtained for any weather trial in any
high-temperature event calculation was 6000 and that this result was obtained for the Newark
channel calculation that used the BR-2 inventory, EIS6B release fractions, and New York City
weather. Again, if the largest yearly cancer death rate during the period 20 to 40 years after
the accident, when these cancers appear in the exposed population, is twice the average rate,
then the largest yearly cancer death rate obtained for any high-temperature event calculation
will be about [2 x 6000/20] /[2 x 10~ = 3 x 104, which is 10 times smaller than the normal
death rate due to cancer. Table 38 shows that this result has a conditional probability of
1.45 x 10-5(conditional on the occurrence of the acciclent), and thus an absolute probability of
occurrence of about 9 x 10-14per port call, as the probability of occurrence of an EIS6B
accident is about 6 x 10-11per port call. Thus, even the largest number of cancer deaths
predicted by this MACCS calculation would probably not be capable of detection among the
exposed population by the best of epidemiological stuclies.

Figures 40 and 41 present CCDFS for population dose and cancer fatalities among the
population located within 50 miles of the accident site (0-80 km) for each of the thirteen ports
studied. The figures display the range and probability (conditional on the occurrence of the
accident) of these two consequence measures. Figure 40 shows that any large accident (a ship
collision that leads to an EISB release from a BR-2 inventory is a large accident) will lead to a
50-year population dose of at least 1.0 Sv, that the values of the 99th quantile (conditional
probability of 1.OE-02) range from about 2 x 103 to 5 x 104 Sv, and that the largest (peak)
result calculated ranges from about 3 x 103 to a little more than 1 x 105 Sv. Figure 41 shows
that a large accident has a 70 percent chance (range of 0.5 to 1.0) of causing at least one
cancer death among the exposed population 20 to 40 years in the future, that the values of the
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99.9th quantile range from 100 to 3500 cancer fatalities, and that the largest (peak) result -.-,

calculated ranges from 110 to 6000 deaths due to cancer some 20 to 40 years after the time of

the accident.
—

Figure 42 presents CCDFS for the 50-year population dose and cancer fatalities for the
distance range 0-80.5 lan for both the dock and channel locations at the Charleston port.
Figures 43 through 53 present the same set of CCDFS for each of the other twelve ports
examined. In all of these figures, the pair of cancer fatality CCDFS lie below and to the left of
the pair of population dose CCDFS. These figures show that the dock and channel CCDFS for
both population dose and cancer fatalities are quite similar at twelve of @e thirteen ports, and
that at the remaining port (Concord), the dock and channel CCDFS are similar until the 99th
quantile is reached (that is, lower quantiles diverge). Thus, as was found for the base case .,-.
calculations, these results show that moving the coordinates of the origin of a population
distribution a small distance (a few miles) has little effect on predictions of population dose or
cancer fatalities among a population located within 50 miles of the accident location (Table 19
lists the coordinates of the origins of the polar coordinate population distributions used in these
calculations).

4.4 Sensitivity Calculations

Two types of sensitivity calculations were performed, calculations that examined the effect of
using meteorological data recorded at a National Weather Service station located some distance
from the port, and calculations that examined the impacts of alternative choices concerning
acute health-effect dose conversion factors, shielding parameters, release fractions, workforce
populations, puff and tail releases, and release of CRUD. The meteorological sensitivity
calculations compared results obtained using variable meteorology recorded at a National
Weather Service station to results obtained using constant meteorology recorded at the port.

All other sensitivity calculations were performed by modi~ing the Charleston base case dock
calculation as was appropriate in order to examine the parameter of interest. All of the
sensitivity calculations used the BR-2 inventory,
calculations except those that examined sensitivity

4.4.1 Variable Versus Constant Meteorology

and EA5 release fractions
to release fractions values.

were used in all

Constant meteorology calculations were performed for seven of the thirteen ports studied:
Charleston, Los Angeles, Newark, Norfolk, Philadelphia, Portland, and MOTSU/Wihnington
(remember that the Wilmington channel location is the channel location for both the
Wilmington commercial port and the MOTSU military port). For each port examined, two
sets of constant meteorology calculations were performed. Both used the joint frequency
distribution of windspeed (6 windspeed ranges) and stability class (6 stability classes) by wind
direction (16 compass sectors) for the port being analyzed as the meteorological input data for
MACCS. Each calculation was run two times, once for no rain and once assuming that it was
raining throughout the entire simulation. Therefore, each MACCS constant meteorology
calculation consisted of 6 x 6 x 16 x 2 = 1152 constant meteorology trials. From these 1152
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1.OE-01
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TotalCancerFatalitiesand PopulationDose

Figure 42. Total Cancer Fatalities and EDE Whole Body Population Dose (Sv), 0-80 km, Charleston Dock (D)
and Channel (C) Locations, BR-2 Inventory, EIS6B Release Fractions, Variable Meteorology
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Figure 47. Total Cancer Fatalities and EDE Whole Body Population Dose (Sv), 0-80 km, Newark Dock (D)

and Channel (C) Locations, BR-2 Inventory, EIS6B Release Fractions, Variable Meteorology
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Figure 48. Total Cancer Fatalities and EDE Whole Body Population Dose (Sv), 0-80 km, Norfolk Dock (D)
and Channel (C) Locations, BR-2 Inventory, EIS6B Release Fractions, Variable Meteorology



.

m
o
+
Lu
o

.

‘v
n .

e
o
+

Lu

o

n
_.——

.

-$$
m

—

—

—.

0
0
+
Lu
o
.

L-
m
0
Lli
0
.

0
0
+
w
0

z
Ii
0
.

m
0
Ii
0

co
0
IL
0

. .

—

170



,—

—

—

—

—

0 CN m St m C9
0 z 0 0 c> 0 0
+ Iil d w Ii! d IL
Lu 0 0 0 q 0 0
0 . F .?- r- . 7

10
0
+
UJ
o

+o
+
Lu
o
.

m
o
+
LLl
o
.

N
o
+
Lu
o
.

0
+
w
o
.

00
+
Lu
o

171



1,OE-01

1,OE-02

1.OE-03

1.OE-04

1.OE-05

1.OE-06

I D D

~..-. ,--.’ ,
1,OE+OO 1.OE+OI 1.0E+02 1.0E+03 1.0E+04

Total Cancer Fatalities and Population Dose

Figure 51. Total Cancer Fatalities and EDE Whole Body Population Dose (Sv), 0-80 km, Savannah Dock (D)
and Channel (C) Locations, BR-2 Inventory, EIS6B Release Fractions, Variable Meteorology
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Figure 52. Total Cancer Fatalities and EDE Whole Body population Dose (SV),0-80 km, TacomaDock (D) and Channel (C)
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and Seattle Channel (C) Locations, BR-2 Inventory, EIS6B Release Fractions, Variable Meteorology
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trials, a CCDF and a mean (expected result) were constructed for each consequence measure
— calculated.

For each of the seven ports examined, Table 39 compares the expected (mean) and 99.9th
— quantile values of the 50-year population dose and cancer fatalities obtained using variable

meteorology for the distance range 0-80.5 km to the values obtained using constant
meteorology. Inspection of the table shows that the mean values are quite similar. For

— example, for the population dose, the ratio of the variable meteorology result to the constant
meteorology result has an average value and standard deviation of 1.51 + 0.96 for the
population dose and 1.60 i 1.07 for cancer fatalities. The Wilmington dock calculation

—
yielded the largest values for these ratios, 4.73 for the mean population dose and 5.01 for
cancer fatalities. Thus, the use of meteorological data recorded at a nearby National Weather
Service station yields expected (mean) values for the 50-year population dose and cancer—
fatalities that are on average about 50 to 60 percent larger than the values obtained using
constant meteorological conditions developed for each of the six Pasquil-Gifford stability
classes from data recorded at the harbor.

Table 39. Mean and 99.9th Quantile Values for Population Dose and
Cancer Fatalities Calculated Using Variable and—
Constant Meteorology for Seven Ports

EDE Whole Body Population Dose, O-80 km (Sv) Total Cancer Fatalities, 0-80 Ion.
Site/Lot Nlean

Var Const

CHA-D 4.15E+O0 3.06E+O0

CHA- c 4.18E+O0 3.41E+O0
.

99. 9th Quantile

Var Const

4.63E+01 2.13E+01

9.03E+01 3 .71E+01

Mean

Var Const

1, 89E-01 1.29E-01

1. 90E-01 1.43E-01

99 .9th Quantile

Var Const

1.98E+O0 8.43E-01

3.96E+O0 2. OIE+OO

1.03E+01 5.35E+O0

9.81E+O0 3 .43E+O0
1.99E+O0 1.44E+O0

1,,80E+O0 1.38E+O0
LOS-D 4.71E+01 3 .44E+01

Los -c 4.26E+01 3.31E+01

2.67E+02 1.19E+02

2.19E+02 8.16E+01

2.46E+01 9.54E+O0

3.89E+01 NOT-FOUND

2.,75E+O0 2.28E+O0

2,90E+O0 2.46E+O0

—
NEW-D 6.55E+01 5.47E+01

NEW- C 6.93E+01 5.89E+01

5.87E+02 2.32E+02

9.41E+02 NOT-FOUND

3.77E-01 3.72E-01

2.96E-01 2.83E-01

4.23E+O0 3.07E+O0

3.59E+O0 1.34E+O0
NOR-D 8.54E+O0 8.88E+O0

NOR- C 6.65E+O0 6.76E+O0

1.03E+02 7.26E+01

9.02E+01 3.51E+01

3.1OE+O2 NOT-FOUND

2.86E+02 5.91E+01

1.20E+O0 1.06E+O0

1.17E+O0 8.40E-01

1.18E+01 1.34E+O0

1.22E+01 2.45E+O0
PHI -D 2.81E+01 2.53E+01

PHI-C 2.74E+01 2.OIE+O1

—.
POR-D 1.17E+01 1.08E+01

POR-C 1.12E+01 8.76E+O0

4.90E+O0 3.29E+O0

3.78E+O0 1.51E+O0
1.09E+02 7.76E+01

1.01E+02 3.88E+01

5.18E-01 4.54E-01

4.97E-01 3.68E-01

2.90E+O0 1.51E+O0

1.04E+O0 2.22E-01
MOT -D 4.82E+O0 1.02E+O0

WIL-C 2.07E+O0 1.05E+O0

7.09E+01 NOT-FOUND

2.25E+01 5.47E+O0

2.19E-01 4.37E-02

9.76E-02 4.49E-02

The 99.9th quantile values of the population dose and cancer fatalities among the population
that resides within 50miles (80.5 km) oftheharbor results agree less well. For several pofis,
the 99.9th quantile is missing for the constant meteorology calculation (those denoted by NOT-
FOUND in Table 39), which means that the probability of the largest result obt.ained for any
of the 1152trials run during each comtllnt meteorology calculation was larger than 1.OX 10-3
for that particular calculation. Forthelocations that yielded a99.9th quantile value for both
the variable and constant meteorology calculation, the ratio of the 99.9th quantile variable
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meteorology result to the 99.9th quantile constant meteorology result has a value of 2.64 f
1.02 for the population dose and 3.09 i 2.03 for cancer fatalities. The 99.9th quantile values
obtained using variable meteorology are on average 2.6 to 3.1 times larger than the 99.9th
quantile values obtained using constant meteorology. This suggests that the importance
sampling scheme used by MACCS to select weather sequences from a year of variable
meteorological data is able to find weather sequences that lead to adverse results not
represented in the sets of constant meteorological conditions found in the Joint Frequency
Distributions of windspeed and atmospheric stability by wind direction that were recorded at
the harbors. That this should be so is easy to understand, since the occurrence of rain, not
upon release but at some later time when the plume is passing over some downwind highly
populated region, is usually the cause of peak results in MACCS calculations. Because rain at
some downwind location was not modeled by the constant meteorology calculations, these
results should differ significantly from those obtained using variable meteorology, especially
for the higher quantiles of result distributions.

Figure 54 presents CCDFS for Charleston of the population dose and cancer fatalities over the
distance range 0-80.5 km obtained using both variable and constant meteorology. All four
calculations used the BR-2 inventory and EA5 release fractions. The dose calculation was
performed for the Charleston dock location, and the cancer fatality calculation was performed
for the Charleston channel location. Figures 55 through 60 present similar results for the
other six ports for which constant meteorology calculations were performed. Inspection of the
figures shows that the constant and variable meteorology CCDFS are quite similar until the
90th quantile of the distributions are reached, and diverge increasingly as higher quantiles are
passed, with the constant meteorology CCDF generally falling off faster than the variable
meteorology CCDF (smaller consequence value at any consequence probability). Thus, the
figures confkrn the conclusion reached by inspection of Table 39, that variable and constant
meteorology yield quite similar estimates of mean results and that adverse meteorological
conditions are more likely to be captured if weather sequences are selected by importance
sampling from a year of variable data than if constant meteorological conditions are used.

4.4.2 Other Sensitivity Calculations

In addition to the constant meteorology sensitivity calculations, sensitivity calculations were
also performed that examined the effect on consequences of (1) plume buoyancy, (2) the size
of the set of nuclides used to specify inventories, (3) alternative release fractions,
(4) workforce population, and (5) CRUD release. Table 40 summarizes the calculations
performed. For all of these calculations, the reference calculation was the base case Newark
dock (NEW-D) or channel (NEW-C) calculation that used the BR-2 inventory, EA5 release
fractions, and variable meteorology recorded at the New York City National Weather Service
station. The workforce sensitivity calculations used the Newark dock population distribution.
All of the other sensitivity calculations used the Newark channel population distribution.
Table 41 presents mean and peak population doses and cancer fatalities for two distance
ranges, 0-1.6 km and 0-80 km, for all of the “other” sensitivity calculations, and also for the
reference Newark base case calculations to which sensitivity calculation results should be
compared.
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Figure 55. Total Cancer Fatalities (Channel) and EDE Whole Body Population Dose (Sv) (Dock), 0-80 km, Los Angeles,
Variable (Var) and Constant (Con) Meteorology, BR-2 Inventory, EA5 Release Fractions
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Figure56, Total Cancer Fatalities (Channel) and EDE Whole Body Population Dose (Sv) (Dock), 0-80 km, Newark,
Variable (Var) and Constant (Con) Meteorology, BR-2 Inventory, EA5 Release Fractions
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Figure 58. Total Cancer Fatalities (Channel) and EDE Whole Body Population Dose (Sv) (Dock), 0-80 km, Philadelphia,
Variable (Var) and Constant (Con) Meteorology, BR-2 Inventory, EA5 Release Fractions
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Table 40. Other Sensitivity Calculations

Run Nuclides Release Fractions Heat Shielding

SNL EIS EA5 MS/nM5 MSIM5 H c N c

Base Case x x x x

Cold Release Calculations
la. x x x x

Nuclide Sensitivity Calculations
2a. x x x“ x

b. x x x x

Alternative Release Fraction Calculations
3a. x x x x

b. x x x x

CRUD Calculations
4a. x EA3 x x

b. x x x x

a. Only CRUD released; b. With CRUD release added to the reference release.

Workforce Calculations
5a. x x x x

b. x x x x
c. x x x x
d. x x x x
e. x x x x
f. x x x x

d,e. With puff and tail; f. With puff and tail, and evacuation from O-1 mi.

Nuclides: SNL = 22 MACCS nuclides, EIS = 34 EIS nuclides.

Release Fractions: EA5 = EA Accident Category 5 release fractions; MS/nM5 =
PEIS Accident Category 5 release fractions for non-metallic (TRIGA) spent fuel; and
MS/M5 = PEIS Accident Category 5 release fractions for metallic (aluminum clad,
U-Al alloy) spent fuel.

Heat: H = hot plume, C = cold plume.

Shielding: N = normal shielding factors; C = sheltering shielding factors from O-5 mi
for one day and normal shielding factors at all other times and distances.
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Table 41. Results for Other Sensitivity Studies

Harbor EIS Sensitivity Study Results

Newark Dock and-Channel

Inv=BR-2,

EDE Whole Body Population Dose (Sv)

0-1.6 km 0-80 km

Run Mean Peak Mean Peak

NEW- C 2.46E+O0 4.21E+02 6.83E+01 1.33E+03

1A 4.20E+01 1.14E+03 1.69E+02 1.51E+03

2A 2.36E+O0 4.21E+02 6.93E+01 1.33E+03

B 4.20E+01 1.14E+03 1.69E+02 1.51E+03

3A 5.37E-01 9.54E+01 1.57E+01 3.01E+02

B 2.70E-03 4.77E-01 7.89E-02 1.51E+O0

4A 7.39E+O0 2.01E+02 2.95E+01 2.66E+02

B 2.78E+O0 4.94E+02 8.12E+01 1.56E+03

NEW-D 5.25E-01 1.33E+02 6.16E+01 1.13E+03

5A 1.05E+O0 1.44E+02 6.60E+01 1.13E+03

B 1.87E+01 4.04E+02 1.12E+02 8.46E+02

c 1.86E+01 4.03E+02 1.12E+02 8.45E+02

D 1.94E+01 4.04E+02 1.16E+02 7.25E+02

E 1.94E+01 4.04E+02 1.15E+02 7.25E+02

F 1.94E+01 4.03E+02 1.15E+02 7.25E+02

4.4.2.1 Plume Buoyancy

RF.EA5

Total Cancer

0-1.6 km

Mean Peak

1.03E-01 1.75E+01

1.:75E+OC3 4.76E+01

9.85E-02 1.75E+01
I_.75E+O0 4.76E+01

2.24E-02 3.98E+O0

1.12E-04 1.99E-02

3.I.9E-01 8.70E+O0

1.16E-01 2.07E+01

2.19E-02 5.56E+O0

4.38E-02 6.02E+O0

7.80E-01 1.6EE+01

7.”78E-01 1.68E+01

8.:LOE-01 1.69E+01

8.08E-01 1.68E+01

8.08E-01 1.68E+01

Fatalities

0-80 km

Mean Peak

2.87E+O0 6.53E+01

7.07E+O0 6.29E+01

2.90E+O0 5.53E+01

7.07E+O0 6.29E+01

6.61E-01 1.26E+01

3.31E-03 6.28E-02

1.27E+O0 1.15E+01

3.42E+O0 6.54E+01

2.59E+O0 4.72E+01

2.77E+O0 4.72E+01

4.69E+O0 3.53E+01

4.68E+O0 3.53E+01

4.84E+O0 3.02E+01

4.83E+O0 3.02E+01

4.83E+O0 3.02E+01

As Table 1 shows, the EA5 release scenario leads to a severe hot fire. Thus, the first
sensitivity calculation performed examined the effect of plume buoyancy (i.e., ofplurne rise)
on accident consequences. This was done by repeating the Newark channel reference
calculation, setting the sensible heat content of the release to zero. This change produces a
cold plume that isnot subject tophunerise and thus is not lofted over the population located
close to the release point (the accident location). The results of this sensitivity calculation are
presented in Table 41.

Table41 shows that changing the reference Newark channel calculationto acold release not
subjectto plume rise causes mean and peak population doses and cancer fatalities to increase
somewhat for the O-80 km(0-50rni) distance range and substantially for the O-1.6 km(0- lmi)
distance range. For the O-80 km distance range, mean population dose and cancer fatalities
both increase by factors of 2.5, peak population dose increases by a factor of 1.1, and peak
cancer fatalities decrease by a factor of 0.96. For the 0-1.6 km distance range, mean
population dose and cancer fatalities both increase by factors of17, and peak population dose
and cancer fatalities both increase by factors of2.7. Thus, if engulfing fires increase release
magnitudes, consequence magnitudes will not increase proportionately because the fire will
produce a hot plume that will be lofted over nearby populations, decreasing radiation
exposures and thus health effects among those populations.
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4.4.2.2 Size of the iWclide Set

Table 5 presents the four inventories used in this study. Each
radionuclides. The default set of radionuclides used by MACCS

—

—

inventory contains 34
does not contain dose

conversion factors for 13 of these 34 radionuclides. These 13 radionuclides are H-3, Sn- 123,
Sb-125, Te-125m, Pm-147, Pm-148m, Eu-154, Eu-155, U-234, U-235, U-238, Am-242m,
and Am-243. Chronic health-effect dose conversion factors for all 13 of these radionuclides

—

were available [DOE88b,c] and were added to the MACCS dose conversion factor library for
this study. However, because acute health-effect dose conversion factors were neither
available nor easy to construct, all calculations performed for this study. were run using acute
health-effect dose conversion factors that had values of zero for these 13 radionuclides.

The impact of using acute dose conversion factors that had values of zero for 13 of the
.

radionuclides in the inventories used in this study was examined by two sensitivity
calculations. For these calculations, the reference Newark channel calculation was repeated —

with the 13 radionuclides (for which acute health-effect dose conversion factors were
unavailable) removed from the BR-2 inventory used in the reference calculation. The
calculation was performed twice, once assuming a hot release, as was done in the reference —

Newark calculation, and once assuming a cold release. Table 41 shows that removing the 13
radionuclides for which acute health-effect dose conversion factors were unavailable from the
BR-2 inventory had no significant impact on either mean or peak values of the population dose
or cancer fatalities over the distance ranges O-1.6 km and 0-80 km for either calculation. The
cold release results are identical to those obtained using all 34 radionuclides in the full BR-2
inventory. The hot release mean values differ by no more than 5 percent from the results
obtained using all 34 radionuclides. The hot release 0-80 km peak cancer fatality prediction is
15 percent lower than the result obtained using all 34 radionuclides. All other hot release peak
values are the same as those obtained using all 34 radionuclides. Thus, the 13 radionuclides
for which acute dose conversion factors were not available do not contribute significantly to
chronic (long-term) dose or health effects, which suggests that none should have a significant
impact on acute health effects.

The relative contributions to radiation exposures of the nuclides in an inventory can be
estimated by normalizing the ratio of each nuclide’s curie amount and A2 value by the sum of
those ratios, where an A2 value is the curie amount of the radionuclide that produces
significant radiation doses [IAEA61, IAEA85]. The IL4DSEL code was used to perform this
calculation for the set of 34 nuclides in the inventories used in this study. The RADSEL
calculation showed that only one radionuclide, Pm-147 (in the set of 13 nuclides for which
acute health-effect dose conversion factors were lacking), contributes significantly to the long-
term dose at the 99.9 percent level. More importantly, the calculation also showed that
Pm-147 accounts for only 0.5 percent of the total dose produced by the full set of 34
radionuclides. Thus, the 21 nuclides in the inventories for which acute health-effect conversion
factors were available account for all significant contributions to dose. Therefore, using acute
health-effect dose conversion factors with values of zero for 13 of the 34 radionuclides in the
inventories used in this study is not believed to have had
of acute health effects, especially since none of these
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chronic dose or health effects and since no acute effects were observed at any level, including
peak results for any calculation performed during this study.

4.4.2.3 Alternti”ve Release Fractions

Release fractions for metallic (aluminum clad) and non-metallic (TRIGA) fuel for truck and
rail accidents are presented in the DOE Programmatic Environmental Impact Statement (PEIS)
for Spent Nuclear Fuel (SNF) and the Idaho National Engineering Laboratory (INEL)
[DOE94b]. Table 42 presents the values of these release fractions for a Category 5 accident.
For ease of comparison, the EA release fractions for Accident Category 5, that were used in
all of the base case calculations performed for this study, are repeated in this table.

Table 42. Modal Study Release Fractions

Release Fraction

Severity Programmatic SNF and EIS INEL
Category Element Group EA Metallic Non-Metallic

,
EA5 Kr 1.OE-1 3.9E-1 3.9E-1

Cs 9.OE-4 1.OE-6 2.OE-4
Ru 1.OE-6 2.4E-7 4.8E-5

Part 5 .OE-8 1.OE-8 2.OE-6

Inspection of the table shows that PEIS release fractions for metallic fuels are smaller than EA
release fractions by factors of 900 for Cs and 5 for Ru and Particulate, but larger by a factor
of 4 for Kr. For non-metallic fuels, PEIS release fractions are larger than EA release fractions
by factors of 4 for Kr, 48 for Ru, and 40 for Particulate, but smaller by a factor of 4.5 for
Cs. Therefore, since Cs largely determines population dose and cancer fatalities, as would be
expected, Table 41 shows that mean and peak population doses and cancer fatalities for the
distance ranges O-1.6 km and 0-80 km obtained using EA release fractions are about 5 times
larger than the results obtained using PEIS non-metallic fuel release fractions, and are about
1000 times larger than the results obtained using Modal Study metallic fuel release fractions.
Therefore, since Accident Category 5 largely determines risk, use of EA release fractions is
conservative, at least with respect to use of SNF and INEL PEIS [DOE94b] release fractions.

4.4.2.4 CRUD Release

During the operation of power reactors, radioactive Co is formed by neutron activation of
chemical deposits on the outer surfaces of fuel rods. Thus, during transportation accidents,
release of these radioactive deposits, usually referred to as CRUD, can be a significant
contributor to the size of the accident source term.

I
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Because CRUD formation is not normally a problem for research reactors [DOE86, DOE88C,
DOE91], radioactive Co is not present in the inventories used in this study, and the sets of
release fractions used do not contain fractions for CRUD release. The potential impact of
CRUD release on research reactor spent-fuel accident source terms was examined by
performing two sensitivity calculations. For these calculations, after scaling to match the size
of the Osiris inventory used in this study, the CO-60 content of the spent fuel inventory for a
DOE test reactor [DOE94b] was added to the BR-2 inventory that was used in these sensitivity
calculations (Co-58 was ignored as it should largely have decayed away before the fuel is
shipped). Then, two sensitivity calculations were performed. Both calculations added 360 Ci
of CO-60 to the BR-2 inventory and both used a value of 1.2E-2 for the release fraction for the
CRUD chemical element group, as had been done in the Environmental Assessment (see Table
1). The first calculation examined the consequences of an accident that releases only CRUD.
Because CRUD is not volatile, this release was assumed to be cold, that is, to be caused only
by the mechanical forces generated by the ship collision. The second calculation added the
CRUD release to the EA5 release used in the reference calculation. Because this release
postulates a severe engulfing fwe, the second calculation assumed that the release was hot.

Table 41 shows that the first calculation, the cold release that contained only CRUD, leads
to consequences that differ from those produced by the reference calculation as follows: for
the O-1.6 km distance range, mean values of population dose and cancer fatalities are about
3 times larger and peak values about 2 times smaller; for the 0-80 km distance range, mean
and peak values for these two consequences are both smaller than the reference calculation
results by factors of about 2.5 and 5, respectively. Mean and peak results for the 0-80 lan
distance range and peak results for the O-1.6 km range are smaller, because the curie content
of the CRUD release is smaller than the total curie content of the release used in the reference
calculation (the release produced by EA5 release fractions and the BR-2 inventory). Mean
results for the O-1.6 km distance range are larger because the release is cold and therefore not
lofted over nearby populations. Table 41 also shows that adding the CRUD release to the EA5
release used in the reference calculation increases consequence predictions only slightly (by
about 20 percent), as would be expected given the small curie content of the CRUD release
compared to that of the reference release.

4.4.2.5 Workforce Popzdti.on

About 7000 people work in the port of Elizabeth in Newark, NJ. Thus, at least for accidents
that occur during the workweek, these workers could be exposed to radiation as a result of a
ship collision that involves a ship carrying research reactor spent fuel. Inspection of maps
showed that these workers should be added to the residential populations in the first two
distance intervals of the north sector of the Newark dock population distribution. Since the
division of workers between these two distance intervals was not known, 3500 workers were
added to each interval for these sensitivity calculations.

Workforce sensitivity calculations were performed fust assuming, as was done for the
reference calculation, a hot release, the BR-2 inventory, and EA5
5a in Tables 40 and 41). Then, this calculation was repeated

release fractions (calculation
two times assuming a cold

—
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release. The fust of these two cold release calculations (calculation 5b) used the same
shielding factors that had been used in the reference calculation. For the second cold release
calculation (calculation 5c), larger shielding factors were used during the frost 24 hours after
the accident over the distance range O-8km (O-5mi), because the commercial buildings located

* near the port are likely to provide better shielding than is provided by the general mix of
buildings and houses that are located within 50 miles of the port. Next, these two cold release
calculations were repeated assuming that the release consists of a puff caused by the collision

d
impact and a tail caused by the ensuing fue (see calculations 5d and 5e). EA4 release
fractions were used for the puff, and the release fractions for the tail were obtained by
subtracting the EA4 release fractions from the EA5 release fractions. The puff was released
when the collision occurred and lasted for 10 minutes; the tail was released one hour later and
had a one-hour release duration. Finally, the puff and tail calculation that did not use
increased shielding factor values was repeated (see calculation 5f) (1) assuming that an
evacuation would be called for if a severe accident caused a fire that engulfed a radioactive
material transportation cask, (2) that the evacuation would begin about one hour after the
accident took place (i.e., at about the time the tail release begins), and (3) that the average
evacuation speed would be slow because of traffic congestion.

.

*

.

.

.-

Inspection of Table 41 shows that, when a hot release is assumed, adding a workforce
population increases mean population dose and cancer fatalities by about a factor of 2 in the
O-1.6 km distance range, but has little effect on peak values in this distance range or on either
mean or peak values in the 0-80 km distance range. When the release is cold, O-1.6 km mean
population doses and cancer fatalities are increased by factors of about 35 and 2 respectively,
and peak doses and cancer fatalities are increased by factors of about 3. For the 0-80 km
distance range, mean results increase by factors of about 2 and peak results actually decrease
by a factor of about 0.7. Moreover, these results are little changed by using increased
shielding factors for commercial buildings, by assuming a puff and tail release, or by assuming
a slow, delayed evacuation.

The insensitivity to short-term shielding factor values, to release timing, and to evacuation is
easy to understand when one remembers that population dose and cancer fatalities in these
calculations are determhed ahnost entirely by long--term groundshine exposures which are
little influenced by variation of any of these three short-term effects. Summarizing,
elimination of lofting by assuming a cold release increases consequences, especially those that
occur at short distances, but little else has much effect because only recovery actions
(decontamination, temporary interdiction, condemnation) not examined by these calculations
can significantly affect long-term groundshine dose.

