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ABSTRACT 

A preliminary probabilistic risk assessment 
was performed for the prospective Yucca 
Mountain conceptual design repository. A neu 
methodology to quantify radioactive scarce 
terms was developed and applied in the 
analysis. The study identified 42 event trees 
comprising 278 accident scenarios. The 
maximum offsite dose evaluated in this study 
Is about 1,000 mrera. For the majority of the 
accident scenarios, either the offsite dose is 
less than 100 mrem or the probability of 
occurrence is less than 1 x lQ~ 9/yr. Only 
11 accident scenarios vith a dose larger than 
100 mrem and an associated probability greater 
than 1 x l0~9/yr were identified. A more 
detailed follow-on analysis for seismic events 
of various severity was also performed, and 
similar results were obtair;-.--!. Therefore, 
based on the results of this analysis, no 
significant risk to the general public was 
identified during the preclosure period for 
the conceptual repository design. 

I. INTRODUCTION 

This paper describes a radiological 
safety evaluation^"2*3 of the prospective 
Yucca Mountain repository using the 
probabilistic risk assessment (PRA) approach. 
The Yucca Mountain repository conceptual 
design 3 developed for the Site Character
ization Plan is used as the reference design. 
The analysis is limited to the preclvsure 
surface and subsurface operations associated 
with the receipt, handling, processing, 
storage, and emplacement of commercial spent 
fuel and defense high-level waste (DHLW). 
Preclosure operations associated with 
performance confirmation* critical!ty, 

retrievability, and repository closure are not 
included in this study. 

The present analysis is both 
site-specific and design-specific, and is 
commensurate vith the level of design 
details. The study consists of the following 
three major parts: 

o Develop Accident Scenarios -
identify and develop accident 
scenarios that c uld potentially 
lead to significant releases of 
radioactive materials 

o Estimate Probabilities of Occurrence 
- estimate and evaluate the 
probability of occurrence of each 
identified accident scenario 

o Evaluate Offsitc Doses - calculate 
the radiological tf-ase received by a 
maximally exposed individual at the 
site boundary as a result of 
accident scenarios 

This study illustrates the processes and 
analytical methods employed in a PRA for a 
first-of-a-kind geologic repository. It is 
not intended to be a comprehensive treatment 
of all events.- As the design evolvss, the 
safety analysis will be updated and continued. 

II. MAJOR WASTE OPERATIONS PERFORMED IN THE 
REPOSITORY 

Work performed under the auspices of the U.S. 
Department of Energy by Lawrence LivermDre 
National Laboratory under Contract 
W-7405-ENG-48. 

The major waste operations performed in 
the prospective Yucca Mountain repository are 
based on the conceptual design 3 developed 
for the Site Characterization Plan and are 
briefly outlined below. 

The spent ifuel assembly and DHLW are 
shipped to the repository in a shipping cask 
by truck or railcar. The shipping cask Is 
received and inspected at the outside yard and 
then brought to the waste handling building. 



Inside the waste-handling building, shown 
in Figur* 1, »n av*rh«ad or»ni transfers tha 
shipping cask from the track or railcar to s 
cask transfer car located 25 ft below the 
grade level, where the outer cover of the cask 
Is removed and the inner cover is unbolted. 
The unbolted cask is moved through a cask 
transfer tunnel and mated with the hatch of an 
unletding hot cell. 

The spent fuel assembly is lifted by a 
crane and placed in a transfer/storage cart 
inside the unloading hot cell. The cart is 
then moved through a fuel transfer tunnel to a 
place beneath the hatch of a consolidation hot 
cell. A crane transfers the spent fuel 
assembly in the storage/transfer ".art to a 
consolidation machine, where the spent fuel 
assembly is consolidated. The consolidated 
fuel rods are collected in an open container 
in the packaging hot cell. The container is 
subsequently welded, inspected, and trans
ferred to the surface storage vault via a 
container transfer tunnel. 

