





























































































































































































































Appendix D Waste Management Facility Human Health Risk Estimates

D.3.5.8 Summary of the LLMW Accident llysis Results

Accidents Involving Releases of Radiologic:  ontaminants. For radionuclide-related incineration
accidents in all alternatives, the dominant accident e for all receptors is the earthquake resulting in a fire.

ssnciated with Hanford and/~r NPPR far all

s 3s are L.
than those associated with similar accidents in non- >ha facilities by 2 times to 3 orders of magnitude (for
all receptors at INEL, LANL, and RFETS in Decentralized, Regionalized 2, and Regionalized 4).
However, at SRS (in all alternatives where SRS is evaluated) and at Hanford (in the Centralized
Alternative), alpha facility accident risks are lower an those from similar accidents in non-alpha fac: ies
by 1 to 2 orders of magnitude. Note that for work | the risk of death from latent cancers due to exposure
to radioactive materials released in such acci s may be smaller than the risk of fatality due to

nonradiological impacts.

Accidents Involving Releases of Chemical Contaminants. For chemical-related incineration accidents in
all alternatives except Centralized (where Hanford treats all LLMW), ORR is consistently the highest-risk
site for all receptors. In the Centralized Alternative, however, Hanford has the highest worker cancer
incidence risk and IDLH index of all alternatives due to a greater number of exposed workers. At sites
where both alpha and non-alpha LLMW are incinerated. e accident risks vary depending on contaminant
inventories. At a given site, the estimated cancer icidence risks and hazard/IDLH indices for accidents
occurring in alpha incineration facilities are usuz  higher (in some instances by more than 2 orders of
magnitude) than those estimated for similar non-alpha facility accidents. The exceptions to this are: SRS
(Decentralized and Regionalized 1, 2, and 4) and inford (Centralized), where the risks from non-alpha
incineration accidents are approximately one ord of magnitude higher than those from alpha facility
accidents; and LLNL (Decentralized and Regionalized 1), where non-alpha incineration accident risks are

only slightly higher (less than a factor of two) than similar alpha facility accident risks.

D.3.5.8.1 Risks to the Offsite Population From LLMW Accidents

Accidents Involving Releases of Radiological Contaminants. For incineration accidents involving releases
of radionuclides from non-alpha facilities, cancer fatality risks to the offsite population range from 9.5E-09

to 4.0E-01 in population sizes ranging from 153 51 to 10,453,402. Cancer fatality risks from alpha
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cancer risk at ORR is due to a relatively large release of ¢
alpha incineration accident with the hig  t risk of cancer
area fire at RFETS; the risk of cancer incidence is 4. 7E-(

and Regionalized 1 and 2. The controlling contan  ant :

t ri¢
sites (remain approximately equal or increase slightly with greater waste consolidation). However, cancer
incidence risk to  : offsite population from the ma num reasonably foreseeable accident in Decentralized
and Regionalized 1, 2, and 4 is higher than for No Action at INEL by 1 to 2 orders of magnitude. In
addition, cancer incidence risk from the worst-case accident at Hanford in the Centralized Alternative is
higher than for Hanford in other alternatives by an order of magnitude or more due to centralized

¢ olidatir of waste loads.

D.3.5.8.2 Risks to the Noninvolved Worker Population From LLMW Accidents

Accidents Involving Releases of Radiological Contaminants. For radionuclide-related accidents, the
trends in risk to the noninvolved worker popul: n follow the trends for the offsite population. For
incineration accidents involving releases of radionuclides from non-alpha facilities, cancer fatality risks
range from 3.5E-10 to 1.2E-01 in population sizes rang g from 128 to 15,996. Cancer fatality risks from
alpha facility incinerator accidents range from 1.1E-07 to 2.0E-03 in population sizes ranging from 6,993
to 15,996. Incineration accident risks at a given site do not differ greatly among alternatives. Risks
associated with a particular accident either remain the same at a site across alternatives or increase only

slightly with waste consolidation.

The incineration accident type resulting in the highest risks to noninvolved worker populations is the
earth ake resulting in a fire. For each alternative, the risks of cancer fatalities for other incinerator
accidents (incinerator explosion and aircraft impact) are approximately 1 to 3 orders of magnitude lower
than those associated with the earthquake scenario at a given site. Recall, however, that the estimated annual
frequency of the earthquake scenario affecting the incinerator facility is the lowest of the three accident

types.
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D.3.5.8.3 Risks to the Maximally Exposed Noninvolv * Wor™ - and Maximally Exposed Offsite
Individual From LLMW Accidents

Accidents Involving Releases of Radiolc al Contaminants. For radionuclide-related accidents, the

trends in risk to the offsite MEI and noninvolved worker MEI generally follow those for their respective

MEIs associated with a particular accident either remain the same at a site across alternatives or increase
only slightly with waste consolidation. Differences in cancer r s between non-alpha facility accidents and

alpha facility accidents parallel those estimated for the offsite and noninvolved worker populations.

The highest-risk incineration accident type for both MEIs is the earthquake resulting in a fire. The highest-
risk sites for the offsite N"~ differ somewhat from those observed for ti  offsite population. The highest
site-specific cancer fatality risk to the offsite MEI is from the non-alpha facility earthquake scenario at ORR
in No Action, Decentralized, and Regionalized 2 and 4 (ranging from 1.4E-05 to 1.6E-05). The controlling
contaminant at ORR is uranium-238; the primary exposure route is internal. The next highest site risks are
for the non-alpha facility earth ake scenar. at Hanford in Centralized (9.4E-06) and PGDP in
Decentralized (9.0E-06). The controlling conta. nants at Hanford and PGDP are plutonium-238 and

uranium-238, respectively; exposure is primarily ternal.

The highest cancer fatality risk to the noninvolved worker MEI from an earthquake scenario is at Hanford
(for non-alpha facilities) in Decentralized, Regior ized 2 and 4, and Centralized (ranging from 2.2E-04
to 3.9E-04). The contaminant contributing the ost to risk at Hanford is plutonium-238 by internal
exposure. The next highest risk to the noninvolved worker MEI is from the non-alpha earthquake scenario
at ORR in Regionalized 2 and 4 (1.4E-04 and 1 2-04 cancer fatalities, respectively). The controlling

contaminant at ORR is uranium-238; exposure is primarily internal.

Accidents Involving Releases of Chemical Contaminants. For chemical-related accidents, the trends in
risks to the offsite MEI and the noninvolved worker MEI tend to generally follow those for their respective
populations. As observed for the offsite and nonin [ved worker populations, risks and hazard indices do
not differ greatly among alternatives at a site with e exception of INEL (lower in No Action than other
alternatives by about 2 orders of magnitude) and (anford (greater in the Centralized Alternative with
centralized consolidation by an order of magnitude  more). For incineration accidents (i.e., baghouse area

fire), the highest risks of cancer incidence to the offsite MEI (7.3E-07) and the noninvolved worker MEI
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fatality risks are for the earthquake scenario at INEL in Decentralized and Regionalized 1, 2, and 4 (ranging
from 3.1E-03 to 3.5E-03). The controlling contaminant at this site is plutonium-238, and the primary
exposure route is inhalation. Recall that the radionuclide-related earthquake scenario affecting 1e

incinerator is considered to be “very unlikely.”

i 1Ic

from non-alpha incineration act ents (baghouse :a fires) range from 2.7E-12 to 7.5E-04 across
alternatives. Alpha facility accident risks range from 3.2E-06 to 5.7E-05. Worker population size (shift
size) varies from 1 to 14 workers. Chemical emissions from an incinerator baghouse area fire in a non-alpha
facility are assumed to be identical regardless of site or alternative; the same assumption was made for alpha
facility accidents. Because of this, cancer incidence risk estimates for workers only vary by facility type and
in direct proportion to the number of workers assu «dto  >resent during the accident at each site (which

depends on the waste volume being incinerated at each site).

The highest cancer incidence risk to workers from a non-alpha incinerator baghouse area fire is at Hanford
in the Centralized Alternative (7.5E-04) due to e consolidated waste load and a greater number of
workers necessary to operate the incinerator. The next highest cancer incidence risks to workers from non-
alpha baghouse area fires are at ORR in ¢ alternatives where ORR treats LLMW (ranging from 1.9E-04
to 3.6E-04). The highest alpha facility risks are also associated with Hanford in the Centralized Alternative
(5.7E-05). The IDLH index is equal to or greater than 1.0 for all sites and alternatives, indicating a danger
of irreversible health effects due to exposure to toxic chemicals. The controlling contaminants are the same

at each site, chromium (VI) and carbon monoxide.

As observed for the offsite and noninvolved worker populations and their respective MEIs, risks and IDLH
indices do not differ greatly among alternatives at a site with the exception of INEL (lower in No Action
than other alternatives by about 2 orders of magnitv ) and Hanford (greater in the Centralized Alternative

with waste consolidation by an order of magnitude or more).

D.3.5.9 Risks to the Hypothetical Intruder From LLMW Disposal

The health risks to the hypothetical intruder who drills a well through an LLMW disposal facility were
evi ated for the Decentralized, Regionalized 2, and Centralized Alternatives, and for remote-handled

LLMW (RH-LLMW) disposal (disposal at four sites in the Decentralized, Regionalized, and Centralized
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D.4.1.2 Hazardous Chemicals

The ISC2 code (EPA, 1992a) was used in the PEIS to estimate atmospheric fate and transport of hazardous
chemicals. ISC2 estimates unit air concentrations for each block in a circular grid comprising 16 directional
sectors (e.g., north, north-northeast, northeast, east-northeast, etc.) at 10 radial distances out to 80 km
] il ation scaur f the city
the approach in ISC2, the Chi/Q, cancer poten factors, and RfDs are the only parameters used
modeling, and all are sensitive parameters on risk. However, recall from Section D.4.1 that the uncertaint
in cancer potency factors and RfDs were not considered applicable in the PEIS uncertainty analysis sii
only relative, not absolute, uncertainties were being sought. Therefore, Chi/Q was the only sensit
variable in the ISC2 model for the purposes of this uncertainty analysis. Since the calculation for Chi/Q in

ISC2 is almost identical to that in GENII, the uncertainties in Chi/Q are +10%.

D.4.1.3 Conclusion for Treatment and Storage Sites

The relative uncertainty of risk for the PEIS for cor arison purposes could not be determined since the
uncertainties in source terms were not available for this analysis. For the parameters pertaining to ingestion
or inhalation, including Chi/Q, crop yields, ar dietary fractions of humans and animals, the only

significant parameter was Chi/Q, which had an uncertainty of +10%.
Because the uncertainties for parameters other than the source term are relatively low, the overall risk

uncertainties should be of approximately the same order of magnitude as the source term uncertainties

determined by ANL.

Table D.4-4. Descriptive Statistics for AEDE From the Uncertainty Analysis

Statistic Value
Mean 2.5E+04
Deviation (Max-Mean) 2.15E+03 (9% of mean value)
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variations in  k estimates determined by Lyon eta 199 uld provide a reasonable es 1ate of e

uncertainties in the PEIS.

Latin Hypercube sampling was used to perform the sensitivity and uncertainty studies. The sensitivity
analysis was performed by PNL, which used the time-weighted number of hea

I niti T
(indicating the strength of the linear dependence of the parameters). Typically, only three to six parameters
showed sufficient sensitivity to be considered for the uncertainty analysis at the various sites. The null
hypothesis that a coefficient was zero was tested to the 95% confidence level (i.e., parameters were
considered sufficiently sensitive if there was a pr  bility of 0.05 or less that a parameter’s coefficient in

the regression equation was zero).

Table D.4-5 presents the input parameters with significant correlation coefficients and the number of orders
of magnitude difference between the 95th percentile upper and lower confidence levels. The significant
parameters are listed in order of the highest to lowest correlation coefficients. The authors cohcluded that
the most vital components of the risk charac zation process are the initial concentrations of
contaminants,contaminant inventories, and contaminant flux rates at the site. In many cases, the final risk
estimate is directly proportional to these values. Uncertainties in the subsurface partitioning coefficient, K,

were determined to be insignificant relative to the  other components.

Table D.4-5 shows that the differences in population risk estimates between the upper and lower 95th-
percentile confidence bands ranged from 0.2 to 12.2 or rs of magnitude. Note that the uncertainty at
Hanford was very high in relation to the other three sites |2 orders of magnitude compared to 0.2, 1.5,
and 2.1). This was because of a large decrease in p ulation risk from the lower 80th percentile to the lower
95th percentile, accounting for approximately 10 orders of magnitude of uncertainty; there is only a
difference of 2.2 orders of magnitude of uncertainty etween the upper 95th percentile to the lower 80th
percentile. Excluding the lower 80th to 95th percentile of the uncertainty for Hanford from consideration
(because this behavior appears to be unique to Hanford and is extremely uncharacteristic of the other sites),
the most reasonable estimate of the uncertainty with respect to disposal risks in the PEIS would be between

I and 2 orders of magnitude.
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If ANL provides source term uncertainties in the future, the uncert © ~ ~ risk in the PEIS can be adjusted

accordingly.

D.4.3 WASTE MANAGEMENT WORKERS

The MicroShield code (Grove Engineering, Inc., 1992) was used to calculate external radiation exposure
to waste management workers for the waste management portion of the PEIS. MicroShield is capable of
performing sensitivity studies for the shield thickness, distance-from-source-to-shield, and distance-from-
source-to-receptor parameters. Sensitivity studies ¢ other parameters such as material density and source

strength must be performed manually.

For the comparison of PEIS alternatives, only the rameters that cause relative error, not absolute error,
are the ones desired in determining the risk uncert: ties. Since the PEIS treatment facilities and operational
equipment were hypothetical in nature and were all assumed to be identical for the various treatments
required, many parameters could be excluded from this uncertainty study. These included the shielding

material and thickness, and the distances of the shield and receptor from the source.

Uncertainties were introduced in the PEIS risk estimates from relating waste throughputs to source volumes
(volumes of waste in treatment vessels) and unit dose methodologies. For the PEIS, the throughput of waste
for each treatment module for each alternative was provided by ANL. Since MicroShield requires input of
the source (or waste) volume rather than the waste throughput, regression equations were used to relate
throughputs to treatment vessel volumes using know values for existing facilities, derived from facility data
provided by Morrison Knudsen Corporation (1993, 1994). The treatment modules that have variable
¢ acities included feed waste bins, shredders, evaporators, high pressure spray/blast booths, solidification
units, aqueous tanks, neutralization tanks, ion exchange tanks, oxidation reactor tanks, incinerators, metal
melters, thermal desorption units, mercury roasting kilns, metal deactivation units, lead melting tanks, soil
washing tanks, sludge washing tanks, debris washing tanks, and polymer blending tanks. (The size of some
modules, such as drum compactors, did not change since the drum sizes remain the same for various

throughputs; only the number of drums changed.)

There were two sources of error in the worker ex  sure calculations. First, the known throughputs and

volumes consisted of three or four sizes categorized as extra-small, small, medium, and large. Since only
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measurements, and teaching shielding principles. This model uses a highly structured ANSI standard
programming language with good numerical precision. Data for attenuation coefficients, buildup factors,
and buildup factor coefficients are taken m information distributed by the Radiation Shielding Information
Center and included in ANSI/ANS 6.4.3.

MicroShield is currently being used by 400  3anizations worldwide. For example, MicroShield was used
in assessments of the Chernobyl accident in the former Soviet Union ({ )ve Engineering, Inc., 1992) and
of various commercial nuclear utilities. Numerous universities including Kansas State University,
Pennsylvania State University, the Massachusetts Institute of Technology, the Georgia Institute of

Technology, and Rensselaer Polytechnic Institute use MicroShield for teaching shielding principles.

INEXPLC is a QuickBASIC program designed by ORNL System Safety Engineering (Bloom, 1993). The
code includes relatively simple models tt  simulate close-in (i.e., less than 50 m downwind from the
source) atmospheric dispersion, explosive releases, and particle deposition. These models are based on exact
solutions to the differential equation of a convection, turbulent-diffusion mo 1 for a point source and a
semicircular, finite-area source. In this model, it is assumed that simple gas dispersion takes place with no
effects from nearby structures (building wake effects or downwash). The INEXPLC code was used in the

WM PEIS worker risk analysis to estimate outdoor air concentrations from accidental chemical releases.
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In addition to acute health effer  cargo-related risk of excess cases of latent cancer from accident

chemical exposures has been estimated. The correlation of chemical dose with the induction of human
cancer has traditionally been based on the linear/no-threshold hypothesis, similar to radioactive exposure.
The treatment of carcinogenic effects of exposures resulting from accidental chemical releases has added
uncertainty because the carcinogenic risk is estim:  for short-term (1-hour) exposures. Lifetime risks less
—an 1 in 1 million have been considered negli; and are not estimated. The number of individuals
experiencing an increased risk of cancer of 1 in 1 million or greater has been estimated, without attempting

to estimate the precise risk for those in the category of greater than 1 in 1 million.

Health impacts from radioactive and hazardous materials are presented separately in Part I and Part II of
this appendix. No attempt has been made (even in cases where both radioactive and hazardous components
are present in the same materials) to add or compare the estimated risks for the two classes of contaminants.
To understand and interpret the estimated health impacts presented in this appendix, readers must keep in
mind the fundamental differences between radioactive and ch¢ - contaminants discussed previously. The
table on the following page summarizes the humar zalth effects considered for the radioactive-waste and

HW risk assessments in this appendix.
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a number of generic assumptions appropriate to the programmatic nature of the PEIS; for example, because
a detailed consideration of every possible waste shipment would be impractical, representative physical and
radiologic characteristics were determined for each waste type. Similarly, conceptual transportation routes
were selected to be consistent with current practice and applicable regulations, so that DOE can ensure that
the waste is transported safely and will minimize the potential for adverse impacts to the public and
en onment. However, these may not be the act  routes that will be 1 in the e. Acm ' s will

be determined during the transportation planning process.

Transportation mode and routing decisions will be made on a site-specific basis during the transportation
planning process. Sites can use the transportation analyses in this WM PEIS to make site-specific
transportation decisions or, if necessary, conduct additional transportation analyses. DOE proactively works
with states, regional en es, and carriers during large shipping campaigns to ensure that s routing

alternatives and safe havens are utilized.

Extensive studies of transportation risk assessment have been conducted for specific Federal actions (NRC,
1977a; DOE, 1986a; DOE, 1990a). However, care must be exercised when comparing the results of this
PEIS transportation-related risk assessment with others. Although some alternatives in this PEIS may be
similar to those analyzed in other studies, the results of other transportation risk assessments may differ for
many reasons. In general, the other studies did not consider the range of programmatic alternatives being
considered in this PEIS. Moreover, the other studies used assumptions and parameters specific to the actions
being considered, which are not necessarily appropriate for this PEIS. In addition, revised radiation health
risk conversion factors have been recommended (ICRP, 1991), and data on the projected waste inventory
and on waste characterization have been revised and updated. Results of this PEIS are not intended to

replace results of previous transportation risk assessments for ongoing or planned actions.

This section of the appendix should be read in conjunction with the technical reports describing the
development of site-specific data on the waste inventory and characterization for each waste type (ANL,
1996g-k). Data on site-specific waste characterization are used for the transportation accident risk
assessment but are not presented explicitly in this appendix. Similarly, the alternatives analyzed for each
waste type are only summarized in Part I; detailed alternative definitions for each waste type are provided
in the respective chapters of the PEIS for the waste type. The supporting technical reports prepared for each
waste type contain detailed information on waste characterization, alternative definitions, and risk
assessment results (ANL, 1996a,c-f). Revised site inventory estimates have become available, as discussed

in Appendix I, since the original transportation analysis. Due to large changes in site inventory, radiological
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profiles, or waste treatment, the risk analysis involving selected sites has been updated. However, the
transportation risk analysis has not been recalculated for au alternatives because the same trends among
alternatives are expected to apply. Site-specific information in the site data sheets and the cumulative

impacts have been updated, however.

E.2 Scope of Assessment

The scope of the PEIS transportation radiological risk assessment—incl ing the : :rnatives, transportation-
related activities, potential vehicle- and cargo-related impacts, receptors, and transportation modes
considered—is described in this section. Additional details of the assessment are provided in the sections

that follow.

E.2.1 ONSITE VERSUS OFFSITE RANSPORTATION

The transportation risk assessment includes the onsite and offsite tt  portation of radioactive waste. Onsite
transportation involves transporting waste between facilities within a DOE site’s boundaries. Transfers of
waste within a specific facility are not considered onsite shipm ts but are considered part of the normal
facility operations. Offsite transportation refers to transporting waste between distinct sites, including parts

of the routes that may be within the boundaries of the origin and destination sites.

Offsite transportation usually involves the shipment of potentially large quantities of radioactive waste
moving through a changing landscape and potentially stopping at any place along a route (usually a major
highway). To effectively describe this situation, models that use simplified assumptions and generalizations
are us¢ 0 estimate risk from offsite shipm :s. National average or typical values are chosen for variables
such as road and track dimensions, vehicular speed, traffic density, weather conditions, and stop tii s;
population densities are modeled as being uniformly distributed. Conversely, onsite transportation occurs

a fixed location, which allows for a site-specific analysis. The onsite risk assessment uses site-specific
characteristics, such as local weather, non iform distributions of po; ation, and data on agricultural

productivity.

The human health risks associated with onsite transportation are generally much smaller than those from

offs : transportation, largely because of the limited distances for onsite shipment, limited population
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densities along the routes, and limited average travel speeds 'OE, 1992b). Accordingly, the impacts of
onsite transportation are not likely to contribute nificantly to differences among the alternatives being
considered. Therefore, for purposes of the PEIS, the onsite risk assessment has been limited to one
representative site—the Hanford Site (Hanford). This site was selected primarily because it is relative * large
and conducts activities for managing all waste types. The impacts calculated for the Hanford Site are
believed to be typical of other large DOE sites and cc  rvatively estimate the imnacte a¥nected for sn ¢
sites. The risk assessment conducted for onsite transportation is intended to estimate the magnitude of
potential risk for comparison with the risks of offsite transportation. The risk assessment also characterizes

the typical site-specific transportation scenarios and impacts not encompassed in the offsite analysis.

E.2.2 WASTE TYPE-SPECIFIC ALTERNATIVES

The transportation risk assessment conducted for the PEIS estimates the human health risks associated with
transporting radioactive waste for a large number of alternatives. In general, the PEIS alternati  are
considered independently for each waste type and reflect decentralized, regionalized, and centralized
approaches. For each waste type, several options, referred to as “cases,” have been defined for each broad
alternative. The individual cases differ in the numbers, locations, and types of TSD facilities being

considered.

For the offsite transportation risk assessment, each specific case is defined as a set of pairs (origin and
destination) representing shipping linkages among generator, treatment, and disposal sites. The number of
origin-and-destination pairs varies among cases, ranging frc  a small number of pairs for decentralized
cases to many pairs for centralized ones. Examples of the linkages for shipment in two sample cases are
shown in igures E-1 and E-2. Figure E-1 represents a decentralized LLW case involving 12 disposal
sites. The sites that would not have the capability for disposal ship their wastes to a site that does.
Figure E-2 represents a LLW centralized disposal case in which all sites would dispose of their wastes at
a single site. Chapter 3 of the PEIS contains detailed descriptions of the alternatives for each waste type.

The alternatives are summarized in the following paragraphs.
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yload capacity of each RH-72B is limited to 3,629 kg (8,000 1b). One RH-72B is assumed to be
transported per truck, and two per railcar. The total number of required shipments has been calculated on
the basis of waste volume, which is 0.89 m3 (1.2 yd3) for truck shipments and 1.8 m3 2.4 yd3) for rail

shipments.

3._.1.4 LLMW Shipments

Shipment of LLMW is assumed to be similar to LLW. Shipments of LLMW would meet any additional
requirements for characterization and labeling associated with the HW component. In addition, shipments
of liquid waste would meet regulatory requirements specified for liquids; that is, packages would contain
adequate absorbent material to absorb twice the volume of the transported liquid, or a leak-tight overpack
would be used (10 CFR 71).

E.3.2.2 Onsite Transportation

The p cy at the Hanfor Site is  use certified packaging whenever practicable for transporting
radioactive materials onsite (Mercado et al., 1992). Therefore, the packaging used for onsite transportation
is assumed to be the same as that used for offsite transportation. If an alternative means of packaging is
necessary, a concept of equivalent safety is maint 1ed while achieving the same shipping results. Onsite
transportation safety is attained through such measures as limiting vehicular speeds, appropriate traffic

controls, or increasing shielding for crew members and distance from the package.

In addition, the public has access to a number of routes on the Hanford Site. Unless such routes are
barricaded while radioactive waste is being transported, shipments must meet all pertinent Federal
regulations pertaining to public highways. Stringent procedures are followed at the Hanford Site to ensure
the safety of workers and the public, providing the same level of safety for onsite and offsite shipments
(WHC, 1993).
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E.4.2 REPRESENTATIVE TRANSPORTATI {OUTES

E.4.2.1 Offsite Transportation

The scope of this PEIS assessment involves every DOE site that generates, stores, or disposes radioactive

. The transp ition li ages an g generator, treatment, and sal s depend on the type of
waste and are defined explicitly for each case  der consideration. For this PEIS, representative offsite
truck and rail routes were determined for all possible pairs of origin and destination sites. Table E-2 gives
the truck route distances between major DOE sites, and Table E-3 gives the rail route distances. The routes
were selected to be consistent with existing ro ng practices and all applicable routing regulations and
guidelines; however, because the routes were determined for the purposes of risk assessment, they do not

necessarily represent actual routes that would be used to transport waste in the future.

The conceptual truck routes were determined by using the routing model HIGHWAY 3.1 (Johnson et al.,
1993a), and INTERLINE 5.0 was used to determine the rail routes (Johnson et al., 1993b). For truck and
rail transportation, the route characteristics most important to the radiological risk assessment include the
total shipping distance between each origin-and-destination pair and the fractions of travel in rural,
suburban, and urban zones of population density. The route selected determines the total potentially exposed
population along a route and the expected frequency of transportation-related accidents. Because of the large
number of unique origin-and-destination pairs considered for the PEIS alternatives, detailed route

characteristics are provided in the technical reports prepared for each waste type (ANL, 1996a,c-f).

+4.2.1.1 HIGHWAY 3.1

The HIGHWAY 3.1 computer program is used for predicting highway routes for transporting radioactive
materials by truck within the United States. The HIGHWAY database is a computerized road atlas that
describes at least 386,243 km (240,000 mi) of ro: . This database includes a complete description of the
interstate highway system and of all U.S. highways. In addition, most principal State highways and many
local and community highways are identified. The code is updated periodically to reflect current road

conditions and has been compared with reported mileages and observations of commercial trucking firms.

Routes are calculated within the model by minimizing the total impedance between origin and destination.

The impedance is basically defined as a function of distance and driving time along a particular segment
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Table i . Rail Route Distances (mi) Between Major DOE Sites"—Continued
» = <
. £ 208 ¢ 7k 2 ¢ B 3 o, ¢ &z .
e & 5 £ & &£ £ & = =& Z 5 & 3 = = =
| Ames_ 1674 956 954 646 809 1623 727 1197 717 782 1187 2018 1281 1924 881 1115 1674
ANL-E 2348 651 649 390 972 1319 422 898 418 1194 1351 2506 °TT 2536 o +
ANL-W 756 2099 2055 1699 1141 2721 1975 2507 2060 738 1247 1100 2407 1160 2123 1447 756
BCL 2374 366 393 581 1381 115! 91 655 207 1502 1759 2718 740 2947 370 1688 2374
| Bettis 2496 714 903 816 1479 1293 429 400 1361692 1857 2840 047 2746 244 1785 2496
BNL 3039 1221 1152 1346 2035 1585 921 410 648 2266 2414 3383 1239 3289 549 2342 3039
| Fermi 1997 679 682 469 977 1344 451 924 445 1016 1356 2341 1001 2393 603 1284 1997
FEMP 2391 331 358 468 1373 1116 207 938 337 1466 1751 2735 774 2641 631 1679 2391
| Hanford 1302 2644 2601 2245 1686 3267 2515 2985 2505 1284 1793 973 2953 1036 2669 1993 1302
INEL 756 2099 2055 1699 114} 2721 1975 2507 2060 738 1247 1100 2407 1160 2123 1447 756
ITRI 1065 1989 1749 1539 379 2079 1761 2248 1769 572 0 1222 2315 1253 1929 477 1065
KCP e oo T 482 554 1503 758 1289 842 778 932 2013 1161 2073 1033 861 1670
KAPL-S 2800 981 957 1106 1807 1390 681 214 408 2027 2177 3144 1044 3050 309 2114 2800
LBL 860, 2890 2686 2490 1561 3278 2767 3298 2851 1320 1266 46 3192 56 2773 1660 860
| LLNL 1370 2868 2831 2469 1534 3491 2745 3276 2829 1394 1222 g 3183 60 2898 1633 1370
LANL 1169 1926 1686 1476 483 2183 1698 2186 1706 504 104 1326 ~""° T 1866 581 1169
Mound 2386 301 328 564 1396 1086 156 719 272 1485 1767 2695 744 2930 562 1703 2386
NRFE 756 2099 2055 1699 1141 2721 1975 2507 2060 738 1247 1100 2407 1160 2123 1447 756
NTS Q2530 2487 2131 1376 3153 2401 2871 2391 987 1065 1370 2839 862 2554 1475 (4]
ORISE 2530 0 40 632 1611 786 392 1176 575 1658 1989 2868 443 3103 889 1918 2530
ORR 2487 40 0 527 1371 797 442 760 600 1586 1749 2831 417 3031 889 1678 2487
PGDP 2131 632 527 0 1103 1056 495 1145 698 1220 1539 2469 714 2597 861 1410 2131
Pantex 1376 1611 1371 1103 0 1825 1382 1867 1387 465 379 1534 1937 1564 1551 307 1376
Pinellas 3153 786 797 1056 1825 0 1106 1207 1361 2280 2079 3491 485 3280 1568 2019 3153
PORTS 2401 392 442 495 1382 1106 0 338 279 1535 1761 2745 655 2651 585 1689 2401
PPPL 2871 1176 760 1145 1867 1207 838 0 511 2066 2248 3276 848 3121 426 2185 2871
r_B.'_VLl 2391 575 600 698 1387 1361 279 511 0 1619 1769 2829 920 2641 163 1705 2391
RFETS 087 1658 1586 1220 465 2280 1535 2066 1619 0 572 1394 1938 1377 1782 769 987
SNL-NM 1065 1989 1749 1539 379 2079 1761 2248 1769 572 0 1222 2315 1253 1929 477 1065
| SNL-CA 1370 2868 2831 2469 1534 3491 2745 3276 2829 1394 1222 0 3183 60 2898 1633 1370
SRS 2839 443 417 714 1937 485 655 848 920 1938 2315 3183 0 3194 1223 2243 2839
SLAC 862 3103 3031 2597 1564 3280 2651 3121 2641 1377 1253 60 3194 0 2804 1662 862
N¥VDP 2554 889 889 861 1551 1568 585 426 163 1782 1929 2898 1223 2804 0 1858 2540
VPP 1475 1918 1678 1410 307 2019 1689 2185 1705 769 477 1633 2243 1662 1858 0 1475
M 0 2530 2487 2131 1376 3153 2401 2871 2391 987 1065 1370 2839 862 2540 1475 (

Notes: Ames = Ames Laboratory; ANL-E = Argonne National Laboratory-East; ANL-W = Argonne National Laboratory-West;

BCL = Battelle Columbus Laboratories; Bettis = Bettis Atomic Power Laboratory; BNL = Brookhaven National Laboratory; Fermi =
Fermi National Accelerator Laboratory; FEMP = Fernald Environmental Management Project; Hanford = Hanford Site; INEL = Idaho
National Engineering Laboratory; ITRI = Inhalation Toxicology Research Institute; KCP = Kansas City Plant; KAPL-S = Knolls
Atomic Power Laboratory (Schenectady); LBL = Lawrence Berkeley Laboratory; LLNL = Lawrence Livermore National Laboratory;
LANL = Los Atlamos National Laboratory; Mound = Mound Plant; NRF = Naval Reactor Facility; NTS = Nevada Test Site; ORISE
= Oak Ridge Institute for Science and Education; ORR = Oak Ridge Reservation; PGDP = Paducah Gaseous Diftusion Plant; Pantex =
Pantex Plant; Pinellas = Pinellas Plant; PORTS = Portsmouth Gaseous Diffusion Plant; PPPL = Princeton Plasma Physics Laboratory;
RMI = Reactive Metals, Inc.; RFETS = Rocky Flats Environmental Technology Site; SNL-NM = Sandia National Laboratories (New
Mexico); SNL-CA = Sandia National Laboratories (California); SRS = Savannah River Site; SLAC = Stanford Linear Accelerator
Center; WVDP = West Valley Demonstration Project; WIPP = Waste Isolation Pilot Plant; and YM = Yucca Mountain.

2 Rail routes generated by using the INTERLINE 5.0 routing mode! (Johnson et al., 1993b).
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transport was included to maintain consistency w e analyses of offsite transportation Rail routes were

chosen to minimize distance traveled.

E.5 Methods for Calculating Transportation-Related Risks

The technical approach for conducting the transportation risk assessment was developed after a thorough
ar critical review of the literature and existing documentation in the National Environmental Policy Act
for Federal actions involving transportation of radioactive materials. Consideration was also given to recent
DOE commitments arising from litigation and p ic awareness. The approach selected uses several
computer models and databases to determine risks for each case. The method for offsite assessment is

discussed in Section E.5.1; the method for onsite assessment is discussed in Section E.5.2.

E.5.1 OFFSITE TRANSPORTATION

The approach for offsite transportation risk assessment is summarized in Figure E-3 and discussed in detail
in this section. For each case, risks are assessed for routine transportation and accidents. For the routine
assessment, risks are calculated for the collective populations of potentially exposed individuals, as well as
for the MEIs. The accident assessment consists of two components: (1) an accident risk assessment, which
considers the probabilities and consequences of a range of possible transportation-related accidents,
including low-probability accidents that have high consequences, and high-probability accidents thai ave
low consequences; and (2) an accident consequence assessment, which considers only the radiological
consequences of the severe transportation-related accidents that are postulated to result in the largest releases

of radioactive material.

The RADTRAN 4 computer code (Neuhauser and Kanipe, 1993) is used for routine and accident risk
assessments to estimate the impacts to collective populations. RADTRAN 4 was developed by SNL-NM
to calculate population risks associated with transporting radioactive materials by various means, including
truck, rail, air, ship, and barge. The code has been extensively reviewed, updated, and used for

transportation risk assessments since it was issued in the late 1970s.

The RADTRAN 4 calculations of population risk take into account the consequences and the probabilities

of potential exposures. The collective population ri is a measure of the total radiological risk posed to
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E.5.1.1.2 Maximally Exposed Individual Risk

In addition to assessing the routine collec ¢ , , ilation risk, the RISKIND model has been used to estimate
risk to MEIs for a number of hypothetical exposure scenarios. The receptors include transportation crew
members, departure inspectors, and members of the public exposed during traffic delays, while working

at a service station, or while living near a  IE site.

The dose to each MEI considered is calc ited with RISKIND for an exposure scenario defined by a given
distance, duration, and frequency of exposure specific to that receptor. The distances and durations of
exposure are similar to those given in previous transportation risk assessments (DOE, 1987b; DOE, 1990a)
and are presented in Section E.6. The scenarios are not intended to be exhaustive but were selected to

provide a range of potential exposure situations.

The RISKIND external dose model considers direct external exposure and exposure from radiation scattered
from the soil and air. The RISKIND model is used to calculate dose as a function of distance (millirems per
hour) for stationary exposures and millirems per event (for moving shipments) from a waste shipment on
the basis of the shipment dimensions. The code approximates the shipment as a cylindrical volume source;
and the calculated dose includes secondary radiation-scattering contributions from buildup (scattering by
waste contents), cloudshine (scattering by air), and groundshine (scattering by the ground). The dose rates
calculated by using RISKIND have been shown to be comparable with output from existing shielding codes
for various waste configurations. The RISKIND model produces realistic but conservative results. As a
conservative measure, credit for potential shielding between the cask and the receptor is not considered,

although RISKIND allows for shielding provisions.

E.5.1.1.3 Vehicle-Related (Nonradiological) Routine Risk

Vehicle-related health risks resulting from routine transportation may be associated with the transporting
vehicles that generate air pollutants during waste shipment, independent of the nature of the shipment. The
health endpoint assessed under routine transport conditions is the excess (additional) latent mortality ¢ sed
by inhalation of vehicular exhaust emissions. A risk factor for latent mortality from pollutant inhalation,
generated by Rao et al. (1982), is 1x107/km (1.6x10"7/mi) of truck travel in an urban area
(1.3%x107/ra ar-km for rail). This risk factor is based on regression analyses of the effect of sulfur dioxide

and particulate releases from diesel exhaust on mortality. Excess latent mortality is assumed to be equivalent
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E.6.2.4 LLMW Shipments

Because very limited data exists for historical LLMW shipments, and the fact that the radiological
characteristics of LLMW were assumed to be similar to LLW for the PEIS, the external dose rate for
shipments of LLMW was assumed to be the same as for the LLW shipments. As with LLW shipments, an
average dose rate of 1 mrem/h measured at 1 m (3.3 ft) from the surface of a shipment was assumed for

is n s

E.6.3 POPULATION DENSITY ZONES

Three population density zones—rural, suburban, and urban—were used for the offsite population risk
assessment. The fractions of travel in each zone were determined by using the HIGHWAY and
INTERLINE routing models. The rural, suburban, and urban zones are assigned average population
densities of 6/km? (15.5/mi2), 719/km? (1,862/mi%), and 3,861/km? (10,000/mi?), respectively. These
population densities are typical of rural, suburban, and urban environments (NRC, 1977a). Occurrence of
the three population density zones is based on an aggregation of the 12 population density zones provided
in the HIGHWAY and INTERLINE model outputs. For calculation purposes, information about population
density was generated at the State level and used as RAL RAN input for all origin-and-destination pairs.

For the onsite analysis, the population density of e Hanford Site was used.

E.6.4 ACCIDENT RATES

For calculating accident risks, vehicle accident involvement and fatality rates are taken from data provided
in Saricks and Kvitek (1994). For each transport mode, accident rates are generically defined as the number
of accident involvements (fatalities) in a given year per unit of travel of that mode in the same year.
Therefore, the rate is a fractional value—the accident-involvement count is the numerator, and vehicular
activity (total traveled distance) is the denominator. Accident rates are derived from multiple-year averages
th  automatically account for such factors as heavy traffic and adverse weather conditions. For assessment
purposes, the total number of expected accidents or fatalities is calculated by multiplying the total shipping

distance for a specific case by the appropriate accident or fatality rate.

For truck transportation, the rates presented in Saricks and Kvitek (1994) are specifically for heavy

combination trucks involved in interstate commerce. Heavy combination trucks are rigs composed of a
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four HLW types were within a factor of 5. The population doses are for a uniform population density within

an 80-km (50-r radius of accidents in rural, suburban, and urban population density zones.

The location of the MEI after an accident is det mnined on the basis of atmospheric conditions and the
buoyant characteristics of the released plume. The cations of maximum exposure are 160 m (525 ft) from
the acci nt site for neutral conditic = and 400 m (1,312 ft) for stable conditions. The dose to the MEI is
independent of the accident location. The maximum dose to an individual is approximately 60 mrem under

stable weather conditions, which corresponds to a lifetime fatal cancer risk of 3 X 107,

E.7.1.5 Onsite Assessment Results

As defined previously, no onsite transportation ol [LW will occur at the Hanford Site. Therefore, no onsite

transportation impacts have been calculated for the site.

E.7.2 LOW-LEVEL WASTE

The projected rate of LLW generation for each site, the waste characteristics, the potential treatments, and
the alternatives considered in the PEIS are described in detail in the LLW technical report (ANL, 1996h).
Transportation risks have been calculated for the 14 LLW alternatives summarized in Section E.2.2. The
cases range from decentralized to centralized approaches to TSD. The number of disposal sites varies from
16 sites for decentralized disposal to 1 site for centralized disposal. Options for treatment also vary from

decentralized to centralized approaches.

The PEIS considers current inventories of LLW plus 20 years of generation for all DOE Sites. All impacts
are calculated as totals for the entire inventory of waste under consideration. The average annual risk can
be estimated by dividing the summarized results by the duration of the shipping campaigns. For the
No Action Alternative, shipments would be distributed uniformly over a 20-year period; however, for

other alternatives, shipments would occur uniformly over a 10-year period, with the assumption of a
10-year period to build TSD facilities. These timeframes are consistent with the assumptions used in the

facility assessments for estimating throughputs.
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For truck transportation, the total estimated number of fatalities from radiological causes ranges from
approximately 0.3 to 16. For rail transportation, fatalities from radiological causes range from 0.08 to 1.7.
Shipment by rail results in lower doses to crew members and the public, primarily because of the reduced
number of shipments involved. In general, for LLW shipments, the vehicle-related risks are greater than

the associated cargo-related risks.

E.7.2.3 Maximally Exposed Individual Assessment

The estimated doses during routine transportation for each of the individual receptors considered (see
Section E.6.9 for exposure assumptions) are presented in Table E-17 on a per-event basis. The total dose

for repeated exposures can be estimated by multiplying the per-event dose by the number of exposures.

As noted previously for HLW shipments, the pote al exists for significant individual exposures if multiple
exposure-causing events occur during LLW shipments; for instance, the dose to a person caught in a traffic
jam for 30 minutes next to a shipment is estimated to be 0.5 mrem. If the exposure is longer, the dose

would rise proportionally. Therefore, it is conceivable that a person could receive a dose of between 2 to

Table E-17. Estimated Routine Doses and Lifetime Risk of Fatal Cancer
to MEIs From Shipments of LLW (per Exposure Event)®

m
Dose (rem) Lifetime Risk®
Receptor® Truck Rail Truck Rail
Workers
Crew member d d d d
Inspector 1.5E~-04 1.5E-04 6.0E-08 6.0E-08
Rail-yard crew member NA 7.9E-05 NA 3.0E-08
Public
Resident 1.6E-08 1.6E-08 8.0E-12 8.0E-12
Person in traffic jam 5.0E-04 5.0E-04 3.0E-07 3.0E-07
Person at service station 2.1E-05 NA 1.0E-08 NA
Resident near rail stop NA 1.1E-06 NA 6.0E-10

Note: NA = not applicable.

8 The external dose rate is assumed to be 1 mrem/h at 1 m (3.3 ft) for all shipments.

b Receptor assumptions are described in Section E.6.9.

¢ Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4x10™
fatal cancers per person-rem for workers, and 5 x 10" for the public.

4 The DOE administrative control leve! limits doses to DOE workers to 2 rem/yr.
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E.12.3 ONSITE VERSUS OFFSITE TRANSPORTATION

The HW transportation risk assessment includes onsite and offsite transportation. These transportation types
are as defined in Section E.2.1. To estimate onsite transportation risks, site-specific values are used (when
available). Models that rely on simplifying assumptions and average values for many parameters, such as
road dimensions, we: er conditions, and population densities, are used to estimate risk from offsite
shipments. As in the radiological transportation risk assessment, the Hanford Site (Hanford) was selected
as representative of conservatively estimated impacts for onsite transportation risks and is used for
comparison with offsite transportation risks. On-site analyses were not conducted for TRUW and LLMW.
For both of these waste types, the low risks estimated for offsite transportation indicated that risks from

onsite transportation would be negligible.

E.12.4 CARGO-RELATED IMPACTS (HAZARDOUS CHEMICAL WASTES)

Cargo-related impacts to human health during HW, TRUW and LLMW transportation come from exposure
resulting from container failure and chemical release during an accident (a collision with another vehicle
or road obstacle). Containers used for shipping HW have been specified by the U.S. Department of
Transportation (DOT) and have been assumed to preclude any significant exposure of workers or the public
during routine HW transport. Type A packaging for LLMW is also designed and maintained to ensure the
containers will contain and shield their contents during normal transport. TRUW is packaged in
TRUPACT-II containers (i.e., external containers into which 55-gal drums are placed for transportation),
decreasing further the likelihood of release under routine conditions. Accordingly, no cargo-related impacts

are associated with HW transport under routine (incident-free) conditions.

The risks from HW and HW component exposure during transportation accidents can be either acute
(resulting in immediate injury or fatality) or latent (resulting in cancer that becomes evident after a latency
period of several years). Population risks and risks to the maximally exposed individual (MEI) have been
evaluated for transportation accidents. Two acute health endpoints—potential life-threatening effects and
potential adverse effects—have been evaluated for assessi  cargo-related population impacts from
transportation accidents. The identification of chemicals in HW, TRUW, and LLMW with potential life-
threatening effects was made by comparison with gaseous and liquid substances designated “poison

inhalation hazard” (PIH) chemicals by DOT. Chemicals selected for the potential adverse effects analysis
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E.12.5 VEHICLE-RELATED IMPACTS

For HW, vehicle-related risks (independent of a shipment’s chemicals) are assessed for the same
transportation routes as cargo-related impacts, for routine and accident conditions. Vehicle-related risks
under routine conditions are the result of exposure to vehicle-exhaust emissions; risks are primarily
associated with avnaenra in urban environments. Yahicle-related accident =i-'~ ==~ f~*+~¥+i=n and *~juries
resulting 1o uncey puysical trauma during an accident (not from exposure to releasea cargo). Fatality and
injury rates specific to HW transportation are used in this assessment. For TRUW and LLMW, vehicle-

related risks are presented in Part 1 of this appendix.

E.12.6 TRANSPORTATION MODE

HW. The transportation risk assessment is based on shipping HW by truck from generators to TSD
facilities. Shipments by rail, barge, and aircraft, although possible, have not been considered because none
of these shipment mc s were identified in the baseline case data. In addition, waste volumes accumulated
at a site are generally small (onsite storage at DOE sites is generally limited to 90 days under RCRA, unless
a Part B permit is obtained); the volume to be transported is not large enough to warrant rail or barge

transportation.

TRUW and LLMW. Both truck and rail transport were assessed for TRUW and LLMW. The assessments
for truck and rail shipments used the same methods and accident statistics as were used for the radiological

assessment.

E.12.7 RECEPTORS

In general, risks from HW, TRUW, and LLMW transportation are calculated for members of the public.
Risks to the MEI are also pres :ed. Potential risks are estimated for the collective populations of exposed
people, as well as for MEIs. The collective popt tion risk is a measure of the radiological risk posed to

society by the alternative being considered, and it is the primary means of comparing various alternatives.
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All three models assume that plume transport and diffusion approximate Gaussian distribution in the
atmosphere. The ALOHA™ model mnulates atmospheric transport : | dispersion of the released substance
as either aneut "y buo; t (or passive) plume or a slumping dense gas plume. In the ALOHA™ model,
the selection of plume type (passive or heavy gas) from a near-surface release depends primarily on the
relative density of the released toxic vapor (vapor or gas density to atmospheric density) and the ambient
windspeed. Either continuous or intermittent releases and dispersion in rural or urban atmospheres can be
simulated. The RAD...AN 4 and RISKIND models are limited to passive plume dispersion from
instantaneous releases; these models are not designed to simulate transport and dispersion from dense gas
rc ases commonly associated with HW  emicals. The ALOHA™ model does not account for the thermal
buoyancy generated from fire plumes. Because severe accidents routinely involve fires, the RISKIND model
was designed to take into account physical phenomena from the fire, such as buoyant plume rise. The risks
associated with HW transportation accidents involving fire and water immersion are now being assessed
with models or approaches appropriate to these conditions. These assessments will address risk associated

with fire combustion products and water reaction chemistry.

Once the release and plume characteristics are ¢ 1puted, ALOHA™ establishes the plume hazard area or
“footprint” (ground areal plume coverage with chemical concentrations greater than or equal to health
criteria concentrations). Health criteria values are concentrations in air corresponding to the potential life-
threatening effect, increased cancer risk, d any adverse health effect endpoints. This footprint is used to
estimate the consequences of population expos : along the transportation route. No consequences are
assumed within 30 m (98 ft) of the accident because homes are not likely to be located less than 30 m
(100 ft) from the center of the highway. The ALOHA™-computed hazard areas, along with the chemical-

ecific health criteria concentration values and estimated exposure durations, are used to estimate acute
and latent health effects from inhalation. In comparison, the consequences estimated by RADTRAN 4 or
RISKIND, along with health risk conversion factors, are used to compute latent cancer fatalities, cancer
incidence, and serious genetic effects from inhalation and ingestion by exposed populations. The supporting
technical report by ANL (1996a) provides further description of the ALOHA™ model and modeling

assumptions.

TRUW. Since only liquid or gaseous hazardous components of TRUW required evaluation, the methods

used to calculate cargo-related risks were identical to those used for HW.

LLMW. The LLMW consequence assessment for HW assumes organic liquid spills and particulate releases

are instantaneous as liquid and solid (as respirable fraction) aerosols. The methods used to calculate cargo-
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The three groups of receptors considered for the onsite routine risk assessment are as follows:
*  Workers near the transport route (worker population dose)
¢ Guards at the gates of individual facilities or at checkpoints along the route

» General public near a gate (offsite collective population)

For each shipment, site transport W acc : consequences and the attendant health risks were
calculated. © > same accident and release probabilities used for the offsite risk calculations were used for

the onsite risk estimates at the Hanford Site.

Based on results of the off-site analysis for TRUW and LLMW, risks from on-site transportation for these

waste types would likely be very small, and we therefore not quantified.

E.16 Input Parameters and Assun tions

E.16.1 WASTE INVENTORY AND CHARACTERIZATION DATA

HW. The HW risk assessment modeling (HaWRAM) database was developed to support the WM PEIS

transportation and technology analysis (Lazaro et al., 1994). The database was developed primarily as a

tool to provide the modeling parameters identified below:

¢ Chemical name, its United Nations or North American identification number, and classification; that
is, whether the chemical is a PLC, PAEC, or ICRC chemical

« Physical-chemical state (liquid, solid, or gas/vapor) of waste container contents

e Ch ical composition ar physical-chemical characteristics

» Container type (metal or fabric drum)

« Container size (0.21-m3, 0.11-m3, or 19-L [55-, 30-, or 5-gal] drum), number of containers in
shipment, and total quantity of waste in containers shipped

e Shipment date and EPA and State manifest mbers

* Generator name, EPA identification number, and location

o TSD facility name, EPA ide ification number, and location

E-118 vV .UMEIV









Transportation Risk Assessment Appendix E Part II

risk assessment, the on<ite analysis used popu ion densities for the Hanford Site and the town of Richland,

Washington.

E.16.3 TRUCK ACCIDENT AND RELEASE PROBABILITIES

A cross-classification study conducted in California (Graf and Archuleta, 1985) and cited in a Midwest
Research Institute document (Harwood and R sell, 1990) provided the only data available on accident rates
by highway type (rural freeway, rural nonfreeway, or urban freeway) and truck configuration (single unit,
single combination, or double combination). Because HWs in the DOE complex are shipped mainly by
0.21-m> (55-gal) drum or smaller containers, single-unit trucks will likely be the predominant truck type
used; therefore, accident rates for single-unit trucks were used in this assessment. Also, because an accident
rate for suburban freeways was required, the average of the rural and urban freeway rates was used. Rates
used in the analysis (per million kilometers of truck travel) were as follows: rural freeway, 0.35; rural
nonfreeway, 0.42; suburban freeway, 0.« and urban freeway, 0.63 (0.56, 0.68, 0.79, and 1.01,
respectively, per million miles). Rural nonfreeway rates were used for the small route segments from

facilities to freeways.

Some states maintain more comprehensive and better monitored hazardous materials incident data than can
be found in corresponding national data from DOT sources; for example, the State of Missouri’s highway
patrol accident reports contain data identifying whether each vehicle involved in an accident was carrying
hazardous materials, what type or types of materials were carried, and whether a toxic substance was
released. This format permits accurate classi  ation of accidents by hazardous material cargo type. Missouri
is one of only three states to incorporate all of these items in their reports. Because Missouri was considered
the most representative (nearest the midpoint of the Nation), the data from Missouri, as cited in Harwood
and Russell (1990), were used as the basis for estimating the probability of a toxic substance release after

an accident. The probabilities used were 0. 2 for gases in bulk and 0.187 for liquids in bulk.

In addition to these accident and release probabilities, an estimate is needed of t  likely number of
containers and the quantity of chemicals to spill from them as the result of a vehicle accident. An algorithm
was developed to account for multiple chemicals in containers, percentage of containers in a shipment
expected to be breached in an accident, and average quantity released per container. This algorithm
provided the estimate of the amount spilled from the total quantity reported on HW manifest sheets (an HW

tracking form mandated by Federal and, i most cases, State law for all offsite shipments of HW). The
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quantity of the chemical of interest per container was assumed to be equal to the total qu: ity in each
container divided by the number of chemicals in the container (specific concentrauon levels were generally
unavailable). This quantity was multiplied by the appropriate as  ption for percent spilled and by the
number of containers assumed to be breached. D . on percent spilled and number of containers breached
were specific to container type (metal, plastic, =~ ss, pressurized, or other) and size and were based on

statistics from the Hazardous Materials Incident Reporting System (HMIRS) database (DOT, 1993a).

E.16.4 ATMOSPHERIC CONDITIONS

The meteorologic input to the ALOHA™ model assumes neutral stability (Pasquill Stability C! 5 D,
daytime) with moderate to overcast solar insolation, ambient temperature of 35°C (95°F), and a windspeed
of 4 m/s (13.12 ft/s). Because neutral meteorologic conditions are the most frequently occurring
atmospheric stability conditions in the United States, these conditions are most likely to prevail in the event
of a transportation spill of a hazardous chemical or radioactive waste shipment (Part I, Section E.6.7,
contains assumptions for radioactive waste exposure modeling). On the basis of observations from National
Weather Service surface meteorologic stations at more than 300 locations in the United States, on an annual
average, neutral conditions occur about 50% of the time, while stable conditions (represented by Pasquill
Stability C sses E and F) occur about 33% of the time, and unstable conditions (represented by Pasquill
Stability Classes A and B) occur about 17% of the time (NOAA, 1976). Regionally, neutral conditions are
less prevalent in the arid Southwest and most prev nt in the Midwest and Northeast. The neutral category
predominates in all seasons, but most frequently in the winter (nearly 60% of the observations). Neutral
stability is conservative for the daytime, when most accidents occur. In its /1993 Emergency Response
Guidebook (DOT, 1993b), DOT employs neutr stability and 4.5-m/s (14.76-ft/s) windspeed for the
meteorology for all transportation accidents. Although most conservative meteorological conditions, such
as Class F stability and windspeed of 1.5 m/s (4.92 ft/s), should be conservative for both day and ght,
DOT's position when developing the Initial Isolation and Protective Action Distances was to avoid
m iplying conservative assumptions. This position was also adopted for modeling chemical exposure in

this assessment.

E.16.5 HEALTH RISK CRITERIA

For predicting inhalation hazards associated with accidental releases, the ALOHA™ model can be applied

to calculate the health consequence area by predicting the HW plume area resulting from an accident. Plume
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(3) exposure iration adjustment. These issues are discussed in detail in the technical support document

(ANL, 1996a) and are summarized below.

E.16.5.1.1 Toxicity Value Selection

. Jxicity data were obtained from one of two s ces: (1) the Registry of Toxic Effects of Chemical
Substances (RTECS) database (NIOSH, 1992), or (2) Dangerous Properties of Industrial Materials (Lewis
and Sax, 1992). Two possible toxicity values for es nating potential human life-threatening health effects
are the LCgg, defined above, and the human LC; , defined as the lowest reported concentration of gas or

vapor that has caused death in humans.

In this assessment, the lower of either (a) the lowest availa : human LC,  value divided by an uncertainty
factor of 3 or (b) the LCs, value for the most sensitive tested mammalian species divided by an uncertainty
factor of 10 was selected as the primary toxicity value for deriving PLCs. For substances with no available
LCsq or human LC; , value, the lowest mammaliar  C; , value was substituted for the LCs value. In the
absence of either value, a short-term exposure leve. TEL) for occupational exposures was multiplied by
15 to derive the PLC value, based on methods sir r to those used to derive “Level of Concern” values
(EPA et al., 1987). The toxicity value selection was re icted to data with associated experimental exposure
times between 5 “autes and 6 hours. Experime 1l data with exposure times less than 5 minutes are
difficult to reproduce, and data with exposure times greater than 6 hours would be inappropriate for

evaluating acute health effects.

E.16.5.1.2 Uncertainty Factor Selection

The EPA uses uncertainty factors to allow for impre ion in deriving reference doses (RfDs) for hazardous
chemical substances (EPA, 1989a). For this assessment, an uncertainty factor of 3 (approximate logarithmic
mean of 1 and 10) was selected on the basis of limit EPA guidance (EPA, 1980; 1989a). To correct for
variations in susceptibility among individ ls in the¢ uman population, LC; o values were reduce by an
uncertainty factor of 3. Values for LCsq or mammaliar  C; y were reduced by an uncertainty factor of 10
(3 to correct for interspecies extrapolation and 3 to account for variations in human susceptibility—rounded

from 9 to 10 for simplicity).
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E.16.5.1.3 Exposure Duration Adjusi 'nt

e ALOHA™ code used to estimate the PLC areas at risk for transportation accidents also computes
estimates of release duration. These estimates range from 1 to 60 minutes. Longer duration releases are
:ported as “greater than 60 minutes.” The ALOHA™ model limits the puff release (forcible emission)

ration to periods of 1 hour or less.

Reported LC; o and LCs values are associated with experimental exposure times. The estimated duration
of releases computed with the ALOHA™ code are used to scale LC; , or LCy values in the literature from
experimental exposure times to the estimated duration of exposures. Either a linear or exponential function
can be assumed in scaling literature-reported toxicity values to the appropriate exposure duration. The

scaling assumption resulting in the lowest PLC value was used in this assessment.

In calculating accident risks for the poten  life-threatening endpoint, the assumption is that the entire
population living within the PLC area at risk could experience life-threatening health effects from the
exposure. This assumption is conservative :cause the PLC values have incorporated uncertainty factors
to account for sensitive human subpopula ns. Greater detail on the derivation of PLC values, the PLC
values for all PIH substances contained in the HW shipping inventory, and comparisons with other available
emergency planning criteria, are included in the technical support document (ANL, 1996d). Potential life-
threatening concentration values and supporting information for some representative high-risk substances

are presented in Table E-33.

E.16.5.2 Potential Adverse Effect Concentration Values

To estimate the occurrence probability of ss severe effects, values were also developed to estimate air
concentrations of HW components above which exposed persons are at risk of any adverse effect (PAEC
values). Any-adverse-effect concentration values were derived for all PIH substances shipped by DOE waste
generators in FY 1992 and for other subst :es (in either HW, LLMW, or TRUW shipment inventories)
with inhalatior fDs available from the EPA (approximat 7 90 substances). As in the derivation of PLC
values, the derivation of PAEC values reqi  2s selection of toxicity values, selection of uncertainty factors,

and exposure duration adjustment, which are discussed below.
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E.16.5.2.3 Exposure Duration Adjustments

For substances for which RfC values are available, the equation used to es  ate PAEC values was based
on EPA methods for estimating inhalation exposures and acceptable air concentrations of noncarcinogenic
contaminants (EPA, 1989a, 1991). Details about the parameter values chosen are given in supporting
documentation (ANL, 1996a).

For substances for which no RfC values are ava :, the exposure duration adjustment is identical to that
used in generating PLC values: the exposure dur on adjustment (linear or exponential) resulting in the

lowest PAEC value was used in modifying toxicity values to derive PAECs.

In calculating accident risks for the endpoint pres :ed as any adverse effect, the assumption is that the
entire population living within the PAEC area  risk would experience some adverse effect from the
exposure. Again, this assumption is conservative because the PAEC values have incorporated uncertainty
factors to account for sensitive human subpop ns. The equation used to estimate PAECs and the
computed PAEC values, along with comparisons with other available emergency planning criteria, are
discussed in the technical su ort document (ANL, 1996d). The PAEC values and supporting information

for some representative high-risk substances are presented in Table E-33.

E.16.5.3 Increased Cancer Risk Concentr ion Values

Hazardous chemical waste transported from DOE (cilities may also be evaluated for possible increased
cancer risk in exposed individuals. Values were developed to estimate the air concentrations of carcinogenic
HW components above which exposed persons have an increased carcinogenic risk of one in one million
or higher. These values were termed ICRC values. The risk level of one in one million was selected to

represent the level below which increased risk is ¢ sidered negligible.

An ICRC value was derived for each HW, TRUW, LI TW substance that met the following criteria: (1) the
substance is classified as a known, probable, or ossible human carcinogen (EPA, 1993: ); (2) the
substance has an EPA inhalation unit-risk value; and (3) the substance is volatile enough to present
significant potential for exposure of the public. Increased cancer risk concentration values were derived for

approximately 25 carcinogens. Several inorganic a  organic substances were not evaluated because they
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E.17 Risk Assessment Results

E.17.1 HAZARDOUS WASTE

_..1.1 __azardous Waste Alternatives

Transportation impacts associated with the four . ¥ alternatives are analyzed to provide input for decisions
about the extent to which DOE should continue to rely on commercial facilities for treating and disposing
of the nonaqueous part of the hazardous waste stream. The analyzed HW alternatives are (1) No Action;
(2) Decentralized (optimize commercial facility selection for 11 DOE sites, and use the limited existing and
app! ed treatment capacity at three to five sites); (3) Regionalized 1 (five DOE TSD sites, including three
TSD hubs or host sites); and (4) Regionalized 2 (two DOE TSD hubs or host sites). Hazardous waste from
11 DOE sites representing approximately 90% of e HW generation in the DOE complex was analyzed.
The HW inventories and the HW altematives for =se facilities are described further in ANL (1996a).

Hazardous waste management under the No Action Alternative (current baseline conditions) would continue
to use existing and approved TSD facilities (for example, primarily wastewater treatment) at the DOE sites,
while most of the nonaqueous (nonwastewater) waste stream would be shipped offsite to permitted

commercial facilities.

Under the Decentralized Alternative (optimal conc ons) the no action activities would continue with an
“optimized” use of DOE facilities and commer 1 vendors. This optimization would occur through
eliminating brokering (cons dating HW with a br =r from more than one generator before shipment for
TSD) and by strategically selecting commercial TSD facilities by waste treatment group capability and
proximity to the largest generators. These actions would limit the number of commercial facilities storing,
brokering, treating, and disposing DOE HW and would select commercial TSDs as close to the principal
generators as practical. Hazardous waste brokering, sometimes at several broker locations, can significantly
increase the transportation miles of the original HW, depending on when and where consolidation occurs.
Figure E-8 illustrates shipment routes for the Decentralized Alternative. Except for wastes to be incinerated
(approximately 15% of the total generated organic HW) and destroyed through use as a fuel-waste
(approximately 12% of the total organic generated HW) at Idaho National Engineering Laboratory (INEL),
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Figure E-8. Decentralization Alternative—Offsite HW Shipments From DOE Sites
to Commercial TSD Facilities and to LANL and ORR for Limited Incineration.

Oak Ridge Reservation (ORR), and the Savann  River Site (SRS), most of the HW generated by the other

eight DOE sites included in this analysis w  1d be sent to commercial TSD facilities.

The Regionalized 1 Alternative would con e no action, except it approximately 50% of nonaqueous
HW generated by the core sites would be treated at five treatment hubs or home facilities—Hanford, INEL,
LANL, ORR, and SRS. Hazardous waste t treated at these sites and the residual treated waste from these

sites would be sent to commercially lice ed facilities for treatment and disposal. 'nder this alternative,
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For each alternative, vehicle-related and cargo-related risks are calculated for onsite and offsite
transportation of HW. Cargo-related risks from accident conditions are computed for chemical exposure
of onsite and offsite populations and for the MEI. Vehicle-related risks are quantified for death and injury
from collisions and for latent cancer mortality caused by inhalation of vehicle exhausts. The collective risk
for each alternative is computed and reported below on an annual basis for the respective estimated HW
shipment inventories. Shipments of HW to commercial and DC  hub TS facilities are assumed to occur
over 20 years. The average shipment period duration risk can therefore be calculated by dividing the results

provided in the following tables by 20.

E. 7.1.2 Cargo-Related Accident Transportation Risks (Chemical Dose
Through Inhalation)

The assessment of transportation accident impacts associated with exposures to chemical releases are
quantified in terms of risks to onsite and offsite populations for the three health endpoints described in
Section E.16.5. Inhalation exposure risks from chemical releases in onsite and offsite HW transportation
accidents are quantified for the four HW alternatives. The risks are expressed as the potential number of
expected adverse health effects (such as fatalities, reversible or irreversible organ or tissue damage, and
individuals with an increased cancer risk of one in one million or higher) for each alternative and as a
relative risk as compared with the No Action Alternative. A detailed description of the HW shipment

inventory for each alternative is in ANL (1996a).

The collective annual population risks to the general public and onsite workers for onsite and offsite HW
transportation, under each alternative, are presented in Table E-34. The approximate shipping routes are
shown in Figures E-8 through E-10. The technical support document (ANL, 1996a) should be consulted
for more detailed information (such as risks by generator, by shipment, and by chemical). Under the current
system (No Action Alternative), HW is often brokered. Brokering is not assumed to occur under any but
the No Action Alternative. Data on final destination of brokered HW were generally unavailable for the
assessment of shipments evaluated for the potential adverse effects and cancer endpoints. Brokering data

were incorporated only for shipments evaluated for the potential lethality endpoint.
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3.05 m3 [800 gal]), 8 shipments of hydrogen fluoride (9 containers; 0.81 m> [215 gal]), 1 shipment of
acrolein (1 container; 3.8 L {1 gal]), 1 ship1 ! of hydrogen selenide (1 container; 3.8 L [1 gal]), and
1 shipment of phosgene (1 container; 3.8 L [1 gal]). Atmospheric transport and dispersion were modeled
as a negatively buoyant heavy or dense vapor plume for all but the acrolein shipment. The acrolein spill
was modeled as a passive neutrally buoyant vapor plur . As the analysis indicates, these chemicals are
substances that could present a significant risk of adverse effects if an accidental release occurred during

truck tran ortation.

E.17.1.2.3 Increased Carcinogenic Risk

The average distance of waste container shipments with carcinogenic chemicals (or compounds with an
ICRC value) for each alternative is approximately 2,100 km (1,305 mi) for No Action, 975 km (606 mi)
for the Decentralized Alternative, 1,460 km (907 mi) for Regionalized 1, and 1,867 km (1,160 mi) for
Regionalized 2. More than 50% of the carcinogenic risk under the No Action Alternative is contributed by
less than 7% of the shipments of HW containing carcinogenic chemicals (7 of the 169 shipments). This
rel onship also holds approximately for the other three alternatives. The reduced cancer risk under the
Decentralized Alternative is a direct result of lessening the shipment transportation distance. The specific
chemniicals in the seven waste shipments that contribute to most of the total risk are five shipments of
dichloroethylene (six containers; 363.4 L [96 gal]) and two tanker shipments of chloroform 27.8 m3
[7,342 gal]). The atmospheric transport and dispersion of these chemicals were modeled as passive,
neutrally buoyant vapor plumes. As the analysis indicates, these chemicals could present an increased cancer
risk of one in one million or higher to the general population if an accidental release occurred during truck

transportation.

E.17.1.2.4 Discussion

As indicated in Table E-34, with respect to potential life-threatening health effects, the No Action
2 :rnative results in the greatest number of kilometers traveled and, thus, the highest cargo-related
population risk. For the other health endpoints, the No Action Alternative does not result in the highest

number of miles traveled or the highest risks; however, the mileage estimates under the No Action
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Alternative for the increased-cancer-risk and any-adverse-effects endpoints may be underestimated, because

information on brokering was unavailable for shipments evaluated for those endpoints.

The Regionalized 2 Alternative results in higher potential life-threatening risks than the Regionalized 1
Alternative; however, with respect to the increased-cancer-risk and any-adverse-health-effects endpoints,
the Regionalized 1 Alternative has greater risk. In all cases, the higher risks are associated with a greater
number of kilometers traveled. The Regionalized 1 Alternative has five DOE treatment sites and nine
supporting commercial sites (five west and four east of the Mississippi River). The Regionalized 2
Alternative includes two DOE sites and 21 commercial sites; however, the key factor here is that
approximately 50% of the HW for the Regionalized 1 Alternative would be treated at commercial sites and
50% at DOE sites. For the Regionalized 2 Alternative, 90% of the waste is to go to only two sites (the DOE

locations); the remaining 10% of the waste is to be sent, as needed, to the commercial sites.

The explanation for why risk is greater under the Regionalized 1 Alternative than under the Regionalized 2
Alternative (for carcinogenic and any-adverse ealth-effects endpoints) lies in the distance trucks travel and
how full they would be with DOE waste. In the analysis, more trucks are needed to ship HW under the
Regionalized 1 Alternative because the waste typically must be split between commercial and DOE
treatment. A shipment was considered a DOE shipment even if the truck was only partially loaded with
DOE waste; however, for the Regionalized 2 Alternative, trucks can be loaded closer to capacity, reducing
the number of shipments and tran ortation distance because so much of the waste is going to the same
place (to either of the two DOE Regionalized 2 treatment hubs). The 90-day maximum on storage at DOE
sites is the reason that full truckloads of waste are unlikely to leave DOE sites for treatment. Once the
90-day period is over, the waste must be moved offsite for treatment. Full trucks are more the exception
than the rule, considering the various treatments possible for that waste. The exception is for the PIH
chemicals. Although fewer shipments are required under the Regionalized 2 Alternative for PIH chemicals,

the greater distance to centralized hubs is likely the cause of higher risks.

Current practice is for a DOE site to be one of a number of loading stops for a commercial transporter. The
use of fully loaded, dedicated trucks going to a centralized location is an expensive alternative not
considered realistic. This usage is certainly not mmon practice for DOE at this time. In addition, the
requirement that a waste container not be stored for more than 90 days also argues for the current
commercial pickup procedure, which allows for a larger number of shipments spread out over the year and

avoids waste accumulation. If DOE-dedicated trucks were used for the Regionalized 1 and Regionalized 2
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Alternatives, the total truck distance travele would likely be lower for the Regionalized 1 Alternative

because travel w.oiwiwe WOL.u ov .28s fOor mo shipments.

..17.1.3 Cargo-Related Accident Tr: sportation Risks (( iemical Dose Thrc gh
nhalation) for the MEI

E.17.1.3.1 Potential Life-Threatening Tects

The ALOHA™-computed hazard zones for PIH chemicals are given in Table E-35. A hazard zone is the
distance from the release point within which fe-threatening health effects may occur. Hazard zones are
presented for PIH chemicals shipped by [ E with ALOHA™-modeled releases that would result in
potentially lethal plumes. Poison inhalation hazard chemicals shipped in small quantities and for which spills

would not result in a potentially lethal plume are not listed.

Table E-35. Hazard Zones for Potential Life-Threatening Risks to an MEI

Number of Hazard Number of
Hazard Zone*  Annual Zone® Annual
Chemical Name (m) Shipments = Chemical Name (m) Shipments
Ammonia 93 5 Nitric acid, fuming 67 2
Arsine 719 4 Nitric oxide 137 1
Boron trifluoride 238 1 Phosgene 39 2
Bromine 39 2 Phosphine 203 2
Carbon monoxide 76 Sulfur dioxide 122 1
Chlorine 305 10 Titanium 40 1
Hydrogen fluoride 626 5 tetrachloride
Hydrogen sulfide 207 8 Nickel carbonyl 227 2

2 Hazard zone indicates the distance from the release point within which life-threatening health effects may occur.
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assumed to be located 30 m (98 ft) from the roadway. The MEI calculations were performed using
assumptions and methods consistent with those presented above for hazardous waste. The carcinogenic risks
and risks for any adverse effect are presented in Tables E-38 and E- The potential life-threatening
effects endpoint was not assessed, because no PIH substances were included in the TRUW inventory. The
risks to the MEI are very small but are nonzero. The risk§ shown are consistent with the result of zero
population risks, because only ¢  inogenic risks of 105 or greater or hazard « tients of 1 or greater

would result in a population risk that is reported in this assessment.

Rail Mode. The railcar accident release rates are twice the truck accident rates, because the railcars have
a TRUPACT-II capacity of six (versus a truck capacity of 3). Therefore, the carcinogenic risks and risks
for any adverse effects presented in Tables E-40 and E-41 are twice the risks presented for truck mode.
The hazard quotient to the MEI from carbon tetrachloride is 1.06. This hazard quotient indicates a very

borderline potential for any adverse effects (poter | for effects is considered unlikely for hazard quotients

Table E-38. Lifetime MEI Carcinc nic Risks for Mixed TRUW—Truck Mode

Concentration
at MEI Exposure Inhalation Carcino-
Location Time Air Intake Slope Factor genic
Chemical Name (ppm) (min/d) (mg/kg/d) (mg/kg/d)! MEI Risk
l|Carbon tetrachlc e 2.15E-01 6.34E-07 5.25E-02 3.3E-08

Table E-39. MEI Hazard Quotients for Adverse Effect Endpoint for
Mixed TR ¥N—Truck Mode

Concentration
at MEI Exposure Inhalation Inhalation Hazard
Chemical Molecular Location Time Air Intake RfD Quotient
Name Weight (ppm) (min/d) (mg/kg/d) (mg/kg/d)! Risk
1,1,1-trichloroethane 133.42 5.86E-01 60 2.1E-02 2.9E-01 7.52E-02
-arbon tetrachloride 153.82 2.15E-01 60 9.1E-03 1.7E-02 5.30E-01
‘reon 113 187.38 1.85E-01 60 9.5E-03 8.6E+00 1.11E-03
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Table E-40. Lifetime MEI Carcinogenic Risks for Mixed TRUW—Rail Mode

Concentration Exposure Inhalation Carcino-
at MEI Time Air Intake Slope Factor genic MEI
Chemical Name Location (ppm) (min/d) (mg/kg/d) (mg/kg/d)1 Risk
-arbon tetrachloride 4.3E-01 60 6.34E-07 5.25E-02 6.6E-08

Table E-41. MEI Hazard Quotients for Adverse Effect Endpoint for Mixed TRUW—Rail Mode

Concentration at Inhalation Air
MEI Location Exposure Time Intake Inhalation RfD Hazard
Chemical (ppm) (min/d) (mg/kg/d) (mg/kg/d) Quotient
1,1, 1-trichloroethane 1.17E+00 60 2.1E-02 2.9E-01 1.50E-01
Carbon tetrachloride 4.30E-01 60 9.1E-03 1.7E-02 1.06E+00
Freon 113 3.70E-01 60 9.5E-03 8.6E+00 2.22E-03

less than 1). As a general guideline, the assumption may be made that the risk of adverse effects in minimal
for substances with HQ values between 1 and 10, due to the uncertainties and conservatism associated with
the use of EPA RfD values to evaluate single, brief exposures. Therefore, adverse effects due to carbon
tetrachloride exposure would be unlikely unless the MEI receptor was extremely sensitive with respect to

chemical exposures.

Accident and routine vehicle-related risks from transportation of TRUW are presented in Part 1.

E.17.3 LOW-LEVEL N XED WASTE

E.17.3.1 L1 1W Alternatives

See Section E.2.2.4 for a detailed descripti  of the six LLMW alternatives. In summary, the alternatives
assessed for the HW component of LLMW consist of the following:
» Dece -alized (49 sites treat contact-han =d waste [CH]; 16 sites dispose)

» Regionalized 1 (11 sites treat CH; 12 sites dispose)
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» Regionalized 2 (7 sites treat CH; 6 sites dispose)
s Regionalized 3 (7 sites treat CH, 1 site disposes)
» Regionalized 4 (4 sites treat CH; 6 sites dispose)

o Centralized (1 site treats and 1 site disposes of CH

Under all alternatives, remote-handled waste would be treated and disposed of at four sites. The No Action

Alternative does not involve HW transportation risks, and thus is not discussed here.

E.17.3.2 Cargo-Related Accident Transportation Risks (Chemical Dose
Through Inhalation)

The collective cargo-related population risks to the general public for 10 years of off-site WM transportation
are summarized in Table E-42 for truck transport mode and in Table E-43 for rail transport mode. The
potential life-threatening effects endpoint was not assessed, because no PIH substances were included in the
LLMW inventory.

The potential population risks involving liquid waste shipments by trucks and railcars are attributed to the
direct release of aerosolized liquid droplets. Truck-accident increased cancer risk and any adverse effect
risk from aerosolized liquid droplets are highest for highway shipments under the Centralized Alternative,
Severity Category IV. Railcar-accident risks from aerosolized liquid droplets are also higliest for rail

shipments under the centralized alternative and the same severity category.

The potential population risks involving solid waste shipments by trucks and railcars are attributed to
evaporative organic vapor emissions from a waste spoils-pile ground spill and to the direct release of
respirable particulates from an overturned vehicle or a ruptured container (or both). Both truck and railcar
accident risks from evaporative and from respirable particulate releases are found to be zero for all of the

cases.
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Treatment and Storage Facility Accidents

H tritium
Hanford Har rd Site
HCl hydrogen chloride
HEPA high-efficiency particulate air
HFEF Hot Fuel Examination Facility
Hg mercury
HLW high-level waste
50 water
HW hazardous waste
HWSF hazardous waste storage fac. vy
HWVP Hanford Waste Vitrification Plant
INEL Idaho National Engineering Laboratory
LANL Los Alamos National Labor: ry
LDR land disposal restriction
LLMW low-level mixed waste
LLNL Lawrence Livermore Nation Laboratory
LLW low-level waste
LPF leak path factor
MAR material at risk
MEI maximally exposed individual
NEPA Nation: Environmental Policy Act
NH, ammonia
NH, ammonium
NO, nitrogen oxides
NPH natural phenomena hazards
NRC U.S. Nuclear Regulatory Commission
NTS Nevada Test Site
ORNL Oak Ridge National Laboratory
ORR Oak Ridge Reservation
PC performance category
PEIS Programmatic Environmental npact Statement
PGDP Paducah Gas Diffusion Plant
PORTS Portsmouth Gaseous Diffusion Plant
PIH poison inhalation hazard
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fi2 square foot (feet)
fi3 cubic foot (feet)
g gravity (acceleration due to)
gal gallon(s)
h ho [s)
kg kilog n(s)
kPa kilopascal(s)
] po! )
m meter(s)
m3 cubic meter(s)
mi mile(s)
mm millimeter(s)
mol mole(s)
MPa megapascal(s)
PE-Ci Pu-239-equivalent curies
psig pound(s) per square inch gauge
yT year(s)
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Numerous DOE waste management sites were analyzed in this study. However, generic DOE facility
characteristics were assumed in develo] 3 the accident sequences for | . Facility waste inventories
assumed for each DOE site were derived from the storage inventories, generation rates, and treatment
throughputs developed in the WM PEIS. Site safety documentation was used to help identify the frequencies
and potential risk importance of extreme events : h as seismic or tornadic events or aircraft crash events.
Existing facility documentation and accident data were used only for general guidance in source term
development; thus, the accident analyses herein may not necessarily duplicate the results produced in
individual site environmental impact statements (EISs) or safety analysis reports (SARs) in which specific

facilities are assessed.

The accident sequences analyzed were selected for their potential importance relative to human health
effects. In light of the lack of specific process and facility design information, the analyses focused on
accidents with the potential for airborne releases to the atmosphere. Although disposal alternatives are
included in the WM EIS waste management ¢ ons, the details of ultimate disposal are not addressed.

Consequently, accidents were not developed for this phase of waste management.

F.1.2 SCOPE AND OBJECTIVES

The WM PEIS addresses strategic alternatives for management of five different types of waste in the DOE
complex: high-level waste (HLW), transuranic waste (TRUW), low-level waste (LLW), low-level mixed
waste (LLMW), and hazardous waste (HW). Forea waste type, four alternatives or strategies have been
analyzed for treatment, storage, and disposal (TSD): (1) no action, where existing sites will generally store
and treat their own wastes consistent with currently approved plans; (2) centralization, where from one to
a few DOE sites will be used to treat, store, ¢ dispose of a given waste type from the entire DOE
complex; (3) regionalization, where several sites distributed throughout the country will be used to treat,
store, and dispose of that waste type for their geographic regions; and (4) decentralization, where
regionalization is extended to include more sites. Alternatives for consolidation of waste involve both
existing and conceptual-design facilities at the DOE sites. Moreover, a number of waste treatment

technologies and storage options are assessed for each type of waste.

T 2 most recent guidance (DOE, 1993a) from the Office of National Environmental Policy Act (NEPA)
Oversight within the DOE calls for consideration of the spectrum of accident scenarios that could occur in

activities being evaluated. This guidance also calls >r a graded approach in which risk-dominant scenarios
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F.1.4 ORGANIZATION OF APPENDIX

Section F.2 describes the overall method and cor utational framework utilized in the WM PEIS accident
analysis. The section also describes the use and integration of generic and site-specific accident analysis
data, waste stream inventory data, storage and treatment process characterizations, and site and facility

demographic information.

Calculations with currently projected waste generation rates, storage inventories, and treatment process
throughputs have been performed. Specific source term results are presented in this report for each of the
waste streams in the WM PEIS in Sections F.3 through F.7. Frequencies and source term parameters are
presented for each of the major DOE sites for various analysis cases for each waste stream. Key
assumptions in the development of the source te s are identified. The compilations of the chemical and

radic gical source terms for all of the accidents are provided in the report by ANL (1996a).

The listed references include DOE orders and standards, U.S. Nuclear Regulatory Commission (NRC)
regulations, and NEPA documentation, as well as nical reports developed in support of this regulatory
guidance. The reference section also includes site-specific safety analysis and environmental impact
documentation and related supporting technical reports that were used in support of the WM PEIS accident

analysis.

F.2 Methodology and Computational Framework for Accident Analysis

F.2.1 OVERVIEW

This section describes the methodology and computational framework for the facility accident analysis for
the WM PEIS. Figure F.2-1 illustrates the major components and related input and output of data from the
facility accident analysis and presents an overview of the interactions of the analysis with other elements
of the WM PEIS. Implementation of this analysis -amework included selection and development of the
accident sequences and associated source terms. Ur risk factors developed as part of the WM PEIS effort
were used to screen accident sequences for risk dominance. A unit risk factor is the consequence associated

with a unit release of a radionuclide to the environ: nt from a facility at a given site for a given receptor.
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Appendix F Treatment and Storage Facility- Accidents

and subsequent fire or explosions. Thus, thermal or heat-accumulating processes (such as fractionation by
using ion-exchange columns, metal melting, incineration, wet-air oxidation, and vitrification) were

identified for their potential for major airborne release.

These processes are discussed below.

Ion Exchange. Ion exchange is a standard technology for removing dissolved ionic material, radionuclides,
and toxic pollutants from solution. Ions in an aqueous phase displace complementary ions from ion-
exchange sites on the surface of an insoluble support material. Depleted resins are removed, replaced, or
regenerated. Regeneration involves displacing contaminant ions with fresh complementary ions by washing
' h acid or base solution. The dominant accic t considered in the literature is an explosion of the
ion-exchange column, where self-heating of the ion-exchange resin results in fire or ex] sion, with
attendant discharge of the radionuclide-loaded resin to the surroundings as a radioactive and chemically
toxic aerosol. Some of the conditions causing self-heating of the resin include introduction of a solution with
a high concentration of nitric acid (which would result in a highly exothermic reaction), cc mn
overloading, drying out of the resin in the column, resulting in high column temperatures (leading to
ignition) (Ayer et al., 1988). Analysis shows that these accidents have no impact on the operation of the

ventilation system of the facility (Mishima et al., 186).

Metal Melting. Metal melting is used to prepare, melt, and cast incoming scrap ferrous and nonferrous
bulk metals. The incoming metal is shredded and transported to a furnace where it is melted and cast as
ingots. Any combustible material in the incoming feed is thermally destroyed in a secondary combustion
chamber. Highly radioactive materials tend to collect in the slag, which is skimmed from the top of the melt
and cast into crucible molds. The cast slag is stored before final disposal, and the cast metal is sent to a
fabrication plant for reuse into overpack containers and shielded caskets. The accident of concern is
overpressurization and rupture of the combustion chamber with dispersal of the contents, particularly the

radioactive slag.

Incineration. Incineration is a means of reducing the volume of combustible solid waste and destroying
organic waste. Key characteristics of the incineration process with implications for potential airborne release
include high temperature, the presence of combustible materials, the potential for rupture of the vessel,
elevated concentrations of radioactivity in the ash byproduct, and the high dispersibility of the ash. Because
incineration often results in a volume reduction : :or of roughly 100, the ash byproduct could have a

concentration of radionuclides roughly 2 orders of magnitude greater than the input feed waste. Accidents
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Treatment and Storage Facility Accidents Appendix F

F.2.5 DEVELOPMENT OF SOURCE TEI S FOR ACCIDENT SEQUENCES

F.2.5.1 Radiological Source Terms

The method used to estimate radiological source terms is similar to that used in the DOE Defense Programs
Safety Survey Report (Pinkston, 1993). The source term associated with each accident is the product of four

factors that vary for each radionucl  within the inventory affected by the accident:

source term = MAR X DF X RARF X LPF , (F.2-1)

where

MAR = material at risk,

DF = damage fraction,
RARF = respirable airborne release fraction, and
LPF = leak path factor.

Figure F.2-4 illustrates the evolution and development of the source term components from accident
initiation through delivery to the atmosphere. While the disaggregation of the source term into these
components broadly follows the treat: nt used in the DOE Defense Programs Safety Survey Report
(Pinkston, 1993), the treatment of the com 1ents has been extended as discussed in Section F.2.4.2 to

allow the tracking of these parameters at each point in the accident sequence.

All accident sequences culminated in fractional release categories defined to accommodate the various
combinations of generic sets of DF, RARF, and LPF. The source term total release fraction (TRF) is

defined as
TRF = DF X RARF X LPF (F.2-2)
and provides the fraction of each radionu« e or toxic material . the MAR that escapes the confinement

and is available for atmospheric transport. 1is term, multiplied by the MAR, provides the source term

used in the calculations of health eff s and risk (see Section F.2.4).
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Figure F.2-6. Key to Equipment.
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Treatment and Storage Facility Accidents Appendix F

The receiving and storage area contains waste in various (but mostly solid) physical forms. Waste is fed
) the incinerator after  paration (sorti « hred g, or both, as required). All ¢ bustible materials
are destroyed, leaving a solid (ash) residue. The ash is generally solidified or packaged (or both) before

transportation and disposal.

Incineration off-gas treatment includes a condenser and fume scrubber and generates a liquid waste stream
of condensate and spent gaseous scrubber solution. In the liquid treatment area, dissolved and suspended
solids are removed, liquid residue is prepared for immobilization, and treated wastewater is recycled to the
system. In the solidification system, the sludge from the liquid residue and the ash resulting from the
incineration are mixed with concrete and immobilized. Waste in the other areas is in the form of ash. In
the CIF at the SRS, wet ash is found in all ash areas except the two combustion chambers (Du Pont, 1987).
Dry ash is generated in other DOE incinerators and, because of its greater dispersibility, is assumed here

for source term development.

The incineration facility also produces a residual gaseous waste stream. The incinerator off-gas treatment
unit is designed to remove particulates, sulfur dioxide (SO,), hydrogen chloride (HCI), and nitrogen oxides
(NO,). Acid gases are typically removed by scrubbing. Radioactivity and some toxic metals are released
directly in off-gas as volatilized compounds and radionuclides (iodine, ruthenium, and cesium) or
radioactive gases (carbon dioxide [CO. H, and SO, formed with carbon-14, tritium [3H], and sulfur-35,
respectively). Some fission products are also released indirectly in combination with particulates that are

removed by off-gas scrubbing and filtering.

Detailed modeling of facilities was beyond the scope of the WM PEIS. Accordingly, a treatment facility
with generic confinement characteristics defined previously was used to assess accidents to envelop the
releases from accidents in the treatme process. A DOE Hazard Category of 2 and the associated
performance requirements on its systems were assumed. Double-HEPA-filtration structures, systems, and
components were assumed to be in place. The waste inventory at the t e of the accident was based on the
facility throughput at each site and include 1nique volumetric inventories and physical, chemical, and

radiol. .cal compositions for each site for each alternative.
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frequency of 5.0E-05 failures per for] ft operation when a crew of two is performing the handling
operations. A value of 1.5E-04 accidents per forklift operation, with a conditional probability of 2.5E-01
for drum rupture, leading to a breach frequency of 0.4E-04, was used in a probabilistic safety analysis of
a Los Alamos National Laboratory (LANL) facility (Sasser, 1992). The LLMW systems analysis (EG&G,
1992c, 1993a) used a value of 1.0E-03 drum breaches per operation but included very minor breaches and
spills. Finally, analysis of actual event data at the Savannah.River Site (SRS) resulted in a forklift drum
drop probability of 5.0E-05 per operation and a drum piercing probability of 3.0E-05 per operation
(WSRC, 1994).

On the basis of all of these studies, a probability of 1.0E-04 per operation for significant drum breaches
consistent with the aforementioned estimates of source term parameters was used in the analysis herein. To
apply this operational failure probability to storage area facilities, residency times in the interim storage
area, which vary greatly, must be considered. Most areas are simply staging areas for treatment or disposal
operations. Generally, for such staging areas, two handling operations would occur, one for receiving and
one for removal. Thus, the expected annual frequency (f,,,) of a container breach for waste product x

caused by a handling accident is

Jmp = 0.0002 X 1, , (F.2-3)

where n, is the number of waste containers of waste product x received annually. To convert this value to
a throughput number, a conservative assumption was made that the complete inventory turns over each

year. Then the expected annual frequency of significant mechanical breaches is given by

Jmp = 0.0002 X N, (F.2-4)

where N is the capacity of the facility in number of drums.

The previous frequency estimate should envelop frequencies for breach of postprocessing storage containers
that contain immobilized residues from treatment. With the exception of potential gas generation and
pressure buildup, no significant breach mechanisms are present. For miscellaneous TRUW solids, the SAR
for the RWMC (EG&G, 1993b) includes a facility frequency estimate of 2.1E-02 events per year for severe
internal stresses, such as a hydrogen pressure buildup from radiolysis of cellulose material or other

gas-generating mechanisms. Thus, the operational estimate of Equation F.2-4 envelops this facility estimate.
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The frequencies for container damage internal to a treatment facility would also be expected to be lower
than those for lag storage because of the significantly lower mventory ot drums and re ed drum
vulnerability during handling. The estimate for metal-box drop and breach was 1.0E-02/yr for WRAP
Module 2 (DOE, 1991c). A value of 3.8E-02/yr is estimated for the crane-drop scenario for the WRAP
Module 1 facility (WHC, 19¢ ). For processing icilities, fewer drums and other packages are handled
per year than would be the case - the range of potential operations of the lag storage areas (for example,
consolidation of the contents of a 1 nber of waste pads onto a new pad). Furthermore, the operating
conditions internal to a processing facility are superior to those for outside pads in terms of equipment

reliability and working environment.

An approach similar to that discussed previously is used for estimating container breaches from operational
events involving canisters of vitrified HLW. The glass product is noncombustible, and the stainless steel
canister used as a container for the glass offers a high degree of protection from external incidents (for
example, the HLW canisters are designed to be dropped from a height of 9 m without loss of integrity).
Beyond 9 m, the integrity of the canisters is uncertain (for example, the maximum height that a Hanford
canister can drop in a storage facility is 13 m). Canisters are probably most vulnerable to damage during
transfer from the onsite canister transporter into the vault tube (Braun et al., 1993). On the basis of this
observation, the only accident analyzed for the glass storage facility is an operational event involving the
crush-impact of a glass canister. Given that a sim]  drop of a canister (from a height less than 9 m) would
not result in a breach, canister rupture would re ire the drop of a heavy structure (for example, a crane

or concrete cover) on top of a canister during handling.

The estimated frequency for a canister breach for the Hanford glass storage facility, which would handle
approximately 370 canisters, is 4.0E-03/yr (Braun et al., 1993). By assuming that the annual frequency
of a canister breach depends on the number of canisters, which is taken to be equal to the annual rate of

canister production, the frequency for an HLW breach (fy; ) is

Jurw = 0.004/370 = 0.00001/canister. (F.2-5)

Thus, the frequency for canister break at SRS is approximately 4E-03/yr on the basis of an annual
production rate of 410 canisters per year. The West Valley Demonstration Project (WVDP) will handle
approximately 100 canisters per year, and the annual frequency for canister break is therefore 1.0E-03/yr.
The preliminary design at Hanford assumes a production rate of 890 canisters per year, leading to a

frequency of 9.0E-03/yr.
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The frequencies for chemical spills involving HW or LLMW are rived by using site-specific inventories
of individual representative chemicals, along with the previously identified assumptions on frequencies of
breach per operation. Conditional probabilities of fire or explosion of chemically reactive or combustible

emicals are also developed. These discussions are included in the sections on HW and LLMW accident

analyses.

F.2.7.2 Storage or Staging Area Acci nts

The major concern with storage and some staging facilities is the large inventory of waste in a centralized
area and releases during accidents involving fires or explosions. The sections that follow summarize the
accident types considered that would affect ¢ ier dedicated storage areas or areas for staging waste prior
to treatment. The discussion is generic in thar is not tied to a specific treatment process or waste type. The
final determination of source term parameters for HW storage accidents is discussed in the section
addressing that waste type. Both internally ir ated accident sequences and external events were taken into

account.

F.2.7.2.1 Internally Initiated Fires

Internally generated facility fires generally oc r because of ignition of fuel sources, combustion of rubbish,
or spontaneous combustion of the contents of a waste package. Combustible or flammable fuel sources
include diesel fuel or gasoline for tractors, trucks, or other vehicles and natural gas or fuel supplies.
Combustible rubbish fires generally result from poor housekeeping and are probably the principal cause
of minor facility fires. Spontaneous combustion of the contents of a waste package has been reported (DOE,

1990a) but is considered unlikely.

Design and operational safeguards are in p e to prevent propagation from a localized source (such as a
single package or drum or a rubbish pile) to a much larger inventory. Packages for combustible materials
are either steel drums, fire-resistant boxes, or fire-protected shipping containers. Moreover, sites are
generally bound by the RCRA to segregate storage by waste form compatibility and RCRA category;

erefore, combustibles are segregated. Finally, most facilities have fire detection and suppression
capabilities from fire-watch or operator surveillance, automatic sprinkler systems, fire barriers, or onsite

fire department response (or some combination of these types of protection). As a result, fires can be
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categorized as either local fires involving very limited inventories of wastes or, at the other end of the
spectrum, as major facility fires induced by forces that provide a source of fuel (such as gasoline) and that
also disable or overwhelm any available safeguards. Accidents affecting staging-area waste packages can
generally be enveloped by t e affecting storage areas because of the similarity of the primary containment

(packaging) and are included herein.

Evaluation of Source Term Parameters. The MAR in all fire scenarios is limited to the waste exposed
to the fire, which depends on the facility configuration and the detection of and response to the fires. The
DF is a strong function of the packaging and the physical form (and combustibility) of the MAR. Two
categories of fires were considered: waste-container fires and facility fires. The former category was
assumed to have a MAR equivalent to the contents of a single 55-gal drum and to have a DF of 1.0E+00.
TI  DF is conservative relative to the value of 0.1 applied in the WIPP SEIS-II (DOE, 1996). The
representative fire in a storage facility was assumed to encompass the spectrum of undetected or
unsuppressed fires, and the entire facility’s inventory of waste was assumed to constitute the MAR. A DF
of 1.0E-01 was assumed as a generic value to account for segregation and separation of waste packages

in the facility and for the nature of the waste packaging as described previously.

Evaluation of Frequencies. Reported fire itiator frequencies for drum storage (DOE, 1990b; Salazar and
Lane, 1992; EG&G, 1993b) for operationally related events range from 1.0E-03/yr to 2.0E-04/yr. The
higher value is estimated for general miscellaneous cor ustibles. The lower value is also fairly typical of
estimates for scenarios involving ignition of leaking fuel or natural gas. Because some references distinguish
between operationally generated waste and the packaged waste being stored, the upper value is probably
associated with poor housekeeping. For fire initiating in a waste package, frequencies on the order of
9.2E-04/,. uave been reported for the RWMC (EG&G, 1993b), with _ . ... .." 1E-04/yr reported in the
WIPP SEIS-1I (DOE, 1996). This r: e of values is inferred to apply to storage situations involving
minimal intervention by operators. Fire frequenc s associated with fuel from transport vehicles, cranes,
and forklifts range from 3.3E-03/yr to 8.3E-04/yr for initiation (Davis and Satterwhite, 1989; EG&G,
1993b). Fires resulting from subsequent ignition on violent breach of TRUW drums can be envisioned
because of hydrogen buildup from alpha activity in contact with cellulose material (DOE, 1990a). Although
frequencies for waste-package damage scenarios have been estimated, conditional probabilities for ignition
and fire following package breach have not been reported, but would be higher for TRUW than for LLW
and LLMW, for which hydrogen buildup is much less likely.
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Because of the relative infrequency of a sin; :-container fire and the much greater consequences of fully
developed facility fires, only the latter were analyzed for source term development for the WM PEIS. The
estimated annual frequency is 1.0E-04/yr for a fully developed facility fire in the absence of treatment
1 cess operations. (See also section on treatment facility fires.) This frequency is the product of a generic
facii / fire frequency of 1.0E-02/yr and a e suppression system failure probability of 1.0E-02 (DOE,
1982). This value i onsistent with ex 1g documen! on and is judged to be reasonable in light of the

existing preventive and mitigative safeguards discussed previously.

F.2.7.2.2 Internally Initiated Explosions

Explosion scenarios for packaged wastes can be postulated for LLMW, TRUW, and HW. Most LLMW
accident analyses focus on storage of miscell >ous organic liquid waste (for example, benzene at the SRS
[WSRC, 1994}), where blankets of inert gas serve to preclude ignition and detonation. Most TRUW
analyses focus on the accumulation of hydrc n or methane from radiolysis of organics, with subsequent
ignition and detonation. Inadvertent chemical reactions are considered for HW but should be unlikely
because waste sorting and segregation at the point of generation act to preclude combining reactive materials
and oxidants. Storage activities are generally >t climate controlled, but heating gas is a candidate source
for explosion where some control is maintained. Postprocessing storage is less of a problem than

pretreatment storage because of the greater  »>ility of the final forms (for example, grout).

Damage to packages from an explosion is governed by projectile behavior and the location and
configuration of the package. One type of array is a four-tier-high stack of two pallets, each holding a
tv  -drum-high, tightly packed array of four . 1ms (Salazar and Lane, 1992). Here, the number of drums
that could be directly affected by projectile i; act would be five, although the array could be toppled, or
other ancillary damage (for example, to adjacent arrays) could be envisioned. A similar rationale applied

to waste boxes would indicate two affected adjacent boxes.

Evaluation of Source Term Parameters. The MAR for an explosion would generally be limited to a single
package because very little explosive energy is typically associated with currently generated wastes, and
extrapolation of scenarios to include high-energy projectiles is difficult. The DF for explosions internal to
a container would be 1.0E+00 (that is, the e e contents of the package are assumed to be affected). This

damage is judged to conservatively envelc any projectile damage to nearby packages. For external
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man-made severe external challenges, and the damage and safety impacts from seismic events generally
envelop effects from other natural phenc :na. These accident initiators and the associated accident
sequences are developed for the designs for : generic facilities described in Section F.2.6. The results are

covered in the following sections on specific waste types.

F.2.7.3 Treatment Facility Accidents

The major concern with treatment facilities involves fire- or explosion-driven releases of process inventories
that are often much more concentrated than the inventories of waste in current storage or in staging areas.
This section primarily summarizes internal event-initiated treatment process accident types and discusses
the associated source term and frequency ¢ 21 used for the analyses. However, external event sequences
were also analyzed using event trees in ANL (1996a) to structure and facilitate the evaluation. Results for
both internal and external events are shown in the individual sections for each waste type (Sections F.3

through F.7).

F.2.7.3.1 Treatment Process Incidents

In general, the processes of the generic treat :nt facility described in Section F.2.6.3 entail minor hazards
to the operating staff, including puncture wounds during waste sorting, minor contamination from glove
failures, and minor spread of contamination from the events involving treatment equipment pressurization,
spills, and off-gas treatment confinement fai. es (corrosion, gasket failures, etc.). Such minor operational
incidents in treatment have been folded into general handling accidents analysis and, as a result, are not

discussed further.

¥.2.7.3.2 Off-Gas System Failures

Potential onsite and offsite effects may resi from failure of the off-gas treatment system to perform as
designed or from introduction, into the off-gas treatment, of species for which the treatment steps are
ineffective (for example, noble gases, v 1 radionuclides such as >H, or high-temperature conversion
of dichlorodifluoromethane [HALON] to phosgene); but off-gas events tend to be minor because of dilution

due to a high gas sweep rate and the inertness of the off-gas constituents relative to the chemically reactive
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The numerical estimates of the frequency of the different accident sequences analyzed ar= also uncertain.

1ere exist uncertainties in both the frequency of the initiating events and in the conditional probabilities
of the accident progression path. The numerical estimates were generally conservatively obtained using
accepted DOE or NRC safety guidance or site-specific safety documentation. Event trees were used to help
organize the information, structure the sec nces, and automate the ¢ ulations. Uncertainties in the
frequencies of the sequences are expected to range from factors of from 3 to 10 for anticipated accident
sequences (i.e., those with annual frequencies greater than 1.0E-02 per year) to from 2 to 3 orders of
magnitude for accident sequences with frequencies near or less than 1.0E-05 such as those initiated by

beyond design basis earthquakes.

The uncertainties in the source term calculations apply for both the radiological and the chemical releases.
The radiological source terms were calculated as the product of four contributing factors, namely MAR,
DF, RARF, and LPF, all of which have uncertainties. Uncertainties in the MAR and DF arise from lack
of precise knowledge of waste stream inventory amounts, physical characteristics, radiological profiles, and
operational and containment configurations of the treatment and storage of waste streams under potential
accident environments. Estimates of the current inventory radioactivity contents (i.e., reflecting both
amount and composition) are probably uncertain by factors of from 2 to 100, depending on the type of
waste, where it was generated, and its current disposition. Minimally conservative assumptions were used
in developing the MAR. Damage fractions were chosen using generally conservative assumptions based on
existing safety guidance and general knowle e of the physical characteristics of the MAR and the likely

configurations and containment properties of the relevant storage and treatment facilities.

The RARF was conservatively adapted to 1  waste streams subjected to the dominant accident stresses
encountered during the postulated sequences by assigning high or bounding values from the RARFs
compiled in DOE-HDBK-3010-94 (DOE, 1994b). The uncertainties caused by imprecise knowledge of
accident stresses and imprecise extrapolation of experimental values, which themselves are uncertain,
suggest uncertainty ranges from factors of 3 to 10 for high RARF values, of greater than 1.0E-02, to orders
of magr 1de for RAl values of less than 1.0E-04. Uncertainties in the physical compositions and
containment configurations of the MAR suggest an additional order of magnitude in the RARF uncertainty.

Generally conservative RARF values were selected for analysis.

The LPF uncertainties for sequences with full or partial filtration exist due to incomplete knowledge of leak
paths and filtration efficiency during accident condi ns. For sequences in which the containment structure

is damaged, a LPF of unity is conservatively assumed.
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The chemical release source term uncertainties in the MAR and DF parallel those for the radiological
release source terms. Uncertainties due to the completeness of the HW database, which was developed from
actual shipping manifests, are expected to be small, >ughly a factor of two. For the hazardous component
of mixed waste the chemical breakdown was more generic and was not available on a drum by drum basis
as it was for HW, suggesting an order of magnitu : uncertainty. Also, only a small number of accident
rel. =t s were identified due to the gene - n re of the chemical profile available for those mixed
waste types. This uncertainty is expected to add an ier order of magnitude. Uncertainties in the estimated
chemical source terms are expected to have a variability of about one order of magnitude because chemical
reactions can take place in different ways depending upon temperatures, the presence of catalysts, and the

precise chemical concentrations of constituents, parameters for which there is very limited information only.

Recognizing that the uncertainties in the various source term factors are often interdependent, the
uncertainty in source term estimates covers several orders of magnitude. Reasonable predictions of the
distribution of source terms cannot be quantitatively established without a much greater level of knowledge
of the waste stream inventories, the future generation of wastes within each category, and the actual
characterization of the operations, processes, facility configurations, operating and safety procedures

invoked. Developing this level of knowledge is beyond the scope of the WM PEIS.

Although the absolute v 1es of the source ter estimates range in uncertainty to several orders of
magnitude, the comparisons among the source terms are much less uncertain. Considerable effort was
expended to assure that the accident analysis approach and underlying assumptions were consistently applied
for all waste streams, types of accidents considered, and operations, processes and facilities evaluated. Thus
the relative health and risk impacts, to the extent that they depend on source terms that are ultimately
derived from and calculated for different facil  accident sequences, are judged to provide useful,

comparative information for discriminating among strategic alternatives.

F.3 High-Leve Waste

F.3.1 ALTERNATIVES AND SITES ANALYZED

Management of HLW can involve up to six phases: current storage, retrieval, pretreatment, treatment,

interim storage, and geologic repository disposal. Current storage, retrieval, pretreatment, treatment, and
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Radiological releases from severe fires and explosions were considered first. DOE Order 5480.7A
(DOE, 1993e) establ es requirements for an improved level of risk for fire protection for all facilities for
which either loss of value or risk to health and safety would be of concern. The SARs for the various HLW
interim storage facilities (Herborn and Smith, 1990; WSRC, 1990; West Valley Nuclear Services Co., Inc.,
1994) do not consider the risk of fire within an i :rim storage facility, generally because no significant
accumulation of combustibles occurs in the vicinity to support significant fire propagation. Thus, a major
destructive fire was judged to be unimportant to risk. Similarly, because a large source of combustil

material would not be available for ignition or chemical reaction (or both), the possibility of a catastrophic
operational explosion was discounted. An aircraft crash with a resulting aviation fuel fire was also
discounted because it would have a frequency of less than 1.0E-06/yr and limited radiological

consequences, given the containment of the encapsulated radioactive materials (Mishima et al., 1986).

Natural phenomena were also considered, with the limiting accident being an earthquake. Braun et al.
(1993) estimated an annual frequency of 3.37E-08/yr for an earthquake-induced canister drop with
subsequent airborne release for interim storage at Hanford (this scenario assumed full filtration; loss of
filtration would result in an even lower frequency estimate). In general, natural phenomena-induced events,
such as tornadoes and earthquakes, were discounted as important contributors to the overall risk of HLW
interim storage operations (Braun et al., 1993) due to the high integrity of the HLW canisters, as well as

the low probability of occurrence.

Review of the available safety documentation (DOE, 1982; Idaho Operations Office, 1982; Machida et al.,
1989; Mishima et al., 1986; WSRC, 1990) suggests that the risk-dominant accident during interim glass
canister storage is the breaching of an immobilized canister during handling operations, including a canister
drop from the shielded canister transporter (SCT) into the vault tube during transfer, and canister damage
during transfer because of movement of the SC cask relative to the vault tube opening (Braun et al.,
1993). A rupture could also occur from a cell cover dropping on an encapsulated canister. (Because a cell
cover weighs approximately 27,216 kg, canister rupture is expected following a direct hit.) The initiating
event is attributable to operator error in han ng or to handling equipment failure (NRC, 1988).
Particulates would then be generated that are sm  enou  to be suspended and hence could be exhausted
to the atmosphere. The energetics of the accident would not be expected to severely degrade the facility

filtration. At the time of rupture, each canister is assumed to be full.

The estimated frequency for a HLW canister drop with subsequent release at the Hanford glass storage

facility, which would handle approximately 370 canisters per year, is 4.0E-03/yr (Braun et al., 1993). The
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Appendix F

Treatment and Storage Facility Accidents

Table F.4-2. Representative Accidents and Source Term Parameters From Recent
DOE Safety Analysis Documents Relevant to TRUW Storage

Safety Document Scenario DF ART ~-PADT Release Consequence
LANL PSAR for Drum spill at retrieval 5.0E-01 1.0E-U3s to 8.7E-04 1.7E-02 rem
Retrieval of TRUW dome 5.0E-05 PE-Ci (MEI)
(Benchmark, 1994)

Forklift puncture 5.0E-02 1.0E-03 o0 2.9E-04 6.8E-03 rem
of crate in storage dome 5.0E-05 PE-Ci (MEI)
irums)
Design-basis earthquake in  5.0E-01 1.0E-03 10 1.2E-02 2.9E-02 rem
the storage dome with 5.0E-05 PE-Ci (MEI)
multiple drum spill (3% of
16,655 drums in the
facility spilled)
Drum fire in the retrieval 1.0 5.0E-04 1.5E-01 1.4 rem (MEI)
dome (beyond-design- PE-Ci
basis accident)
INEL SAR for Waste Drumr  :/explosion 1.0 1.0E-03 1.2E-03 5.0E-02 rem
Storage Facility (maximum credible Ci (MEI)
(EG&G, 1994b) design basis accident)
Box spill 1.0E-01 1.0E-04 1.8E-03 4.2 rem
(1 box = 15 drums) Ci (worker)
Beyond design basis 1.0E-01 (drums) 1.0E-04 1.2Ci 9.7E-02 rem
tornado with breach 1.0 (boxes) (MEI
of 1,440 drums and
576 boxes
SRS Draft EIS Drum rupture Not available Not available Not 7.2E-04 rem
(DOE, 1995) and fire available (ME])
Drum fire in culvert Not available Not available Not 2.4E-01 rem
available (MEI)
Fire caused by Not available Not available Not 4.4E-02 rem
vehicle crash available (MEI)
(28 drums)
Drum deflagration in Not available Not available Not 5.7E-02 rem
culvert during drum available (MEI)
retrieval
ORNL SAR for Earthquake with spill of 25% (10% of inner 8.8E-07 to Not 5.0E-01 rem
Waste Storage drums (67% of 1,200 packages, if doubly 1.0E-03 available (MEI)
Facility, Bldg. 7574 drums breached) packaged)
{ORNL, 1994)
Fire (12 drums) 1.0 (liquid) 1.1E-01 (liquid) Not 1.0E-01 rem
0.5 (solid) to 5.3E-04 (solid) available (MED)
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Appendix F Treatment and Storage Facility Accidents

Table F.4-3. Summary of WM TRUW Accidents Analyzed®

OperatMnts - External Events
WM PEIS Handling  Facility Facility Large Small
Function Alternative Site Breaches Fire Explosion Seismic  Aircraft  Aircraft
Drum handling All ANL-W X - -- - - -
All Hanford X -- -- - -- -
All INEL X - - - - -
y L¢ X -- - -- - -
All LLNL X - -- - - -
All Mound X -- - - - --
All ORNL X - - -- - -
All RFETS X - - - - -
All SRS X -- -- - - -
« cineration® 6 Hanford - X X X -- --
6 INEL - X X X - -
6 LANL - X X X - -
6 RFETS - X X X - -
6 SRS - X X X -- -
8 Hanford -- X X X - -
8 INEL - X X X -- -
8 SRS - X X X - -
9 WIPP - X X X -- -
r-Incineration® 15 Hanford -- X X X - --
15 ORNL - X X X -- --
Notes: -- = not applicable.

2 Only one source term, generally corresponding to the risk-dominant sequence for each accident initiator, was considered.
¢ Case 6 (Regionalized 2). Five sites (Hanford, INEL, LANL, RFETS, and SRS) treat CH-TRUW to LDR levels. Disposal of
treated TRUW is at WIPP.
s Case 8 (Regionalized 3). Three sites (Hanford, INEL, and SRS) treat CH-TRUW to LDR levels. Disposal of treated TRUW is at
WIPP.
e Case 9 (Centralized). One site (WIPP) treats CH-TRUW to LDR levels. Disposal of treated TRUW is at WIPP.
o Case 15 (Remote-handled). Two sites (Hanford and ORR) treat RH-TRUW to LDR levels. Disposal of treated TRUW is at WIPP.
a-incineration refers to incineration of waste categorized as alpha-emitting.
¢ r-incineration refers to incineration of RH waste.

b

Greater than Class C (GTCC) wastes are a special case as discussed below in this section. The DOE
program for GTCC LLW consists of three phases: (1) continuation of limited interim storage of (primarily)
sealed sources, (2) provision of an interim centralized dedicated storage facility until an NRC-licensed
facility is available, and (3) final disposal in either a HLW repository or a separate NRC-licensed facility.
The dedicated and interim storage phases could be merged, depending on commercial reactor
decommissioning decisions. Nuclear utility volumes of GTCC will be needed to define phase 2 centralized
storage requirements, potential packaging and treatment requirements, and fee specifications. Because the
DOE has not yet initiated efforts on an NRC-licensed interim facility, the current program assumes disposal

in the HLW repository.
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Appendix F Treatment and Storag~ “~~!ity Accidents

The WM PEIS considers the following alternatives for continued interim storage of sealed sources:

* No Action. Continue to store limited  antities of commercial GTCC at Hant 1, Fernald
Environmental Management Project (FEMP), INEL, LANL, Oak Ridge Reserva n (ORR), and SRS
in existing and approved storage facilities.

» Decentralization. Continue the No Action alternative, and either expand existing or establish new
interim storage facilities at DOE sites as may be required for additional limited commercial quantities

am| _ nseto st thel ).

* Regionalization. Same as decentralization, except ship and store at a limited number of DOE sites
(probably between two and five) until an appropriate disposal facility is available.

» Centralization. Same as decentralization, except ship and store at one DOE site until an appropriate

disposal facility is available.

Current projected volumes of sealed sources are on the order of a few cubic meters and constitute a small
fraction of the overall volume of low-level waste. The mix of source compositions that will be received
from utilities is uncertain. Independent of the composition mix of sealed sources, the facility accident
potential will be small because the source material form is physically and chemically stable, most sources
are doubly encapsulated in stainless steel, quantities are relatively small, and the sources will probably be
stored in their shipping packages. Because these packages will meet U.S. Department of Transportation

(DOT) and NRC requirements, the packages will already be designed to withstand severe accidents.

Because of (1) the overall programmatic uncertainties, (2) the fact that utility waste inventories will
undoubtedly dictate future facility accident impacts, and (3) the relatively small contribution of sealed source
storage accidents to risk, accident source terms for the continued DOE interim storage of sealed sources

were not developed.

F.5.2 RISK-DOMINANT ACCIDENTS AND MODELING CONSIDERATIONS

Accident selection has been based on importance to risk, with the general modeling assumptions and related
source term parameters described in Section F.2.2. LLW is generally rags, papers, filters, discharged
protective clothing, and other materials contaminated with small amounts of radioactivity that are
susceptible to fire-initiated events. The general modeling assumptions and related parameters for

radiological source terms are detailed in Section F.2.5.1.
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Appendix F Treatment and Storage Facility Accidents

Table F.6-4. Summary of WM LLMW Radiological Accidents Analyzed®—Continued

Notes: -- = not applicable; Ames = Ames Laboratory; Bettis = Bettis Atomic Power Plant; BCL = Battelle Columbus Laboratories;
BNL = Brookhaven National Laboratory; Charleston = Charleston Naval Shipyard; GA = General Atomics; GJPO = Grand Junctions Project
Office; ITRI = Inhalations Toxicology Research Institute; KAPL-K = Knolls Atomic Power Laboratory (Kesselring); KAPL-S = Knolls Atomic
Power Laboratory (Schenectady); KAPL-W = Knolls Atomic Power Laboratory (Windsor); KCP = Kansas City Plant; LBL = Lawrence Berkeley
National Laboratory; LEHR = Laboratory for Energy-Related Health Research; Mare Is = Mare Island Naval Shipyard; Mound = Mound Plant;
Norfolk = Norfolk Naval Shipyard; Pearl H = Pearl Harbor Naval Shipyard; Ports Nav = Portsmouth Naval Shipyard; PPPL = Princeton Plasma
. Laboratory; Puget So = Puge nd Naval § Metals, Inc.; SNL-NM = Sandia National Laboratories (New
Mexico); SNL-CA = Sandia National Laboratories (California); and UofMQ = University of Missouri.
2 Only one source termn, generally corresponding to the risk-dominant sequence for each accident initiator, was selected for transmittal to ORR.
b The WM PEIS cases analyzed are described as follows:
¢ Case 1 (No Action). Three sites (INEL, ORR, and SRS) treat and store, all remaining sites store.
Case 2 (Decentralized). Forty-nine sites treat, and 16 sites dispose.
s Case 4 (Regionalized 1). Eleven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS) treat, and 12 sites
dispose.
e Case 7 (Regionalized 2). Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) treat, and 6 sites dispose.
e Case 15 (Regionalized 4). Four sites (Hanford, INEL, ORR, and SRS) treat, and 6 sites dispose.
s Case 17 (Centralized). One site treats (Hanford), and 1 site disposes. )
e Case 26 (Remote-handled). Four sites (Hanford, INEL, ORR, and SRS) treat and'dispose (RH). l

a-incineration refers to incineration of waste categorized as alpha-emitting.

The WM PEIS cases analyzed are described as follows:

» Case 1 (No Action). Three sites (INEL, ORR, and SRS) treat and store, all remaining sites store.

» Case 2 (Decentralized). Forty-nine sites treat, and 16 sites dispose.

» Case 4 (Regionalized 1). Eleven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP,
LLNL, Pantex, and RFETS) treat, and 12 sites dispose.

e Case 7 (Regionalized 2). Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) treat,
and 6 sites dispose.

e Case 15 (Regionalized 4). Four sites (Hanfor INEL, ORR, and SRS) treat, and 6 sites dispose.

* Case 17 (Centralized). One site treats (Hanford), and 1 site disposes.

* Case 26 (Remote-handled). Four sites (Hanford, INEL, ORR, and SRS) treat and dispose (RH). |

Tables F.6-5 through F.6-7 summarize the radiological source term parameters and frequency groups for
the accidents. Separate incineration facilities were assumed for treating alpha and nonalpha contaminated

waste. Detailed radionuclide releases and chemical source terms for accidents are provided in ANL (1996a). |
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Table F.6-6. Frequencies and Radiological Source Term Parameters for WM LLMW Non-Alpha Incineration

< Facility Accidents—Continued

o)

c _ ———

E Frequency Bin (/yr) Source Term Parameters

M

Pt WM PEIS

< Altern- 1.LOE-04to  1.0E-06 to VMAR MAR Total Release

ative® Site? Accident > 1.0E-02 1.0E-02 1.0E-04 < 1.0E-06 (m®) ((v)] DF RARF¢ LPFC (o))

4 PGDP Explosion in the rotary kiln X - - -- 1.3E-02 2.3E-01 1.2E-01 1.0E-01  1.0E-03 2.7E-06
4 PGDP Fire in the baghouse area - X - - 1.3E-02 2.3E-01 3.0E-02 1.0E-02 1.0E+00 6.9E-05
4 PGDP Earthquake followed by fire and explosion - -— X -— 1.3E-02 2.3E-01 2.0E-01 1.0E-01 1.0E+00 4.6E-03
4 Pantex Explosion in the rotary kiln X — - - 8.3E-02 3.4E-02 1.2E-01 1.0E-01 1.0E-03 4.1E-07
4 Pantex Fire in the baghouse area - X - - 8.3E-02 3.4E-02 3.0E-02 1.0E-02 1.0E+00 1.0E-05
4 Pantex Earthquake followed by fire and explosion - - X - 8.3E-02 3.4E-02 2.0E-01 1.0OE-01  1.0E+00 6.9E-04
4 PORTS Explosion in the rotary kiln X - - - 7.3E-02 4.9E-01 1.2E-01 1.0E-01  1.0E-03 5.8E-06
4 PORTS Fire in the baghouse area _— X - - 7.3E-02 4.9E-0! 3.0E-02 1.0E-02 1.0E+00 1.5E-04
4 PORTS Earthquake followed by fire and explosion - - X - 7.3E-02 4.9E-01 2.0E-01 1.0E-01 1.0E+00 9.7E-03
4 RFETS Explo: nthe kiln X - - - 6.8E-05 3.3E-07 1.2E-01 1.0E-01  1.0E-03 4.0E-12
4 RFETS Fire in ux oaghousc aica - X - - 6.8E-05 3.3E-07 3.0E-02 1.0E-02  1.0E+00 1.OE-10
4 RFETS Earthquake followed by fire and explosion - - X - 6.8E-05 3.3E-07 2.0E-01 1.0E-01  1.0E+00 6.7E-09
4 SRS Explosion in the rotary kiln X - -— - 2.5E-01 6.0E+00 1.2E-01 1.0E-01 1.0E-03 7.2E-05
4 SRS Fire in the baghouse area — X - -- 2.5E-0! 6.0E+00 3.0E-02 1.0E-02 1.0E+00 1.8E-03
4 SRS Earthquake followed by fire and explosion -— - X -— 2.5E-0! 6.0E+00 2.0E-01 1.0E-01 1.0E+00 1.2E-01
7 Hanford Explosion in the rotary kiln X -— — -— 1.6E+00 4.3E+00 1.2E-01 1.0E-01 1.0E-03 5.2E-05
7 Hanford Fire in the baghouse area - X - - 1.6E+00 4.3E+00 3.0E-02 1.0E-02 1.0E+00 1.3E-03
7 Hanford Earthquake followed by fire and explosion - -— X - 1.6E+00 4.3E4+00  2.0E-01 1.0E-01  1.0E+00 8.6E-02
7 INEL Explosion in the rotary kiin X - - — 1.3E-01 4.3E+00 1.2E-01 1.0E-0t 1.0E-03 5.1E-05
7 INEL Fire in the baghouse area -— X - - 1.3E-01 4.3E+00 3.0E-02 1.0E-02 1.0E+00 1.3E-03
7 INEL Earthquake followed by fire and explosion - - X - 1.3E-01 4.3E+00 2.0E-01 1.0E-01  1.0E+00 8.6E-02
7 LANL Explosion in the rotary kiln X - - — 8.7E-02 8.0E-02 1.2E-01 1.0E-01 1.0E-03 9.6E-07
7 LANL Fire in the baghouse area - X - - 8.7E-02 8.0E-02 3.0E-02 1.0E-02 1.0E+00 2.4E-05
7 LANL Earthquake followed by fire and explosion -= - X - 8.7E-02 8.0E-02 2.0E-01 1.0OE-01  1.0E+00 1.6E-03
7 ORR Explosion in the rotary kiln X -~ -— - 3.4E-01 2.5E+00 1.2E-01 1.0E-01  1.0E-03 3.0E-05
7 ORR Fire in the baghouse area — X - - 3.4E-01 2.5E+00 3.0E-02 1.0E-02 1.0E+00 7.4E-04
7 ORR Earthquake followed by fire and explosion - - X - 3.4E-01 2.5E+00 2.0E-01 1.0E-01 1.0E+00 4.9E-02
7 PORTS Explosion in the rotary kiln X - - — 8.2E-01 8.6E-01 1.2E-01 1.0E-01 1.0E-03 1.0E-05
7 PORTS Fire in the baghouse area — X -— - 8.2E-01 8.6E-01 3.0E-02 1.0E-02 1.0E+00 2.6E-04
7 PORTS Earthquake followed by fire and explosion - - X - 8.2E-01 8.6E-01 2.0E-01 1.0E-01  1.0E+00 1.7E-02
7 RFETS Explosion in the rotary kiln X - - - 9.0E-05 1.2E-02 1.2E-01 1.0E-01  1.0E-03 1.4E-07
7 RFETS Fire in the baghouse area - X - - 9.0E-05 1.2E-02 3.0E-02 1.0E-02 1.0E+00 3.6E-06
7 RFETS Earthquake followed by fire and explosion — - X - 9.0E-05 1.2E-02 2.0E-0! 1.0E-0!1 1.0E+00 2.4E-04
7 SRS Explosion in the rotary kiln X - — — 2.5E-01 6.0E+00 1.2E-01 1.0E-01 1.0E-03 7 2E-05

lss) 7 SRS Fire in the baghouse area - X - - 2.5E-01 6.0E+00 3.0E-02 1.0E-02 1.0E+00 1 8£E-03

-'—- 7 SRS Earthquake followed by fire and explosion - - X — 2.5E-01 6.0E+00 2.0E-01 1.0E-01 1.0E+00 1 ZE-01
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Table F.6-7. Frequencies and Radiological Source Term Parameters for WM LLMW Alpha Incineration

Facility Accidents

Frequency Bin (/yr)

Source Term Parameters

Total
WM PEIS 1.0E-04 t0  1.0E-06 to VMAR MAR Release
Alternative® Site® Accident > 1.0E-02 1.0E-02 1.0E-04 <1.0E-06 () (Ci) DF RARF® LPF¢ (Ci)

2 INEL Explosion in the rotary kiln X - - - 1.5E-01 9.3E+00 1.2E-01 1.0E-01 1.0E-03 I.1E-04

2 INEL Fire in the baghouse area - X - - 1.5E-01  9.3E+00 3.0E-02 1.0E-02 1.0E+00 2.8E-03

2 INEL Earthquake followed by fire - -— X - 1.5E-01 9.3E+00 2.0E-01 1.0E-01 1.0E+00 1.9E-01
and explosion

2 LANL Explosion in the rotary kiln X - - -— 2.9E-02 4.0E-02 1.2E-0t 1.0E-01 1.0E-03 4.8E-07

2 LANL Fire in the baghouse area - X - -— 2,9E-02 4.0E-02 3.0E-02 1.0E-02 [.0OE+00 1.2E-05

2 LANL Earthquake followed by fire - - X - 2.9E-02 4.0E-02 2.0E-01 1.0E-01 1.0E+00 8.1E-04
and explosion

2 LLNL Explosion in the rotary kiin X -— - - 2.0E-02 1.7E-02 1.2E-0! 1.0E-0! 1.0E-03 2.0E-07

2 LLNL Fire in the baghouse area - X - - 2.0E-02 1.7E-02 3.0E-02 1.0E-02 1.0E+00 5.0E-06

2 LLNL Earthquake followed by fire - - X - 2.0E-02 1.7E-02 2.0E-01 1.0E-0t 1.0E+00 3.4E-04
and explosion

2 RFETS Explosion in the kiln X - - - 1.6E-01 1.4E-02 1.2E-01 1.0E-01 1.0E-03 1.7E-07

2 RFETS Fire in the baghousc aiea - X - - 1.6E-01 1.4E-02 3.0E-02 1.0E-02 1.0E+00 4.2E-06

2 RFETS Earthquake followed by fire - - X -— 1.6E-01 1.4E-02 2.0E-0! 1.0E-01 t.OE+00 2.8E-04
and explosion

2 SRS Explosion in the rotary kiln X -— - - 2.1E-01 4.8E-01 1.2E-01 1.0E-01 1.0E-03 5.7E-06

2 SRS Fire in the baghouse area - X - - 2.1E-01 4.8E-01 3.0E-02 1.0E-02 1.0E+00 1.4E-04

2 SRS Earthquake followed by fire - - X - 2.1E-01 4.8E-01 2.0E-01 1.0E-01 {.0E+00 9.5E-03
and explosion

4 INEL Explosion in the rotary kiln X - - - 1.5E-01  9.3E+00 1.2E-01 1.0E-01 1.0E-03 1.1E-04

4 INEL Fire in the baghouse area - X - -~ 1.5E-G1 9.3E+00 3.0E-02 1.0E-02 1.0E+00 2.8E-03

4 INEL Earthquake followed by fire - - X - 1.5E-01 9.3E+00 2.0E-01 1.0E-01  1.0E+00 1.9E-01
and explosion

4 LANL Explosion in the rotary kiln X - - - 2.9E-02 4.0E-02 1.2E-01 1.0E-01 1.0E-03 4.8E-07

4 LANL Fire in the baghouse area - X -— - 2.9E-02 4.0E-02 3.0E-02 1.0E-02 1.0E+00 1.2E-05

4 LANL Earthquake followed by fire -— - X - 2.9E-02 4.0E-02 2.0E-01 1.0E-01 1.0E+00 8.1E-04
and explosion

4 LLNL Explosion in the rotary kiln X — - - 2.0E-02 1.7E-02 1.2E-01 1.0E-01 1.0E-03 2.0E-07

4 LLNL Fire in the baghouse area - X - - 2.0E-02 1.7E-02 3.0E-02 1.0E-02 1.0E+00 5.0E-06

4 LLNL Earthquake followed by fire - - X - 2.0E-02 1.7E-02 2.0E-01 1.0E-01 1.0E+00 3.4E-04
and explosion

4 RFETS Explosion in the rotary kiln X -— - -— 1.6E-01 1.4E-02 1.2E-0t 1.0E-0t 1.0E-03 1.7E-07

4 RFETS Fire in the baghouse area - X - - 1.6E-01 1.4E-02 3.0E-02 1.0E-02  1.0E+00 4.2E-06

4 RFETS Earthquake followed by fire - - X - 1.6E-01 1.4E-02 2.0E-01 1.0E-01  1.0E+00 2.8E-04
and explosion

4 SRS Incineration ash explosion X - - - 2.1E-01 4.8E-01 1.2E-01 1.0E-01 1.0E-03 5.7E~06

4 SRS Fire in the baghouse arca - X - -- 2.1E-0f 4.8E-01 3.0E-02 1.0E-62 [.0E+00 1.4E-04

4 SRS Earthquake followed by fire - - X - 2.1E-01 4.8E-01 2.0E-01 1.0E-01  1.0E+00 9.5E-03
and explosion

7 INEL Explosion in the rotary kiln X - - - 1.5E-01 9.3E+00 1.2E-01 1.0E-01 1.0E-03 1.1E-04

7 INEL Fire in the baghouse area - X - - 1.5E-01 9.3E+00 3.0E-02 1.0E-02 1.0E+00 2.8E-03

7 INEL Earthquake followed by fire - -— X - I.5E-01 9.3E+00 2.0E-01 1.0E-01 1.0E+00 1.9E~-01

and explosion
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