-
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5.0 ACCIDENT RISKS

The expected (mean) values of the population dose and cancer fatalities presented in Tables 31
and 35 are conditional on the occurrence of the accident. To convert these values to risks,
they must be multiplied by the probability that an accident has occurred that was severe
enough to produce the release (source term) used in the consequence calculation that led to the
conditional mean results presented in Tables 31 and 35. These source term (accident category)
probabilities were presented in Table 17.

If the conditional mean consequence values for the population dose -and cancer fatalities
presented in Tables 31 and 35 are multiplied by the accident category probabilities presented
in Table 17, mean absolute risk values are obtained. Table 43 presents these values for the
three sets of EA release fractions, EA4, EA5, and EA6. Mean absolute risk values are
presented in Table 44 for the five sets of EIS release fractions derived for high-temperature
fire events, release fractions EIS4, EIS5A, EIS5B, EIS6A, and EIS6B.

Table 43 shows that mean absolute population-dose risk values range from 5.8 x 10-11per port
call for the MOTSU dock calculation that used the TRIGA inventory and EA4 release fractions
to 3.5 x 10-7per port call for the Newark channel calculation that used the BR-2 inventory and
EA5 release fractions. The table also shows that mean absolute cancer-fatality risk values
range from 2.5 x 10-12per port call for the MOTSU dock calculation that used the TRIGA
inventory and EA4 release fractions to 1.5 x 10-8 per port call for the Newark channel
calculation that used the BR-2 inventory and EA5 release fractions.

Inspection of Table 43 shows that for each of the four inventories examined, the result
obtained using EA5 release fractions is about ten times the result obtained using EA6 release
fractions, and the result obtained using EA6 release fractions is about two times the result
obtained using EA4 release fractions. Further, the largest mean absolute risk values are
obtained for the BR-2 inventory. Thus, the EA5 Accident Category is risk dominant and that
category yields the largest risk predictions when a BR-2 inventory is used in the MACCS
consequence calculation.

Table 44 shows that mean absolute population-dose risk values range from 2.3 x 10-13per port
call for the MOTSU dock and Wilmington channel calculations that used the RHF inventory
and EIS6A release fractions to 3.7 x 10-7per port call for the Newark channel calculation that
used the BR-2 inventory and EIS5B release fractions. The table also shows that mean absolute
cancer fatality risk values range from 9.7 x 10-15per port call for the Wilmington channel
calculation that used the RHF inventory and EIS6A release fractions to 1.5 x 10-8per port call
for the Newark channel calculation that used the BR-2 inventory and EA5 release fractions.

Inspection of Table 44 shows that, for the three Al-U alloy fhels (BR-2, RHF, and Osiris), the
smallest absolute population dose or cancer fatality risk values are obtained using EIS6A
release fractions, that the result obtained using EIS5A release fractions is about 7 times larger
than the EIS6A result, that the EIS4 result is about 100 times larger than the EIS5A result, and
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Table 43. Absolute Risks for EA Accident Categories

EDEWhole Body Population Dose, 0-80 km (SV)

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

cm- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW- D

NEW- C

NOR- D

NOR -C

PHI-D

PHI -C

POR-D

POR- C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1.44E-09

2 .27E-09

2.64E-09

5.66E-09

4.36E-09

1.94E-09

1.67E-09

1.55E-09

1.28E-08

4.85E-09

4.34E-10

1.40E-08

2.26E-08

3.31E-09

1.81E-09

1.06E-08

5.09E-09

4.62E-09

3.20E-09

3.36E-09

8.O4E-10

7.86E-10

3.33E-09

2.32E-09

2.28E-09

5.79E-10

2.08E-08

2.09E-08

1.03E-07

1.65E-07

7.20E-08

7.1OE-O8

3.41E-08

2.66E-08

2.35E-07

2.13E-07

1.04E-08

3.28E-07

3.47E-07

4.27E-08

3.33E-08

1.41E-07

1.37E-07

5.85E-08

5.60E-08

2.45E-08

1.91E-08

3.77E-08

8.65E-08
7.15E-08

2.41E-08

1.03E-08

2.48E-09

2.53E-09

1.33E-08

2.04E-08

9.48E-09

9.30E-09

4.06E-09

3.27E-09

2.89E-08

2.64E-08

1.33E-09

3.91E-08

4.06E-08

4.99E-09

3.98E-09

1.67E-08

1.69E-08

7.14E-09

6.90E-09

3.OIE-09

2.36E-09

4.97E-09

1.1OE-O8

9.00E-09

3.OIE-09

1.32E-09

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC -D

CNC-C

GAL-D

GAL-C

JAC -D

JAC -C
LOS-D

LOS-C

MOT-D

NEW-D

NEW-C

NOR-D

NOR -C

PHI -D
PHI-C

POR-D

POR-C

SAV-D

SAV- C
SEA-C

TAC -D
TAC -C

WIL-D

WIL-C

1.70E-09

2.80E-09

3.17E-09

7.14E-09

5.27E-09

2.21E-09

1.97E-09
1.8’lE-09
1.63E-08

6.12E-09

4.41E-10

1.78E-08

2.89E-08

4.09E-09

2.21E-09

1.35E-08
6.36E-09

5.73E-09

3.89E-09
4.llE-09

8.58E-10

8.76E-10
4.03E-09

2.83E-09

2.76E-09

6.42E-10

1.74E-08

1.75E-08

9.45E-08

1.56E-07

6.35E-08

6.20E-08

2.92E-08

2.26E-08
2.25E-07

2.03E-07

8.00E-09

3.15E-07

3.33E-07

3.80E-08

2.91E-08

1.33E-07
1.29E-07

5.20E-08

4.96E-08

1.99E-08

1.51E-08
3.28E-08
7.90E-08

6.50E-08

2.03E-08

8.I.5E-09

2.06E-09

2.1OE-O9

1.21E-08

1.92E-08

8.40E-09

8.22E-09

3.44E-09

2.75E-09
2.75E-08

2.51E-08

1.OIE-09

3.76E-08

3.92E-08

4.40E-09

3.47E-09

1.57E-08
1.58E-08

6.30E-09

6.06E-09

2.42E-09
1.85E-09

4.33E-09
1.00E-08

8.1OE-O9

2.53E-09

1.04E-09

EA4

5.73E-10

9.O6E-10
1.06E-09

2.26E-09

1.74E-09

7.74E-10

6.66E-10

6.18E-10

5.llE-09

1.94E-09

1.73E-10

5.58E-09

9.00E-09

1.32E-09

7.26E-10

4.25E-09

2.03E-09

1.84E-09

1.28E-09

1.34E-09

3.19E-10

3.13E-10

1.33E-09

9.3OE-10

9.O6E-10

2.3OE-10

EA4

1.78E-10

2.75E-10

3.26E-10

6.78E-10

5.36E-10

2.48E-10
2.O9E-10

1.93E-10
1.52E-09

5.83E-10

5.83E-11

1.66E-09

2.68E-09

4.O1E-10

2.22E-10

1.27E-09
6.12E-10

5.59E-10

3.91E-10

4.O9E-10

1.O5E-10
1.O1E-10

4.O9E-10
2.85E-10

2.8OE-10

7.44E-11

RHF

EA5

7.70E-09

7.75E-09

3.98E-08

6.45E-08

2.72E-08

2.68E-08

1.27E-08

9.95E-09

9.25E-08

8.35E-08

3.73E-09

1.29E-07

1.36E-07

1.63E-08

1.26E-08

5.50E-08

5.35E-08

2.22E-08

2.13E-08

9.00E-09

6.90E-09

1.42E-08

3.34E-08

2.75E-08

8.95E-09

3.73E-09

TRIGA

EA5

2.66E-09

2.68E-09

1.39E-08

2.26E-08

9.50E-09

9.30E-09
4.42E-09

3.43E-09
3.25E-08

2.93E-08

1.27E-09

4.53E-08

4.80E-08

5.65E-09

4.36E-09

1.92E-08
1.87E-08
7.75E-09

7.40E-09

3.09E-09
2.37E-09

4.93E-09
1.16E-08

9.60E-09

3.1OE-O9

1.28E-09

EA6

9.18E-10

9.36E-10

5.llE-09

7.92E-09

3.60E-09

3.53E-09

1,51E-09

1.22E-09

1.13E-08

1.04E-08

4.75E-10

1.54E-08

1.60E-08

1.89E-09

1.50E-09

6.48E-09

6.54E-09

2.70E-09

2.62E-09

1.1OE-O9

8.52E-10

1.87E-09

4.21E-09

3.44E-09

1.12E-09

4.78E-10

EA6

3.16E-10

3.22E-10

1.78E-09

2.78E-09

1.25E-09

1.22E-09

5.23E-10
4.19E-10
3.97E-09

3.63E-09

1.62E-10

5.40E-09

5.62E-09

6.54E-10

5.2OE-10

2.27E-09
2.30E-09

9.36E-10
9.O6E-10

3.77E-10
2.92E-10

6.48E-10
1..47E-O9

1.20E-09

3.86E-10

1.63E-10
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Table 43. Absolute Risks for EA Accident Categories (Continued)

Total Cancer Fatalities, 0-80 km

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

cm- c

CNC-D

CNc-c

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW- D

NEW- C

NOR-D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV- D

SAV- C

SEA- c

TAC -D

TAC- C

WIL-D

WIL-C

6.30E-11

9.96E-11

1.15E-10

2.46E-10

1.9OE-10

8.34E-11

7.32E-11

6.78E-11

5.59E-10

2.I1E-10

1.90E-11

6.12E-10

9.84E-10

1.45E-10

7.92E-11

4.65E-10

2.22E-10

2.O2E-10

1.4OE-10

1.48E-10

3.53E-11

3.37E-11

1.45E-10

1.O1E-10

9.96E-11

2.53E-11

9.45E-10

9.50E-10

4.48E-09

7.05E-09

3.20E-09

3.15E-09

1.54E-09

1.21E-09

9.95E-09

9.00E-09

4.97E-10

1.38E-08

1.45E-08

1.88E-09

1.48E-09

6.00E-09

5.85E-09

2.59E-09

2.48E-09

1.14E-09

8.95E-10

1.69E-09

3.77E-09

3.13E-09

1.09E-09

4.88E-10

1.14E-10

1.16E-10

5.74E-lo

8.7OE-10

4.21E-10

4.15E-10

1.84E-10

1.49E-10

1.22E-09

1.12E-09

6.36E-11

1.64E-09

1..7OE-O9

2.22E-10

1.78E-10

7.14E-10

7.2OE-10

3.J.6E-10

3.O7E-10

1.4OE-10

1.11E-10

2.22E-10

4.77E-10

3.93E-10

1.37E-10

6.24E-11

OSIRIS

Site/Lot EA4 EA5 EA6

CHA- D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW-D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C
POR-D

POR-C

SAV-D

SAV- C

SEA- c
TAC- D

TAC -C

WIL-D
WIL-C

7.32E-11

1.2OE-10

1.34E-10

3.O4E-10

2.25E-10

9.36E-11

8.40E-11

7.74E-11

6.96E-10

2.59E-10

1.88E-11

7.62E-10

1.24E-09

1.75E-10

9.42E-11

5.78E-10

2.72E-10
2.45E-10

1.67E-10

1.76E-10

3.67E-11

3.69E-11
1.72E-10

1.21E-10

1.18E-10

2.75E-3.1

7.8OE-10

7.85E-10

4.05E-09

6.55E-09

2.77E-09

2.72E-09

1.29E-09

1.00E-09

9.40E-09

8.50E-09

3.75E-10

1..32E-O8

1.39E-08

1.65E-09

1.27E-09

S.60E-09

5.45E-09
2.26E-09
2.16E-09

9.O5E-10

6.95E-10

1.44E-09

3.39E-09

2.80E-09

9.O5E-10
3.76E-10

9.24E-11

9.42E-11

5.2OE-10

8.1OE-10

3.66E-10

3.59E-10

1.53E-10

1.23E-10

1.16E-09

1.06E-09

4.78E-11

1.57E-09

1.64E-09

1.92E-10

1.52E-10

6.66E-10

6.72E-10
2.74E-10
2.66E-10

1.1OE-10

8.58E-11
1.9OE-10

4.29E-10

3.5OE-10

1.13E-10

4.82E-11

193

EA4

2.S2E-11

3.99E-11

4.58E-11

9.90E-11

7.62E-11

3.34E-11

2.93E-11

2.71E-11

2.25E-10

8.46E-11

7.50E-12

2.45E-10

3.97E-10

5,83E-11

3.18E-11

1,87E-10

8.94E-11

8..1OE-11

5.60E-11

5,92E-11

1.39E-11

1,.34E-11

5.80E-11

4.05E-11

4.00E-11

1.OIE-11

EA4

7.44E-12

1.14E-11

1.34E-11

2.78E-11
2.22E-11

1.03E-11

8.70E-12

8.04E-12

6.24E-11

2.38E-11

2.48E-12

6.78E-11

1.1OE-10

1.66E-11

9.18E-12

5.20E-11

2.51E-11
2.31E-11

1.62E-I.I

1.70E-11

4.45E-12

4.16E-12

1.69E-11

1.17E-11

1.16E-11

3.13E-12

RHF

EA5

3.49E-10

3.51E-10

1.72E-09

2.74E-09

1.20E-09

1.18E-09

5.7OE-10

4.48E-10

3.89E-09

3.52E-09

1.77E-10

5.40E-09

5.70E-09
7.1OE-10

5.55E-10

2.33E-09

2.26E-09

9.75E-10

9.35E-10

4.14E-10

3.22E-10

6.3OE-10

1.44E-09

1.19E-09

4.O4E-10

1.7SE-10

TRIGA

EA5

1.2OE-10

1.2OE-10

6.OOE-10

9.6OE-10

4.17E-10

4.1OE-10

1.97E-10

1.54E-10

1.37E-09

1.23E-09

6.00E-11

1.90E-09

2.00E-09

2.47E-10

1.93E-10

8.15E-10

7.95E-10

3.39E-10
3.25E-I.O

1.42E-10

1.1OE-10

2.18E-10

5.OOE-10

4.15E-10

1.39E-10
6.00E-11

EA6

4.17E-11

4.25E-11

2.2OE-10

3.37E-10

1.59E-10

I.56E-10

6.78E-11

5,50E-11

4.78E-10

4.37E-10

2.26E-11

6.42E-10

6.72E-10

8.34E-11

6.66E-11

2.77E-10

2.8OE-10

1.19E-10

1.15E-10

5.08E-11

3.99E-11

8.34E-11

1.82E-10

1.49E-10

5.06E-11
2.24E-11

EA6

1.43E-11

1.46E-11

7.68E-11

1.18E-10

5.50E-11

5.41E-11

2.35)3-11

1.89E-11

1.67E-10

1.53E-10

7.68E-12

2.26E-10

2.35E-10

2.89E-11

2.30E-11

9.66E-11

9.78E-11
4.12E-11
4.00E-11
1.74E-11

1.36E-11

2.87E-3.L

6.36E-11

5.20E-11

1.74E-11
7.68E-12



Table 43. Absolute Risks for EA Accident Categories (Continued)

Early Fatalities, 0-80 km

BR-2

Site/Lot EA4 EA5 EA6

CHA- D

CHA- c

CNC-D

CNC-C

GAL-D

GAL-C

JAC -D

JAC- C

LOS-D

LOS-C

MOT-D

NEW-D

NEW- C

NOR-D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV- D

SAV- C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

OSIRIS

Site/LOc EA4 EA5 EA6

CHA-D

CH?-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D
LOS-C

MOT -D

NEW-D

NEW-C

NOR-D

NOR -C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA- C

TAC -D
TAC -C
WIL-D

WIL-C

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO
0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO
0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

O.OOE+OO
0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

O.OOE+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+oO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO
0.00E+oO

0.00E+OO

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA4

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

RHF

EA5

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

TRIGA

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO
O.OOE+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO
0.00E+OO
0.00E+OO

0.00E+OO

EA6

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O:OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+oo

0.00E+OO

EA6

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO
0.00E+OO
0.00E+OO

0.00E+OO
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Table 43. Absolute Risks for EA Accident Categories (Continued)

Early Injuries, 0-80 Iun

BR-2

Site/Lot EA4 EA5 EA6

CHA- D

CHA-C

CNC -D

CNC- C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW- D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR- C

SAV-D

SAV- C

SEA- C

TAC- D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC -D

CNc-c

GAL-D

GAL-C

JAC- D

JAC -C

LOS-D

LOS-C

MOT -D

NEW- D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA- C

TAC -D

TAC- C
WIL-D
WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.O,OE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

RHF

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

TRIGA

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

EA6

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O;OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA6

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

195



Table 43. Absolute Risks for EA Accident Categories (Continued)

Total Costs, 0-80 luu

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

cm- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS -C

MOT -D

NEW- D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV -D

SAV -C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

O. OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

9.35E-08

5.00E-08

0.00E+OO

0.00E+OO

1.73E-07

6.55E-08

1.99E-07

2.55E-07

0.00E+OO

0.00E+OO

1.61E-07

1.79E-07

9.00E-08

4.72E-08

2.76E-08

1.19E-07

4.21E-08

9.00E-09

1.00E-08

2.32E-07

1.30E-07
0.00E+OO

2.25E-08

0.00E+OO

2.26E-07

1.30E-07

1.12E-08

6.00E-09

0.00E+OO

0.00E+OO

2.30E-08

9.12E-09

2.38E-08

3.06E-08

0.00E+OO

0.00E+OO

1.94E-08

2.15E-08

1.08E-08

5.66E-09

3.31E-09

1.43E-08

5.05E-09

1.08E-09

1.20E-09
2.79E-08

1.56E-08

0.00E+OO

2.70E-09

0.00E+OO

2.71E-08

1.56E-08

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT-D

NEW-D

NEW-C

NOR-D

NOR-C

PHI -D

PHI-C
POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C
WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.O.OE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

6.35E-08

3.38E-08

0.00E+OO

0.00E+OO

8.90E-08

2.93E-08

1.38E-07

1.77E-07

0.00E+OO

0.00E+OO

1.OIE-07
7.80E-08

3.93E-08

2.96E-08

1.74E-08

1.02E-07

3.61E-08
9.00E-09
1.00E-08

1.64E-07

8.80E-08

0.00E+OO

2.25E-08

0.00E+OO

1.42E-07

8.15E-08

7.62E-09

4.06E-09

0.00E+OO

0.00E+OO

1.59E-08

5.75E-09

1.66E-08

2.13E-08

0.00E+OO

0.00E+OO

1.21E-08

9.36E-09
4.72E-09

3.55E-09

2.08E-09

1.43E-08

5.05E-09
1.08E-09
1.20E-09

1.97E-08

1.06E-08

0.00E+OO

2.70E-09

0.00E+OO

1.70E-08

9.78E-09

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EA4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

RHF

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

3.80E-08

1.25E-08

0.00E+OO
0.00E+OO

0.00E+OO

0.00E+OO

6.00E-08

0.00E+OO

0.00E+OO

1.76E-08

1.03E-08

1.70E-08

6.00E-09

4.51E-09

4.99E-09

0.00E+OO

0.00E+OO

O..00E+OO

1.13E-08

0.00E+OO

8.40E-08

4.83E-08

TRIGA

EA5

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO

0.00E+OO

EA6

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

4.56E-09

1.50E-09

0.00E+OO

0.00E+OO

O;OOE+OO

0.00E+OO

7.20E-09

0.00E+OO

0.00E+OO

2.llE-09

1.24E-09

2.04E-09

7.2OE-10

5.41E-10

5.99E-10

0.00E+OO

0.00E+OO

0.00E+OO

1.35E-09

0.00E+OO

1..O1E-O8

5.80E-09

EA6

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0.00E+OO
O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
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Table 43. Absolute Risks for EA Accident Categories (Continued)

Individual Centerline EDEWhole Body Dose, 0-1.6 lm (SV)

BR-2

Site/Lot EA4 EA5 EA6

CHA- D

CHA- c

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS -C

MOT- D

NEW-D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR- C

SAV-D

SAV- C

SEA- C

TAC- D

TAC -C

WIL-D

WIL-C

5.16E-12

5.16E-12

6.42E-12

6.42E-12

5.57E-12

5.57E-12

5.16E-12

5.16E-12

6.42E-12

6.42E-12

3.19E-12

3.59E-12

3.59E-12

3.19E-12

3.19E-12

6.06E-12

6.06E-12

4.52E-12

4.52E-12

5.16E-12

5.16E-12

4.52E-12

4.52E-12

4.52E-12

3.19E-12

3.19E-12

3.42E-12

3.42E-12

1.14E-12

1.14E-12

3.26E-12
3.26E-12

3.42E-12

3.42E-12

1.14E-12

1.14E-12

3.12E-12

5.85E-12

5.85E-12

3.12E-12

3.12E-12

3.15E-12

3.15E-12

3.78E-12

3.78E-12

3.42E-12

3.42E-12

3.78E-12

3.78E-12

3.78E-12

3.12E-12

3.12E-12

4.26E-13

4.26E-13

1.30E-13

1.30E-13

4.15E-13

4.15E-13
4.26)3-13

4.26E-13

1.30E-13

1.30E-13

3.31E-13

5.72!3-13

5.72E-13

3.31E-13

3.31E-13

3.95E-13

3.95E-13

4.78E-13

4.78E-13

4.26E-13

4.26E-13

4.78E-13

4.78E-13

4.78E-13

3.31E-13

3.31E-13

OSIRIS

Site/LoC EA4 EA5 EA6

CHA-D

cm- c

CNC -D

CNc-c

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW- D

NEW -C

NOR -D

NOR- C

PHI -D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA- c

TAC -D

TAC -C

WIL-D
WIL-C

7.02E-12

7.02E-12

8.76E-12

8.76E-12

7.56E-12

7.56E-12

7.02E-12

7.02E-12

8.7.6E-12

8.76E-12

4.30E-12

4.82E-12

4.82E-12

4.30E-12

4.30E-12

8.22E-12

8.22E-12

6.12E-12

6.12E-12

7.02E-12

7.02E-12

6.12E-12

6.12E-12

6.12E-12

4.30E-12
4.30E-12

3.31E-12

3.31E-12

1.1OE-12

1.1OE-12

3.16E-12

3.16E-12

3.31E-12

3.31E-12

1.1OE-12

1.1OE-12

3.03E-12

5.65E-12

5.65E-12

3.03E-12

3.03E-12

3.07E-12

3.07E-12

3.67E-12

3.67E-12

3.31E-12

3.31E-12

3.67E-3-2

3.67E-12

3.67E-12

3.03E-12
3.03E-12

4.15E-13

4.15E-13

1.27E-13

1.27E-13

4.04E-13

4.04E-13

4.15E-13

4.15E-13

1.27E-13

1.27E-13

3.22E-13

5.56E-13

5.56E-13

3.22E-13

3.22E-13

3.85E-13

3.85E-13
4.65E-13

4.65E-13

4.15E-13

4.15E-13

4.65E-13

4.65E-13

4.65E-13

3.22E-13
3.22E-13

EA4

2.06E-12

2.06E-12

2.57E-12

2.57E-12

2.23E-12

2.23E-12

2.06E-12

2.06E-12

2.57E-3-2

2.57E-12

1.27E-12

1.43E-12

1.43E-12

1.27E-12

1.27E-12

2.41E-12

2.41E-12

1.81E-12

1.81E-12

2.06E-12

2.06E-12

1.81E-12

1.81E-12

1.81E-12

1.27E-12

1.27E-12

EA4

5.83E-13

5.83E-13

7.26E-13

7.26E-13

6.30E-13

6.30E-13

5.83E-13

5.83E-13

7.26E-13

7.26E-13

3.62E-13

4.09E-13

4.09E-13

3.62E-13

3.62E-13

6.,84E-13

6.84E-13

5..14E-13

5.14E-13

5.83E-13

5.83E-13

5.14E-13

5.14E-13

5.14E-13

3.62E-13
3.62E-13

RHF

EA5

1.35E-12

1.35E-12

4.51E-13

4.51E-13

1.29E-12

1.29E-12

1.35E-12

1.35E-12

4.51E-13

4.51E-13

1.23E-12

2.31E-12

2.31E-12

1.23E-12

1.23E-12

1.25E-12

1.25E-12

1.49E-12

1.49E-12

1.35E-12

1.35E-12

1.49E-12

1.49E-12

1.49E-12

1.23E-12

1.23E-12

TRIGA

EA5

4.75E-13

4.75E-13

1.59E-13

1.59E-13

4.54E-13

4.54E-13

4.75E-13

4.75E-13

1.59E-13

1.59E-13

4.34E-13

8.15E-13

8.15E-13
4.34E-13

4.34E-13

4.39E-13

4.39E-13

5.25E-3.3
5.25E-13

4.75E-13

4.75?3-13

5.25E-13

5.25E-I.3

5.25E-13
4.34E-13
4.34E-13

EA6

1.69E-13

1.69E-13

5.15E-14

5.15E-14

1.64E-13

1.64E-13

1.69E-13

1.69E-13

5:15E-14

5.15E-14

1.31E-13

2.26E-13

2.26E-13

1.31E-13

1.31E-13

1.57E-13

1.57E-13

1.89E-13

1.89E-13

1.69E-13

1.69E-13

1.89E-13

1.89E-13

1.89E-13

1.31E-13

1.31E-13

EA6

5.93E-14

5.93E-14

1.81E-14

1.81E-14

5.77E-3-4

5.77E-14

5.93E-14

5.93E-14

1.81E-14

1.81E-14

4.60E-14

7.98E-14

7.98E-14

4.60E-14

4.60E-14

5.50E-14

5.50E-14
6.66E-14

6.66E-14

5.93E-14

5.93E-14

6.66E-14

6.66E-14

6.66E-14

4.60E-14
4.60E-14
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Table 43. Absolute Risks for EA Accident Categories (Concluded)

Individual Centerline Cancer Risk, 0-1.6 km

BR-2

Site/Lot EA4 EA5 EA6

CHA-D

CHA- c

CNC -D

CNC-C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT-D

NEW-D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR- C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

2.46E-13

2.46E-13

3.07E-13

3.07E-13

2.66E-13

2.66E-13

2.46E-13

2.46E-13

3.07E-13

3.07E-13

1.51E-13

1.68E-13

1.68E-13

1.51E-13

1.51E-13

2.88E-13

2.88E-13

2.13E-13

2.13E-13

2.46E-13

2.46E-13

2.13E-13

2.13E-13

2.13E-13

1.51E-13

1.51E-13

1.42E-13

1..42E-13

4.75E-14

4.75E-14

1.36E-13

1.36E-13

1.42E-13

1.42E-13

4.75E-14

4.75E-14

1.30E-13

2.44E-13

2.44E-13

1.30E-13

1.30E-13

1.31E-13

1.31E-13

1.58E-13

1.58E-13

1.42E-13

1.42E-13

1.58E-13

1.58E-13

1.58E-13

1.30E-13

1.30E-13

1.78E-14

1.78E-14

5.44E-15

5.44E-15

3-.73E-I4

1.73E-14

1.78E-14

1.78E-14

5.44E-15

5.44E-15

1..38E-14

2.38E-14

2.38E-14

1.38E-14

1.38E-14

1.65E-14

1.65E-14

1..99E-14

1.99E-14

1.78E-14

1.78E-14

1.99E-14

1.99E-14

1.99E-14

1.38E-14

1.38E-14

OSIRIS

Site/Lot EA4 EA5 EA6

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW-D

NEW- C

NOR- D

NOR-C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA-C
TAC -D

TAC -C

WIL-D

WIL-C

3.23E-13

3.23E-13

4.04E-13

4.04E-13

3.49E-13

3.49E-13

3.23E-13

3.23E-13
4.04E-13

4.04E-13

1.97E-13

2.20E-13

2.20E-13

1.97E-13

1.97E-13

3.78E-13

3.78E-13
2.78E-13

2.78E-13

3.23E-13

3.23E-13

2.78E-13

2.78E-13

2.78E-13
1.97E-13

1.97E-13

1.38E-13

1.38E-13

4.59E-14

4.59E-14

1.31E-13

1.31E-13

1.38E-13

1.38E-13

4.59E-14

4.59E-14

1.26E-13

2.36E-13

2.36E-13

1.26E-13

1.26E-13

1.27E-13

1.27E-13
1.53E-13

1.53E-13

1.38E-13

1.38E-13

1.53E-13

1.53E-13

1.53E-13

1.26E-13

1.26E-13

1.72E-14

1.72E-14

5.27E-15

5.27E-15

1.68E-14

1.68E-14

1.72E-14

1.72E-14

5.27E-15

5.27E-15

1.34E-14

2.32E-14

2.32E-14

1.34E-14

1.34E-14

1.60E-14

1.60E-14
1.94E-14

1.94E-14

1.72E-14

1.72E-14

1.94E-14

1.94E-14

1.94E-14

1.34E-14

1.34E-14

EA4

9.96E-14

9.96E-14

1.25E-13

1.25E-I.3

1.08E-13

1.08E-13

9.96E-14

9.96E-14

1.25E-13

1.25E-13

6.12E-14

6.84E-14

6.84E-14

6.12E-14

6.12E-14

1.17E-13

1.17E-13

8.64E-14

8.64E-14

9.96E-14

9.96E-14

8.64E-14

8.64E-14

8.64E-14

6.12E-14

6.12E-14

EA4

2.57E-14

2.57E-14

3.22E-14

3.22E-14
2.78E-14

2.78E-14

2.57E-14

2.57E-14

3.22E-14
3.22E-14

1.58E-14

1.78E-14

1.78E-14

1.58E-14

1.58E-14

3.OIE-14

3.OIE-14
2.24E-14

2.24E-14

2.57E-14

2.57E-14

2.24E-14

2.24E-14

2.24E-I.4

1.58E-14

1.58E-14

RHF

EA5

S.6S!3-14

5.65E-14

1.87E-14

1.87E-14

5.40E-14

5.40E-14

5.65E-14

5.65E-14

1.87E-14

1.87E-14

5.15E-14

9.65E-14

9.65E-14

5.15E-14

5.15E-14

5.20E-I.4

5.20E-14

6.25E-14

6.25E-14

5.65E-14

5.65E-14

6.125E-14

6.25E-14

6.25E-14

5.15E-14

5.15E-14

TRIGA

EA5

1.98E-14

1.98E-14

6.60E-15

6.60E-15

1.89E-14

1.89E-14

1.98E-14

1.98E-14

6.60E-15
6.60E-15

1.81E-14

3.39E-14

3.39E-14
1.81E-14

1.81E-14

1.83E-14

1.83E-14
2.19E-14

2.19E-14

1.98E-14

1.98E-14

2.19E-14

2.19E-14

2.19E-14

1.81E-14

1.81E-14

EA6

7.02E-15

7.02E-15

2.15E-15

2.15E-15

6.84E-15

6.84E-15

7.02E-15

7.02E-15

2“.15E-15

2.15E-15

5.45E-15

9.42E-15

9.42E-15

5.45E-15

5.45E-15

6.54E-15

6.54E-15

7.86E-15

7.86E-15

7.02E-15

7.02E-15

7.86E-15

7.86E-15

7.86E-15

5.45E-15

5.45E-15

EA6

2.47E-15

2.47E-15

7.56E-16

7.56E-16

2.41E-15

2.41E-15

2.47E-15

2.47E-15
7.56E-16

7.56E-16

1.91E-15

3.31E-15

3.31E-15

1.91E-15

1.91E-15

2.29E-15

2.29E-15
2.77E-15

2.77E-15

2.47E-15

2.4773-15

2.77E-I-5

2.77E-15

2.77E-15

1.93-E-3.5

1.91E-15
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Table 44. Absolute Risks for EIS Accident Categories

EDE Whole Body Population Dose, 0-80 km (SV)

BR- 2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS -C

MOT -D

NEW-D

NEW- C

NOR-D

NOR-C

PHI-D

PHI-C

POR -D

POR-C

SAV-D

SAV-C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

1.43E-09

2.26E-09

2.62E-09

5.60E-09

4.34E-09

1.93E-09

1.67E-09

1.54E-09

1.27E-08

4.79E-09

4.34E-10

1.39E-08

2.24E-08

3.29E-09

1.81E-09

1.06E-08

5.04E-09

4.59E-09

3.18E-09

3.35E-09

8.O4E-10

7.8OE-10

3.31E-09

2.31E-09

2.27E-09

5.78E-10

6.75E-12

6.75E-12

3.03E-11

4.77E-11

2.28E-11

2.26E-11

1.09E-11

8.70E-12

6.75E-11

6.1OE-11

3.86E-12

9.15E-11

9.65E-11

1.35E-11

1.07E-11

4.05E-11

3.97E-11

1.84E-11

1.77E-11

8.15E-12

6.55E-12

1.17E-11

2.59E-11

2.17E-11

‘1.9513-12

3.74E-12

2.24E-08

2.24E-08

1.12E-07

1.80E-07

7.75E-08

7.70E-08

3.69E-08

2.88E-08

2.56E-07

2.32E-07

1.13E-08

3.56E-07

3.74E-07

4.62E-08

3.60E-08

1.52E-07

1.49E-07

6.35E-08

6.1OE-O8

2.61E-08

2.06E-08

4.1OE-O8

9.45E-08

7.80E-08

2.57E-08

1.llE-08

9.55E-13

9.65E-13

4.56E-12

6.90E-12

3.54E-12

3.50E-12

1.54E-12

1.26E-12

9.70E-12

8.85E-12

5.80E-13

1.27E-11

1.32E-11

1.86E-12

1.52E-12

5.65E-12

5.75E-12

2.64E-12

2.56E-12

1.18E-12

9.60E-13

1.82E-12

3.85E-12

3.20E-12

1.17E-12

5.65E-13

2.30E-08

2.24E-08

1.34E-07

2.07E-07

9.30E-08

9.36E-08

3.89E-08

3.12E-08

2.92E-07

2.68E-07

1.28E-08

3.86E-07

3.83E-07

4.71E-08

3.88E-08

1.58E-07

1.65E-07

6.90E-08

6.84E-08

2.57E-08

2.25E-08

5.02E-08

1.1OE-O7

9.06E-08

2.77E-08

1.27E-08

EIS4

5.7OE-10

9.OOE-10

1.04E-09

2.23E-09

1.73E-09
7.74E-10

6.6OE-10

6.12E-3.O

5.05E-09

1.91E-09

1.72E-10

5.54E-09

8.94E-09

1.31E-09

7.2OE-10

4.21E-09

2.OIE-09

1.83E-09

1.27E-09

1.33E-09

3.18E-10

3.12E-10

1.32E-09

9.18E-10

9.O6E-10

2.3OE-10

EIS5A

2.68E-12

2.69E-12

1.21E-11

1.90E-11

9.15E-12

9.00E-12
4.35E-12

3.46E-12

2.69E-11

2.44E-11

1.54E-12

3.66E-11

3.85E-11

5.40E-12

4.28E-12

1.61E-11

1,58E-11

7.30E-12

7.05E-12

3.24E-12

2.60E-12

4.69E-12

1.03E-11

8.65E-12

3.17E-12

1.49E-12

RHF

EIS5B

8.35E-09

8.40E-09

4.34E-08

7.05E-08

2.95E-08

2.91E-08

1.39E-08

1.08E-08

1.00E-07

9.1OE-O8

4.04E-09

1.40E-07

1.48E-07

1.76E-08

1.37E-08

5.95E-08

5,80E-08

2.42E-OB

2.32E-08

9.70E-09

7.50E-09

1.54E-08

3.63E-08

2.99E-08

9.70E-09

4.05E-09

EIS6A

3.79E-13

3.84E-13

1.81E-12

2.74E-12

1.41E-12

1.40E-12

6.1OE-13

5.00E-13

3.87E-12

3.54E-12

2.31E-13

5.1OE-12

5.25E-12

7.45E-13

6.05E-13

2.25E-12
2.28E-12

1.05E-12

1.02E-12

4.70E-13

3.80E-13

7.25E-13

1.53E-12

1.27E-12

4.66E-13

2.25E-13

EIS6B

9.06E-09

8.94E-09

5.20E-08

8.1OE-O8

3.56E-08

3.57E-08

1.52E-08

1.21E-08

1.15E-07

1.06E-07

4.73E-09

1.55E-07

1.59E-07

1.88E-08

1.51E-08

6.48E-08

6.66E-08

2.71E-08

2.63E-08

1.03E-08

8.52E-09

1.91E-08

4.28E-08

3.50E-08

1<08E-08

4.73E-09



Table 44. Absolute Risks for EIS Accident Categories (Continued)

EDE Whole Body Population Dose, 0-80 km (SV)

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC-C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR -D

NOR -C

PHI-D

PHI-C

POR -D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

1.70E-09

2.78E-09

3.15E-09

7.08E-09

5.26E-09

2.21E-09

1.96E-09

1.80E-09

1.61E-08

6.00E-09

4.4OE-10

1.77E-08

2.87E-08

4.07E-09

2.20E-09

1.34E-08

6.30E-09

5.69E-09

3.87E-09

4.09E-09

8.52E-10

8.76E-10

4.OIE-09

2.81E-09

2.75E-09

6.42E-10

7.40E-12

7.40E-12

3.60E-11

5.85E-11

2.59E-11

2.55E-11

1.23E-11

9.65E-12

8.45E-11

7.65E-11

3.96E-12

1.15E-10

1.22E-10

1.56E-11

1.23E-11

4.98E-11

4.86E-11

2.llE-11

2.03E-11

8.70E-12

6.90E-12

1.32E-11

3.06E-11

2.55E-11

8.70E-12

3.89E-12

1.88E-08

i.89E-08

1.03E-07

1.69E-07

6.85E-08

6.75E-08

3.17E-08

2.44E-08

2.45E-07

2.21E-07

8.65E-09

3.43E-07

3.63E-07

4.llE-08

3.17E-08

1.44E-07

1.40E-07

5.65E-08

5.40E-08

2.12E-08

1.64E-08

3.57E-08

8.60E-08

7.05E-08

2.18E-08

8.80E-09

1.03E-12 1.99E-08

1.05E-12 1,93E-08

5.40E-12 1.23E-07

8.45E-12 1,94E-07

4.OIE-12 8.22E-08

3.95E-12 8.28E-08

1.71E-12 3.41E-08

1.38E-12 2.68E-08

1.21E-11 2.78E-07

1.1OE-11 2.55E-07

5.95E-13 1.00E-08

1.60E-11 3.74E-07

1.66E-11 3.77E-07

2.13E-12 4.24E-08

1.72E-12 3.44E-08

6.90E-12 1.52E-07

7.00E-12 1.57E-07

3.OIE-12 6.18E-08

2.92E-12 6.06E-08

1.25E-12 2.15E-08

1.00E-12 1,84E-08

2.04E-12 4.40E-08

4.53E-12 1.OIE-07

3.73E-12 8.22E-08

1.27E-12 2.37E-08

5.85E-13 1.OIE-08

EIS4

1.78E-09

2.74E-09

3.26E-09

6.78E-09

5.36E-09

2.48E-09

2.09E-09

1.93E-09

1.52E-08

5.82E-09

5.83E-10

1.66E-08

2.67E-08

4.OIE-09

2.22E-09

1.27E-08

6.12E-09

5.59E-09

3.91E-09

4.09E-09

1.05E-09

1.ol~-09

4.09E-09

2.84E-09

2,79E-09

7.44E-10

EIS5A

2.96E-09

2.98E-09

1.55E-08

2.52E-08

1.05E-08

1.03E-08

4.92E-09

3.82E-09

3.61E-08

3.26E-08

1.42E-09

5.05E-08

5.35E-08

6.30E-09

4.85E-09

2.14E-08

2.08E-08

8.60E-09

8.25E-09

3.44E-09

2.64E-09

5.50E-09

1.29E-08

1.07E-013

3.45E-09

1.43E-09

TRIGA

EIS5B

3.45E-09

3.48E-09

1.81E-08

2.94E-08

1.23E-08

1.21E-08

5.75E-09

4.47E-09

4.22E-08

3.82E-08

1.66E-09

5.90E-08

6.25E-08

7.35E-09

5.70E-09

2.50E-08

2.43E-08

1.00E-08

9.65E-09

4.OIE-09

3.09E-09

6.40E-09

1.51E-08

1.24E-08

4.02E-09

1.67E-09

EIS6A

4.3OE-10

4.38E-10

2.42E-09

3.78E-09

1.70E-09

1.67E-09

7.1OE-10

5.7OE-10

5.40E-09

4.93E-09

2.21E-10

7.35E-09

7.65E-09

8.95E-10

7.1OE-10

3.1OE-O9

3.12E-09

1.27E-09

1.23E-09

5.15E-10

3.98E-10

8.85E-10

2.00E-09

1.63E-09

5.25E-10

2.22E-10

EIS6B

1..00E-O8

9.84E-09

5.82E-08

9.12E-08

3.97E-08

3.98E-08

1.69E-08

1.34E-08

1.30E-07

1.19E-07

5.22E-09

1.75E-07

1.79E-07

2.09E-08

1.69E-08

7.26E-08

7.44E-08

3.02E-08

2.94E-08

1.12E-08

9.36E-09

2.12E-08

4.79E-08

3.92E-08

1.19E-08

5.22E-09
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Table 44. Absolute Risks for EIS Accident Categories (Continued)

Total Cancer Fatalities, 0-80 km

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC-D

CNC- C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT-D

NEW-D

NEW- C

NOR- D

NOR- C

PHI-D

PHI-C

POR-D

POR- C

SAV- D

SAV- C

SEA- C

TAC -D

TAC -C

WIL-D

WIL-C

6.30E-11

9.90E-11

1.14E-10

2.45E-10

1.9OE-10

8.34E-11

7.32E-11

6.78E-11

5.56E-10

2.O9E-10

1.90E-11

6.O6E-10

9.84E-10

1.45E-10

7.92E-11

4.63E-10

2.23.E-10

2.O2E-10

1.39E-10

1,48E-10

3.52E-11

3.36E-11

1.44E-10

1.O1E-10

9.96E-11

2.53E-11

2.94E-13

2.94E-13

1.31E-12

2.07E-12

9.80E-13

9.65E-13

4.78E-13

3.80E-13

2.93E-12

2.66E-12

1.68E-13

3.95E-12

4.15E-12

5.85E-13

4.65E-13

1.75E-12

1.71E-12

7.95E-13

7.65E-13

3.56E-13

2.87E-13

5.05E-13

1.12E-12

9.35E-13

3.44E-13

1.63E-13

1.02E-09

1.02E-09

4.88E-09

7.65E-09

3.43E-09

3.41E-09

1.66E-09

1.31E-09

1.09E-08

9.80E-09

5.35E-10

1.49E-08

1.57E-08

2.04E-09

1.61E-09

6.50E-09

6.35E-09

2.82E-09

2.70E-09

1.21E-09

9.7OE-10

1.84E-09

4.1OE-O9

3.40E-09

1.17E-09

5.25E-10

4.16E-14

4.21E-14

1.96E-13

2.97E-13

1.52E-13

1.50E-13

6.70E-14

5.50E-14

4.21E-13

3.85E-13

2.53E-14

5.50E-13

5.65E-13

8.1OE-14

6.60E-14

2.43E-13

2.47E-13

1.14E-13

1.llE-13

5.15E-14

4.19E-14

7.80E-14

1.65E-13

3..38E-13

5.05E-14

2.45E-14

1.06E-09

1.03E-09

5.83E-09

8.82E-09

4.13E-09

4.16E-09

1.76E-09

1.42E-09

1.24E-08

1.13E-08

6,12E-10

1,63E-08

1.61E-08

2.09E-09

1.73E-09

6.72E-09

7.02E-09

3.06E-09

3.03E-09

1.21E-09

1.06E-09

2.24E-09

4.78E-09

3.95E-09

1.27E-09

6.OOE-10

EIS4

2.51E-11

3.98E-11

4.56E-11

9.84E-11

7.62E-11

3.34E-11

2.92E-11

2.69E-11

2.24E-10

8.40E-11

7.44E-12

2.45E-10

3.96E-10

5.81E-11

3.17E-11

1.87E-10

8.88E-11

8.1OE-11

5.59E-11

5.90E-11

1.39E-11

1.34E-11

5.78E-11

4.03E-11

3.99E-11

1.OIE-11

EIS5A
1.16E-13

1.16E-13

5.25E-13

8.30E-13

3.90E-13

3.85E-13

1.89E-13

1.51E-13

1.18E-12

1.06E-12

6.65E-14

1.59E-12

1.67E-12

2.34E-13

1.85E-13

7.05E-13

6.90E-13

3.17E-13

3.05E-13

1.40E-13

1.13E-13

2.OIE-13

4.47E-13

3.74E-13

1.36E-13

6.45E-14

RHF

EIS5B

3.77E-10

3.8OE-10

1.87E-09

2.98E-09

1.30E-09

1.28E-09

6.2OE-10

4.85E-10

4.24E-09

3.83E-09

1.91E-10

5.90E-09

6.20E-09

7.75E-10

6.O5E-10

2.53E-09

2,46E-09

1.06E-09

1.02E-09

4.46E-10

3.5OE-10

6.85E-10

1.57E-09

1.30E-09

4.38E-10

1.89E-10

EIS6A

1.64E-14

1.66E-14

7.85E-14

1.19E-13

6.05E-14

5.95E-14

2.66E-14

2.18E-14

1.69E-13

1.54E-13

1.00E-14

2.21E-3.3

2.28E-13

3.23E-14

2.63E-14

9.75E-14

9.90E-14

4.53E-14

4.42E-14

2.04E-14

1.65E-14

3.1OE-14

6.60E-14

5.50E-14

2.00E-14

9.70E-15

EIS6B

4.12E-10

4.O9E-10

2.24E-09

3.43E-09

1.57E-09

1.58E-09

6.84E-10

5.45E-10

4.85E-09

4.44E-09

2.24E-10

6.48E-09

6.66E-09

8.28E-10

6.72E-10

2.76E-09

2.83E-09

1.19E-09

1.16E-09

4.77E-10

3.98E-10

8.46E-10

1.85E-09

1.52E-09

4.91E-10

2.22E-10

?
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Table 44. Absolute Risks for EIS Accident Categories (Continued)

Total Cancer Fatalitiesr 0-80 km

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA- D

cm-c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC - C

LOS-D

LOS -C

MOT -D

NEW-D

NEW- C

NOR -D

NOR -C

PHI-D

PHI-C

POR-D

POR-C

SAV -D

SAV -C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

7.32E-11

1.2OE-10

1.34E-10

3.O2E-10

2.24E-10

9.36E-11

8.40E-11

7.74E-11

6.9OE-10

2.57E-10

1.88E-11

7.56E-10

1.23E-09

1.75E-10

9.42E-11

5.76E-10

2.71E-10

2.44E-10

1.66E-10

1.76E-10

3.66E-11

3.68E-11

1.71E-10

1.2OE-10

1.18E-10

2.75E-11

3.17E-13

3.16E-13

1.52E-12

2.49E-12

1.08E-12

1.07E-12

5.25E-13

4.12E-13

3.59E-12

3.24E-12

1.68E-13

4.88E-12

5.15E-12

6.65E-13

5.20E-13

2.1OE-12

2.06E-12

8.95E-13

8.60E-13

3.71E-13

2.94E-13

5.55E-13

1.29E-12

1.08E-12

3.68E-13

1.66E-13

8.4OE-10

8.45E-10

4.41E-09

7.15E-09

2.98E-09

2.95E-09

1.40E-09

1.09E-09

1.02E-08

9.25E-09

4.O5E-10

1.44E-08

1.51E-08

1.79E-09

1.39E-09

6.05E-09

5.90E-09

2.45E-09

2.35E-09

9.65E-10

7.55E-10

1.57E-09

3.69E-09

3.04E-09

9.75E-10

4.O7E-10

4.42E-14

4.47E-14

2.28E-13

3.57E-13

1.68E-13

1.65E-13

7.30E-14

5.90E-14

5.15E-13

4.69E-13

2.53E-14

6.75E-13

7.00E-13

9.05E-14

7.30E-14

2.91E-13

2.96E-13

1.27E-13

1.24E-13

5.35E-14

4.27E-14

8.55E-14

1.91E-13

1.58E-13

5.35E-14

2.49E-14

8,94E-10

8.7OE-10

5.27E-09

8.22E-09

3.58E-09

3.61E-09

1.51E-09

1.20E-09

1.17E-08

1.07E-08

4.72E-10

1.57E-08

1.57E-08

1.85E-09

1.51E-09

6,42E-09

6.66E-09

2.70E-09

2.65E-09

9.9OE-10

8.52E-10

1.93E-09

4.33E-09

3.55E-09

1.06E-09

4.7OE-10

EIS4

7.44E-11

1.14E-10

1.34E-10

2.78E-10

2.22E-10

1.O3E-10

8.70E-11

8.04E-11

6.24E-10

2.38E-10

2.48E-11

6.78E-10

1.1OE-O9

1.66E-10

9.18E-11

5.2OE-10

2.51E-10

2.31E-3.O

1.62E-10

1.7OE-10

4.45E-11

4.16q-11

1.69E-10

1.17E-10

1.16E-10

3.13E-11

EIS5A

1.34E-10

1.35E-10

6.65E-10

1.06E-09

4.64E-10

4.57E-10

2.19E-10

3..71E-10

1.52E-09

1.38E-09

6.70E-11

2.llE-09

2.23E-09

2.75E-10

2.14E-10

9.O5E-10

8.8OE-10

3.77E-10

3.61E-10

1.58E-10

1.22E-10

2.42E-10

5.6OE-10

4.61E-10

1.55E-10

6.65E-11

TRIGA

EIS5B

1.55E-10

1.56E-10

7.75E-10

1.25E-09

5.4OE-10

5.3OE-10

2.56E-10

2.OOE-10

1.78E-09

1.61E-09

7.80E-11

2.47E-09

2.61E-09

3.22E-10

2.5OE-10

1.06E-09

1.03E-09

4,4OE-10

4.23E-10

1.83E-10

1.42E-10

2.82E-10

6.5OE-10

5.4OE-10

1.8OE-10

7.75E-11

EIS6A

1.95E-11

1.99E-11

1.O4E-10

1.61E-10

7.50E-11

7.35E-11

3.19E-11

2.57E-11

2.28E-10

2.O8E-10

1.04E-11

3.O7E-10

3.19E-10

3.93E-11

3.14E-11

1.32E-10

1.32E-10

5.60E-11

5.45E-11

2.36E-11

1.85E-11

3.91E-11

8.65E-11

7.05E-11

2.37E-11

1.04E-11

EIS6B

4.52E-10

4.46E-10

2.50E-09

3.86E-09

1.74E-09

1.75E-09

7.5OE-10

6.OOE-10

5.49E-09

5.03E-09

2.45E-10

7.32E-09

7.50E-09

9.18E-10

7.44E-10

3.1OE-O9

3.17E-09

1.33E-09

1.29E-09

5.17E-10

4.34E-10

9.36E-10

2.06E-09

1.70E-09

5.37E-10

2.42E-10
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Table 44, Absolute Risks for EIS Accident Categories (Continued)

Early Fatalities, 0-80 lun

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA- D

cm-c

CNC-D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW-D

NEW -C

NOR -D

NOR-C

PHI-D

PHI-C

POR -D

POR-C

SAV-D

SAV-C

SEA- C

TAC-D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0,00E+OO

o.oo~+oo

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS5A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

RHF’

EIS5B

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+oO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+oo

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS6B

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO



Table 44. Absolute Risks for EIS Accident Categories (Continued)

Early Fatalities, 0-80 km

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA- D
cm- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC- C

LOS-D

LOS-C

MOT -D

NEW-D

NEW- C

NOR-D

NOR- C

PHI-D

PHI-C

POR-D

POR -C

SAV- D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

‘0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.oop+oo

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS5A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

TRIGA

EIS5B

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS6B

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

I



Table 44. Absolute Risks for EIS Accident Categories (Continued)

Early Injuries, 0-80 km

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA- D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR- D

NOR -C

PHI -D

PHI-C

POR-D

POR-C

SAV-D

SAV -C

sE&- c

TAC- D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+oO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+oO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E?-00

0.00E+OO

O.OOE+OO

0.00E+OO

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

O.OOE+OO

EIS5A

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

RHF

EIS5B

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS6B

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO



Table 44. Absolute Risks for EIS Accident Categories (Continued)

N
o
03

Early Injuries, 0-80 km

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC -C

GAI.-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW-D

NEW-C

NOR-D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS5A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

TRIGA

EIS5B

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS6B

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

I
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TabIe 44. Absolute Risks for EIS Accident Categories (Continued)

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.04E-05

3.27E-05

6.30E-07

1.32E-08

9.55E-05

1.71E-06

2.1OE-O6

L3.45E-06

6.50E-06

2.14E-09

5.95E-07

9.30E-05

3.07E-04

2.74E-05

1.07E-05

6.30E-05

1.70E-05

7.45E-06

1.06E-05

6.40E-05

7.1OE-O7

1.26E-08

3.28E-07

2.47E-08

4.82E-05

7.70E-06

Total Costs, 0-80 km

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC -c

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW-D

NEW- C

NOR-D

NOR- C

PHI-D

PHI-C

POR-D

POR-C

SAV- D

SAV- C

SEA-C

TAC -D

TAC- C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

1.1OE-O4

2.14E-04

1.12E-OS

4.99E-05

1.90E-04

6.36E-05

1.1OE-O4

1.09E-04

1.75E-04

1.20E-05

6.18E-06

1.24E-03

3.28E-03

2.96E-04

1.25E-04

8.1OE-O4

2.59E-04

3.23E-04

1.46E-04

2.81E-04

1.84E-05

2.97E-06

1.1OE-O4

3.91E-05

1.54E-04

1.99E-05

EIS4
0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO
0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0,00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.hOE+OO

0.00E+OO

EIS5A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

O.OOE+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

RHF

EIS5B

1.17E-06

3.59E-06

2.84E-09

0.00E+OO

8.75E-06

1.63E-07

2.39E-07

9.50E-07

5.O.5E-09

4.73E-11

9.00E-08

3.61E-06

1.17E-05

1.86E-06

7.20E-07

6.20E-06

1.68E-06

3.70E-07

5.20E-07

7.15E-06

9.75E-08

6.75E-11

7.75E-08

1.33E-10

3.32E-06

5.65E-07

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS6B

1.37E-05

4.26E-05

8.88E-07

3.24E-06

6.18E-05

8.40E-06

9.24E-06
1.93E-05

1.90E-05

1.45E-08

5.33E-07

1.61E-04

4.58E-04

3.82E-05

1.16E-05

1.25E-04

3.79E-05

3.17E-05

2.20E-05

6.66E-05

1.19E-06

8.34E-08

7.02E-06

1.45E-06

4.07E-05

6.06E-06



Table 44. Absolute Risks for EIS Accident Categories (Continued)

w
o
00

Total Costs,

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW-D

NEW-C

NOR -D

NOR -C

PHI-D

PHI -C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

5.35E-06

1.66E-05

2.48E-07

6.65E-09

3.84E-05

8.60E-07

1.OIE-06

4.21E-06

2.58E-06

6.25E-10

2.77E-07

1.37E-05

4.49E-05

1.39E-05

5.40E-06

2.73E-05

7.35E-06

3.73E-06

5.30E-06

3.29E-05

3.58E-07

6.75E-10

1.67E-07

1.33E-09

2.45E-05

3.91E-06

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

4.67E-05

1.15E-04

6.12E-06

2.99E-05

1.45E-04

3.60E-05

4.40E-05

5.94E-05

1.09E-04

4.91E-06

1.93E-06

6.42E-04

1.75E-03

1.56E-04

5.05E-05

4.26E-04

1.37E-04

1.71E-04

9.42E-05

1.69E-04

5.87E-06

1.05E-06

4.06E-05

9.90E-06

1.03E-04

1.36E-05

U-t.$u Km

EIS4

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS5A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

TRIGA

EIS5B

9.35E-09

5.00E-09

2.49E-09

0.00E+OO

1.91E-08

7.60E-09

1.98E-08

2.55E-08

4.45E-09

4.15E-11

2.02E-08

2.05E-08

1.03E-08

5.90E-09

3.46E-09

1.19E-08

4.21E-09

9,OOE-10

1.00E-09

2.32E-08

1.30E-08

0.00E+OO

2.25E-09

0.00E+OO

2.83E-08

1.63E-08

EIS6A

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

0.00E+OO

EIS6B

1.76E-05

5.41E-05

1.17E-06

5.74E-06

7.44E-05

1.31E-05

1.28E-05

2.56E-05

2.78E-05

3.79E-08

6.42E-07

2.21E-04

6.06E-04

5.66E-05

1.77E-05

1.71E-04

5.15E-05

5.21E-05

3.22E-05

8.16E-05

1.56E-06

8.34E-08

1.04E-05

1.78E-06

4.66E-05

6.48E-06
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Table 44. Absolute Risks for EIS Accident Categories (Continued)

Individual Centerline EDEWhole Body Dose, 0-1.6 km (SV)

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

cm-c

CNC -D

CNC-C

GAL-D

GM-C

JAC -D

JAC -C

LOS -D

LOS -C

MOT -D

NEW-D

NEW-C

NOR-D

NOR-C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA- C

TAC- D

TAC -C

WIL-D

WIL-C

5.12E-12

5.12E-12

6.42E-12

6.42E-12

5.53E-12

5.53E-12

5.12E-12

5.12E-12

6.42E-12

6.42E-12

3.17E-12

3.56E-12

3.56E-12

3.17E-12

3.17E-12

5.99E-12

5.99E-12

4.49E-12

4.49E-12

5.12E-12

5.12E-12
4.49E-12

4.49E-12

4.49E-12

3.17E-12

3.17E-12

9.1OE-16

9.1OE-16

3.14E-16

3.14E-16

8.65E-16

8.65E-16

9.1OE-16

9.1OE-16

3.14E-16

3.14E-16

8.60E-16

1.62E-15

1.62E-15

8.60E-16

8.60E-16

8.40E-16

8.40E-16

1.03E-15

1.03E-15

9.1OE-16

9.1OE-16

1.03E-15

1.03E-15

1.03E-15

8.60E-16

8.60E-16

2.50E-12

“2.50E-12

1.07E-12

1.07E-12

2.13E-12

2.13E-12

2.50E-12

2.50E-12

1.07E-12

1.07E-12

2.41E-12

5.15E-12

5.15E-12

2.41.E-12

2.41E-12

2.76E-12

2.76E-12

3.73E-12

3.73E-12

2.50E-12

2.50E-12

3.73E-12

3.73E-12

3.73E-12

2.41E-12

2.41E-12

1.32E-16

1.32E-16

4.15E-17

4.15E-17

1.29E-16

1.29E-16

1.32E-16

1.32E-16

4.15E-17

4.15E-17

1.03E-16

1.79E-16

1.79E-16

1.03E-16

1.03E-16

1.22E-16

1.22E-16

1.52E-16

1.52E-16

1.32E-16

1.32E-16

1.52E-16

1.52E-16

1.52E-16

1.03E-16

1.03E-16

6.84E-13

6.84E-13

4.52E-13

4.52E-13

4.OIE-13

4.OIE-13

6,84E-13

6.84E-13

4.52E-13

4.52E-13

6.84E-13

8.34E-13

8.34E-13

6.84E-13

6.84E-13

6.90E-13

6.90E-13

1.45E-12

1.45E-12

6.84E-13

6.84E-13

1.45E-12

1.45E-12

1.45E-12

6.84E-13

6.84E-13

EIS4

2.05E-12

2.OSE-12

2.55E-12

2.55E-12

2.21E-12

2.21E-12

2.05E-12

2.05E-12

2.55E-12

2.55E-12

1.27E-12

1.42E-12

1.42E-12

1.27E-12

1.27E-12

2.39E-12

2.39E-12

1.79E-12

1.79E-12

2.05E-12

2.05E-12

1.79E-12

1.79E-12

1.79E-12

1.27E-12

1.27E-12

EIS5A

3.63E-16

3.63E-16

1.26E-16

1.26E-16

3.47E-16

3.47E-16

3.63E-16

3.63E-16

1.26E-16

1.26E-16

3.42E-16

6.50E-16

6.50E-16

3.42E-16

3.42E-16

3.35E-16

3.35E-16

4.12E-16

4.12E-16

3.63E-16

3.63E-16

4.12E-16

4.12E-16

4.12E-16

3.42E-16

3.42E-16

RHF

EIS5B

1.29E-12

1.29E-12

4.91E-13

4.91E-13

1.23E-12

1.23E-12

1.29E-12

1.29E-12

4.91E-13

4.91E-13

1.25E-12

2.47E-12

2.47E-12

1.25E-12

1.25E-12

1.27E-12

1.27E-12

1.60E-12

1.60E-12

1.29E-12

1.29E-12

1.60E-12

1.60E-12

1.60E-12

1.25E-12

1.25E-12

EIS6A

5.30E-17

5.30E-17

1.66E-17

1.66E-17

5.15E-17

5.15E-17

5.30E-17

5.30E-17

1.66E-17

1.66E-17

4.13E-17

7.15E-17

7.15E-17

4.13E-17

4.13E-17

4.89E-17

4.89E-17

6.1OE-17

6.1OE-17

5.30E-17

5.30E-17

6.1OE-17

6.1OE-17

6.1OE-17

4.13E-17

4.13E-17

EIS6B

4.91E-13

4.91E-13

3.14E-13

3.14E-13

4.39E-13

4.39E-13

4.91E-13

4.91E-13

3.14E-13

3.14E-13

6.06E-13

1.00E-12

1.00E-12

6.06E-13

6.06E-13

6.36E-13

6.36E-13

9.96E-13

9.96E-13

4.91E-13

4.91E-13

9.96E-13

9.96E-13

9.96E-13

6.06E-13

6.06E-13



Table 44. Absolute Risks for EIS Accident Categories (Continued)

Individual Centerline EDE Whole Body Dose, 0-1.6 km (SV)

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA-C

CNC -D

CNC -C

GAL-D

GAL-C

JAC -D

JAC -C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR -D

NOR -C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

6.96E-12

6.96E-12

8.70E-12

8.70E-12

7.50E-12

7.50E-12

6.96E-12

6.96E-12

8.70E-12

8.70E-12

4.28E-12

4,79E-12

4.79E-12

4.28E-12

4,28E-12

8.16E-12

8.16E-12

6.06E-12

6.06E-12

6,96E-12

6.96E-12

6.06E-12

6,06E-12

6.06E-12

4,28E-12

4,28E-12

1.14E-15

1.14E-15

3.99E-16

3.99E-16

1.1OE-15

1.1OE-15

1.14E-15

1.14E-15

3.99E-16

3.99E-16

1.09E-15

2.07E-15

2.07E-15

1.09E-15

1.09E-15

1.05E-15

1.05E-15

1.31E-15

1.31E-15

1.14E-15

1.14E-15

1.31E-15

1.31E-15

1.31E-15

1.09E-15

1.09E-15

2.70E-12

2.70E-12

1.12E-12

1.12E-12

2.52E-12

2.52E-12

2.70E-12

2.70E-12

1.12E-12

1.12E-12

2.82E-12

5.85E-12

5.85E-12

2.82E-12

2.82E-12

2.92E-12

2.92E-12

3.71E-12

3.71E-12

2.70E-12

2.70E-12

3.71E-12

3.71E-12

3.71E-12

2.82E-12

2.82E-12

1.66E-16

1.66E-16

5.25E-17

5.25E-17

1.62E-16

1,62E-16

1.66E-16

1.66E-16

5.25E-17

5.25E-17

1.30E-16

2.26E-16

2.26E-16

1.30E-16

1.30E-16

1.54E-16

1.54E-16

1.93E-16

1.93E-16

1.66E-16

1.66E-16

1.93E-16

1.93E-16

1.93E-16

1.30E-16

1.30E-16

7.14E-13

7.14E-13

4.96E-13

4.96E-13

4.16E-13

4.16E-13

7.14E-13

7.14E-13

4.96E-13

4.96E-13

7.74E-13

1.1OE-12

1.1OE-12

7.74E-13

7.74E-13

7.38E-13

7.38E-13

1.61E-12

1.61E-12

7.14E-13

7.14E-13

1.61E-12

1.61E-12

1.61.E-12

7.74E-13

7,74E-13

EIS4

5.82E-12

5.82E-12

7.26E-12

7.26E-12

6.30E-12

6.30E-12

5.82E-12

5.82E-12

7.26E-12

7.26E-12

3.62E-12

4.08E-12

4.08E-12

3.62E-12

3.62E-12

6.78E-12

6.78E-12

5.14E-12

5.14E-12

5.82E-12

5.82E-12

5.14~-12

5.14E-12

5.14E-12

3.62E-12

3.62E-12

EIS5A

5.30E-13

5.30E-13

1.76E-13

1.76E-13

5.05E-13

5.05E-13

5.30E-13

5.30E-13

1.76E-13

1.76E-13

4.83E-13

9.05E-13

9.05E-13

4.83E-13

4.83E-13

4.89E-13

4.89E-13

5.85E-13

5.85E-13

5.30E-13

5.30E-13

5.85E-13

5.85E-13

5.85E-13

4.83E-13

4.83E-13

TRIGA

EIS5B

6.15E-13

6.15E-13

2.06E-13

2.06E-13

5.90E-13

5.90E-13

6.15E-13

6.15E-13

2.06E-13

2.06E-13

5.65E-13

1.06E-12

1.06E-12

5.65E-13

5.65E-13

5.70E-13

5.70E-13

6.85E-13

6.85E-13

6.15E-13

6.15E-13

6.85E-13

6.85E-13

6.85E-13

5.65E-13

5.65E-13

EIS6A

8.05E-14

8.05E-14

2.47E-2.4

2.47E-14

7.85E-14

7.85E-14

8.05E-14

8.05E-14

2.47E-14

2.47E-14

6.25E-14

1.08E-13

1.08E-13

6.25E-14

6.25E-I.4

7.45E-14

7.45E-14

9.05E-14

9.05E-14

8.05E-14

8.05E-14

9.05E-14

9.05E-14

9.05E-14

6.25E-14

6.25E-14

EIS6B

5.21E-13

5.21E-13

3.42E-13

3.42E-13

4.78E-13

4.78E-13

5.21E-13

5.21E-13

3.42E-13

3.42E-13

6.24E-13

1.09E-12

1.09E-12

6.24E-13

6.24E-13

6.90E-13

6.90E-13

9.36E-13

9.36E-13

5.21E-13

5.21E-13

9.36E-13

9.36E-13

9.36E-13

6.24E-13

6.24E-13



1.

Table 44. Absolute Risks for EIS Accident Categories (Continued)

~ndi.v~dual Centerline Cancer Risk, 0-1.6 lm

BR-2

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC -D

CNC -C

GAL-D

GAI-C

JAC -D

JAC -C

LOS -D

LOS-C

MOT -D

NEW -D

NEW -C

NOR -D

NOR -C

PHI -D

PHI-C

POR-D

POR-C

SAV-D

SAV- C

SEA- C

TAC -D

TAC- C

WIL-D

WIL-C

2.45E-13

2.45E-13

3.06E-13

3.06E-13

2.64E-13

2.64E-13

2.45E-13

2.45E-13

3.06E-13

3.06E-13

1.50E-13

1.67E-13

1.67E-13

1.50E-13

1.50E-13

2.86E-13

2.86E-13

2.12E-13

2.12E-13

2.45E-13

2.45E-13

2.12E-13

2.12E-13

2.12E-13

1.50E-13

1.50E-13

3.85E-17

3.85E-17

1.35E-17

1.35E-17

3.68E-17

3.68E-17

3.85E-17

3.85E-17

1.35E-17

1.35E-17

3.69E-17

7.05E-17

7.05E-17

3.69E-17

3.69E-17

3.55E-17

3.55E-17

4.43E-17

4.43E-17

3.85E-17

3.85E-17

4.43E-17

4.43E-17

4.43E-17

3.69E-17

3.69E-17

1.04E-13

i.04E-13

4.47E-14

4.47E-14

8.85E-14

8.85E-14

1.04E-13

1,04E-13

4,47E-14

4.47E-14

1.OIE-13

2.15E-13

2.15E-13

1.OIE-13

l,OIE-13

1.15E-13

1.15E-13

1.56E-13

1.56E-13

1.04E-13

1.04E-13

1.56E-13

1.56E-13

1.56E-13

1.OIE-13

1.OIE-13

5.60E-18

5.60E-18

1.77E-18

1.77E-18

5.45E-18

5.45E-18

5.60E-18

5.60E-18

1.77E-18

1.77E-18

4.39E-18

7.60E-18

7.60E-18

4.39E-18

4.39E-18

5.20E-18

5.20E-18

6.55E-18

6.55E-18

5.60E-18

5.60E-18

6.55E-18

6.55E-18

6.55E-18

4.39E-18

4.39E-18

2.86E-14

2.86E-14

1.88E-14

1.88E-14

1.67E-14

1.67E-14

2.86E-14

2.86E-14

1.88E-14

1.88E-14

2.84E-14

3.47E-14

3.47E-14

2.84E-14

2.84E-14

2.87E-14

2.87E-14

6.06E-14

6.06E-14

2.86E-14

2.86E-14

6.06E-14

6.06E-14

6.06E-14

2.84E-14

2.84E-14

EIS4

9.90E-14

9.90E-14

1.24E-13

1.24E-13

1.07E-13

1.07E-13

9.90E-14

9.90E-14

1.24E-13

1.24E-13

6.06E-14

6.78E-14

6.78E-14

6.06E-14

6.06E-14

1.16E-13

1.16E-13

8.58E-14

8.58E-14

9.90E-14

9.90E-14

8.58F-14

8.58E-14

8.58E-14

6.06E-14

6.06E-14

EIS5A

1.55E-17

1.55E-17

5.45E-18

5.45E-18

1.48E-17

1.48E-17

1.55E-17

1.55E-17

5.45E-18

5.45E-18

1.48E-17

2.83E-17

2.83E-17

1.48E-17

1.48E-17

1.43E-17

1.43E-17

1.78E-17

1.78E-17

1.55E-17

1.55E-17

1.78E-17

1.78E-17

1.78E-17

1.48E-17

1.48E-17

RHF

EIS5B

5.40E-14

5.40E-14

2.04E-14

2.04E-14

5.15E-14

5.15E-14

5.40E-14

5.40E-14

2.04E-14

2.04E-14

5.20E-14

1.03E-13

1.03E-13

5.20E-14

5.20E-14

5.30E-14

5.30E-14

6.70E-14

6.70E-14

5.40E-14

5.40E-14

6.70E-14

6.70E-14

6.70E-14

5.20E-14

5.20E-14

EIS6A

2.24E-18

2.24E-18

7.15E-19

7.15E-19

2.19E-18

2.19E-18

2.24E-18

2.24E-18

7.15E-19

7.15E-19

1.76E-18

3.06E-18

3.06E-18

1.76E-18

1.76E-18

2.08E-18

2.08E-18

2.63E-18

2.63E-18

2.24E-18

2.24E-18

2.63E-18

2.63E-18

2.63E-18

1.76E-18

1.76E-18

EIS6B

2.05E-14

2.05E-14

1.31E-14

1.31E-14

1.83E-14

1.83E-14

2.05E-14

2.05E-14

1.31E-14

1.31E-14

2.52E-14

4.18E-14

4.18E-14

2.52E-14

2.52E-14

2.64E-14

2.64E-14

4.15E-14

4.15E-14

2.05E-14

2.05E-14

4.15E-14

4.15E-14

4.15E-14

2.52E-14

2.52E-14
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Table 44. Absolute Risks for EIS Accident Categories (Concluded)

Individual Centerline Cancer Risk, 0-1.6 km

OSIRIS

Site/Lot EIS4 EIS5A EIS5B EIS6A EIS6B

CHA-D

CHA- c

CNC -D

CNC -C

GAL-D

GAL-C

JAC-D

JAC- C

LOS-D

LOS-C

MOT -D

NEW-D

NEW-C

NOR-D

NOR -C

PHI-D

PHI-C

POR-D

POR-C

SAV-D

SAV-C

SEA-C

TAC -D

TAC -C

WIL-D

WIL-C

3.22E-13

3.22E-13

4.02E-13

4.02E-13

3.47E-13

3.47E-13

3.22E-13

3.22E-13
4.02E-13

4.02E-13

1.96E-13

2.18E-13

2.18E-13

1.96E-13

1.96E-13

3 .77E-13

3.77E-13

2.77E-13

2.77E-13

3 .22E-13

3 .22E-13

2.77E-13

2.77E-13

2.77E-13

1.96E-13

1.96E-13

4.77E-17

4.77E-17

1.68E-17

1.68E-17

4.54E-17

4.54E-17

4.77E-17

4.77E-17

1.68E-17

1.68E-17

4.59E-17

8.80E-17

8.80E-17

4.59E-17

4.59E-17

4.39E-17

4,39E-17

5.50E-17

5.50E-17

4.77E-17

4.77E-17

5.50E-17

5.50E-17

5.50E-17

4.59E-17

4.59E-17

1.12E-13

1.12E-13

4,66E-14

4.66E-14

1.05E-13

1.05E-13

1.12E-13

1.12E-13

4.66E-14

4.66E-14

1.17E-13

2.43E-13

2.43E-13

1.17E-13

1.17E-13

1,21E-13

1.21E-13

1.54E-13

1.54E-13

1.12E-13

1.12E-13

1.54E-13

1.54E-13

1.54E-13

1.17E-13

1.17E-13

6.90E-18

6.90E-18

2.20E-18

2.20E-18

6.75E-18

6.75E-18

6.90E-18

6.90E-18

2.20E-18

2.20E-18

5.40E-18

9.40E-18

9.40E-18

5.40E-18

5.40E-18

6.40E-18

6.40E-18

8.1OE-18

8.1OE-18

6.90E-18

6.90E-18

8.1OE-18

8.1OE-18

8.1OE-18

5.40E-18

5.40E-18

2.98E-14

2.98E-14

2.06E-14

2.06E-14

1.73E-14

1.73E-14

2.98E-14

2.98E-14

2.06E-14

2.06E-14

3.23E-14

4.57E-14

4.57E-14

3.23E-14

3.23E-14

3.07E-14

3.07E-14

6.66E-14

6.66E-14

2.98E-14

2.98E-14

6.66E-14

6.66E-14

6.66E-14

3.23E-14

3.23E-14

EIS4

2.57E-13

2.57E-13

3.21E-13

3.21E-13

2.78E-13

2.78E-13

2.57E-13

2.57E-13

3.21E-13

3.21E-13

1.58E-13

1.78E-13

1.78E-13

1.58E-13

1.58E-13

3.OIE-13

3.OIE-13

2.24E-13

2.24E-13

2.57E-13

2.57E-13

2.24E-13

2.24E-13

2.24E-13

1.58E-13

1.58E-13

EIS5A

2.20E-14

2.20E-14

7.35E-15

7.35E-15

2.1OE-14

2.1OE-14

2.20E-14

2.20E-14

7.35E-15

7.35E-15

2.OIE-14

3.76E-14

3.76E-14

2.OIE-14

2.OIE-14

2.04E-14

2.04E-14

2.44E-14

2.44E-14

2.20E-14

2.20E-14

2.44E-14

2.44E-14

2.44E-14

2.OIE-14

2.OIE-14

TRIGA

EIS5B

2.57E-14

2.57E-14

8.60E-15

8.60E-15

2.45E-14

2.45E-14

2.57E-14

2.57E-14

8.60E-15

8.60E-15

2.35E-14

4.42E-14

4.42E-14

2.35E-14

2.35E-14

2.37E-14

2.37E-14

2.85E-14

2.85E-14

2.57E-14

2.57E-14

2.85E-14

2.85E-14

2.85E-14

2.35E-14

2.35E-14

EIS6A

3.35E-15

3.35E-15

1.02E-15

1.02E-15

3.26E-15

3.26E-15

3.35E-15

3.35E-15

1.02E-15

1.02E-15

2.60E-15

4.50E-15

4.50E-15

2.60E-15

2.60E-15

3.llE-15

3.llE-15

3.76E-15

3.76E-15

3.35E-15

3.35E-15

3.76E-15

3.76E-15

3.76E-15

2.60E-15

2.60E-15

EIS6B

2.17E-14

2.17E-14

1.43E-14

1.43E-14

1.99E-14

1.99E-14

2.17E-14

2.17E-14

1.43E-14

1.43E-14

2.60E-14

4.55E-14

4.55E-14

2.60E-14

2.60E-14

2.87E-14

2.87E-14

3.92E-14

3.92E-14

2.17E-14

2.17E-14

3.92E-14

3.92E-14

3.92E-14

2.60E-14

2.60E-14
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that the EIS5B and EIS6B results are similar and each is about 10 times larger than the EIS4
result. For TRIGA fiel, EIS4, EIS5A, and EIS5B release fractions yield similar mean
population-dose and cancer-fatality risk values, while EIS6A and EIS6B results are about ten
times smaller and ten times larger, respectively. As was the case for the EA release fractions,
the largest risk values for any set of release fractions are obtained for EIS release fractions
using the BR-2 inventory.

Figures 61 through 66 present CCDFS for population dose and cancer fatalities. These
CCDFS were calculated using the BR-2 inventory for the dock locations at three ports:
MOTSU, the port with the lowest population to 50 miles of the 13 ports examined by this
study; Tacoma, a medium population port; and Newark, the high-population port. All of the
CCDFS are conditional on the occurrence of the accident. Each figure presents eight CCDFS,
one CCDF for each of the three sets of EA release fractions (EA4, EA5, and EA6), and one
CCDF for each of the five sets of EIS release fractions (EIS4, EIS5A, EIS5B, EIS6A, and
EIS6B). Thus, the figures depict the range of the BR-2 population dose and cancer fatality
estimates.

Inspection of the figures shows that each graph presents seven rather than eight CCDFS. Only
seven CCDFS are presented because the EA4 and EIS4 results for the BR-2 inventory are
essentially identical. Thus, these two CCDFS lie one on top of the other.

The EA4 and EIS4 results for the BR-2 inventory are essentially identical because the EA4 and
EIS4 sets of release fractions have identical values for Cs, Ru, and Particulate and differ only
in that the EA4 release fraction for Kr is one million times larger than the EIS4 value.
However, since Kr radiation exposures contribute negligibly to both total dose and to cancer
induction, the very large difference between the Kr release fractions does not affect either the
population dose or the cancer fatality CCDFS obtained using the EA4 and EIS4 sets of release
fractions.

Because all of the CCDFS fall off steeply after the 99th quantile has been reached,
consequence values for all quantiles smaller than the 99th quantile have quite similar ranges.
Figures 61 through 63 show that for population dose these ranges are approximately 3 x 104
to 3 x 103 Sv for MOTSU, 1 x 10-3to 1 x 104 Sv for Tacoma, and 1 x 10-2to 1 x 105 Sv for
Newark. For cancer fatalities, Figures 64 through 66 show that these ranges are
approximately 3 x 104 to 1 x 102 cancer fatalities for MOTSU, 3 x 104 to 3 x 102 cancer
fatalities for Tacoma, and 3 x 104 to 3 x 103cancer fatalities for Newark.

Inspection of the figures also shows (1) that the CCDFS for EIS source terms 5A and 6A lie
lower and substantially to the left of the CCDFS for EA source terms 5 and 6, and (2) that the
CCDFS for EIS source terms 5B and 6B lie higher and to the right of the CCDFS for EA
source terms 5 and 6. This occurs because fission product release from Al-U alloy fuels, such
as the BR-2 fuel, is not significant until the fiel melts. Thus, because source terms EIS5A and
EIS6A represent fwe events that do not heat Al-U alloy fuels to their melting points, release
fractions for these source terms are much less than was assumed in the EA for source
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Figure 61. EDE Whole Body Population Dose, 0-80 km, MOTSU Dock, BR-2
Inventory, All EA and EIS Source Terms, Variable Meteorology
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Figure 62. EDE Whole Body Population Dose, 0-80 km, Tacoma Dock, BR-2
Inventory, All EA and EIS Source Terms, Variable Meteorology
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Figure 63. EDE Whole Body Population Dose, 0-80 km, Newark Dock, BR-2
Inventory, All EA and EIS Source Terms, Variable Meteorology
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Figure 64. Total Cancer Fatalities, 0-80 km, MOTSU Dock, BR-2 Inventory,
All EA and EIS Source Terms, Variable Meteorology
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Figure 65. Total Cancer Fatalities, 0-80 km, Tacoma Dock, BR-2 Inventory,
All EA and EIS Source Terms, Variable Meteorology
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Figure 66. Total Cancer Fatalities, 0-80 km, Newark Dock, BR-2 Inventory,
All EA and EIS Source Terms, Variable Meteorology



terms EA5 and EA6. Conversely, source terms EIS5B and EIS6B represent accidents during
which fuel melting temperatures are exceeded which greatly increases fission product release.
Thus, the release fractions assumed for these events are substantially larger than those assumed
in the EA for source terms EA5 and EA6.

Table 17 shows that the probability of occurrence per port call for source term EA5 is about
ten times that for source term EA6, which is about the same as that for source term EIS5B,
which is about ten times that for source term EIS6B. But the magnitude of the consequences
produced by source term EIS6B are about ten times those produced by source term EIS5B,
which in turn are about ten times those produced by source term EA6 or EA5 which produce
similar CCDFS. Thus, the risks posed by source terms EIS6B, EIS5B, and EA5 have similar
magnitudes that are all about ten times the risks predicted for source term EA6.
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6.0 DISCUSSION

.

This study has examined the radiological consequences that might be caused by ship collisions
in U.S. ports where the struck ship is transporting spent research reactor fuel in a certified
transportation cask. Release fractions have been developed for these hypothetical accidents
that reflect the fact that, at temperatures above 900 K, Al-U alloy research reactor fuels melt
and, if exposed to air, TRIGA research reactor fuel burns.

The many consequence calculations performed show that consequence magnitudes (expected
values, quantile values, largest result calculated) are primarily determined by source term
magnitude and by the size of the exposed population, and are only secondarily influenced by
the meteorological conditions characteristic of the port region. Thus, consequence estimates
were largest for the hypothetical accidents that were assumed to lead to fires able (1) to heat
the transportation cask and its spent fuel contents to temperatures greater than 900 K and (2) to
maintain these temperatures for at least an hour or more. When such an accident is assumed
to occur at a high population port (Newark) under the least favorable meteorological
conditions (those that lead to the largest result calculated), the cancer death rate attributable to
the accident (3 x 104 per year) is still ahnost ten times smaIler than the normaI cancer death
rate (2 x 10-3per year) among the exposed population. Since the probability of this accident is
approximately 6 x 10-11per port call and the chance of the least favorable weather conditions
occurring at the time of the accident is approximately 1.5 x 104, the probability that this result
will occur is vanishingly small, only 9 x 10-14per port call.

Of course, when the largest result calculated leads to predicted numbers of cancer deaths 20 to
40 years in the future among the exposed population that are smalI compared to the normal
death rate due to cancer among this population, then, were these predictions to actually occur,
the expected results would be so small as to be wholly undetectable in the exposed population
by the best of epidemiological studies. Moreover, for accidents that lead to smaller source
terms or occur in ports with smaller surrounding populations, consequences are further
decreased. Thus, the principal conclusion of this study is that port accidents that involve ships
transporting spent research reactor fuel are extremely unlikely to lead to radiological
consequences or risks of concern.

This conclusion is strengthened by the fact that the calculations performed are probably
conservative for the following reasons:

● The highest consequence accident examined, the EIS6B accident, assumes that gas flow
through the darnaged cask will be large because the cask has suffered at least two
significant failures (a seal failure and a puncture or shear failure). The chance that
such multiple failures would occur was conservatively assumed to be one in ten given
that cask integrity has been lost. Because failure of the cask by puncture or shearing
can only be caused by a most unlikely configuration of collapsing ship structures, the
assumed probability of one in ten is probably an order of magnitude conservative.

—
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Thus, the risks estimated for these accidents are also likely to be conservative by an
order of magnitude.

. All of the calculations used a distribution of ship speeds that is appropriate for open
waters (top speeds of 25 mph). Since speeds in port channels are unlikely to exceed
15 mph and are more likely to be around 10 mph, and speeds dockside would likely be
3 to 5 mph, the chance of a ship collision leading to penetration of the RAM hold
sufficient to damage the spent fuel cask has been significantly overestimated. This is
particularly true because the method used to estimate penetration distances, Minorsky’s
method, neglects the resistance to deep penetration posed by the keel structures of the
struck ship, an effect expressed by the empirical B/5 rule that states that ship collisions
rarely lead to penetrations greater than one fifth of the beam of the struck ship
[OR180]. Since a cask stowed at the midline of the RAM hold would be undamaged by
collisions that lead to penetration depths less than one fifth the beam of the struck ship,
neglect of keel structure mass and the use of striking speeds that are substantially
conservative means that the chance of cask damage has been significantly
overestimated.

e Deposition of radioactive vapors and aerosols on cargo surfaces or hold walls was
neglected, even though such deposition is likely to constitute a significant removal
mechanism for radioactivity released from the failed cask to the RAM hold. Therefore,
the release fractions used in all of the accident calculations are at least somewhat
conservative.

“ Finally, no credit has been taken for port fuefighting capabilities. Since all of the
predicted larger releases are caused by accidents that are assumed to lead to long
duration fues, the fact that ship fries in ports will seldom be allowed to bum freely
means that both the magnitude and the chance of fue-driven releases of radioactivity
have been overestimated.
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APPENDIX

This appendix presents the input files used in the MACCS calculations performed for this
study and the archival tables that summarize the output of these MACCS calculations. The
appendix is structured as follows:

Part A: Input Files—

1. ATMOS, EARLY, CHRONC, and SITE files for the Newark channel (NEW-C)
MACCS calculation that used EA5 release fractions and the BR-2 inventory.

2. 26 site population tables.
—

3. 26 sets of land fraction, region index, and watershed index tables.

4. 1

Part B:
fractions

Part c:
fractions

Part D:

crop and economic data file.

Archival tables for MACCS calculations that used EA release fractions (release
EA4, EA5, and EA6).

Archival tables for MACCS calculations that used EIS release fractions (release
EIS4, EIS5A, EIS513, EIS6A, and EIS6B).

Input and archival tables for MACCS calculations for nine military ports
(Bremerton, Everett, and Port Hadlock, WA; Port Hueneme, CA; Pensacola and Mayport,
FL; Kings Bay, GA; Yorktown, VA; and Charleston Naval Reservation, SC) that were
examined after the original study was completed. For each military port, calculations were
performed for all combinations of four cask inventories (BR-2, RHF, Osiris, TRIGA) and
eight sets of release fractions (EA4, EA5, EA6; EIS4, EIS5A, EIS5B, EIS6A, EIS6B).

Because of the large size of this appendix, these tables have been archived on microfiche. The
microfiche packet is attached to the inside of the back cover of this report.

Consequence Probabilities. All of the consequence probabilities presented in the archival
tables are conditional probabilities, that is, they assume that the accident has occurred and has
led to the source term that produced the result given in the table. To obtain the absolute
probability of any archival table result (the probability per port call of that result), the
conditional probability must be multiplied by the probability of occurrence per port call of the
source term that produced the specific result. These source term probabilities of occurrence
per port call are given in Table 17. Note that multiplication of a conditional consequence
probability by the accident probability per port call, rather than the source term probability per
port call, is not correct, as many ship collisions will not lead to releases of radioactivity.
Thus, the probability of occurrence per port call of any mean consequence is simply the source
term probability per port call. For non-zero results, for consequence quantiles, and for the

—
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largest consequence found for any single weather trail (the peak result), the absolute .-

probability of occurrence per port call of the listed result is the product of the source term
probability per port call and either the probability of the non-zero result, the quantile
probability, or the probability of the peak result.

—

Abbreviations. All of the archival tables use the following abbreviations. —

Oritinal 14 Ports I Abbreviation––=-- -.

Charleston, SC CHA ~
Concord (San Francisco, CA) CNC
Galveston, TX GAL
Jacksonville, FL JAC
Long Beach, CA LOS
MOTSU (Wilmington, NC) MOT
Newark, NJ NEW
Norfolk, VA NOR
Philadelphia, PA PHI
Portland, OR POR
Savannah, GA SAV
Seattle, WA SEA
Tacoma, WA TAC
Wilmington, NC WIL

Additional 9 Military Ports Abbreviation
Bremerton, WA BRE
Everett, WA EVE
Port Hadlock, WA HAD
Port Hueneme, CA HUE
Mayport, FL MAY
Pensacola, FL PEN
Kings Bay, GA KIN
Charleston Naval Reservation, SC CHN
Yorktown, VA YOR

Variable Meteorology File Abbreviation
Apalachicola, FL APA
Cape Hatteras, NC CAP
Charleston, SC CHA
Lake Charles, LA LAK
New York, NY NYC
Santa Maria, CA SAN
Seattle, WA SEA
Washington, DC WAS

--

-.

—

—

—

—

—

.

—

.

—
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