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1. Purpose

The purpose of this study is to document the results of the scoping preclosure Design Basis Event (DBE)
calculations for the Monitored Geologic Repository (MGR). The basis for this scoping preclosure DBE
analysis is the Reference Viability Assessment (VA) design (Ref. 7.26). This work will provide a basis for
future design analyses to support a MGR License Application (LA) that complies with the applicable
radiological dose limits prescribed in 10 CFR 60 (Ref. 7.53). A primary objective of the LA design is to
optimize the number of systems, structures and components (SSCs) that are classified as Important to
Safety. This engineering calculation will serve as input to the following ongoing activities:

»  System description documents (SDDs)
= LA design
» Quality Assurance (QA) and seismic classification of SSCs

This document identifies bounding radiological DBEs for each of the following MGR systems or areas:

1) Carrier/Cask Transport System

2) Carrier Preparation Building Materials Handling System
3) Carrier/Cask Handling System

4) Canister Transfer System

5) Assembly Transfer System

6) Disposal Container Handling System

7) Waste Emplacement and Subsurface Facility Systems
8) Waste Treatment Building

DBE analysis included calculations for both the event frequencies and the dose consequences (rem) at
the 5-km site boundary (Key 071, Ref. 7.7). Consequence analysis for Category 2 DBEs (i.e., frequency
between 10 per year and 10° per year)(Ref. 7.53) was conducted using both “Conservative” and “Best
Estimate” dose assumptions (described in Section 2.1). In addition to internal events associated with the
above systems, DBE analysis was also conducted for selected seismic, loss-of-offsite power, and
criticality events.

2. Method
2.1 Introduction

Preliminary preclosure design basis event (DBE) scenarios for the surface and subsurface
operational areas of the MGR were developed and analyzed. Events which could potentially result in
a radiological release were identified based on multiple sources, including the Preliminary MGDS
Hazards Analysis (Ref. 7.10), reference VA design drawings, discussions with the Surface Design
organization, and analyst experience and judgement. Calculations were then performed to determine
both the frequency of occurrence and the radiological consequences at the 5-km site boundary (Ref.
7.7). DBEs were grouped into the following frequency categories:

DBE Category Frequency of DBE Sequence (/year)
1 f3 10?
2 10° <f< 107
Beyond Design Basis Event -6
(BDBE) f£10

The focus of the analysis was on Category 1 and Category 2 events, consistent with guidance in the
10 CFR 60 rulemaking (Ref. 7.53). Events with a frequency less than 10° per year are termed
“Beyond Design Basis Events (BDBESs)”, however, the dose consequences of these events were
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evaluated similar to Category 1 and Category 2 DBEs. Although the implication is that BDBES will not
influence the design, they in fact will be considered if the consequences are severe or the event
frequency is only marginally below 10°® per year.

It should be noted that a DBE frequency is not just the initiating event frequency, but rather the
frequency of the entire event sequence. For example: consider a hypothetical two-block crane drop
event (i.e., worst-case drop from the maximum crane height physically possible) with the HVAC
system unavailable to mitigate the release. If the initiating event frequency is assumed to be 7.3E-3
drops per year for all drop events, the two-block event probability is assumed to be 0.24 (24%), and
the HVAC system unavailability is assumed to be 4.8E-4 (dimensionless), the following calculation
represents the frequency per year for the entire event sequence:

7.3E-3 (crane drops/year) x 0.24 (2-block drops/crane drop) x 4.8E-4 = 8.4E-7 two-block drops/year

In this hypothetical example, the event sequence falls marginally into the category of “Beyond Design
Basis Event.”

Preliminary DBE calculations assessed only the Total Effective Dose Equivalent (TEDE). In some
cases, the individual organ dose may be more limiting than the TEDE dose; however, this is not
expected to significantly change the results of this calculation.

Two models were used to calculate doses, “Best Estimate” and “Conservative”. The conservative
model uses input parameters and assumptions which reflect a degree of conservatism that would be
expected in a NRC licensing submittal. In most cases, the conservative assumptions used herein are
based on nuclear licensing precedence (e.g., NUREG-1536, Ref. 7.43) or other NRC approved
documents (e.g., Regulatory Guide 1.145, Ref. 7.6). Inputs and assumptions for he best estimate
model are expected to be more realistic and contain a higher degree of uncertainty. Best estimate
and conservative doses were calculated for most events because (based on perceived NRC
interpretation of 10 CFR 60) it is believed that future safety analyses to support LA will reflect best
estimate doses for Category-1 DBEs and beyond design basis events, and conservative doses for
Category-2 DBEs. Another reason for calculating best estimate and conservative doses is to get a
gualitative sense of the uncertainty range, based on the variable inputs and assumptions. The
specific parameters associated with conservative and best estimate calculations are described in
Section 2.2. General calculation assumptions which were used in all of the dose calculations are
identified in Section 3.1.

Seismic-initated DBEs were evaluated from a slightly different perspective than internal DBEs (e.g.,
drop events) and other external DBEs (e.g., loss-of-offsite power events). Consequence analysis of
seismic-initiated events indicated whether or not SSCs are important to safety and provided a basis
for assigning a seismic frequency classification (i.e., Frequency-Category-1 or Frequency-Category-
2). The seismic analysis, which addressed each major function of the MGR separately, also produced
design options that would satisfy the radiological dose requirements from 10 CFR 60. The
methodology used for seismic DBE analysis is further described in Section 5.8.

DBE analysis is an iterative process that will proceed as the design details evolve. As the LA design
matures, final DBE analysis will be completed at a level of detail sufficient for NRC review. Important
to Safety, with reference to SSCs, is defined in 10 CFR 60.2 as “..those engineered features of the
repository whose function is:

(1) To provide reasonable assurance that high-level waste can be received, handled, packaged,
stored, emplaced, and retrieved without exceeding the requirements for Category 1 DBEs; or

(2) To prevent or mitigate Category 2 DBEs that could result in doses equal to or greater than the
values specified in 10 CFR 60.136 to any individual located on or beyond any point on the
boundary of the preclosure controlled area.”
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2.2 Dose Calculation Parameters

The general equations for calculating the TEDE dose to the offsite public, for any given event are
provided in Attachment X, Dose Calculation Data. Attachment IX contains detailed information on
the dose calculation methodology empioyed in this report, and provides a sample dose calculation.

Where data existed, both “Conservative” and “Best Estimate” parameters were used to calculate
offsite doses. However, for certain parameters such as dose conversion factors, release fractions
and breathing rates, identical values were used to calculate both conservative and best estimate
doses. For these parameters, the values used were assumed to be conservative and applicable
based on previously established nuclear licensing precedence. :

The DBE dose assessment provided herein was based principally on standard methodology for

nuclear safety analysis and on established nuciear licensing precedence, where applicable ,}Mf-
(References 7.3, 7.6, 7.11, 7.18, 7.23, 7.29, #36+ 7.41, 7.43, 7.44, 7.53, 7.56, 7.59). The following II}I'LMg
sections describe the various parameters required to evaluate dose consequences. Conservative

and best estimate assumptions for each parameter are identified in Section 3.1.

2.2.1 Source Term

The source term is the amount of radioactive material that is potentially available for reiease (i.e.,
material-at-risk) during a DBE. The source termn for a given DBE is a function of the fuel type and fuel
characteristics, including burmnup, enrichment and decay time. The conservative model attempted to
capture the worst-case scenario for each DBE and, therefore, used the most conservative fuel
possible from a radiclogical dose perspective. The best estimate model represents the most-likely
scenario and utilized the average fuel type and characteristics for a given event and location.

The radionuclide source terms are grouped into inhalation and submersion source terms. The
inhalation source terms are formed by the radionuclides available for release if engineered barriers
(i.e., cask, canister, disposal container or fuel rod) are breached. The inhalation dose is received
when a person is enguilfed by the released radioactive plume and inhales the radionuclides
suspended in the plume. The inhalation doses are 50-year committed effective dose equivalents.
The submersion offsite doses are the effeclive dose equivalents due to extemnal radiation exposure to
an individual's body and organs from the passage of a radioactive plume. The total effective dose
equivalent (TEDE) is the sum of the 50-year committed effective dose equivalent (inhalation) and the
external effective dose equivalent (submersion) (Ref. 7.1).

Each of the source term radionuclides was evaluated for its dose contribution to the gonad, breast,
lung, red marrow, bone surface, thyroid, remainder, and whole body. For the purposes of this
scoping analysis, the source terms were combined into six radionuclide groups according to their
similarity in chemical and/or physical characteristics (Ref. 7.44). For example, the source terms for
Cs-134, Cs-137 and Ru-106 were combined into a single “Cesium” source term to facilitate the dose
calculations. The radionuclide groups included Particulates, Noble Gases, lodines, Cesium, Tritium,
Strontium, and Crud (surface deposits on fuel rods whose primary radionuclide is Co-60). For
additional detail regarding the source term groupings and dose calculation methodology, refer to
Reference 7.44.

The pressurized-water reactor (PWR) and boiling-water reactor (BWR) design basis fuel (DBF)
characteristics used to calculate conservative doses for events involving commercial spent nuclear
fuel (CSNF) were based on Reference 7.7, Source Terms for Design Basis Events Analyses. These
fuel characteristics bound 87.85% and 100% of the PWR and BWR assemblies, respectively, that are
expected to be received at the repository (Ref. 7.11). The 100% Bounding PWR (Ref. 7.11) source
term was used for conservative calculations involving single SNF assemblies and bounds . The
Savannah River defense high-level waste (DHLW) was selected as the DHLW DBF since it bounds
the inhalation dose for the bone surface and whole body, when compared with other glass waste
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(Ref. 7.11). Other types of canistered waste, including canistered PWR/BWR and N-Reactor fuel,
were also evaluated for events in the canister transfer system (CTS).

For DBEs involving individual commercial spent nuclear fuel (SNF) assemblies, the 100% Bounding
(PWR) fuel was used for the Conservative case whereas the 50% Average SNF inventory was used
for the Best Estimate source term. The 50% Average SNF source terms (Curies/Assembly) were
obtained from the LWR Radiological Characteristics Database (Ref. 7.12), based on the average fuel
characteristics specified in the Controlled Design Assumptions Document (Key 004, Ref. 7.7). The
50% Average fuel is intended to estimate the fuel characteristics of the average commercial SNF
assembly that will be received at the repository (see Table 2.2-2).

Tables 2.2-1 and 2.2-2 showthe various fuel types and fuel characteristics that were used in the DBE
dose assessment.

Table 2.2-1 - Fuel Types for Dose Assessment

Fuel Type Assumed for Dose Assessment
Best Estimate (rem/FA) Conservative (rem/FA)

50% Average SNF PWR/BWR DBF

50% Average SNF 100% Bounding PWR
DHLW DBF, PWR/BWR DBF and | DHLW DBF, PWR/BWR
N-Reactor DBF and N-Reactor
50% Average SNF PWR/BWR DBF

Fuel Container

Transportation Cask
CSNF Assembly

Disposable Canister

Disposal Container

Table 2.2-2 - Fuel Characteristics

Fuel Characteristics
Burnup, Enrichment | Decay Time
Fuel Type (MWD, /MF')I'U) (%) (y¥s) Reference
50% Average PWR 39,560 3.69 25.9* 7.12
50% Average BWR 32,240 3.00 27.2* 7.12
PWR DBF 48,086 4.20 10 7.7
BWR DBF 49,000 3.74 10 7.7
100% Bounding PWR 74,600 5.07 10 7.11
HLWC DBF N/A N/A N/A 7.11

* Conservatively used a standard 20-year decay to derive the radionuclide inventory because the CDB
would not allow the standard decay time to be scaled to 25.9 years for output in “Curies by Isotope”

Sections 2.2.2 through 2.2.4 describe various parameters that are components of the source term
which is released to the environment from the fuel types of Section 2.2.1.

2.2.2 Release Fraction

In this report, the term “release fraction” includes the fraction of radioactive gases that is released to
the environment as well as the fraction of airborne radioactive particulates that could be transported

through the air, inhaled, and deposited in the deep lung (Note: the particulate release fraction is
equivalent to the respirable fraction defined in Reference 7.40).

Release fractions for all of the waste forms evaluated in this calculation (e.g., high-level waste glass,
spent fuel assemblies, etc.), for both the conservative and best estimate models, are based on
conservative release fractions accepted by the NRC in NUREG-1536 (Ref. 7.43) for commercial
spent nuclear fuel (CSNF) radionuclides, with the exception of particulates. For particulates, the total
release fraction is equal to the sum of the respirable fraction available in the fuel matrix and the PULF
fraction (if applicable, as described in Section 2.2.3) generated by impact rupture of the fuel matrix.
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The gap release fraction applies only to CSNF and is the fraction of each radionuclide inventory that
is present in the fuel-cladding gap (as a result of irradiation in the reactor and normal fuel handling)
and available for release upon failure of the cladding. The gap release fraction includes gases,
volatile species and solids (particulates). The gap fraction of particulates is reduced by the
aerosolizable fraction. For dose evaluations, the particulate fraction is reduced further by the
respirable fraction.

The release fractions presented in Table 2.2-3 below represent the respirable release fractions
(excluding PULF) used for consequence analysis of all waste forms evaluated herein.

Table 2.2-3 —Release Fractions for Consequence Analysis

Nuclide Group | Release Fraction Reference
Particulates 2.0E-6 7.2
Crud (Co-60) 0.15 7.43
H-3 0.30 7.43
Kr-85 0.30 7.43
lodines 0.10 7.43
Cs-134 2.3E-5 7.43
Cs-137 2.3E-5 7.43
Sr-90 2.3E-5 7.43
223 PULF Fraction

The PULF fraction is the fraction of airborne, respirable size (< 10-mm) particulates that are generated
from the fuel matrix as the result of an energetic impact event that ruptures the fuel rod cladding and
pulverizes a portion of the fuel matrix. The PULF fraction is added to the particulate gap release
fraction for energetic release scenarios such as cask/canister drops, slapdowns and impacts. Only a
fraction of the total kinetic energy of a drop is imparted to pulverization.

The PULF equation, described in Attachment [, is based on studies by Mecham (Ref. 7.4) and
Jardine (Ref. 7.5) at Argonne National Laboratory. Since a portion of the impact energy is absorbed
by the metallic components in a commercial spent fuel assembly, an energy partition factor (EPF) of
0.2 was applied for spent fuel assemblies to account for the fraction of impact energy absorbed by the
brittle UO, fuel. This EPF is assumed conservative for commercial spent nuclear fuel. Due to the
brittle nature of DHLW glass and the fact that it contains no other structural materials, an EPF fraction
of 1.0 was conservatively applied for dose calculations involving DHLW glass. The same EPF
fractions were also used by MacDougall, et. al. (Ref. 7.3) in a preliminary preclosure radiological
safety analysis of the Yucca Mountain conceptual design.

2.2.4 Fuel Rod Failure Fraction

A fuel rod cladding failure probability is required to determine the source term that is available for
release during a DBE involving CSNF. NUREG-1536 (Ref. 7.43) was used as a basis for both
conservative and best estimate calculations. The values used in this report are expected to be
somewhat conservative In both cases, the fuel rod failure probability was only applied if the DBE
resulted in an impact that exceeded the assumed design basis of the applicable waste form/container
(i.e., cask, canister, SNF assembly, or disposal container). For example, a disposal container drop
from 2.1 meters (2 meters is the disposal container design basis drop height) is assumed to result in
a breach of the disposal container and failure of 10% of the fuel rods inside. In reality, this is
expected to be quite conservative since ro credit is taken for energy absorption by the structural
components of the fuel assembly or by the disposal container itself.
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The fuel rod clad failure probability as described herein does not apply to Defense High Level Waste
(DHLW) glass; therefore, a value of 1.0 was assumed. This is equivalent to assuming no cladding. It
should be noted that fuel rod cladding failure was assumed only when a DBE exceeded the
equivalent design basis drop height for the cask, canister, etc. For example, if the Disposal Container
(DC) was designed for a 2-meter (6.6-foot) drop and the DBE resulted in a 6-meter (19.7-foot) drop,
the DC was assumed to breach and either 100% (conservative) or 10% (best estimate) of the fuel
rods were assumed to fail. Conversely, if the DBE was within the design basis (e.g., a 1-meter DC
drop), it was assumed that no radiological release would occur.

2.25 Atmospheric Dispersion Factor

The atmospheric dispersion factors (c/Qs) for the conservative and best estimate cases are based on
Yucca Mountain site-specific data obtained from the Environmental Field Program (Attachment XI).
The values were calculated using the equations prescribed in Regulatory Guide 1.145 (Ref. 7.6). The
conservative and best estimate atmospheric dispersion factors used for DBE dose calculations are
shown in Table 2.2-5 below.

Table 2.2-5 — Atmospheric Dispersion Factors

Dose Model c/Q Value (sec/m”) Basis

Conservative 4.20E-5 95% Yucca Mountain ¢/Q

Best Estimate 1.44E-5 50% Yucca Mountain ¢/Q
2.2.6 Breathing Rate

An adult breathing rate of 3.3E-4 m%s (20 liters/min) was assumed for all dose calculations, including
both conservative and best estimate. This is based on the breathing rate for “reference man”
established in Reference 7.47 and accepted by the NRC for accident analysis (Ref. 7.43). This
breathing rate is based on the volume intake of air for “light activity” and is considered to be
appropriate for DBE accident scenarios resulting in short-term (£ 8-hour) exposures to the public at
the 5-km site boundary.

2.2.7 Dose Conversion Factor

Dose conversion factors (DCFs) for converting source terms to organ-specific inhalation and
submersion doses were obtained from Federal Guidance Report #11 (FRG11)(Ref. 7.1). These
DCFs were used for both best estimate and conservative dose calculations. The use of Reference
7.1 for DCFs is consistent with NRC guidance in NUREG-1536 (Ref. 7.43).

Federal Guidance Report #12 (FRG12) (Ref. 7.63) was used in limited cases to evaluate the
sensitivity of the offsite dose calculations to the individual radionuclide DCFs. FRG12 is more recent
than FRG11 and contains submersion DCFs for many more radionuclides, however, it's not clear to
what extent FGR12 will be adopted by the NRC for licensing purposes.

No pathways for ingestion were considered in this study since there are no farms within proximity of
the 5-km site boundary. Furthermore, ingestion calculations are generally not performed for design
basis events for nuclear power plants.

2.2.8 Mitigation Factor

The mitigation factor, as defined herein, is the fraction of airborne radioactive particulate material that
is retained by a confinement area through natural mechanisms (e.g., gravitational settling) and/or
engineered systems (e.g., filtration). In this scoping report, gravitational settling was not considered.
The sole contributor to the mitigation factor in this report is the fraction of particulate retention
provided by high efficiency particulate (HEPA) filters, which are a component of the HVAC system.

Civilian Radioactive Waste Management System
Management & Operating Contractor




Title: Preliminary Preclosure Design Basis Event Calculations for the Monitored Geologic Repository
DI No.: BC0O000000-01717-0210-00001 Rev 00 Page: 10 of 46

The DBEs evaluated in this report considered a nominal single-stage HEPA filter with an efficiency of
99.97% (0.9997) for particles less than 0.3-mm diameter (Ref. 7.38). This efficiency is assumed to be
conservative for filtering radionuclide particulates with a aerodynamic equivalent diameter (AED) of
less than 10-mm (assumed to be the cutoff diameter for respirable particulates). The number of HEPA
filters considered is also conservative, based on the current HVAC design (Ref. 7.17), which indicates
a bank of three filters in series for secondary confinement ventilation areas and an additional standby
ventilation exhaust system for primary confinement ventilation areas. Based on the nominal single-
stage filter efficiency stated above, a mitigation factor of 3.0E-4 (i.e., 1.0-.9997) was applied to all
particulate radionuclide releases postulated to occur when the HVAC system is available (see Section
2.2.9). This mitigation factor was used for both best estimate and conservative dose calculations.

Another factor which is often considered as a mitigation factor in radiological safety assessments is
barrier retention. In this report, no credit was assumed for particulate retention by any of the
applicable barriers, including the fuel cladding, transportation cask, canister, or disposal container.
This conservative approach was taken because there is considerable uncertainty in assuming that a
fraction of the particulates is retained within the various waste barriers if they are breached. For
comparison, MacDougall assumed a 10% retention factor for each barrier present (Ref. 7.3). This is
an area which requires future study, as it has a significant impact on the calculated offsite doses.

2.2.9 HVAC Availability

HVAC availability is the probability that the HVAC system will be available to mitigate a radiological
release when an accident occurs. While HVAC availability is not an explicit parameter in the dose
equation (see Attachment 1X), a discussion is nevertheless warranted because of its importance in
calculating event frequencies. HVAC availability was considered as a conditional probability in every
event sequence evaluated. The significance of HYAC availability is twofold: (1) it impacts the event
frequency calculation and may be the difference between an event being classified as Category-1,
Category-2 or BDBE; and (2) it impacts the event consequence (dose at the site boundary) by
determining whether a mitigation factor is applied. For example, if HVAC is unavailable at the time of
an accident, radiological releases are allowed to escape the Waste Handling Building (WHB)
unfiltered; if HVAC is available, radiological releases are mitigated by the HVAC/HEPA filters and
result in a negligible dose at the site boundary.

The current HVAC design analysis, Surface Nuclear Facilities HVAC Analysis (Ref. 7.17), describes
three confinement zones for the WHB: primary, secondary and tertiary. Primary confinement
ventilation zones are “normally contaminated areas...where nuclear material is exposed and
unprotected by any qualified process enclosure, sealed shipping or disposal container, or the transfer
pool water, and the associated ventilation system.” Secondary confinement ventilation zones are
“areas with high potential for contamination...where the handled nuclear material is in a process
enclosure, in unloading preparation stages, in lid welding stages, or in the transfer pool, and the
associated ventilation system.” Tertiary confinement ventilation zone “areas are usually free of
radioactive material, except only in approved container” (Ref. 7.17).

Each of the three confinement areas maintains a negative pressure differential relative to the outside
environment, with the primary confinement zone having the lowest negative pressure differential and
tertiary confinement zone having the highest negative pressure differential.

The particular HVAC system ventilation zones are important to this analysis because of their impact
on the mitigation factor which is applied in DBE consequence analysis calculations. Based on a
review of Reference 7.17, it is assumed that tertiary ventilation confinement zones will not have a
HEPA-filtered ventilation exhaust system, secondary ventilation confinement zones will have a HEPA-
filtered ventilation exhaust system, and primary ventilation confinement zones will have a HEPA-
filtered ventilation exhaust system and a standby ventilation exhaust system. As a result, each of the
ventilation confinement zones will have a different HVAC unavailability associated with it.
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Based on a review of Reference 7.17, it was concluded that the following Waste Handling Building
HVAC system ventilation confinement zones and associated HVAC unavailabilities are applicable to
this analysis (see Attachment VIII for fault tree calculation of HYAC Unavailability):

WHB Area Confinement Zone HVAC Unavailability
Carrier Bay Tertiary N/A (no HVAC in design)
Assembly Transfer System Hot Cell Primary 2.5E-5

Assembly Transfer System Pools Secondary 4.8E-4

Canister Transfer System Secondary 4.8E-4

Disposal Container Handling System Secondary 4.8E-4

The calculated HVAC unavailabilities (see fault tree, Attachment VIII) are based on a simplified,
conservative model of the HVAC system. For example, the failure rate of the secondary confinement
zone was calculated as though there was only one fan in the system, even though the current HVAC
design indicates nine operating fans in series Ref. 7.17). Thus, the HVAC unavailability for the
primary and secondary confinement zones are intentionally very conservative and result in bounding
frequency calculations. Additional work is planned in the future to take credit for HVAC system
redundancies and refine the availability numbers, as appropriate.

3. Assumptions
3.1 General Assumptions
3.1.1 It is assumed that a restricted area boundary of 5 km will be established around the
waste handling building. This assumption is based on CDA Key 071 (Ref. 7.7), and
used to select the atmospheric dispersion factors for calculating offsite doses.

This assumption is used in all offsite dose calculations.

3.1.2 It is assumed for all DBE release scenarios that release of radionuclides from the waste
container or waste form to the environment occurs within a two-hour period.

This assumption is used in all offsite dose calculations.

3.1.3 The preliminary DBE analysis assumes that the fuel types (e.g., PWR/BWR DBF)
shown in Table 2.2-1 are used to determine radionuclide source terms for DBEs
involving the corresponding fuel containers (e.g., disposal container).

This assumption is used in all offsite dose calculations.

3.1.4 It is assumed that the fuel characteristics (e.g., burnup, enrichment & decay time)
shown in Table 2.2-2 are used to determine radionuclide source terms for DBEs
involving the corresponding fuel types (e.g., PWR DBF).

This assumption is used in all offsite dose calculations.

3.1.5 Itis assumed that the release fractions shown in Table 2.2-3 constitute the respirable
fraction of radionuclides used to calculate offsite doses for all DBEs evaluated.

This assumption is used in all offsite dose calculations.

3.1.6 It is assumed that an additional fraction of respirable-size particulates, termed the
PULF fraction, is generated and made available for release as a result of energetic
events that, in effect, pulverize the fuel matrix. The PULF fraction, as defined in
Attachment |, is assumed to be a linear function of the equivalent drop height for a
given event.
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3.1.7

3.1.8

3.1.9

3.1.10

3.1.11

3.1.12

3.1.13

This assumption is used in all offsite dose calculations.

In the conservative case it is assumed that 100% of the fuel rods fail during a DBE that
involves CSNF. The best estimate case assumes that 10% of the fuel rods fail during a
DBE that involves CSNF-.

This assumption is used in all offsite dose calculations.

In both the conservative and best estimate calculations, it is assumed that a waste form
(e.g., transportation cask, disposal container, etc.) is breached when a DBE exceeds
the waste form's design basis. Where there is no established design basis (e.g., bare
fuel assemblies), it is assumed that the waste form breaches during any DBE.

This assumption is used in all offsite dose calculations.

It is assumed that the atmospheric dispersion factor for conservative calculations is
4.20E-5, based on the 95% Yucca Mountain meteorology data (Attachment Xl), and
1.44E-5 for best estimate calculations, based on the 50% Yucca Mountain meteorology
data (Attachment XI).

This assumption is used in all offsite dose calculations.

It is assumed that an adult at the site boundary has a breathing rate of 3.3E-4 ni/s.
This is based on the “reference man” breathing rate established in Reference 7.47.

This assumption is used in all offsite dose calculations.

The unavailability of the HVAC system is calculated to be 4.8E-4/yr (see Attachment
VIII) for secondary confinement areas (i.e., Canister Transfer System, DC Handling
System, Assembly Transfer System Pool) with a single ventilation exhaust system and
2.5E-5/yr (Attachment VIII) for primary confinement areas with a standby ventilation
exhaust system (Ref. 7.17). These numbers are based on the assumed failure rates
for HVAC system components presented in Attachment VIII.

This data is used in all event trees and in offsite dose calculations for event sequences
with HVAC unavailable.

HVAC system unavailability is assumed to occur as the result of a single fan motor
failure or seal failure. Furthermore, it is conservatively assumed that without active
HVAC ventilation there will be a loss of particulate confinement, and radioactive
particulates will escape unfiltered from the Waste Handling Building (WHB). This, in
essence, assumes that the leakpath factor for the WHB is 1.0 (mitigation factor is zero)
when the HVAC system is unavailable.

This data is used in all event trees and offsite dose calculations.

It is assumed that a nominal single-stage HEPA filter has an efficiency of 99.97%
(0.9997) for particles less than 0.3-nm diameter (Ref. 7.38). This efficiency is assumed
to be conservative for filtering radionuclide particulates with a aerodynamic equivalent
diameter (AED) of less than 10-nm (assumed to be the cutoff diameter for respirable
particulates). Based on this filter efficiency, a mitigation factor of 3.0E-4 (i.e., 1.0-
.9997) is assumed to be applicable for all particulate radionuclide releases postulated
to occur when HVAC ventilation is available.

This assumption is used in all offsite dose calculations involving mitigated DBES.
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331 It is assumed that the maximum number of canisters amiving at the repository dunng
the peak year is 500 (Table 3-8 of Reference 7.7). This number is conservatively used
to caiculate the annuat handling frequency for HLWCs and canistered CSNF.

This assumption is used in Section 5.2, Section 6.2 and Attachment IIl.

3.3.2 It is assumed that the CTS crane lifts each canister twice — once from the
transportation cask to the lag siorage area and once from the lag storage area to the
disposal container (Ref. 7.18). This assumption is conservative since large canisters
are only lifted once - out of the transportation cask and into the disposal container.

This assurﬁption is used in Section 5.2, Section 6.2 and Attachment IIl.

333 For drop events, it is assumed that the average crane drop frequency for nomal
operations is 1.4E-5 drops per lift, based on heavy-lift crane data from he—t-E—Navy~
(Attachment X). Nesdgor+ dews Shpbuild
YAk vliadey

This assumption is used in Section 5.2, Section 6.2 and Attachment Ill.

334 Determination of drop distances used dimensions taken from figures in the conceptual
analysis for the CTS (Ref. 7.18). In the absence of qualified drawings, it is assumed
that these dimensions are correct for this analysis. The two-block height for the CTS
crane is assumed to be 14.9 meters (49 feet) (i.e., 0.61 meters (2 feet) higher than the
high hook height).

This assumption is used in Section 5.2, Section 6.2 and Attachment |Ii.

3.35 It is assumed that one canister is breached as part of the best estimate and
conservative dose calculations and that all releasable fractions of the radionuclide
inventory escape the canister.

This assumption is used in Section 5.2, Section 6.2 and Attachment HI.

High Level Waste Canisters

Assumptions 3.3.6 through 3.3.9 apply specifically to DBEs involving HLWCs and canistered CSNF:

336 It is assumed that canisters received in the CTS are able to withstand a 7-meter (23-
foot) drop onto a flat unyielding surface without breaching. This assumption is based
on the Savannah River canister procurement specification (Ref. 7.19) and the Large
MPC Subsystem Preliminary Design Report (Ref. 7.48).

This assumption is used in Section 5.2, Section 6.2 and Attachment {il.

3.3.7  The probability of a canister drop from a height greater than its design basis assumes
that the hard stop, which prevents a HLWC from being raised above the nomal
operating height, was omitted as a result of human error after maintenance of the
crane, For the screening event tree shown in Attachment 11}, it was assumed that an
error of omission occurred during performance of a list of written procedures with
checkoff provisions. This human error probability is assumed to be 3.0E-3 (Table 20-7,
Reference 7.20). '

This assumption is used in the “canister drop” event tree (events CTS001-CTS007)
shown in Attachment Ill.
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3.2

3.1.14

3.1.15

3.1.16

3117

It is assumed that the initiating frequency for a loss-of-offsite-power event is 0.2 per
year. This is a conservative assumption based on historical data from commercial
nuclear power plants (Ref. 7.61). :

This assumption is used in all offsite dose calculations involving DBEs initiated by a
loss-of-offsite power.

In a loss-of-offsite power event, the mechanical failure rate (per demand) of a clutch to
engage and prevent the drop of a suspended load is assumed to be 3.04E-04 per
demand (Ref. 7.85). This failure rate is assumed to be applicable to the cranes and
lifting systems empioyed in the WHB.

This assumption is used in all offsite dose calculations involving DBEs initiated by a
loss-of-offsite power.

It is assumed that passive HEPA filters remain functional for 24-hours following a loss-
of-offsite power event to mitigate radiclogical releases, and that leakage from the WHB
is through the HEPA filters

This assumption is used in all offsite dose calculations involving DBEs initiated by a
loss-of-offsite power.,

it is assumed that the energy partition factors (EPFs) for calculating the PULF fraction
(see Section 2.2.3) of high-level waste glass and spent nuclear fuel are 1.0 and 0.2,
respectively.

This assumption is used in all offsite dose calculations to calculate the PULF fraction.

Carrier/Cask Transportation and Handling Assumptions

3.21

322

3.2.3

324

HVAC filtration does not exist for aclivities performed in the Carner/Cask Transport
System (CCTS), Carrier Preparation Building Materal Handling System (CMHS) and
Carmrier/Cask Handling System (CCHS) (Ref. 7.17).

This assumption is used in Section 5.1, Section 6.1 and Attachment |1.

The design basis drop height for transportation casks is 9 meters (30 feet) (Ref. 7.59)
with impact limiters and 2 meters (6.6 feet) without impact limiters (Ref. 7.60). i

-

This assumption is used in Section 5.1, Section 6.1 and Attachment Il

The average heavy-lift drop frequency is 1.4E-5 per lift, based on heavy-lift crane data

from)hcﬁ:@.—tw {Attachment X). This assumption is used in Section 5.1, Section
6.1 and Attach t .
and Attac enN{war News She eb"‘\&‘“ﬁ AL wliz|eg

Cask throughput is in accordance with Key 001 of the CDA (Ref. 7.7). This assumption
is used in Section 5.1, Section 6.1 and Attachment Il

3.3 Canister Transfer System Assumptions

Assumptions 3.3.1 through 3.3.5 may apply to DBEs involving any canistered fuel, including high
level waste canisters (HLWCs), commercial SNF (CSNF), N-Reactor fuel or MCO particulate
inventory:
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3.3.8

3.3.9

The probability of a defective canister is assumed to be 1.06E-3. This is assumed to
be equal to the probability of a weld defect on the outer barrier of a waste package
(Ref. 7.23, page 60 of 69). The weld defect probability in Reference 7.23 is based on
welds of a waste package with thicker walls; therefore, it is assumed to be conservative
for a disposable canister.

This assumption is used in the “canister drop” and “loss-of-offsite power event trees
(events CTS002-CTS003 and CTS010-CTS011) shown in Attachment .

The probability of two defective canisters being involved in the same drop event is
1.12E-6 [i.e., (1.06E-3)7.

This assumption is used in the “canister drop” event tree (events CTS004-CTS005)
shown in Attachment III.

N-Reactor Fuel

Assumptions 3.3.10 through 3.3.21 apply specifically to DBEs involving N-Reactor fuel and MCO
particulate inventory in the CTS:

3.3.10

3.3.11

3.3.12

It is assumed that the total number of MCOs arriving at the repository over 20 years is
400, or an average of 20 MCOs per year. This is based on preliminary information
from Reference 7.64, page 1-4. Based on this information, the annual MCO handling
frequency is calculated by multiplying the arrival rate per year (20 MCOSs) by the total
number of lifts (2) to yield a handling frequency of 40 MCO lifts per year. This results in
a probability of 5.6E-4 MCO drops per year (1.4E-5 x 40).

This assumption is used in Section 5.2, Section 6.2 and Attachment Ill.

It is estimated that 1 out of 400 MCOs received at the repository contains quantities of
hydrogen and uranium hydride that could potentially challenge the integrity of the WHB
HEPA filters. This is based on:

a) the conservative assumption that after the cold vacuum drying process at Hanford,
50% of the MCOs (i.e., 200 MCOQOs) will have more than the 1.3 kg residual water
limit for acceptance into the repository (Ref. 7.50);

b) a human error probability of 0.01 (Ref. 7.20) in calculating the amount of residual
water in an MCG,

c) a probability of 0.5 that the amount of residual water will be underestimated due to
human error (i.e., of the human errors, half will be underestimates and half will be
overestimates); and

d) the assumption that N-Reactor fuel will meet the yet-to-be-defined repository
acceptance criteria.

This assumption is used in Section 5.2, Section 6.2 and Attachment Ill.

It is assumed that during the MCO packaging operation in the Waste Handling Building,
an MCO is lifted from the cask by a crane and is transferred to either lag storage or to a
disposal container (DC). During this operation, it is assumed that the MCO s lifted to a
height of 20.6 feet, then accidentally dropped onto the CTS floor and breached. Since
the MCO is designed to withstand only a 0.6-meter (2.0-foot) (Ref. 7.52) vertical drop
on reinforced concrete, the MCO is not expected to withstand a drop from the normal
lift height of 6.3 meters (20.6 feet) in the CTS. However, since there is no data to rule
out the possibility that an MCO will remain intact after impact, an MCO breach
probability of 0.99 is assumed.

This assumption is used in Section 5.2, Section 6.2 and Attachment Il1.
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3.3.13

3.3.14

3.3.15

3.3.16

3.3.17

3.3.18

3.3.19

3.3.20

It is conservatively assumed that 90% of the 400 MCOs received at the repository will
have a pressure higher than 25 psig. This is based on information in Reference 7.65,
which indicates a low MCO pressure of 9 psig, a bounding pressure of 133 psig, and a
best-estimate pressure of 38 psig.

This assumption is used in Section 5.2, Section 6.2 and Attachment Ill.

Since the MCO is expected to be pressurized above 25 psig by hydrogen and/or water
vapor, an airborne release fraction (ARF) of 0.1 and a respirable fraction (RF) of 0.7
(Ref. 7.40) are conservatively assumed for pressurized release of uranium hydride and
uranium oxide particulates.

This assumption is used in Section 5.2, Section 6.2 and Attachment III.

The conditional probability of metallic uranium ignition is assumed to be 0.1. This is
based on the assumption that hydrogen and/or uranium hydride released from a
breached MCO are ignited outside the MCO and that there is slow oxidation but no
ignition of uranium metal inside the MCO following the combustion of hydrogen and/or
uranium hydride. Ignition of uranium metal inside an MCO is considered highly unlikely
due to high ignition temperatures (>500°C) of bulk uranium metal (Ref. 7.40). This
assumption will be verified by future analyses at the NSNFP.

This assumption is used in Section 6.2 and Attachment Il1.

ARF and RF values of 3.0E-5 and 4.0E-2 (Ref. 7.40), respectively, for plutonium
oxidation below its ignition temperature are assumed to be applicable to uranium
oxidation below its ignition temperature. This is based on previous test data that
indicates the plutonium and uranium ignition temperatures and ARFs/RFs for self-
sustained oxidation (i.e., combustion) are very similar (Ref. 7.40).

This assumption is used in Section 6.2 and Attachment Il1.

It is assumed that there is an initial non-reactive particulate mass of 7-kg (Ref. 7.51) in
each MCO. It is further assumed that this non-reactive particulate mass is 100% UO,
(Ref. 7.51). It is also assumed that there are no reactive particles immediately
remaining after the cold vacuum drying process (Ref. 7.51). Reference 7.51 shows
that most of the non-reactive particulates are UO,.

This assumption is used in Section 6.2 and Attachment IIl.

An initial free and bound water mass of 1.3-kg (Ref. 7.50) is assumed, which is the
maximum quantity of water allowed in an MCO without challenging the integrity of the
Waste Handling Building HEPA filters. It is further assumed that all free and bound
water is reacted stoichiometrically (Ref. 7.51) with uranium to form 11.6-kg of uranium
hydride and 9.8-kg of uranium dioxide.

This assumption is used in Section 6.2 and Attachment Il1.

Since the WHB is above ground, a ground level release to the environment is
assumed.

This assumption is used in Section 6.2 and Attachment Il1.

No credit is taken for deposition and plate-out of fission products and uranium oxide
aerosols on the building structures or leakage paths.
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3.3.21

This assumption is used in Section 6.2 and Attachment IIl.

The worst case meteorology (F stability and 1 m/s wind speed) is assumed. This
assumption is used in Section 6.2 and Attachment Il1.

3.4 Assembly Transfer System Assumptions

34.1

3.4.2

3.4.3

3.4.4

3.4.5

3.4.6

It is assumed that, for drop events, the assembly transfer machine drop frequency per
lift is the same for each assembly handling basket and fuel assembly. This drop
frequency is assumed to be 1.8E-5 drops per lift (Ref. 7.23). This frequency is
conservatively assumed for drops from any height and is based on historical data for
fuel handling accidents at commercial nuclear power plants (Ref. 7.23).

This assumption is used in Section 5.3, Section 6.3 and Attachment IV.

It is conservatively assumed that assemblies and assembly baskets are transported in
the assembly transfer machines at the highest possible elevation above the assembly
hot cell floor (i.e., the assemblies and baskets are raised up to the fixed stops that limit
further lifting in the assembly transfer machines), thereby maximizing the distance that
the baskets are assumed to fall in the various DBEs analyzed. These distances will
differ for the PWR and BWR baskets and assemblies due to the difference in basket
and assembly heights (or lengths). Furthermore, the shortest BWR assembly and
assembly basket is conservatively assumed in the analysis involving BWR fuel in order
to maximize the drop heights.

This assumption is used in Section 5.3, Section 6.3 and Attachment V.

It is assumed that the throughput schedule for waste packages (WPs) containing fuel
assemblies is as shown in Table 3-9 of the CDA (Ref. 7.7). A high value of 368 WPs
containing commercial spent nuclear fuel assemblies is assumed to be emplaced in the
year 2016. In that year, it is assumed that the wet assembly transfer machine will
transfer 10,519 assemblies from the cask unloading pool to the assembly staging pool
into assembly handling baskets (one lift per assembly is required). Also in year 2016,
the wet assembly transfer machine is assumed to load a total of 2088 baskets (822
baskets containing BWR assemblies and 1246 baskets containing PWR fuel
assemblies) (Ref. 7.7) onto the incline basket transfer cart (one lift per basket).

This assumption is used in Section 5.3, Section 6.3 and Attachment V.

Both the conservative and best estimate drop events are assumed to occur with the
lifting grapples in the assembly lifting machines raised to the maximum height. It is
conservatively assumed that there is no intervening equipment to shorten the drop
between the dropped assembly/basket and the target assembly/basket, or between the
target assembly/basket and the floor.

This assumption is used in Section 5.3, Section 6.3 and Attachment V.

It is assumed that maximum drop heights are based on the latest available drawings
and blueprints for the ATS (Refs. 7.27, 7.28) as well as assumed lengths for the
shortest PWR and BWR assemblies used in commercial nuclear facilities.

This assumption is used in Section 5.3, Section 6.3 and Attachment V.

The PWR fuel type for DBESs involving CSNF is assumed to be an Advanced Nuclear
Fuel (ANF) 15 x 16 assembly from the Yankee Rowe Facility having an assembly
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3.5

3.4.7

3.4.8

3.4.9

3.4.10

3.4.11

length of 111.8 in (Ref. 7.13). The BWR fuel type is assumed to be an ANF 11 x 11
assembly from the Big Rock Point facility having a length of 83.97 in (Ref. 7.13).

This assumption is used in Section 5.3, Section 6.3 and Attachment V.

It is assumed that a drop of a spent fuel assembly or basket of assemblies will result in
a breach of 10% of the fuel rods for conservative calculations and 100% of the fuel rods
for best estimate calculations, regardless of the drop distance. This is assumed to be
conservative, however, there is no licensing precedence which suggests a design basis
drop height for commercial spent fuel assemblies.

This assumption is used in Section 5.3, Section 6.3 and Attachment V.

Not Used.

In the event trees presented in Attachment IV, nominal fuel (labeled as 50% BWR or
50% PWR) is assumed to be fuel with burnup and enrichment characteristics which
bounds approximately half of the commercial fuel assemblies handled by the ATS and
represents the fuel nominally handled in the ATS. Fuel characteristics for 50% SNF
fuel are based on Reference 7.7, Key 004.

This assumption is used in Section 5.3, Section 6.3 and Attachment V.

It is assumed that there is equal probability (i.e., probability of 0.5) that either nominal
or bounding fuel will be in the ATS when a drop event occurs.

This assumption is used in Section 5.3, Section 6.3 and Attachment V.
In a loss-of-offsite power event, the mechanical failure rate (per demand) of the
assembly transfer machine brake clutch to engage and prevent the drop of a

suspended load is assumed to be 3.04E-04 per demand (Ref. 7.55).

This assumption is used in the ATS loss-of-offsite power event tree (events ATS 026
through ATS029) in Attachment V.

Disposal Container Handling System Assumptions

3.5.1

3.5.2

3.5.3

3.54

It is assumed that the maximum number of DCs handled per year is 524 (Ref. 7.7, Key
003).

This assumption is used in Section 6.4 and Attachment V.

It is assumed that the sealed DC is designed to withstand a vertical drop from a height
of 2-m on its end without breaching (Ref. 7.9, TBV-245).

This assumption is used in Section 5.4, Section 6.4 and Attachment V.

It is assumed that te sealed DC is designed to withstand a horizontal drop from a
height of 2.4-m on its side without breaching (Ref. 7.9, TBV-245).

This assumption is used in Section 5.4, Section 6.4 and Attachment V.

It is assumed that the sealed DC is designed to withstand a 2.3MT object falling 2-m
onto the end of the DC without breaching (Ref. 7.9, TBV-245).

This assumption is used in Section 5.4, Section 6.4 and Attachment V.
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3.55 It is assumed that the sealed DC is designed to withstand a tipover from a vertical
position with slap down onto a flat, unyielding surface without breaching (Ref. 7.9, TBV-
245). .

This assumption is used in Section 5.4, Section 6.4 and Attachment V.

3586 It is assumed that the heaviest DC is the Naval Fuel DC with a loaded mass of 83,000-
kg (Ref. 7.8).

This assumption is used in Sectioh 5.4, Section 6.4 and Attachment V.

3.8.7 It is assumed that the DC outer length is between 3.70-m and 6.20-m (Ref. 7.9, TBV-
248).

This assumption is used in Section 5.4, Section 6.4 and Attachment V.

358 It is assumed that the DC outer diameter is between 1.25 m (4.1 ft) and 2.00 m (6.6 f)
(Ref. 7.9, TBV-246).

This assumption is used in Section 5.4, Section 6.4 and Attachment V.

359 it is assumed that the initiating event frequency for a crane drop is 1.4x1 0° ‘pér lift,
based on heavy-lift crane data from 4he-LLS-hlavy-(Attachment X).
Newqorot News Shiebuivdiag yak nhalq
This assumption is used in Section 5.4, Section 6.4 and Attachment V. ‘

3.5.10 1t is assumed that the two-block crane event (i.e., drop from the maximum height
physically possible) probability is 0.24. In effect, this assumes that 24% of all crane

drops are two-block events. This is based on heavy-lift crane data from the-t-S—MNavy
(Attachment X). New (ock Neus Ship b\J\\d'“&
AR ul2fe

This assumption is used in Section 5.4, Section 6.4 and Attachment V.

3.511 Itis assumed that the equivalent drop height for a DC slapdown/tipover (for particulate
release calculation) is equal to the distance from the ground to the top of the longest
DC (6.20-m).

This assumption is used in Sedion 5.4, Section 6.4 and Attachment V.

Y

3.6 Waste Emplacement and Subsurface Facility System Assumptions

36.1 It is assumed that the design basis of the WP precludes breach by dropping or impact
during the subsurface transportation and emplacement activities (Ref. 7.7).

This assumption is used to calculate offsite doses in Section 5.5, Section 6.5 and
Attachment VI.

3.6.2  ltis assumed that the WP, while in a vertical orientation, can withstand the impact of a
25 MT (55,000 Ibs.) object falling 3.1-m onto the side of the WP without breaching (Ref.
7.9, TBV-245).

This assumption is used to calculate offsite doses in Section 5.5, Section 6.5 and
Attachment VI. :
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4. Use of Computer Software

UL

W

W a3

4.1 Software Approved for QA Work
No software approved for QA work was used in this calculation.
4.2 Software Routines

All frequency and dose calculations performed to support this preliminary “scoping” analysis were
generated with Lotus 123 Release 5 spreadsheets, and run on Pentium personal computers. A
single software routine, based on the Lotus 123 Release 5 platform, was used to calculate doses for
each of the DBE scenarios analyzed. '

The variable input parameters used to calculate doses are described in Sections 2.2.1 through 2.2.8.
The process which was used to calculate doses is described in Attachment X, and includes a sample
calcuiation from beginning to end. Afttachment IX also provides hand calculations for a sample
probiem, which verify the results obtained from the spreadsheet routine. All dose resuits presented in
this calculation were generated by the spreadsheet routine and verified by visual inspection and/or
hand calculations.

cnatactenstic s
The LWR Rediotegieat-P Database (Ref. 7.12) was utilized to generate the radionuclide source
terms (in units of Curies/Fuel Assembly) for the 50% Average PWR and 50% Average BWR fuei
characteristics (see Section 2.2.1). All other source terms were taken from Reference 7.11, Source
Terms for Design Basis Event Analyses. The ChacackerisHics Dotabase and all modules
OLe "TO BE Neteed” (TBN-H55) pending fediew of Defictenty Repoct #pag.

Calcufations _J,UAM 0-9%-D-132.

5.1. Carrier/Cask Transport System (CCTS){SU16), Carrier Preparation Building Material
Handling System (CMHS){SU08) and Carrier/Cask Handling System (CCHS)}SU09)

5.1.1 System Description/Function (Refs. =72+ 7.67, 7.68)

A% WS
The Carrier/Cask Transport System moves transportation casks {rail and truck) and their carriers
between the waste entry point of the MGR, the cask staging shed, and the waste handling
facilities. The Carrier Preparation Building (CPB) facilitates the preparation of a waste
transportation cask for entering the waste handling facilities or for leaving the repository. This
system will house the equipment and support sysiems required for receipt/dispatch of

transportation casks, removalfinstallation of personnel! barriers and impact limiters, inspection of

transportation casks, and staging carriers awaiting transfer to other repository facilities or offsite.
The Carrier Preparation Building Material Handling System receives and inspects rail and truck
shipping casks from the Carrier/Cask Transport System. Carrier preparation operations for
carriers/casks received at the MGDS include performing a radiation survey of the carrier and
cask, removing the personne!l barrier, sampling for contamination, measuring the cask
temperature, and removing the impact limiters. The shipping operations for carriers/casks leaving
the MGDS include installing the impact limiters, radiological survey of the cask, and installing the
personnei barrier.

The Carrier/Cask Handling System performs the functions required to prepare shipping casks for
waste unloading, empty shipping casks for re-shipment, and empty non-disposable canisters for
disposal. The system is located in the Waste Handling Facility, which includes multiple cask
handling stations to maintain the waste emplacement and shipping schedules. Incoming casks
are prepared for waste unloading by unloading the casks from the carrier (Carrier/Cask Transport

Systemy}, inspecting the cask, and removing the lid (in the Assembly Transfer System or Canister
Transfer System.)
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The equipment used in these systems include site prime movers, rail cask carriers, truck cask
carriers, remotely operated overhead bridge cranes, gantry cranes, gantry mounted manipulator,
impact limiter sling/spreader bars, water washdown device, lifting yokes, and transfer carts.

5.1.2 Preliminary DBEs

The Preliminary DBEs presented in Table 5.1-1 are based on events presented in the Preliminary
Hazards Analysis (PHA) (Ref. 7.10) and the reference VA design (Ref. 7.26). The internal events
postulated for the CCTS included a diesel fuel fire initiated by the site prime mover (SPM) and a
drop of the transportation cask from the carrier cradle initiated by gross failure of the carrier or
cask hold-downs. Seismically induced cask drop events were also analyzed in this report (see
Section 5.8). Consequences for the diesel fire were not assessed because transportation casks
are required to withstand a “...hydrocarbon fuel/air fire of sufficient extent, and in sufficiently
guiescent ambient conditions, to provide an average emmissivity coefficient of at least 0.9, with
an average flame temperature of at least 800°C (1475°F) for a period of 30 minutes...” per the
provisions in 10 CFR 71.73(c) (Ref. 7.59).

The dose consequences for twelve different casks, with a capacity range from 7 to 61 BWR
assemblies and 3 to 26 PWR assemblies, and with drop heights from 4.1 meters (61-BWR) to 7.2
meters (various 2-block events), were determined for carrier/cask drop events (Attachment II).
The removal of the impact limiters changes the design basis drop height from 9-m (30-ft)
(Assumption 3.2.2) to an unknown height because analysis of cask drops without impact limiters
are not required by 10 CFR 71 (Ref. 7.59). It was assumed that the design basis drop height
without impact limiters is 2-m (approximately 6.6 feet) (Assumption 3.2.2) due to Table 5.1.1-2 of
RAI 12-8 of the responses to the NRC’s RAI on the CISF TSAR (Ref. 7.60). Consequently, it was
assumed that a drop greater than 2-m would cause a breach of the cask. This assumption must
be revised if drop heights lower than 2-m (80 inches) are obtained for cask systems not contained
in RAI 12-8. Table 5.1-1 lists the preliminary internal DBEs considered for the CCTS, CMHS and
CCHS.

Table 5.1-1 - Preliminary Internal DBEs

Carrier/Cask Transport System

Fire/explosion as result of ignition of diesel fuel of site prime mover

Drop from carrier cradle during transport to CPB

Carrier Preparation Building Material Handling System

Impact limiter sling/spreader bar failure

Drop of impact limiters onto cask by CPB bridge crane

Canister/Cask Handling System

Crane two-block drop of cask

Crane drops cask during normal lifts

Crane drops cask onto transfer cart during normal lifts

Cask slapdown after drop during normal lift

Cask slapdown due to failure of transfer cart support

The cask arrival scenario (Key 001 of Reference 7.7) combined with the heavy-haul drop
frequency (Assumption 3.2.3) was used to determine the frequency of cask drop events. The
frequency of the postulated DBEs range from 1.4E-6 to 2.5E-3 per year. These events are
credible and are classified as Category 2 per 10 CFR 60.
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Refer to Section 6.1 for a more detailed discussion of the DBE results.
5.2 Canister Transfer System (SU11)
5.2.1 System Description/Function (Ref. 7.70)

The Canister Transfer System (CTS) receives transportation casks without impact limiters containing
large and small disposable canisters, unloads the canisters from the casks, stores the canisters in a
shielded lag storage area as required, and loads them into Disposal Containers (DCs). Small
canisters are loaded directly from the transportation cask into a DC, or are stored until enough
canisters are available to fill a DC. Large canisters (e.g., Navy) are not stored but rather loaded
directly from the transportation cask into a DC.

The Canister Transfer System is designed to accommodate numerous waste forms in disposable
canisters, including Defense High Level Waste (DHLW) glass, Commercial Spent Nuclear Fuel
(CSNF), and DOE Spent Nuclear Fuel (DSNF). The DSNF includes approximately 250 different
types of fuel and for most of these, the source terms are presently unknown. For the purpose of this
analysis, the DOE N-reactor fuel source term (handled in a Multi-Canister Overpack (MCO)) was
obtained and used for the dose assessment of DSNF in the Canister Transfer System. Other source
terms may be more limiting than the N-reactor fuel and will be considered in future analyses, as
additional information becomes available.

Each of the two identical canister transfer lines contains an airlock, cask preparation and
decontamination area, and a canister transfer cell. Remote handling equipment consists of cask
transfer carts, cask preparation manipulators, and equipment for sampling, cask unbolting, lid
removal and decontamination. The canister transfer hot cells include a canister transfer station and
DC transfer cart supported by remote handling equipment including a bridge crane (sized to handle
the largest canisters), DC loading manipulator, and a suite of large/small canister lifting fixtures. The
HLWC canister transfer operation requires two lifts per canister; one lift from the transportation cask
to the lag storage area, and another lift from the lag storage area to the DC. A commercial SNF
canister will require one lift from the transportation cask to the disposal container. The maximum,
normal lift height for the HLWC is approximately 6.7 meters (22 feet) above the operations floor. The
worst-case postulated HLWC design basis event considers a drop of one canister from 15 meters (49
feet), the maximum height of the crane. The impact distance will vary based on the length of the
disposable canister.

The maximum, normal lift height for a Multi-Canister Overpack (MCO) loaded with N-Reactor fuel is
approximately 6.3 meters (20.6 feet) above the operations floor. The worst-case postulated MCO
design basis event considers a drop of one canister from the maximum height of the crane (i.e., 9.2
meters [30.2 feet]). Since the MCO is designed to withstand only a 0.6-meter (2.0-foot) (Ref. 7.52)
vertical drop on reinforced concrete, the MCO is not expected to withstand a drop from the normal lift
height of 6.3 meters (20.6 feet) or from the MCO 2-block crane height of 9.2 meters (30.2 feet) in the
CTs.

Preliminary analyses include dose calculations for vitrified high-level waste canisters (HLWC),
canistered PWR/BWR design basis commercial SNF assemblies, and MCOs loaded with N-Reactor
fuel. As source terms for other types of DOE-owned spent nuclear fuel become available, additional
analyses will be performed.

5.2.2 Preliminary DBEs
Reference 7.25 contains the internal HLWC DBE scenarios considered for the CTS. Seismic initiated

DBEs were not analyzed in Reference 7.25. Seismic DBEs are presented in Section 5.8 of this
analysis.
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The types of HLWC DBEs considered in Reference 7.25 for the CTS included collisions, drops onto
sharp objects, slapdowns, and potential decontamination system missiles. Reference 7.25
determined that the bounding DBE for the CTS for vitrified HLWCs is a 35-foot crane drop due to
human error. Because canisters containing commercial SNF may be received at the repository, this
report also considered the consequences of dropping a commercial SNF canister from 28.2 feet. The
DBE with commercial SNF was, in fact, found to result in the largest dose. This bounding event is a
drop from the maximum crane height onto the CTS floor resulting in a breach of one canister.
Different drop heights may be encountered for each event due to the differences in lengths of the
various disposable canisters. The dose results for all DBEs involving canistered defense high-level
waste and commercial SNF are presented in Attachment IIl.

Reference 7.49 evaluated the internal MCO DBE scenarios considered for the CTS. Reference 7.50
determined that the bounding MCO DBE for the CTS is a 30.3-foot crane drop. This event is a drop
from the maximum crane height onto the CTS floor resulting in the breach of a single MCO. Based
on Assumption 3.3.10, the calculated MCO drop frequency is 5.6E-4 drops per year. Therefore, since
this frequency is between 1.0E-6/yr and 1.0E-2/yr, the bounding MCO drop is determined to be a
Category 2 event.

Preliminary MCO DBE analyses (References 7.49 and 7.50) have been performed to calculate
maximum allowable radionuclide releases from the Waste Handling Building (WHB) and expected
building accident release source terms. Hydrogen and uranium hydride could be generated from
uranium/water reaction inside an MCO during interim storage at Hanford Canister Storage Building
(CSB) or during subsequent transportation to the proposed repository. Hydrogen/uranium hydride
coming out of a breached MCO could ignite after contacting the air in the CTS hot cell. Reference
7.50 shows that H/UH; explosion overpressure resulting from 1.3 kg of residual water in an MCO
could potentially challenge the integrity of the WHB HEPA filters. Based on these results, a limit of
1.3 kg of free and bound water per MCO, and corresponding limits on the amounts of hydrogen and
uranium hydride have been established in the Disposability Interface Standard (DIS). The purpose of
placing a water inventory limit on an MCO is to prevent a hydrogen/uranium hydride
explosion/combustion event that could potentially result in overpressure failure of the WHB building
HEPA filters.

A total of 400 MCOs are expected to be received at the proposed repository after 20-40 years of
interim storage at Hanford CSB. Based on a review of data on bound water and particulate content in
the MCO, it is apparent that after the cold vacuum drying process, some MCOs will not meet the
Disposability Interface Specification (DIS) requirement of 1.3-kg of water per MCO (Ref. 7.58). It is
expected that Hanford will come up with an MCO certification program that will ensure that the
amounts of water, hydrogen, and uranium hydride in an MCO meet the DIS requirement. Specifically,
Hanford will be required to identify those MCOs that do not meet the DIS requirement and remove
them for further treatment. It is expected that stringent administrative controls at Hanford will prevent
MCOs containing quantities of hydrogen and uranium hydride that could challenge the integrity of the
WHB HEPA filters from being received at the repository.

It is estimated that 1 out of 400 MCOs (see Assumption 3.3.11) received at the repository contains
amounts of hydrogen and uranium hydride that could potentially challenge the integrity of the WHB
HEPA filters. Therefore, the probability of failing the WHB HEPA filters due to H,/UH; explosion
overpressure is equal to 2.5E-3 (=1/400). The probability of HVAC or HEPA filter unavailability is
4.8E-4 (see Attachment VIII). The HEPA filter unavailability, P, is the sum of the unavailability to
operate during the required mission time and the unavailability due to explosion overpressure:

P = HVAC unavailability to operate during required mission time + HEPA unavailability due to
overpressure
= 4.8E-4+ 2.5E-3 = 2.98E-3

An event tree (see Attachment Ill) was constructed for the CTS DBESs using a crane failure and MCO
drop from the normal lift height of 20.6 ft as an initiating event. As shown in the event tree, the worst
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credible event sequence identified is CTS-107, an unfiltered pressurized event with slow oxidation
(i.e, no ignition) of metallic uranium inside the MCO. A frequency of 1.34E-6 drops/yr is calculated for
this event. The same event with HEPA filters available, i.e., CTS-106, has a frequency of 4.48E-4
dropslyr.

The above calculations show that an MCO drop from the normal lift height without HEPA filters is a
Category 2 event.

Refer to Section 6.2 for a more detailed discussion of the DBE results for CTS-106 and CTS-107.
5.3 Assembly Transfer System (SU10)
5.3.1 System Description/Function (Ref. 7.69)

The Assembly Transfer System (ATS) prepares and unloads commercial spent fuel assemblies from
the shipping containers or from lag storage, and loads the assemblies into Disposal Containers (DC)
or lag storage. The system is also required to position containers at the unloading station, install
contamination barriers, inspect the shipment, and remove empty containers and low level waste from
the station.

The system utilizes remotely operated equipment to perform these functions including, a bare fuel
transfer machine, fuel assembly grapples, container transfer carts, contamination barriers, inspection
instruments, and low-level waste removal subsystems. The system is required to remove bare fuel
from any truck or rail-shipping cask, and non-disposal canisters identified in the waste shipment
schedules (Ref. 7.7). System dependability is sufficient to maintain the planned waste emplacement
schedules, and the system is designed with interchangeability and redundancy such that failures and
maintenance operations will not impact the schedule. The system is semi-automatic, such that the
operator initiates the function to be performed, and the system automatically performs the tasks
required for that function. The operator can operate the system manually and override the automatic
operation at any time.

The Carrier/Cask Handling System interfaces with the ATS by transferring loaded casks and empty
casks, receiving and shipping dual-purpose canister (DPC) overpacks off-site, and unloading and
loading DPC overpacks on carriers. Three identical Assembly Transfer Lines are provided in the
WHB. Each line includes an airlock, cask preparation area, pool area, and three hot cells for disposal
canister (DC) loading and transfer operations. The three lines are identical and are independent of
each other. The lines can be operated separately or concurrently to handle the waste transfer
throughputs and to support maintenance operations.

5.3.2 Overview of the ATS Operations

Transportation casks are transferred into the ATS cask unloading area from the Cask/Carrier
Handling System via the cask transfer cart and placed (using the cask unloading area bridge crane)
into the cask preparation pit located in cask preparation and decontamination room number one
(there are two rooms, each with one pit). The cask preparation consists of remote cask cavity gas
sampling, cask venting, and cask gas and water cool-down. Next the outer lid is removed and the
inner shield plug-lifting fixture is attached.

For casks containing assemblies without canisters, the cask is placed in the cask unloading pool and
the inner shield plug is removed underwater. For casks containing a DPC, the cask outer and inner
lids are remotely removed in the cask preparation pit. There the DPC is remotely sampled, vented
and cooled. A DPC lifting fixture is remotely attached and the cask is placed in the cask unloading
pool.

In the cask unloading pool the DPC is removed from the cask and placed in a DPC overpack. The
DPC lid is then severed and removed. Spent fuel assemblies are then individually removed from an
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open cask or from an open DPC and loaded into the assembly baskets positioned in the basket
staging rack in the assembly staging pool. The assemblies are moved using the Wet Assembly
Transfer Machine.

Using the Wet Assembly Transfer Machine, the assembly baskets are transferred from the basket
staging rack to the incline transfer canal cart. The assembly baskets are then transferred through the
inclined transfer canal by the incline transfer cart to the Assembly Handling Cell. Using the Dry
Assembly Transfer Machine, the assembly baskets are transferred into one of the two assembly
drying vessels. Each drying vessel has a capacity of six assembly baskets. The drying vessel is
loaded with the number of assemblies that will exactly fill the respective DC being filled. If a DC with
a capacity of 21 PWR spent fuel assemblies is being filled, then the appropriate humber of baskets
containing the 21 fuel assemblies is placed in the dryer.

After drying, the assemblies are individually removed from the assembly drying vessel using the Dry
Assembly Transfer Machine. They are placed into a DC positioned below the DC load port. After
installation of the DC inner lid sealing device, the DC is transferred by the DC transfer cart to the DC
decontamination cell. Here the top area of the DC, the DC lifting collar, and the DC inner lid sealing
device are all decontaminated and the DC is internally inerted. The DC is then transferred to the DC
Handling System for lid welding.

Lids are replaced on the empty transportation casks in preparation and decontamination room
number two. The casks are then decontaminated and inspected, and the casks are transferred to the
Carrier/Cask Handling System for shipment off-site. Empty DPCs and severed DPC lids are loaded
into an overpack and the overpack lid is installed. The overpack is decontaminated and inspected,
and the overpack is also transferred to the Carrier/Cask Handling System for shipment off-site (Ref.
7.28).

5.3.3 Preliminary DBEs

The preliminary DBEs evaluated for the ATS are based on events presented in the PHA (Ref. 7.29)
and the current design of the ATS (Ref. 7.28). The decontamination system missile event identified in
the PHA was determined to be not applicable since SNF assemblies are enclosed in either the
transportation cask or the DC during all decontamination system activities. Since the DCs will be
sealed as part of the DC Handling System, fuel damage by burnthrough during the welding process
and fuel damage by laser radiation/heat were considered in the DC Handling System analysis
(Section 5.4). Events involving the movement of SNF assemblies with cranes, as described in the
PHA, were not considered since all fuel movement will be accomplished with the wet and dry
assembly transfer machines. In addition, DBE scenarios involving transportation casks in the ATS
were not evaluated because they are bounded by the transportation cask events identified in the
Carrier/Cask Handling System (Section 5.1).

In addition to the design basis events proposed in the PHA, potential events associated with the cask
unloading pool and the wet staging pool were considered. These events included failure of the pool
water cooling system as well as failure of the pool structural integrity. While the spent fuel is in
passive storage in a pool, decay heat and the modest pressure within the fuel rods are the only
driving forces for dispersal of the radionuclides contained in the spent fuel. To minimize these forces,
spent fuel is kept under water for at least a year after discharge from a reactor before it is transferred
out of the pool.

The preliminary design of the ATS pool system is being accomplished in accordance with American
National Standard ANSI/ANS-57.7 (Ref. 7.24). This standard stipulates that the heat storage
capability of the storage pool must allow adequate time for corrective action in case of a breakdown
of the cooling system. In the event of an earthquake or other extreme natural phenomena, sufficient
makeup water must be available to maintain safe storage conditions. It is also stipulated that the
capability to recover from loss of cooling must be provided before the design limits of the pool
structures are exceeded and before bulk boiling of the storage water occurs. According to the latest
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ATS pool design information (also in accordance with ANSI/ANS-57.7), the cask unloading pools
have been designed such that a dropped cask cannot impact on stored fuel and shall be designed to
withstand, without loss of functional integrity, the impact of the maximum load over the pool dropped
into the pool from the highest position attainable by the load.

There is no permanently installed piping in the design that could serve as a siphon to lower the water
level below the minimum fuel level. The pool structures (stainless steel liners and concrete shells)
have been designated Important to Radiological Safety and, therefore, must be seismically qualified
to withstand a design basis earthquake. Thus, no design basis events have been identified in which
the pool structures or liners are breached or in which the heat content of the pools exceeds the
established guidelines. Therefore, events involving the release of radiological material from the pools
due to failure of the pools, failure of pool water cooling equipment, or failure of pool water makeup
equipment were not analyzed. In addition, events such as a drop of a transportation cask or DPC into
a pool leading to damage to the pool or liner were not evaluated; these events will be evaluated once
the pool design is finalized.

The ATS contains two distinct ventilation confinement zones. The ATS hot cells are primary
ventilation confinement zones while the ATS pools are secondary ventilation confinement zones.
Therefore, events that occur in the hot cell use an HVAC unavailability of 2.5E-5 (Assumption 3.1.11)
and events that occur in the ATS pool use an HVAC availability of 4.8E-4 (Assumption 3.1.11) for the
applicable event trees in Attachment IV.

As indicated in Assumption 3.4.5, the DBE maximum drop heights evaluated were based on the latest
drawings and blueprints for the ATS design (Refs. 7.27, 7.28), as well as the shortest PWR and BWR
assembly lengths used in commercial nuclear facilities. The shortest assemblies were used to give
the greatest drop heights and thus the greatest generation of particulates upon impact. All of the
DBEs evaluated in the ATS were vertical drops onto the cell floor, pool floor, empty DC, or onto
another assembly or basket. The preliminary events and the range of drop heights analyzed are
shown in Table 5.3-1 below:

Table 5.3-1 ATS Preliminary DBEs

Event Group Design Basis Event

Scenario Description

Vertical Drops
and End
Collisions

Assembly vertical drop in the cask
unloading pool or the assembly staging
pool during transfer from a
transportation cask or DPC into an
assembly basket

Approximately 30- to 40-foot drop of one PWR or BWR
assembly onto pool floor (from maximum height in the wet
assembly transfer machine assembly handling tube) with
one assembly breached

Approximately 30- to 40-foot drop of a basket containing 4-
PWR or 8-PWR assemblies onto pool floor (from the
maximum height from the wet assembly transfer machine
assembly basket hoist) with all 4 assemblies breached

Assembly vertical drop in the assembly
handling cell from the dry assembly
transfer machine

Approximately 30- to 40-foot drop of a basket containing 4-
PWR or 8-BWR assemblies onto another basket of 4 PWR
or 8 BWR assemblies in the drying vessel (from the
maximum height from the dry assembly transfer machine
assembly basket hoist) with all assemblies breached. In
addition, this event sequence was also examined
assuming a loss-of-power initiator. This event will bound
the drop of an individual assembly into the dryer as the
assemblies are being moved into the DC.

Approximately 2- to12-foot drop of one SNF assembly
(PWR, BWR, respectively) onto the cell floor (from
maximum height in the dry assembly transfer machine fuel
assembly enclosure) with one SNF assembly breached
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Event Group Design Basis Event Scenario Description

Approximately 34- to 44-foot drop of one SNF assembly
(PWR, BWR, respectively) into the empty DC (from

assembly enclosure) with one assembly breached

Approximately 17- to 37-foot drop of an SNF assembly
(PWR, BWR, respectively) onto another assembly in the
DC (from maximum height in the dry assembly transfer
machine fuel assembly enclosure) with both assemblies
breached

Approximately 5- to 11-foot drop of a basket containing 4-
PWR or 8-BWR assemblies, respectively, onto cell floor
(from the maximum height from the dry assembly transfer
machine assembly basket enclosure) with all 4 or 8
assemblies breached

another basket of 4-PWR assemblies or 8-BWR
assemblies in the assembly drying station (from the
maximum height from the dry assembly transfer machine
assembly basket enclosure) with all 8 or 16 assemblies
breached

The list of DBEs can be divided into two groups: those that occur in the cask unloading pool and the
assembly staging pool (wet drop events) and those that occur in the assembly handling cell (dry drop
events). There is a potential to drop assemblies in the pool areas when being moved with the wet
assembly transfer machine as well as a potential to drop the baskets containing the SNF assemblies
from the dry assembly transfer machine when they are lifted from the inclined transfer canal basket
and placed in the assembly dryer. In addition, there is a potential to drop individual assemblies when
they are lifted individually from the assembly baskets in the dryer, moved (again with the dry
assembly transfer machine), and lowered into the DC.

The frequency of drops during fuel handling at commercial nuclear power plants was determined to
be 1.8E-5 drops per lift per Reference 7.23. This same frequency was assumed to be valid for the
fuel handling operations considered in this analysis (Assumption 3.4.1). The maximum yearly
emplacement of DCs is predicted to occur in the year 2016; in that year, 368 DCs containing SNF are
expected to be placed into the repository (Ref. 7.7). Based on the calculated drop frequency, the
expected rate of filling the DCs (one lift per assembly basket to transfer the basket to the dryer and
one lift per individual assembly to transfer each assembly from the dryer to a DC), the expected drop
frequency for BWR assembly baskets dropped by the dry assembly transfer machine is 1.48E-2
dropsl/year (822 BWR baskets/year x 1 lift/basket x 1.8E-5 drops/lift). The expected drop frequency
for PWR assembly basket is 2.28E-2 drops/year (1266 PWR baskets/year x 1 lift/lbasket x 1.8E-5
drops/lift). For individual assemblies, the expected drop frequency is 1.89E-1 drops/year (10,519
assemblies/year x 1 lifttassembly x 1.8E-5 drops/lift). The results of all the frequency and dose
calculations performed for DBEs in the ATS are presented in Table V-1 of Attachment IV. A
summary of the bounding ATS events is included in Section 6.3.

Attachment IV presents the event trees developed for the initiating events involving drops of individual
assemblies or full baskets containing SNF assemblies from the wet and dry assembly transfer
machines. The event tree sequences indicate the frequency of each drop event, irregardless of the
consequences of the event. Dose consequences for each event sequence are presented in Table V-
1 of Attachment IV.

The first event tree (events ATS001-004) is representative of a PWR basket drop. As such, this tree
is applicable to an event involving an approximate 16-foot drop of a basket containing 4-PWR
assemblies onto either the cell floor or another basket of 4-PWR assemblies located in the assembly
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dryer. The second event tree (events ATS005-008) is applicable to an event involving an approximate
25-foot drop of a basket containing 8 BWR assemblies onto either the cell floor or another basket
containing 8-BWR assemblies located in the assembly dryer. The drop heights differ for a BWR drop
versus a PWR drop because of the difference in overall height of the PWR and BWR assembly
baskets. The shortest BWR assembly basket will have a height of 3.7 meters (12 feet 3 inches); the
shortest PWR assembly basket will have a height of 5.4 meters (17 feet 9 inches) (Ref. 7.28).

The third event tree (events ATS 009-012) and fourth event trees (events ATS013-016) depict
frequencies for event sequences involving the dropping of individual PWR and BWR fuel assemblies,
respectively. The fifth tree (events ATS017-020) and sixth tree (events ATS021-024) depict
frequencies for event sequences involving the dropping of baskets of PWR and BWR assemblies in
the pool, respectively.

The last event tree (events ATS025-029) is applicable to the loss-of-offsite power event. This event
tree is applicable to both PWR and BWR fuel baskets/assemblies since the event frequency (for loss
of power resulting in mechanical failure) is dependent on the failure of the components associated
with the electrical system and dry assembly transfer machine, not on throughput.

The assignment of frequency categories, as well as a summary of the dose consequences of the
various drop events involving full assembly baskets and individual assemblies, is also provided in
Attachment IV. Refer to Section 6.3 for a more detailed discussion of the DBE resullts.

54 Disposal Container Handling System (SU13)
54.1 System Description/Function (Ref. 7.71)

The purpose of the DC Handling System (DCHS) is to prepare empty DCs for loading of nuclear
materials, transfer DCs to and from the Assembly and Canister Transfer Systems, weld the inner and
outer lids, temporarily store loaded DCs before or after welding (as needed), tilt DCs to horizontal,
and load DCs onto the Waste Emplacement transporter. The system also transfers DCs to the Waste
Package Remediation System as needed. It should be noted that DCs are assumed to be waste
packages (WPs) when the outer DC lid is successfully welded and tested. The term WP is used
throughout this analysis to indicate a DC that has been loaded and successfully sealed.

Loaded, unsealed DCs enter the DCHS from either the Canister Transfer System (CTS) or the
Assembly Transfer System (ATS). DCs from the CTS arrive without a lid whereas DCs from the ATS
come equipped with a temporary inner lid sealing assembly. The DC is lifted a total of 3-4 times in the
DC Handling System. The DC is first lifted a nominal height of 0.6-m (2.0 feet) onto the welding
station turntable or lifted a nominal height of 0.3-m onto the DC staging area fixture for temporary lag
storage prior to welding. After the welding operation, the DC is either transferred to the staging area
for lag storage or transferred to the Tilting Station where it is lifted a nominal height of 2.0-m (6.6 feet)
onto the tilting fixture. The DC is then tilted to a horizontal position, placed on the horizontal transfer
cart, and transported to the DC Transfer/Decontamination cell. The DC is horizontally lifted to a
nominal height of 1.4-m (4.6 feet) in the Transfer/Decontamination cell, the horizontal transfer cart is
removed, the DC is positioned onto the subsurface transporter, and the DC is transported to the
underground emplacement area.

The primary DCHS equipment includes a DC bridge crane with lifting fixtures, a tilting station fixture,
transfer carts, DC welding/inspection robots, welding station jib cranes, weld turntables, horizontal
transfer cart, horizontal lifting system, and decontamination and inspection manipulator.

5.4.2 Preliminary DBEs

The Preliminary MGDS Hazards Analysis (Ref. 7.10) and the reference VA design drawings (Ref.
7.26) were used as a basis for identifying events that could potentially result in a radiological release.
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Potential impact and drop events associated with normal handling of unsealed DCs were considered
to be of primary importance due to the lack of confinement protection prior to welding the inner DC lid.
Other postulated off-normal events (e.g., two-block crane drops) involved the failure of one or more
SSCs to initiate an event which exceeded the DC design basis. The vertical lift of the DC onto the
DC Tilting Station is the highest normal operational lift in the DCHS at approximately 2-meters for the
shortest length DC. Aside from drop events, other events considered in the DCHS included
collisions, slapdownsi/tipovers, falling masses and a welding burnthrough.

Slapdownsi/tipovers of an unsealed DC could occur at the welding station turntable or the staging
area fixtures. Drop events could occur during lifts onto the welding station turntable, the staging area
fixture, or at the horizontal lift system. Falling heavy objects could potentially breach the unsealed DC
prior to welding, since its only protection is the temporary inner lid assembly, and falling objects with a
mass greater than 2.3-MT could potentially breach the sealed DC. However, it is generally assumed
that a severe seismic event (i.e., magnitude greater than the equipment design basis earthquake
qualification) would be required to initiate the fall of any heavy mass that would have the potential to
breach a sealed or unsealed DC. Table 5.4-1 contains a complete listing of the internal events which
were evaluated for the DCHS.

Table 5.4-1 — Potential Events in the DCHS

Event Group Event Description
Vertical crane drop of sealed WP or unsealed DC from normal operating lifts ranging from
0.6-m to 2.0-m
Drops 2.5-m horizontal drop of sealed WP from horizontal lifting system

Off-normal DC drop due to failure of one or more SSCs

DC transfer cart collision with shield door

Collisions
DC transfer cart collision with heavy object

Unsealed DC slapdown from transfer cart

Unsealed DC slapdown from welding station turntable

Slapdowns/Tipovers
Unsealed DC slapdown from staging area fixture

DC slapdown from Tilting Station

DC bridge crane falls onto unsealed DC

Falling Mass Horizontal lifting system falls onto sealed WP

Welding equipment falls onto unsealed DC

Other Welding burnthrough of inner DC lid

Table 5.4-2 contains the preliminary design basis events (DBEs) that were selected for further
evaluation. Frequency and consequence analyses were conducted on the DBEs shown below to
quantify their frequency of occurrence and estimate the public dose at the 5-km site boundary.
Detailed calculations and related event trees for each event analyzed (DCO01, DCO02,... etc.) are
shown in Attachment V. In addition to the internally initiated events (e.g., crane drops), two loss-of-
power events were also analyzed for comparison.
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Table 5.4-2 - Preliminary DCHS DBEs

Event Group Event # DBE Description Location

6-m Vertical Drop (2-Block Crane

Vertical Drop DCO01, DC02 . DC Tilting Station
Failure)
Horizontal Drop DCO05, DC06 | 2.5-m Horizontal Drop of DC Transfer/Decon
DCO03, DC04 | LOP & 2-m Vertical Drop DC Tilting Station
Loss-of-Power
DCO07, DC08 | LOP & 1-m Horizontal Drop Transfer/Decon
Welding DC13, DC14 | Welding Burnthrough Inner DC Lid Welding Station
Burnthrough ' ing bBu ug ! ing :

The seismic DBEs, discussed in further detail in Section 5.8, are expected to bound all externally
initiated DBESs in the DCHS. Refer to Section 6.4 for a more detailed discussion of the DBE results.

5.5 Waste Emplacement System (SS17) and Subsurface Facility System (SS01)

55.1 System Description/Function (Refs. 7.74 and 7.73)

The Waste Emplacement System transports the loaded and sealed Waste Package (WP) from the
Waste Handling Building (WHB) to the subsurface emplacement area. This system operates on the
surface between the North Portal and the WHB, and in the underground Ramps, Access Mains, and
emplacement drifts. This system accepts the loaded WP onto a reusable rail car, moves the WP into
the shielded transporter, transports the WP to the emplacement area, and emplaces the WP in the
emplacement drift. The operation cycle is completed when the transport equipment returns to the
surface WHB to receive another WP.

Major items and sub-systems of the Waste Emplacement System consist of the following (Ref. 7.44):

A shielded transporter with a reusable rail car for the movement and transfer of the WPs. The
transporter requires transport locomotives for movement.

Transport locomotives for the transporter movement and control functions between the WHB and
the subsurface repository.

A remotely controlled emplacement gantry for the WP emplacement functions in the
emplacement drifts. The gantry is self powered through a direct current third rail system.

A gantry carrier for gantry transfer between the emplacement drifts and/or to the maintenance
facilities. The gantry carrier requires a transport locomotive for the carrier movement and control
functions.

The sequence of the subsurface WP handling process is as follows (Ref. 7.44):

The WP, positioned on a reusable rail car, is moved into the shielded transporter at the surface
WHB. A remotely controlled loading mechanism moves the rail car into and out of the
transporter. The loading mechanism will be an integral part of the transporter.

A pair of transport locomotives is used to move the transporter from the WHB, into and down the
North Ramp, into the East or West Main, and to the vicinity of the designated emplacement drift.
At the pre-selected emplacement drift location, one locomotive is uncoupled to allow the
transporter, with the transporter doors facing the drift entrance, to be pushed into the
emplacement drift turnout. Once the transporter is partway in the turnout, the transporter doors
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and the drift isolation doors open remotely, then the transporter is pushed into contact with the
Subsurface Emplacement Transportation System drift transfer dock.

The Subsurface Facility System encompasses the location, arrangement, size and spacing of the
underground openings. This subsurface system includes accesses, alcoves, drifts, and subsurface
boreholes. This system provides the following functions (Ref. 7.44):
- Access to the underground

Emplacement of waste packages

Openings to allow safe and secure work conditions

Preserves the natural barrier

Preserves the engineered barrier system.

5.5.2 Preliminary DBEs

This section presents an abbreviated summary of a preliminary analysis of potential Design Basis
Events (DBEs) which was performed on subsurface operations in FY-97 per the QAP-3-9 analysis
entitted DBE/Scenario Analysis for Preclosure Repository Subsurface Facilities (Ref. 7.44). The
purpose of that design analysis was to provide definition, screening analysis, and consequence
analyses of potential DBEs that involve preclosure operations within the scope of subsurface
repository design and operations. The analysis examined a wide range of potential radiological
release scenarios for both internal and external initiating events. Reference 7.44 was based on the
Preliminary MGDS Hazards Analysis (Ref. 7.10) which was a qualitative analysis to identify potential
radiological releases. Further, the subsurface analysis considers the design bases and supporting
analyses presented in the QAP-3-9 analysis Waste Package Design Basis Events (Ref. 7.23).

It is noted that the release sequences involve at least two independent failures: the initiating event
and breach of a waste package. Because of uncertainties, the prior analysis took a conservative
position wherein event sequences whose upper bound frequencies exceeded 1E-6 /yr were defined
as credible, Category 2 DBEs. This analysis utilized the scenarios and event frequencies from
Reference 7.44 and applied the methodology described in Section 2.0 to arrive at the results
specified in Section 6.5.

Because of the division of functions, the potential DBEs included in the study of subsurface facilities
include some events that may occur at or near the surface, i.e., during the transport of waste
packages from the Waste Handling Building, through the North Portal, and down the North Ramp.
Other events may occur only in the subsurface in or near emplacement drifts. The transport and
emplacement operations occur during the 24 years of active emplacement operations of the
preclosure phase and during a caretaker period should a retrieval campaign be initiated. Other
events like rockfall in the emplacement and main drifts may potentially occur during the entire
monitored preclosure phase which may extend to 300 years.

The primary defense against release of radionuclides for the subsurface operations is the sealed
boundary of the WP. The design bases of the WP preclude breach by dropping or impact during
operational mishaps like derailment of transporter and emplacement equipment and dropping during
handling operations. In addition, the WP is designed not to breach when impacted by a 25 MT
(55,000 Ibs.) object falling 3.1-m onto its side (Assumption 3.6.2).

Therefore, potential release scenarios are defined as those where a) the event sequence results in
impacts beyond the design bases of the WP; or b) the WP is assumed to be defective (e.g., due to a
manufacturing defect or seal welding flaw that are not caught by quality control) and is breached by
an impact that would not breach a full-strength WP. If the design bases of the waste package are
assumed to preclude a breach for credible initiating events, sequences of type a) will all be Beyond
Design Basis Events (BDBES) and the only credible scenarios will be those involving defective WPs.
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55.2.1 Internal Event Screening

The frequency and screening analysis in Reference 7.44 identified five internal scenarios as credible
DBEs and having the potential for WP damage that could result in the release of radionuclides. The
following scenarios were identified as either Category 2 DBEs or Beyond Design Basis Events with
significant uncertainty:

= Transporter Derailment in Ramp or Main Drift with breach of defective WP;

= Runaway Transporter (with WP) derailing and crashing into wall of drift;

= Runaway Transporter (without WP) colliding with another loaded transporter;

= Emplacement Gantry WP Lifting Mechanism Fails with drop and breach of defective WP; and
= Rockfall and/or Ground Support Collapse onto Waste Package - Static Rockfall

The frequencies were estimated in Reference 7.44 through several approaches including a)
application of actuarial data for derailments and runaways of commercial and mining transport
equipment (censored for perceived operational conditions and procedures for the repository); and b)
limited fault tree analyses of early design representations of mechanical, electrical, and control
systems, including effects of software, human, and common-cause failures. Table 7.2-16 of Ref 7.44
(see Attachment VI, Table VI-2) summarizes the frequency evaluation of the internal events, including
frequency ranges for both the initiating event and the sequence of events resulting in a release.
Frequency ranges are assumed to be lognormally distributed and the best estimate is taken as the
median. It is noted that the upper limit of the release frequencies extend above the 1E-6 /yr threshold
for credible events, but the median values are all below the threshold.

Two events, runaway transporter (with WP) and rockfall onto a waste package, are shown in Table
5.5-1 as Category 2 events. The runaway transporter event (Table 5.5-1, #5)will be the subject of
additional LA design studies in FY99 to demonstrate that subsurface transportation events which
breach a waste package are beyond design basis events. The likelihood of a rockfall event (Table
5.5-1, #13A) is subject to considerable uncertainty (Table 5.5-1, Note 2) due to the lack of data.
Studies planned for FY99 will provide data on the likelihood of rockfall and the maximum size of rock.
This event will be reassessed when the probabilistic key block studies are completed. Attachment VI
contains a summary of the scenarios and frequency analysis from Reference 7.44. The results of the
dose assessment performed for this analysis are presented in Section 6.5

5.5.2.2 External Event Screening

Potential external event initiators were listed in the Preliminary Hazards Analysis. Many were
screened out from further consideration as credible DBEs, as described in the following paragraphs.
Among the external events, loss of offsite power and seismic events can potentially affect all surface
and subsurface operations. Potential DBEs initiated by seismic effects on the transport and
emplacement operations are discussed in Section 5.8. Most external events, however, potentially
affect only the portion of the transport operations on the surface and were qualitatively screened out,
particularly by assuming that operational rules will preclude transport and emplacement operations
whenever there are local forecasts of severe weather, wind, temperatures, or range-fire conditions.
Moreover, the consequences of such events are likely to result in derailment of the transporter train
without impact beyond the design bases of the WP. Several external events are the subject of
separate analyses and were not examined in this analysis. These events include aircraft crash, fire
(range), industrial activity, military activity, and tornado.

A qualitative analysis of DBEs initiated by a loss-of-offsite-power was performed to identify potential
scenarios for radiological consequences. A scoping analysis indicates that without backup power, a
loss-of-offsite-power scenario that involves the drop of a WP during transfer operations between the
transporter and an emplacement gantry has a frequency of approximately 5.6E-6/yr, assuming 0.2
loss-of-offsite-power events per year (Assumption 3.1.14) and the drop of a defective WP (2.8E-4/yr).
With backup power available, e.g., using a battery on the transport locomotive, the frequency of the
potential release scenario is reduced below the design basis threshold of 10°/yr.
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Analysis indicates that a lightning strike in the vicinity of a transporter train during operations between
the Waste Handling Building and the North Portal has a frequency of about 1.2E-5/yr. The frequency
of a direct lightning strike on the transporter is estimated to be about 1.9E-7/yr and is classified as a
beyond design basis event, based on analysis in Reference 7.44.

A class of events that could be potential initiators of release of radioactivity in the subsurface are
described as Events in Repository Development Side that can impact the emplacement side; e.g.,
explosions creating missiles. No results are available at this time. Table 5.5-1 contains the
preliminary DBEs that were identified for the subsurface facilities.

Table 5.5-1 - Summary of Internal and External Events for Subsurface Facilities

Emint Event Description(l) DBE Category-for(3F)€eIease

' Scenarios

1 Transporter Derailment in Ramp or Main Drift BDBE

2A Emplacement Gantry Derailment - Normal Speed BDBE

2B Emplacement Gantry Derailment - Gantry Runaway BDBE

3 Waste Package reusable car is ejected out of BDBE

Transporter

5 Runaway Transporter (with WP) Category-2

7 Emplacement Gantry WP Lifting Mechanism Fails BDBE

10 Rockfall/Ground Support Fall onto Transporter BDBE

11 Rockfall/Ground Support Fall onto Locomotive BDBE

Treat as Category-2
13A Rockfall and/or Ground Sl(J;))port Collapse onto Waste gory

Package - Static Rockfall

13B Rockfall and/or Ground Support Collapse onto Waste BDBE
Package - Seismic Induced, Beyond DB Earthquake
15 Fire/Explosion Deferred to future analyses
16 Thermal Cycling of Waste Package Deferred to future analyses
17 Thermal Cycling of Emplacement Drift Ground Support Deferred to future analyses
Notes:

(1) Event categories are from PHA (Ref. 7.10); the particular initiators and event sequences analyzed in
the present study has been modified to reflect concurrent conceptual design activities or events that
were not considered in the PHA.

(2) Uncertainties in parameters used in analysis give a frequency range of 1.4E-10/yr to 3.4E-4/yr which
extends into the credible range, however, the best estimate frequency is BDBE. A probabilistic key
block analysis is planned to reduce this uncertainty. This event is treated as a Category 2 event until
additional planned studies are completed.

(3) This column summarizes the potential radionuclide release scenarios that were considered. Events
categorized as BDBE (Beyond Design Basis Events) are sequences of events whose frequencies are
below the threshold of 1E-6/yr.
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5.6 Waste Treatment Building (SU04) (Ref. 7.75)

The Waste Treatment Building System provides the structures and embedded subsystems that
support the collection and disposal of site-generated low-level radioactive waste. The system is
located on the surface within the radiological protected area of the MGR site. The system provides a
controlled environment for the Site-Generated Radiological Waste Handling System (SU37) and
protects related operations from the natural environments. The system’s primary function is to confine
contaminants and provide radiological protection to personnel.

The Waste Treatment Building System provides the civil structures and operational support systems
necessary to process site-generated waste efficiently and to meet the Site-Generated Radiological
Waste Handling System throughput rates. The system limits personnel radiation exposure to below
established thresholds. The system protects Site-Generated Radiological Waste Handling System
operations from natural and induced environmental conditions for the duration of the waste
emplacement operation.

The Waste Treatment Building was not analyzed for potential preclosure internal DBEs. It is
assumed that there will not be a sufficient radiological source term available which, if released during
a DBE, could exceed the offsite dose limits for Category 1 or Category 2 DBEs. This assumption will
be verified in future radiological safety analysis of the Waste Treatment Building, which will be
performed as the design evolves.

5.7 Criticality Safety Summary

For the preclosure phase of the MGDS, 10 CFR 60.131(h) requires that the waste package be
designed such that “nuclear criticality [k plus bias and uncertainty < 0.95] is not possible unless at
least two unlikely, independent, and concurrent or sequential changes have occurred in the
conditions essential to nuclear criticality safety. Each system must be designed for criticality safety
assuming occurrence of design basis events.” Waste Package Operations is currently estimating the
likelihood of those design basis events with the potential for affecting waste package criticality safety,
and identifying event sequences which must be considered in designing the waste package to meet
the preclosure criticality requirement (combinations of one unlikely event and all likely conditions).

Since neutron moderation is required for most waste forms to be capable of criticality, a conditional
event for most criticality scenarios/sequences will be accidental moderation of the waste package by
filling it with water, oil, or other hydrogenous fluid. This is generally expected to be an unlikely (if not
incredible) event due to the general absence of sources of moderator in areas where the waste
package is being loaded. Once sealed, the additional unlikely event of a waste package breach
would also be required to allow moderator entry. A quantitative estimate of the frequency of
accidental moderation is planned for later this year to confirm that it meets the definition of “unlikely”
in 10 CFR 60.2. However, to meet postclosure criticality requirements, the waste packages will
generally be designed such that they will be subcritical when flooded and correctly loaded.

Since multiple waste package designs are required to cover the wide range of commercial spent
nuclear fuel assembly characteristics, misloading of a waste package with fuel which exceeds the
criticality design basis of the package is a potential event which must be considered. Waste Package
Operations has performed an analysis of the frequency of misload for PWR and BWR packages
based on the preliminary loading procedures, the expected distribution of packages and their
associated fuel assemblies, and standard methods for estimating the probabilities of operator errors
and equipment failures. A decision tree was developed to determine the probabilities for all possible
endstates of the loading operation (Ref. 7.66). The endstate probabilities for sequences resulting in
misload of fuel that exceeds the criticality design basis of a package are summed to determine the
total probability of misload. The total misload probability for all PWR waste packages is in the range
of 5x10° to 6x10° per waste package (Ref. 7.66). The total misload probability for all BWR waste
packages is 9.65 x10° per waste package (Ref. 7.66). Based on these frequencies and the CDA Key
Assumption 003 estimate of 4,792 PWR waste packages, and 2,875 BWR waste packages (Ref. 7.7),

Civilian Radioactive Waste Management System
Management & Operating Contractor




Title: Preliminary Preclosure Design Basis Event Calculations for the Monitored Geologic Repository
DI No.: BC0O000000-01717-0210-00001 Rev 00 Page: 35 of 46

6.

misload of a package with fuel that exceeds the design basis is not likely to occur once during the
operational period (Ref. 7.66). Therefore, misload is also considered an unlikely event, and does not
have to be considered in combination with a flooded waste package.

5.8 Preliminary Seismic DBE Analysis

A seismic source-term and potential consequence analysis was performed as part of the effort to
identify potential SSCs important to radiological safety. The purpose of this seismic DBE analysis
was to identify those SSCs that must be designed to withstand a Design Basis Earthquake (DBEQ).
Since two categories of vibratory-ground-motion DBEQs have been defined for the MGR, a principal
objective of this analysis was to determine the appropriate seismic frequency category DBEQ that
each SSC important-to-safety must be designed for. The two DBEQs are identified as Frequency-
Category-1 and Frequency-Category-2, which are distinguished by different magnitudes (e.g.,
Frequency-Category-2 has a higher value of peak ground acceleration) (Ref. 7.30).

It should be noted that different values of the peak ground acceleration and other parameters are
assigned to surface facilities than to subsurface facilities for either category of DBEQ; i.e., the
acceleration in the subsurface is significantly lower than at the surface for the same earthquake.
Although the principles of assigning DBEQ frequency categories to surface or subsurface facilities are
the same, the impact on the respective facility design may be substantially different. This analysis
does not address the mechanical or structural design issues nor does it address the parameters that
characterize the respective DBEQSs, other than the frequency of exceedance.

A conservative approach was used to assign SSC seismic frequency classifications based on the
dose assessment of the applicable seismic event. Once an SSC is desighed to withstand a given
DBEQ), it is assumed to remain functional to prevent or mitigate a release of radionuclides during and
after that level of DBEQ. It should be noted that this seismic classification addresses only
radiological issues; more conservative seismic designs may be imposed due to other considerations
such as throughput, cost, or investment risk. Effects of fault displacement DBEQs are not analyzed in
this study. The primary defense against fault displacements is avoidance.

A systematic frequency analysis and dose assessment of seismic-initiated events in the MGR surface
and subsurface facilities is presented in Attachment VII.

Results

All results presented in this calculation shall be treated as unqualified data. This document will not
directly support any construction, fabrication, or procurement activity and thererfore is not required to be
procedurally controlled as To Be Verified or To Be Determined in accordance with NLP-3-15.

6.1. Carrier/Cask Transport and Handling Systems

The DBESs shown in Table 6.1-1 were identified as bounding events (event which provide the highest
dose for a group of similar events) for the CCTS, CMHS, and CCHS. The event frequencies and
dose consequences for all events considered are presented in Attachment II.
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Table 6.1-1 — Bounding Internal DBEs for
the Carrier/Cask Transport & Handling Systems

DBE TEDE Dose at
Event# | Event Description 5-km (rem)
Category
Conservative Best Estimate
CH10 | 6.9-m 2-Block Drop of 61-BWR Cask, No HVAC 2 >5 1.4
6.9-m 2—Block Drop of 61-BWR Cask, HVAC
CHIL | jorio @ 2 0.013 5.2E-4
CH46 | 7.1-m 2-Block Drop of 26-PWR Cask, No HVAC ) 2 >5 0.85
7.1-m 2-Block Drop of 26-PWR Cask, HVAC
CHA7 | N0 liobie @ 2 0.010 3.0E-4
CHO7 | 4.1-m Drop of 61-BWR Cask, No HVAC ) 2 >5 0.97
CHO8 | 4.1-m Drop of 61-BWR Cask, HVAC Available ® 2 0.56 3.8E-4
CH43 | 4.1-m Drop of 26-PWR Cask, No HVAC ) 2 >5 0.58
CH44 | 4.1-m Drop of 26-PWR Cask, HVAC Available ® 2 0.59 2.2E-4

(1) Current system design does not include HVAC confinement.
(2) Assumes HVAC confinement is available to mitigate radiological releases.

All events analyzed for the CCTS, CMHS and CCHS are frequency category 2 DBEs. The
preliminary conservative dose estimate exceeds the limits established for category 2 events. This is
driven by two factors; the current operational step of removing the impact limiters in the CPB, and the
lack of HVAC confinement for operations conducted in these systems.

6.2 Canister Transfer System (SU11)

Attachment 1ll contains the complete results of the frequency and dose calculations performed for
events in the CTS. The credible bounding events are a 28.2-foot drop of one commercial SNF
canister containing 44 BWR fuel assemblies (CTS006, CTS007) and a 30.3-foot drop of one MCO
(CTS-106, CTS-107) onto the CTS floor. The conservative TEDE dose for the bounding DBE
involving a commercial SNF canister, with HVAC (includes single HEPA filter) available, is 1.1E-2 rem
at the 5-km site boundary. Without HVAC available, the event frequency (see CTS-007 in
Attachment Ill) is beyond design basis.

The conservative TEDE doses for the analyzed DBE involving an MCO are 4.7E-3 rem with HEPA
filters and greater than 5 rem without HEPA filters at the 5-km site boundary. HEPA filtration is
currently included for the CTS in the reference VA design. The best estimate TEDE dose resulting
from a breached MCO, whether mitigated or unmitigated, is expected to be much smaller than the
conservative value.

This preliminary analysis of the CTS does not evaluate other waste forms that may be processed in
the system. Over a 24-year period, 3,698 of the 12,022 canistered waste forms are expected to be
DOE SNF, including N-Reactor Fuel (Ref. 7.7). The source terms (yet to be determined) for the other
DOE SNF may produce greater radiological releases that would also require mitigation such as HEPA
filtration to comply with applicable radiological release limits. The bounding internal DBEs for the
CTS are shown in Table 6.2-1. Event trees and dose calculations for events considered in the CTS
are included in Attachment lIl.
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Table 6.2-1 — Bounding Internal DBEs for the Canister Transfer System

TEDE Dose at

DBE 5-km (rem)

Event# | Event Description Category

Conservative Best Estimate

28.2-foot vertical drop of CSNF Canister (44
CTS006 | BWR Assemblies) from 2-block crane 2 1.1E-2 3.6E-4
position to floor, HYAC Available

28.2-foot vertical drop of CSNF Canister (44
CTS007 | BWR Assemblies) from 2-block crane BDBE >5 @ 1.0E+0
position to floor, HYAC Unavailable

20.6-foot vertical drop of MCO from normal lift
height to floor, HVAC Available

20.6-foot vertical drop of MCO from normal lift 2 >5 TBD
height to floor, HYAC Unavailable

(1) BDBE = Beyond Design Basis Event (<10 °/yr).
(2) For comparison purposes only - Best Estimate is used for BDBEs.

CTS-106 2 4.7E-3 TBD

CTS-107

6.3 Assembly Transfer System (SU10)

The dose consequences for events involving the dropping of a basket from the dry assembly transfer
machine onto a similar full assembly basket situated in the assembly drying station were the greatest
of all the events considered; and, therefore are considered bounding. These consequences are
summarized in Table 6.3-1. The event frequencies and dose consequences for all events considered
are presented in Attachment IV.

Table 6.3-1 Bounding Internal DBEs for the Assembly Transfer System

DBE TEDE Dose at
Event# | Event Description Category 5-km (rem)
Conservative Best Estimate

ATSO001, | 16.5-foot 4-PWR basket drop onto 1@ (1(?6?:;)\?\”? (55;,2%3\%
ATS003 | another 4-PWR basket, HVAC Available ATS001) ATS003)
ATS002 16.5-foot 4-PWR basket drop onto >5 ) 2.0E-01
\Tooo4 | @nother 4-PWR basket, HVAC BDBE ) (100% PWR, (50% PWR,

Unavailable ATS002) ATS004)
ATS005, | 25-foot 8-BWR basket drop onto 2 3.5E-03 (B\ll\./??eE-DogF
ATS007 | another 8-BWR basket, HVAC Available (50% BWR, ATS005) ATS007) !

25-foot 8-BWR basket drop onto 3) 4.1E-01
ATSO006, @ >5

another 8-BWR basket, HVAC BDBE (BWR DBF

) o )

ATS008 Unavailable (50% BWR, ATS006) ATS008)

(1) Beyond Design Basis Event.
(2) Doses limits for Category 1 events are presented on a rem per year basis.
(3) For comparison purposes only - Best Estimate is used for BDBEs.

Fuel type, as specified in the ATS event trees (Attachment V), reflects the fuel being handled when
the event is assumed to occur. Nominal fuel (labeled as 50% BWR and 50% PWR fuels) bounds the
characteristics of approximately half the fuel to be handled by the ATS and represents the fuel
nominally handled in this system. Otherwise, if fuel that is not nominal is being handled in the ATS
when the event occurs, it is assumed to be bounding fuel (either 100% PWR fuel or BWR Design
Basis Fuel). Therefore, based on the characteristics of all fuel to be handled in the ATS, it is assumed
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that there is equal probability that either nominal or bounding fuel will be in the ATS when a drop event
occurs.

A mitigation factor of 0.9997 (Assumption 3.1.13) was applied to all ATS event that considered HVAC
available. The HVAC availability, presented as a conditional probability in the event trees (Attachment
IV), depended on where the event was postulated to occur. Events in the hot cell used an HVAC
unavailability of 2.5E-5 (Assumption 3.1.11), which is the calculated value for a primary ventilation
confinement zone. Events in the ATS pool used an HVAC unavailability of 4.8E-4 (Assumption
3.1.11), which is the calculated value for a secondary ventilation confinement zone (see Section 2.2.9).

The credible, bounding events in the ATS are ATS001/ATS003 and ATS005/ATS007. The frequency
of event ATS001/003, involving a 4-PWR basket drop onto another basket with the HVAC/HEPA filters
available, is 1.14E-02 events/year; therefore, this event is a Category 1 DBE. The frequency of event
ATS005/007, involving a 8-BWR basket drop onto another basket with the HVAC/HEPA filters
available, is 7.40E-03 events/year, a Category 2 DBE.

The bounding loss-of-offsite power event occurs when the brake clutch on the dry assembly transport
machine fails to engage due to loss-of-offsite power, resulting in the drop of a PWR assembly basket
onto another in an assembly dryer. The consequences of this event with and without HYAC/HEPA
filters available, depicted by event trees ATS026/ATS028 and ATS027/ATS029, are identical to the
consequences of the 4-PWR basket drop events illustrated by ATSO01/ATS003 and ATS002/ATS004,
respectively. Loss-of-offsite power events assume that the passive HEPA filters remain functional for
24-hours following the event, and that leakage from the ATS is through the HEPA filters.

6.4 Disposal Container Handling System (SU13)

Table 6.4-1 shows the bounding internal events in the DCHS which exceed the DC design basis and
could result in a radiological release. Attachment V contains event frequencies and dose calculations
for all of the internal DCHS events which were considered. External events in the DCHS are expected
to be bounded by the seismic initiated DBESs discussed in Section 5.8.

Table 6.4-1 — Bounding Internal DBEs for the DC Handling System

DBE TEDE Dose at
Event# | Event Description Category 5-km (rem)
Conservative Best Estimate
6-m vertical drop from DC bridge crane (2- : )
DCO1 block), HVAC Available 2 1283 6.1E-4
6-m vertical drop from DC bridge crane (2- @)
bco2 block), HVAC Unavailable BDBE >5 6.0E-1
2.5-m horizontal drop from horizontal lift
DCo5 system, HVAC Available 2 4.58-3 54E-4
2.5-m horizontal drop from horizontal lift (1) )
DCo6 system, HVAC Unavailable BDBE >5 3.6E-1

(1) For comparison purposes only - Best Estimate is used for BDBEs.

The bounding radiological events in the DC Handling System are a 6-m two-block DC drop by the
bridge crane (DCO01, DC02) and a 2.5-m horizontal drop by the horizontal lift system (DC05, DCO06).
Event sequences considered the probability that the HVAC system will be both available and
unavailable when the event occurs. Both event sequences with HVAC available (DC01 and DCO05) fall
within the Category-2 frequency range. Events DC02 and DCO06 pertain to bounding DC drops with
the HVAC system unavailable to mitigate the radiological release. Both of the unmitigated events
have a frequency less than 10° per year (Beyond Design Basis) and are shown for comparison
purposes only.

Civilian Radioactive Waste Management System
Management & Operating Contractor




Title: Preliminary Preclosure Design Basis Event Calculations for the Monitored Geologic Repository
DI No.: BC0O000000-01717-0210-00001 Rev 00 Page: 39 of 46

The DCHS events were analyzed both with and without HVAC (HEPA filter) available in order to
assess the impact of HVAC on the offsite dose consequences. The current design concept for the
DCHS includes a single train HEPA filter (Ref. 7.17, Section 2.2.9). A detailed description of each
event sequence analyzed for the DC Handling System is included in Attachment V.

In general, the DBE sequences with HVAC available have a frequency of occurrence in the Category 2
range or below, and have mitigated dose consequences well below 5-rem at the site boundary. The
DBE sequences without HVAC available fall into the Beyond Design Basis Event category (<10°/yr)
and do not require any further analysis.

6.5 Waste Emplacement System (SS17) and Subsurface Facility System (SS01)

Reference 7.44 presented offsite doses for two bounding events (rockfall and transporter runaway),
although neither event is expected to remain a credible DBE. Additional work is ongoing to
demonstrate, either by design or analysis, that these events have a frequency which is beyond design
basis. The present analysis presents a re-analysis of the consequences of those original bounding
scenarios from Reference 7.44, using the source terms described in section 2.2.1. The results are
presented in Table 6.5-1 below.

The quantities of radionuclides that are potentially released in these bounding scenarios (and the
conditional probability of WP breach and fuel form breach) are governed by the amount of energy that
can be imparted to the WP resulting in damage. Based on the examination of impact energies
associated with bounding events selected for WP design, this analysis selects two events, the
transporter runaway and a rockfall within an emplacement drift, as bounding events, for which scoping
consequence analyses are presented. A summary of the original frequency assessment for these
bounding event scenarios is presented in Attachment VI.

The results summarized in Table 6.5-1 show that both events are Category-2. The best estimate dose
calculations range from 0.3 to 2.0 rem at the 5-km site boundary, while the conservative doses all
exceed 5 rem. Additional studies are planned in FY99 to reduce the likelihood of a transporter
runaway and subsequent WP breach; it is expected that this will become a beyond design basis event.
Furthermore, due to the large uncertainties on rockfall, probabilistic key block studies are planned to
determine the maximum size rock and the likelihood that it will fall.

Table 6.5-1 — Bounding DBEs for the Subsurface

DBE TEDE Dose at
Event# | Event Description Category 5-km (rem)
Conservative Best Estimate
5 Rockfall onto Waste Package, 21-PWR 2 >5 M 3.0E-1
5 Rockfall onto Waste Package, 44-BWR 2 >5 M 3.9E-1
13A Transporter Runaway, 21-PWR 2 >5 @ 1.1E+0
13A Transporter Runaway, 44-BWR 2 >5 @ 2.0E+0

(1) For comparison purposes only - Best Estimate is used for BDBEs.
6.6 Waste Treatment Building (SU04)

The Waste Treatment Building was not analyzed for potential preclosure internal and external DBEs.
It is assumed that there will not be a sufficient radiological source term available which, if released
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during a DBE, could exceed the offsite dose limits for Category 1 or Category 2 DBEs. Additional
design and DBE anaiysis is required to verify this assumption.

6.7 Summary of Bounding Internal DBEs

Table 6.7-1 below summarizes the bounding intemal DBEs that were identified in Sections 6.1
through 6.7 A preliminary frequency and dose assessment of seismic initiated events for the MGR
surface and subsurface facilities is presented in the Seismic DBE Analysis, Attachment VIl

Table 6.7-1 — Summary of Bounding Internal DBEs

DBE TEDE Dose at

Internal Events Category 5-km (rem)
Conservative [ Best Estimate

Cask/Carrier Transport & Handling (SU16), (SU08), (SU09)
6.8-m 2-Block Drop of 61-BWR Cask {Aftach_ |l - 2 >5 14
CH10), No HVAC '
6.9-m 2-Block Drop of 61-BWR Cask (Attach. II - o 4+
CH11), HVAC Available 2 1382 >2E
7.1-m 2-Block Drop of 26-PWR Cask (Attach. It - 2 S5 0.85*
CH48), no HVAC
7.1-m 2-Block Drop of 26-PWR Cask (Aftach. Il - | g
CH47}) HVAC Available 2 1.08-2 3.0e4
4.1-m Drop of 61-BWR Cask (Attach. Il - CHO7}, 5 -
no HVAC 2 > 087
4.1-m Drop of 61-BWR Cask (Attach. Il - CHOB) , _ 4
HVAC Available 2 5.6E-1 3.8E
4.1-m Drop of 26-PWR Cask (Aftach. Hl - CH43), 2 >5* 0.58*
no HVYAC )
4.1-m Drop of 26-PWR Cask (Aftach. Il - CH44) | ]
HVAC Available 2 5981 2284
Canister Transfer System (SU11)
28 2-foot HLWC vertical drop from 2-block crane
position to floor {Attach. Il — CTS006), HVAC 2 1.1E-2 3.6E4
Available
20.6-foot MCO vertical drop from normal lift height 2
to floor (Attach. Il — CTS-106}, HVAC Available 2 ATES TBD
Assembly Transfer System (SU10)
4-PWR basket drop onto another 4-PWR basket 1 4 9E-3 7 4E-5
{Attach. IV — ATS001, ATS003), HVAC Available ) '
8-BWR basket drop onto another 8-BWWR basket
(Attach. IV — ATS005, ATS007) 2 3.5E3 1.5E4
DC Handling System (SU13)
6-m vertical drop from DC bridge crane (Attach. V _
- DCO1), HVAC Available 2 7.283 6.1E4
2.5-m horizontal drop from horizontal lift system _
(Attach. V - DCO5), HVAC Available 2 4.56-3 5,464
Waste Emplacement (S517) and Subsurface Facility (§501) Systems
Rockfall onto 44-BWR Waste Package {Attach. VI :
— Event #5), No HVAC 2 >5 3.98-1
Transporter Runaway with 44-BWR Waste 2 =5 2 0E+0
Package (Attach. VI — Event #13A), No HVAC

* Current design concept does not have mitigation (i.e., HEPA filter). These results are shown for infarmation only.
** MCO contains N-Reactor fuel.
NE = Not Evaluated
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] Carrier/Cask Transport and Handling Systems Event Trees and Supporting
Documentation

] Canister Transfer System Event Trees and Supporting Documentation

v Assembly Transfer System Event Trees and Supporting Documentation

v Disposal Container Handling System Event Trees and Supporting
Documentation
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Attachment | - Release Fractions and PULF Data
1. Purpose

The purpose of this attachment is to summarize the results of the literature search to determine
applicable release fractions and PULF fractions for radiological dose assessment calculations.

2. Definitions

Gap Release Fraction — the fraction of airborne respirable size (<10mm) particulates that are present in
the fuel-cladding gap of a spent fuel rod as a result of normal operations and handling at the reactor. The
gap fraction in each fuel rod is available for release upon breach of the fuel rod cladding.

Airborne Release Fraction — the fraction of affected material that can be suspended in air and become
available for transport.

PULF Fraction — the fraction of airborne, respirable size (<10mm) particulates that are generated from the
fuel matrix as the result of an energetic impact event that ruptures the fuel rods and pulverizes the fuel.
The PULF fraction is added to the particulate gap release fraction for energetic DBEs such as drops and
slapdowns. The equation below estimates the respirable particulate fractions generated in an event,
based on the equivalent potential energy density of a material with density (d) at a specific height (h):

PULF = (A)(d)(@)(h)(c)(EPF)

A = correlation coefficient = 2x10* (cm®/J)

d = UO, density = 10 g/cm®

g = gravitational acceleration = 980.7 cm/s’

h = height, cm

¢ = conversion factor = 10" J/Erg

EPF = energy patrtition factor; fraction of the total energy that is imparted to the fuel matrix (1.0 for
DHLW glass and 0.2 for SNF assemblies) [unitless]

Respirable Fraction (RF) — the fraction of airborne material present in particulate form that could be
transported through the air, inhaled, and be deposited in the deep lung. For particulates, RF is equal to
the sum of the gap release fraction and the PULF fraction.
3. Comparison of PULF & Release Fractions from Historical Literature
Where appropriate, the following scenario was assumed to compare the results:
= Standard 40' (12.2 meter) Drop, equivalent to an energy density of 1.2 J/cnt® (1.2E7 ergs/cnt)
=  Burst Rupture of Fuel
= Compare respirable fraction (RF) of particulates
3.1 MacDougal (Ref. 7.3)

PULF=(2E-4)(d)(g)(h)(EPF)(1E-7)

d = 10 g/lem®

g=981cm/s’

h=1219 cm

EPF = 0.2 for SNF PULF (SNF) = 4.8E-5
EPF = 1.0 for DHLW PULF (DHLW) = 2.4E-4
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3.2

3.3

3.4

3.5

3.6

3.7

3.8

ANSI 5.10 — Airborne Release Fractions at Non-Reactor Nuclear Facilities (Ref. 7.35)
RF (SNF) = 7E-5*

RF (DHLW) = 2.4E-4
* Bounding for energy density between 10-100 J/cm”3 (1E-6-1E-4 Ergs/cm”3)

Tony Smith - Preclosure Rad. Safety Assessment for ESF (Ref. 7.36)
RF (SNF) = 1E-4

RF (DHLW) = N/A
* Based on 0.3% strain on container

Mishima, NUREG-1320, Nuclear Fuel Cycle Facility Accident Analysis Handbook (Ref.
7.37)

RF (SNF) = 1.2E-4*

RF (DHLW) = 3.0E-4

* Extrapolated from curve in Fig. 4.11 with 0.5 factor applied - consistent with MacDougall
curves

DOE-HDBK-3010 (Ref. 7.40)

RF (SNF) = 2.4E-4*

RF (DHLW) = 2.4E-4

* Based on MacDougall, without EPF

PRA Procedures Guide (Ref. 7.41)

RF (SNF) = 6E-6*
* ARF=2E-4, Respirable Fraction = .03

Lorenz, Fission Product Release from Highly Irradiated LWR Fuel (Ref. 7.39)
RF (SNF) = 2E-5 Burst Rupture
Wilmot, SAND80-2124 (Ref. 7.2)

RF (Phase I) = 2E-6* Burst Rupture*
RF (Phase 2) = 2E-5* Burst Rupture + Oxidation

* Release fractions from Lorenz (Ref. 7.39) reduced by a factor of 10 to account for the mass
ratio of a typical spent fuel rod compared with the 0.3m section used in the Lorenz experiments.
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4, Summary of Release Fractions from Literature (see Figure I-1 on next page)
Author SNF HLW Ref.
MacDougall 4.85E-05 2.40E-04 7.3
ANSI 5.10 7.00E-05 2.40E-04 7.35
Tony Smith 1.00E-04 7.36
NUREG-1320 1.20E-04 3.00E-04 7.37
DOE-HDBK-3010 2.40E-04 2.40E-04 7.40
PRA Procedures Guide 6.00E-06 7.41
Wilmot 2.00E-06 7.2
Lorenz 2.00E-05 7.39
5. Recommendation:

1) Total RF = Gap Release + PULF

2) Use gap release fractions from NUREG-1536
- H-3=.30
- Kr-85=.30
- 1-129 = .10
- Cs-134,137 = 2.3E-5
- Sr-90 = 2.3E-5
- Ru-106 = 1.5E-5
- Co-60 = .15

3) For particulate gap fraction, use release fraction from Wilmot — 2.0E-6

4) Use PULF fraction from MacDougall for energetic events
- Particulates = 1.96E-7 x EPF x h
- h =drop height (cm)
- EPF = 0.2 for SNF
- EPF = 1.0 for DHLW
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Figure I-1: Particulate Respirable Release Fractions
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Attachment Il - Carrier/Cask Transport (SU16), CPB Material Handling (SU08), and
Cask/Canister Handling (SUQ9) System Event Trees and Supporting Documentation
Receive Cask from Deliver cask to Measure Externall Inspect for
offsite Transportation CPR Material Radiation, Contamination,
(CRWMS) (Ref. 7.26) || Handling || Remove p»| External
System Personnel Temperature
Barriers
|
L Remove Transport to Deliver Cask
impact limiters T | Carrier/Cask —» toATSor
Handling System CTS
Table lI-1: Summary of Events Analyzed
5-km Best 5-km
Event - . Event Frequency Estimate Conservative
4 DBE Description Location Source Term (per year)d Cat. TEDE Dose TEDE Dose
(rem) (rem)
CHO1 | Maximum annual cask drop (year 2016) