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ABSTRACT

A comparative generic accident analysis was performed for the programmatic alternatives
for high-level waste (HLW) management in the U.S. Department of Energy
Environmental Restoration and Waste Management Programmatic Environmental Impact
Statement (EM PEIS). The key facilities and operations of the five major HLW
management phases were considered: current storage, retrieval, pretreatment, treatment,
and interim canister storage. A spectrum of accidents covering the risk-dominant
accidents was analyzed. Preliminary results are presented for HLW management at the
Hanford site. A comparison of these results with those previously advanced shows fair
agreement.

INTRODUCTION

The Environmental Restoration and Waste Management (EM) Program within the
U.S. Department of Energy (DOE) includes the treatment, storage, and disposal (TSD) of
high-level waste (HLW) generated in DOE facilities. This waste results from the
processing of irradiated fuel and uranium targets to recover special nuclear materials for
use in nuclear weapons and other national defense activities. High-level waste of this
type has been generated and stored at the Hanford site in Washington, the Idaho
National Engineering Laboratory (INEL), the Savannah River site (SRS) in South
Carolina, and the West Valley Demonstration Project (WVDP) in New York.

As of the end of 1990, approximately 398,000 m3 of HLW is currently stored at the four
sites. This material contains about 1.05 x 109 curies (Ci) of radionuclides and hazardous
components subject to regulation under the Resource Conservation and Recovery Act
(RCRA). The stored waste does not meet disposal requirements without further
treatment. Consequently, DOE is developing treatment facilities to vitrify or solidify
HLW into borosilicate glass at Hanford, Savannah River, and West Valley. Th; DOE also
plans to develop treatment facilities for the liquid and calcinated HLW at INEL. The
immobilized HLW will then be placed in special sealed canisters in preparation for
permanent disposal.

Under the Nuclear Waste Policy Act, as amended, the current DOE program is required to
dispose of treated HLW in a national geologic repository. Until a national geologic
repository is available, interim storage capacity will be required for the immobilized HLW
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canisters. The smallest number of canisters containing vitrified HLW (approximately 300
canisters) is projected to be produced at West Valley. The Hanford, SRS, and INEL sites
are expected to produce more than 2,000 canisters each. The canisters could be stored at
the four sites where they were produced and where the HLW was generated and treated
(the decentralized approach), or they could be consolidated at one or more storage sites.

The HLW alternatives considered in preparing the EM PEIS are as follows:

• No-Action (existing and approved) Alternative

- Continue storage of HLW at WVDP, SRS, Hanford, and INEL.
- Continue the program to treat (immobilize or solidify) HLW at

WVDP, SRS, and double-shell tank HLW at Hanford.
- Provide interim on-site storage of treated HLW at WVDP and

interim on-site storage of limited quantities of treated HLW at SRS
and Hanford (that is, the approved storage capacity for treated
HLW at Hanford and SRS is inadequate for the entire quantity of
treated HLW that would be produced), pending disposal in a
geologic repository.

• Alternative 1 (current program and decentralization)

- Continue no action.
- Develop treatment and processing technologies for HLW at INEL

and single-shell tank HLW at Hanford.
- Provide interim on-site storage at each site for all treated HLW

pending disposal in a geologic repository.
- Prepare treated HLW for shipment to geologic repository for

disposal.

• Alternative 2 (regionalization)

- Same as Alternative 1, except provide interim storage facilities for
d HLW at two or three sites.

• Alternative 3 (centralization)

- Same as Alternative 1, except provide interim storage facilities for
treated HLW at one site.

In considering these alternatives, DOE will first perform a screening analysis to
determine whether consolidating storage of tieated HLW under the regionalized and
centralized alternatives is reasonable. The various HLW facilities house a broad variety
of processes, a number of which contain radiological hazards with the potential for on-site
and off-site consequences in the event of a major aeddent. As part of the screening
analysis, a comparative accident analysis will be performed for the various alternatives.

The general approach being implemented in the EM PEIS accident analysis consists of
using a set of generic accident initiators and functional event trees and applying them to
all sites, processes, and waste types, and determining for each case a specific set of



frequencies and conditional probabilities for the event tree sequences. On reviewing
appropriate safety documentation, accident scenarios are then identified and evaluated for
the different waste management processes and operations.

EVALUATION OF ACCIDENT CONSEQUENCES

Although HLW contains various hazardous components, the primary emphasis in
assessing accident risk for HLW management is on radiological hazards. The radiation
dose to the maximally exposed individual located at the site boundary was calculated for
each accident sequence. The database model used to calculate the dose does so on the
basis of determination of the source term, calculation of the radionuclide transport
through the atmosphere, and calculation of the off-site dose.

The source term is the amount of radioactive material that is released to the immediate
environment and could be the material-at-risk (MAR), that is, the total amount of
radioactive material in current storage or involved in a given TSD process exposed to the
accident stress. The database model uses a simple four-factor formula to estimate the
source term for a given accident:

[Source Term (Ci)] = [MAR (Ci)] x [Damage Ratio (DR)] x
[Respirable Airborne Release Fraction (RARF) x
[Leak Path Factor (LPF)] (Eq. 1)

The DR is the fraction of the MAR with the potential to be rendered airborne and is a
function of the accident scenario. The RARF is the fraction of the total available
radioactive material that is released and rendered airborne from primary confinement in
a readily dispersible form. Preliminary RARF values were based on data from two
sources (1, 2). The LPF accounts for the reduction of the amount of airborne material due
to containment, high-efficiency particulate air (HEPA) filtration, deposition, etc. For the
preliminary calculations shown here, facility-specific LPF values were used when
available; conservative default values assuming an efficiency of 99% for each HEPA filter
bank were assumed when information was lacking. For purposes of conservatism, the
reduction of radioactivity due to deposition during airborne transport through the facility
was excluded. Unit-risk factors provided by Oak Ridge National Laboratory were used to
determine the radionuclide transport through the atmosphere and the off-site dose
evaluation.

DEVELOPMENT OF GENERIC ACCIDENT SEQUENCES

Accidents can originate from natural phenomena, man-made events, ani operations.
Natural events assumed to have the potential to impact operations include earthquakes,
extreme winds/tornadoes, and volcanoes (for INEL and Hanford). Man-made events
include utility malfunctions and airplane and helicopter crashes external to the facility.
Process accidents can be initiated by criticality, explosions, uncontrolled reactions, fires,
and various liquid releases. Accidents with the potential to produce significant off-site
consequences were identified by examining available safety documentation. Incredible
events such as a meteorite falling on a facility were disregarded because of their low
probability.



Frequencies for events that can result in releases of radioactive materials were estimated
by using event trees. An event tree is a chain of events consisting of an initiating event
(e.g., an airplane crash) and various intermediate events. The probability of a given
sequence is determined by combining the estimate of the probability of the initiating
event with the conditional probabilities of the various sequences. Event trees assure that
a sufficiently broad spectrum of accidents has been considered, thus allowing for proper
comparison of waste management alternatives. Examples of intermediate events include
loss of filtration, breach of the facility containment, fire/chemical reaction, explosion/rapid
pressurization, and breach of the primary containment (e.g., vessel rupture as a result of
an earthquake). An example of a generic event tree is given in a companion paper (3).

Estimates of the various accident frequencies and conditional (contingent) probabilities
were based on available site safety documentation for the various HLW facilities, data for
similar facility designs for facilities for which safety documentation is not available,
and/or generic values based on engineering judgments. Industrial accident initiators for a
given facility were assumed to occur at a frequency reflected in the facility's National
Environmental Policy Act (NEPA) documentation and safety analysis reports. External
accident initiators were assumed to occur with a frequency and magnitude consistent with
exceeding the facility design basis, as defined by DOE Order 6430.1A (4), DOE Standard
1020-92 (5), and DOE Order 5480.28 (6). The frequency and magnitude of the various
accident initiators were made to agree with the ensuing branch probabilities in the
accident event tree (e.g., it was assured that an earthquake with a 0.99 probability of
disabling containment systems was postulated at a magnitude and initiating frequency
consistent with the outcome).

The criteria for selecting credible natural phenomena initiators were based on the design
and evaluation guidelines of UCRL-15910 (7), depending on the usage category of a given
facility. For a high hazard (Category 1) facility with a performance goal of 1 x 10*5 per yr,
the design basis earthquake has a frequency of exceedance of 2 x 10~* per year, and the
design straight wind and tornado have exceedance frequencies of 1 x 10*4 and 2 x 10*5 per
year, respectively. Floods were not addressed unless a site-specific issue arose; however,
volcanism and ashfall were included at INEL and Hanford, respectively. Use of the
UCRL-15910 data is expected to produce a conservative estimate of natural phenomena
hazards.

PRELIMINARY RESULTS FOR HLW MANAGEMENT AT HANFORD

The five major HLW management phases considered in the accident analysis include
current storage, retrieval, pretreatment, treatment, and interim canister storage. Current
storage is primarily by underground tanks of various capacities. The strontium and
cesium capsules currently stored at Hanford were not considered because of the integrity
and double encapsulation of the capsules and the stability of the waste form. The
dominant contributors to risk in underground tank storage include seismically induced
tank dome collapse, tank failure due to hydrogen deflagration/detonation, airborne release
due to exothermic reaction of ferrocyanides and/or organics, and tank leakage due to
corrosion (8, 9). Although a potential for localized concentrations of plutonium exists in
some tanks, nuclear criticality was not addressed. The accident analysis differentiated
between waste contained within double-shell tanks and single-shell tanks at Hanford
because of the different physical forms and radionuclide inventory.



Prior to vitrification, the HLW in tank storage will be hydraulically transferred to a
pretreatment facility by a mixer and transfer pump system. Industrial accidents rather
than natural phenomena are important in this phase. Although the transfer operations
are also susceptible to major accidents such as earthquakes and aircraft impacts, these
accidents are likely to affect the storage tanks as well, where the inventories are much
higher than the amounts being transferred. Therefore, only industrial accidents were
considered for the retrieval phase. These included gas formation, overpressurization,
chemical changes, and transfer line and pump leakage (10,11).

High-level waste will be pretreated and partitioned into low- and high-level radioactive
fractions to reduce the amount of waste requiring immobilization in glass. Depending on
their characteristics, these wastes will undergo pretreatment by sludge washing, cesium
separation, solids dissolution, transuranic separation, and/or organic destruction. The
design for the Hanford pretreatment facility has not been completed and safety
documentation for similar facility designs within the DOE complex were used to
determine a spectrum of dominant accident scenarios. Industrial initiators include self-
heating of ion-exchange resin resulting in fire or explosion, pressurized releases due to
pipe ruptures, solvent fires, and hydrogen explosion in waste holdup tanks (10,11,12,
13). Nuclear criticality was assumed impossible because of the low concentration of
fissionable material in the feed to the pretreatment facility and the absence of a
mechanism for accumulating a critical mass. External initiators (such as large
commercial jet transport impact) and severe natural phenomena were also included in the
initial accident spectrum for this phase.

The pretreated wastes will be blended with frit and subsequently transferred to the
vitrification melter in the Hanford Waste Vitrification Plant (HWVP). High-level waste is
dissolved in molten borosilicate glass and poured into stainless steel canisters. A full
range of accident initiators was assumed, including industrial initiators and natural
phenomena. Process upsets included a molten glass spill and a steam explosion in the
glass melter (14). The risk of treatment was determined to be minimal in comparison
with current tank storage largely because radioactive materials are handled behind the
massive walls of the canyons, and very few mechanisms exist to allow these materials to
escape the confinement barriers. Risk during treatment is dominated by natural
phenomena-induced events such as earthquakes, even though the initiating frequency is
low in comparison with process-related occurrences.

The sealed canisters from the HWVP will be transferred to the Canister Storage Building
for interim storage and await transfer to a geologic repository. The borosilicate glass
within the canister is highly radioactive but is chemically and physically more stable than
radioactive liquid, and, as such, fewer accidents would be capable of producing significant
airborne releases. Generally, the canister would not be subject to significant damage once
within the storage building. Canister breach due to impact by an external heavy object
and a handling mishap such as a drop into the vault tube during transfer were assumed
to be the most likely scenarios (15). A major destructive fire was assumed to be irrelevant
in the glass canister storage facility because of the lack of fuel sources near vital facility
components. Similarly, natural phenomena were not considered to lead to a potential
major release because of the high integrity of the canisters.

Preliminary results of estimated frequency and consequences for the accidents analyzed
indicate that the risk to the public is dominated by industrial accidents involving



flammable gas deflagration/explosion and overpressurization; fire and explosion for
current storage and pretreatment, respectively; and natural phenomena challenges (i.e.,
seismic) challenges to the treatment facility. Generally, the off-site dose is either less
than 100 mrem, or else the probability of occurrence is less than 1 x 10'7/yr for the
majority of the accident scenarios. Table I summarizes the dominant contributors to risk
for the facilities considered for HLW management at the Hanford site and compares these
contributors with those in the literature. The two sets of values agree reasonably well;
differences are primarily attributable to the release fractions used in this study and the
application of generic accident sequences for analysis of existing facilities. Further
refinement is expected upon development of release fractions that take into account the
physical and chemical form of the MAR and the accident stress.

CONCLUSION

The methodology presented here provides an efficient and flexible means of systematically
assessing the dominant contributors to risk at key facilities. The database model will be
used for the purpose of evaluating different alternatives in the EM PEES on a relative
basis. A spectrum of accidents covering the risk-dominant accidents was analyzed.
Preliminary results have been calculated for HLW management at the Hanford site. A
comparison of these results with those in the literature shows fair agreement.
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TABLE I Comparison of Dominant Contributors to Risk for Facilities Considered for HLW Management
at Hanford (Off-Site Maximally Exposed Individual)

Facility

Storage tanks

Retrieval

Pretreatment

Treatment

Canister storage

Surrogate Initiating Event
for Scenario

Flammable gas formation with
deflagration and explosion

Transfer pipe failure

Cesium ion-exchange fire and
explosion

Earthquake, rupture of waste
holdup tanks plus molten
glass spill

Canister failure after drop
with loss of filtration

ANL Study

Probability
(1/yr)

1.2 E-3

5E-5

1E-2

4E-4

7.6E4

Off-Site Dow.-
(rem)

10

2 E-3

1.8E-2

4.9 E-3

1.8 E-6

Literature

Off-Site
Dose (rent)

7.4 to 15

6E-2

1.3 E-2

1.2 E-3

•

No data available.