Defective spent fuel assemblies or DHLW 
canisters are placed in a container in the 
unloading hot cell. The container is 
subsequently welded, inspected, loaded on a 
transfer/storage cart, and transferred to the 
surface storage vault for interim storage. 

The underground facility, shown in 
Figure Z, is located below the surface of the 
Yucca Mountain. An underground waste 
transporter with a shield cask transports the 
waste container from the surface storage vault 
to the underground emplacement area via a 
ramp. Finally, the waste container is placed 
in a vertical borehole in the floor of each 
emplacement drift for permanent disposal. 

III. DEVELOPMENT OF ACCIDENT SCENARIOS 

The development of the accident scenarios 
consists of the following four steps: (1) 
divide the repository into compartment areas; 
(2) identify and screen internal initiating 
events; (3) identify and screen external 
Initiating events; and (4) construct event 
trees. These four steps are briefly described 
below. 

A. Divide the Repository into 
Compartment Areas 

To facilitate the development of accident 
scenarios involving high-level waste, the 
repository was divided into compartment 
areas. The compartment areas were defined 
using factors such as waste form physical 
characteristics, types of confinement 
barriers, waste operations, facility layout, 
etc. For example, the surface facility 

associated with waste operations was divided 
Into sight compartment *<-•«• vhich Includ* 
various inspections and preparation areas, 
various hot cells, various transfer tunnels, 
and the surface storage vault. The under
ground facility associated with waste 
operations was divided into eight compartment 
areas which include the waste ramp, various 
drifts for access, and the emplacement drifts. 

B. Identify and Screen Internal 
Initiating Events 

Once the compartment areas had been 
established, a standardized accident scenario 
form was distributed to a panel of experienced 
designers. The members of the panel were 
asked to identify accident events that could 
cause significant radiological releases. 
These survey forms were collected and compiled 
by the safety analysis team, and a comprehen
sive list of internal initiating events was 
obtained. These initiating events included 
crane load drop accidents, collision accidents 
involving shipping casks and underground waste 
transporters, failure of containers or consol
idation machines, and underground drift 
collapse. The comprehensive list was then 
used to select a bounding case for detailed 
analysis for each compartment area. At 
present, the design of the waste-handling 
building has not been developed in sufficient 
detail to enable one to analyze the internal 
fire hazard. 

C. Identify and Screen External 
Initiating Events 

A comprehensive list of external events 
was compiled by the safety analysis team which 
drew upon previous surveys of safety analyses 
for nuclear facilities. This comprehensive 
list, given in Reference 3, was reviewed to 
eliminate those events that are not applicable 
to the preclosure period, or that are 
incredible for the Yucca Mountain site, or 
that vauld contribute insignificantly to a 
radiological release. A seismic event was 
then selected for detailed analysis. Other 
external events, such as flood, extreme wind, 
loss of offsite power, and sandstorm, were 
estimated to result in no significant 
radiological releases, but these initial 
estimates need to be assessed further. 
Scenarios initiated by military activities are 
beyond the scope of this preliminary study. 

D. Construct Event Trees 

Event trees were used to develop accident 
scenarios for each selected initiating event. 
An event tree consists of an initiating event 
and various intermediate events. 
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FIGURE 2 SCHEMATICAL LAYOUT OF UNDERGROUND FACILITY 
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FIGURE 3 EVENT TREE FOR A CRANE DROPPIMG A CONTAINER WITH 
COMSOLIDATED FUEL RODS IN THE PACKAGING HOT CELL 

A. Radionuclide Inventory 

In the present study, the radionuclide 
inventory of a spent fuel assembly available 
for release during an accident is baaed on the 
data from Roddy et al. 4 The spent fuel 
assembly is assumed to be a 10-yr-old PWR 
assembly with a burnup of 33 GWd/HTU, a U-235 
enric: f.ir of 3.2 wt%, and a uranium loading 
of 0.4b KTU. The radionuclide inventory of a 
DHLH canister is based on the data from 
Baxter.5 

B. Radionuclide Releases 

No regulatory guidance exists regarding 
radionuclide releases for repository accidents 
involving a spent fuel assembly or a DHLW 
canister. Therefore, as part of this Study. « 
new approach to estimate the release source 
term was developed. 

During a typical spent fuel accident, 
three types of radioactive releases nay 
occur; Kr-85 releases, Cs releases, and 
releases of respirable-size particles 
(diameters less than 10 urn) of fractured 
fuel. These releases arc the most significant 
contributors to the accident offsice dose. 
The release mechanisms of these airborne 
radionuclides are briefly summarized below. 

1. Kr-85 Releases. This study 
assumed that 30% of the Kr-85 inventory in a 
fuel rod will be released if the rod is 
breached. This release fraction of 30K 
follows the assumptions adopted by NRC for 
evaluating the radiological consequences of a 
fuel-handling accident.6 

2. Cs Releases. Lorenz et al. 7' a 

showed that Jn a severe temperature 
environment (about 900'C to 1,200'C), about 
0.028'/. of the total Cs inventory vlll be 
released from a breached fuel rod (burst 
rtlease). In addition, if the breached fuel 
rod is continuously subjected to a high 
temperature, diffusion of Cs from the fuel 
matrix will result in an additional release of 

about 0.041* of the total Cs inventory in a 
period of 1 jr (diffusion release). In the 
initial safety analyses,1r2»3 t n e above 
burst release of Cs was very conservatively 
applied even to B fuel rod breached at a much 
lower temperature <about 100*C to 400*C). For 
the purpose of this paper, the above burst and 
diffusion release fractions of Cs were applied 
to fire scenarios involving collisions of 
trucks, ralicars, or underground waste 
transporters. However, Cs releases as gap 
activity from a breached fuel rod in a room 
temperature environment (such as a crane load 
drop accident or a vehicle collision accident 
without a subsequent fire} were considered to 
be zero. As a result, the offsite doses 
reported in this paper will generally be 
somewhat smaller than those reported in 
References 1, 2, and 3. 

3. Airborne Particle Releases. 
Spent fuel or HLW accidents involving large 
mechanical impacts may cause fuel or HLW 
fracture'and the release of airborne 
particles. The fracture of unirradiated fuel 
pellets or simulated HLW glass was studied by 
Jardlne et *1. 9» 1 0 Based on these studies, 
the respirable fraction of a HLW glass 
specimen resulting from a mechanical Impact is 
approximately linearly proportional to the 
impact energy density according to the 
expression 

PULF - 10- A E/V 
where PULF is the mass fraction of HLW glass 
particles that is respirable; E is the impact 
energy absorbed by the material (in units of 
Joules); and V is the volume of HLW glass (in 
units of en 3). The above relation is 
assumed in this study to be valid for 
irradiated fuel pellets. 

It was shown in the above studies',10 
that the resulting sizes of fractured 
particles followed a lognormal distribution. 
A summary of Che lognormal parameters - D„, 
the geometric mean diameter, and s g t the 



Intermediate events for accident sce
narios initiated by internal events include 
breach of the primary confinement barriers 
(e.g., fuel cladding, DHLW canister, 
container, shield ca.sk, and shipping cask), 
loss of normal and/or standby high-
efficiency particulate air (HEPA) filter 
systems, and vehicle fire subsequent to 
collision accidents. As an example, the event 
tree for a crane dropping an unsealed 
container with consolidated fuel rods in the 
packaging hot cell ia shown in Figure 3. 

Intermediate events for accident sce
narios initiated by an earthquake include 
falling structural objects, falling overhead 
cranes, crane load drops, collisions Involving 
the shipping cask and the underground waste 
transporter, and the events mentioned above 
for the internal-initiated accident scenarios. 

The above design-specific considerations 
were used to develop 28 internal event trees 
comprising 152 scenarios and 14 external 
seismic event trees comprising 126 scenarios. 
These accident scenarios are representative of 
those possible in a repository facility that 
are expected to result in bounding values for 
offsite radiological releases. As the design 
of the facility continues, the detailed 
features of the accident scenarios vill be 
refined, but the results are not expected to 
change significantly. Therefore, the 278 
accident scenarios identified constitute a 
basis for developing a design for the 
repository that will ensure the protection of 
the health and safety of the public during 
preclosure operation. 

IV. ESTIMATE OF PROBABILITIES OF OCCURRENCE 

The probabilities of occurrence of 
initiating events and intermediate events were 
based on (1) searches for previously published 
applicable data and (2) the engineering 
judgment of a panel of experienced facility 
designers when applicable data were not 
available. Four categories were used to 
classify the engineering judgment: 
anticipated, unlikely, very unlikely, and 
incredible. 

In this study, an anticipated event is 
one that occurs once a year to once every 
10 yr; an unlikely event is one that may occur 
any time between once every 10 yr and once in 
the facility lifetime (i.e., 84 yr)j a very 
unlikely event is one that will orobably not 
occur in the lifetime of the facility, but 
whose occurrence cannot he disregarded and 
that must be treated explicitly in the 
facility design bases; and an incredible event 
(such as a meteorite falling on the facility) 
is one whose probability is so low that it is 
assumed not to occur and therefore does not 
need to be considered in the design or 

analyzed in any great detail. Each member of 
the panel was asked to place each accident 
event in one of these four categories. After 
the survey had been completed, each category 
w&s assigned a numerical value, namely, 
10-Vyr, 10-2/yr, 10"Vyr, and 10"6/yr 
for the anticipated, unlikely, very unlikely, 
and incredible event, respectively. 

Conservative values were frequently 
assumed in estimating these probabilities. 
For example, the probability of & cladding 
breach of a bare fuel assembly caused by a 
drop impact was assumed tc be 1. The prob
ability of the loss of an HVAC system due to 
an earthquake was estimated by assuming that 
the HVAC system was designed for Uniform 
Building Code (UBC) standards and not Seismic 
Category I standards. Likewise, ths prob
ability of an overhekd crane falling in a 
design basis earthquake was estimated by 
assuming that the crane vas designed without 
devices to mitigate such seismic failures. 
However, such design practices would not be 
followed in the actual design of nuclear 
facilities* A3 an example, the probabilities 
of occurrence for Che crane drop accident 
scenarios in the packaging hot cell are shown 
in Figure 3. 

Because of the lack of data and detailed 
design information, fault tree analyses were 
not used to determine the failure frequencies 
of either initiating or intermediate -events. 
As more data and detailed design Information 
become available, fault tree analyses can be 
performed. 

The probabilities of occurrence of the 
278 accident scenarios were summarized in the 
28 internal event trees and 14 external 
seismic event trees. The results indicated 
that the probability is very low for any 
accident scenario that may result in a 
significant offsite dose. This is discussed 
below. 

V. EVALUATION OF OFFSITE DOSES 

For each accident scenario, the radiation 
dose to a maximally exposed individual located 
at the site boundary was calculated. The 
model used to calculate the dose has five 
parts: radionuclide inventory, radionuclide 
releases, radionuclide transport in the 
facility, radionuclide transport through the 
atmosphere, and offsite dose evaluation. A 
sequence of submodels was developed to 
describe and evaluate numerous physical and 
chemical phenomena involved in each part. The 
five parts of the dose modal are briefly 
summarized below. 

http://ca.sk


geometry standard deviation - for seven 
samples is given In References 9 and 10. 
Similar lognormal size distributions are also 
assumed for the irradiated U0 2 and DHLW 
glass considered in this study. 

Typical accidents that may lead to 
significant radiological releases include 
crane drop accidents and various vehicle 
collisions. In this study, a mechanical 
impact equivalent to a 35 ft drop (or a 
collision speed af 32 raph> was generally 
applied to all accidents for the purpose of 
evaluating fuel pellet or 01ILW glass fracture. 

Only a fraction of the mechanical impact 
energy is actually absorbed by the fuel 
pellet. The rest is absorbed by the end 
fittings and other assembly hardware. An 
energy partition factor (EPF) was therefore 
introduced in the study to represent the 
fraction of impact energy absorbed by the fuel 
pellet under various conditions. In this 
study, the EPF was assumed to be 0.2 for a 
fuel assembly and 1.0 for a HLtf glass canister 
or a consolidated fuel rod. 

The U0 2 spent fuel and DHLW glass are 
proposed to be surrounded by multiple metallic 
confinement barriers such as cladding, 
(in some scenarios) canisters, containers, and 
(in some scenarios) shielded casks. Gross 
failure of these confinement barriers 
resulting in the release of all of the 
fracture particles less than 10 urn is not 
realistic. It is assumed that some cracks 
(but not gross brittle fracture failures) will 
be formed in the metallic confinement 
components, so that most of the respirable 
particles are retained. In this study, 10% of 
the particles less than 10 um were assumed 
to escape from each metallic confinement 
barrier. This escape factor of 0.1 was 
applied as many times as there were redundant 
metallic confinement barriers. For example, 
if spent fuel assemblies were in sealed 
containers in the underground shielded 
transporter cask, the airborne particulate 
mass fraction source term v&s reduced by a 
factor of (0.1 x 0.1 x 0.1). 

The above methods were used to quantify 
the fractured spent fuel and DHLW glass 
particles. Further study is needed to 
demonstrate conclusively that the approach 
discussed above is technically sound and to 
resolve and quantify issues such as 
Irradiation effects on UOj spent fuel 
pellets and the zircalloy cladding, and che 
actual lespoiises of relatively ductile 
canisters and massive shielding casks. 

C. Radionuclide Transport in the 
Facility 

Airborne radioactivity released Into the 
waste-handling building or into the 

underground facility nay leak out into the 
atmosphere or may be filtered prior to 
discharge. This study accounted for the 
reduction in particle releases due to the 
filtration system, but neglected the effects 
of plateout and deposition of particles in the 
facility. Each filtration system is equipped 
with two HEPA filters in series. Therefore, 
an average decontamination factor, DF, of 
10"4 was used for the airborne fuel 
particles released from areas equipped with 
filtration systems that function properly. 
Note that DF •= 1 for gaseous radionuclides and 
for scenarios in which filtration fails. 

Other aspects of radionuclide transport 
within the building/facility were studied 
elsewhere,1^ and future studies must address 
this subject. This is especially important 
for underground accident scenarios, because 
airborne particle deposition in underground 
drifts and shafts may be significant. 

D. Radionuclide Transport through the 
Atmosphere 

Airborne radionuclides released from 
surface and/or underground facilities will be 
diluted as the radionuclides are dispersed 
through the atmosphere. The airborne 
particles will also be removed from the 
airstream as they are deposited on the 
ground- These dilution and deposition 
mechanisms contribute significantly to the 
reduction of radiation doses at the site 
boundary. 

Atmospheric dispersion, fhich represents 
the effect of dilution, was evaluated by the 
Gaussian plume model. The atmospheric 
dispersion factor, X/Q, vas evaluated 
assuming a distance of 5 km to the site 
boundary, a wind speed of 1 m/sec, and an F 
stability class. These parameters were chosen 
on the basis of HRC Regulatory Guide 1.25.6 

The value of X/Q was calculated to be 
6.4 x 10"*5 sec/m3. 

Airborne particles transported through 
the atmosphere may be deposited on the ground 
by gravitational settling, eddy diffusion, and 
other mechanisms. (In this studyr wet deposi
tion was neglected owing to the Infrequent 
precipitation at the site.) This study 
included a dry deposition factor (SEP) to 
represent the fraction of released particles 
that remair airborne during transport to the 
site boundary. (The remaining particles ere 
deposited on the ground and do not contribute 
to offsite doses.) 

The dry deposition factor depends on the 
wind speed, atmospheric stability CIASB, 
release height, ground surface roughness 
height, particle density, particle diameter, 
and downwind distance (to the site boundary). 
The results indicated that about 95% of the 



airborne fuel particles will deposit on the 
ground, and only 5K will reach the site 
boundary. A more detailed evaluation of the 
dry deposition is given in Ms et al.H 

£. Offalte Dose Evaluation 

After a postulated release of radioactive 
material tivm the repository, an individual 
could be subjected to Internal exposure by 
inhaling radioactive material in the passing 
plume and external exposure from immersion in 
the plume. Since calculations in this study 
indicated that the inhalation doses are much 
larger than the immersion doses, only the 
former are discussed here. 

The general equations used to calculate 
the inhalation doses during an accident are 
the same as those in NRC Regulatory Guide 
1.1U9.^2 For this study, the adult dose 
conversion factors (DCFs) are used. In 
addition, all DCFs used in this study reflect 
SO yr dese commitments because some inhaled 
radioactive material may remain in the body 
for considerable periods following intake. 

Based on the above dose model, the dose 
to a maximally exposed individual at the site 
boundary was caiculated for $2 event trees. 
The organs receiving the largest doses are the 
lungs (for Kr-85 releases) and the bones (for 
Cs and spent fuel particles with Pu, Am, Cm, 
and 5r as major contributors). The results 
Indicated that no offsice dose exceeds 
1,000 tnrem. As an example, the doses for the 
crane drop accident in the packaging hot cell 
are given in Figure 3. 

VI. RESULTS 

For cfc.3 najarlty of the accident 
scenarios, either the offsite dose is less 
than 100 area; or the probability of occurrence 
is less than 1 x 10~Vyr. Only 11 accident 
scenarios with a dose larger than 100 rarem and 
an associated probability greater than 
1 x 10"9/yr were Identified. These 11 
accident scenarios are summarized in Table 1. 

The maximum offsite dose identified in 
this study is about 1,000 mrem for a crane 
drop accident in the packaging hot cell. 
However, the probability associated with this 
scenario Is either about 10~Vyr if it is 
initiated by an internal event or about 
10~°/yr If it is Initiated by a seismic 
event. Probabilities as low as these suggest 
that this scenario is incredible or at least 
very unlikely to occur. Several scenarios 
were found to occur more frequently during 
preclosure operations. These scenarios 
include the malfunction of fuel consolidation 
machines or an overload crane drop accident in 
various hot cells, resulting In a release of 
airborne radioactive materials while the HVAC 
system remains in operation. The resulting 

offsite doses, however, are very small (about 
1 mrem). Should the HVAC system also fall at 
the same time, the doses will increase, as 
discussed above. However, the probability 
that hath events occur is extremely low. 

VII. DETAILED EVALUATION OF SEISMIC EVENTS 

After the above safety analyses had been 
completed, a study was performed to determine 
the costs and benefits of designing the 
waste-handling building (WHB) at the 
repository for seismic eventB of varying 
severity.*3 A part of that study was to 
evaluate the offsite dose resulting from 
various damage states of the building 
structure due to an earthquake. The results 
are described below. 

For the purpose of this study, four 
structural damage states were specified for 
the WHB: light, moderate, heavy, and total. 
These damage states vere characterized by the 
size and the number of concrete pieces 
spalling from the walls and the cracking of 
the walls. The spalling concrete pieces may 
hit the spent fuel assemblies and cause 
radiological releases. In this study, it was 
assumed that a total of 2SS PWR Assemblies are 
stored in 8 transfer/storage carts in the 
unloading hot cell; these 288 PWR assemblies 
represent the total radionuclide inventory 
that is available for release in the HUB 
during an earthquake. 

The radiological releases, radionuclide 
transport, and offsite doses were evaluated 
following the methodology described above. 
Table 2 gives the assumed size and number of 
concrete pieces spalling from the walls of the 
unloading hot cell that hit the fuel 
assemblies for the four damage states 
(additional detail can be found in Reference 
13). The average dropping height and the 
calculated Impact energy, E, of the concrete 
pieces are also listed in Table 2. 

To evaluate the releases, tt was assumed 
that 50% of the spalling concrete will hit the 
top of the fuel assembly and the remaining 50X 
will hit the side of the fuel assembly, 
flecauoe a PWR assembly is protected by the end 
fitting and spring on the top but basically 
has no protection at the sides, the severity 
of damage to a fuel assembly by a piece of 
concrete depends on whether the concrete hits 
the top or the side. 

To evaluate the release of Kr-85, the 
number of breached assemblies must first be 
determined. It V A B assumed that if a PWR 
assembly is hit by a piece of concrete, a 
fraction of the fuel rods of this assembly 
will breach, The assumed breach fractions for 
a top hit and for a side hit are summarized, 
respectively, in the 10th and 11th columns of 
Table 2. The number of breached assemblies, 



TABLE 1 SUMMARY OF SCENARIOS WITH OFFSITE DOSE LARGER THAH 100 HREM 
AMD PROBABILITY OF OCCURRENCE GREATER THAN 1 X K>-9/YR 

Compartment Area 

Surface facilities: 

Packaging hot cell 

Surface storage 
vault 

Transfer tunnel 

Initiating Event for 
Scf-.zilo 

o Earthquake - pieces of 
structure fall on fuel 
assemblies 

Probability Offsite Dose 

o Unsealed container drops 1 x l o - 9 

o Earthquake - unsealed 1 x 10~ 6 

container drops 
o Earthquake - pieces of 5 X 10" 7 

structure fall on 
unsealed container 

o Sealed container drops 3 x 1 0 - 8 

5 x 10~ 7 

1,000 
1,000 

Subsurface facilities: 

Waste ramp 

Performance 
confirmation area 

Waste main 

Panel access drift 

Emplacement drift 

o Transporter collision 
witn fire 

o Container fails 

o Transporter collision 
with fire 

i Transporter collision 
with fire 

o Transporter collision 
with fire 

o Container fails 

5 x 10-9 

S x 10-* 

5 x 10-* 

5 x 10-9 

5 x 10-9 

5 x 10- 4 

H, is equal to the breach fraction multiplied 
by the number of pieces of spalling concrete 
that hit the fuel assemblies (Table 2). In 
addition, the calculated value of H should not 
exceed 23B, which 1B the maximum total number 
of PWR assemblies in the unloading hot cell. 
The n imber of breached assemblies thus 
obtained is given in the last column of 
Table 2. 

To evaluate the release of airborne fuel 
particles, the EPF for the side hit vas 
assumed to be larger than the EPF fox the top 
hit because, as mentioned above, the side of a 
fuel rod is less protected. The assumed 
values of the EPF are summarized in the 6th 
and 9th columns of Table 2. 

In this study, all radionuclides released 
into the unloading hot cell were assumed to be 
released to the atmosphere. The same values 

of x/Q And dry deposition evaluated above 
were also used here to calculate the offsite 
doses. 

The maximum doses to an individual az the 
site boundary (5 km from the repository) were 
calculated as 0, 0,05, 1, and 9 rem for the 
light, moderate, heavy, and total damage 
states, respectively. The airborne fuel 
particle source term is the dominant 
contribution; the dose resulting from Kr-85 
for the total damage state is about 4 mrera, 
which is insignificant. The dose results 
given above are preliminary and may be 
modified by.further calculations. 

For a given seismic design, each damage 
state has a specific probability of 
occurrence. These probabilities were 
calculated for five seismic design bases (0.2, 
0.4, 0.6, 0.8, and 1.0 g) by integreting the 



TABLE 2 NUMBER OF PIECES AND IHPACT ENERGY OF 
SPALLING CONCRETE, ENERGY PARTITION FACTOR, BREACH FnACTJON, AND 
NUHBLR OF BREACHED ASSEMBLIES IN THE UNLOADING HOT CEIL 

S i z e o f No. of P i e c e s Avem 
S p o i l i n g of S p i l l i n g C o n c r e t e Dropping,. 

0 linage C o n c r e t e That l i l t the Heigh ' Energy 
? U t ? M n . l F<-1 A s s m H K - i * <fr f J o u l e l 

ftDB f irm f r o a f r o a 
w a l l a w a l l a w a l l a w a l l s 
above be low above b e l o v 

tnis &JU4£ t r a d e t r a d e 

L ight No s p a l l l n g - - - - 0 

Moderate 6 x 6 x 3 13 26 3 2 . 5 1 2 . 5 9 . 5 x 10 

Heavy 6 x 6 x 6 125 252 3 2 . 5 1 2 . 5 l . S x ID 

T o t a l 6 x 6 v 6 2SO 504 3 2 . 5 1 2 . 5 3 . 6 x 10 

24 x 24 X 3 S3 168 3 2 . 5 1 2 . 5 9 . 6 x 10 

Energy Barter of 
Part i t ion Breach Breached 
^c^or.EPF Fraction Assemblies. H 

Top Side Top Side 
Hit Hit Hit Bit 

0.5 0.01 0.1 
O.S 0.01 0.1 

0 0.5 0.01 0.1 

0.2 0.5 0.1 0.5 

a. The dimensions of the unloading hot ce l l above grade are 300(1) x 29(V) x 40(K) f t ; 
the dimension* of each ce l l below grade are 13(L> x 29<W) X 25(H) f t . 

b . The average drop height I t taken to be one half the distance froai the Cop of the well to the f loor . 

c. Impact energy - ugh, where as Is the nasa of the concrete piece, h i s the average dropping height, and g Is the 
gravi ta t ional acceleration. The concrete density la taken to be 150 l b / f t 3 . 

d. No. of breached aosemblles * Total no. of pieces of sp i l l ing concrete that h i t the fuel assemblies x 50* (breach 
fraction of top h i t * breach fraction of side h i t ) 

D 0.29 Design 
A O.49 Design 
• O.Gg Design 
O 0.8g Design 
• LOg Design 

0 .001 0.01 0.1 1 1 

Individual Dose at Site Boundary (rem) 

FIGURE 4 PROBABILITY OF RADIATION DOSES FOR VARIOUS SEISMIC DESIGNS 
(L =- LIGHT, M = MODERATE, H - HEAVY, T = TOTAL) 

site-specific seismic hazard and the 
structural fragility of the WHB. 1 3 The 
probabilities of occurrence and the offsite 
doses of the four damage states for the five 
oeis...'c design bases are plotted in Figure 4. 
Figure 4 shows that all the calculated 
probabilities of damage states resulting in 
significant offsite doses are less than about 

10~8/yr for all of the seismic dp.Dign bases 
considered. Probabilities as Jow as these 
suggest that the occurrence of such damage 
states and the corresponding off?ite doses 
resulting from any postulated seismic event 
are not credible. These results are 
consistent with the initial analyses. 



VIII. CONCLUSION 

This is n preliminary radiological safety 
analysis that uses a PRA approach for the 
prospective Yucca Mountain repository. 
Further study is needeo to conclusively 
confirm the results obtained in this report. 
Since the repository will operate for about 
40 yr, the low offsite doses and the low 
probabilities associated with the accitfent 
scenarios examined in this study indicate that 
operating a repository at Yucca Mountain does 
not appear to pose any significant risk to the 
public during the preclosure period. 
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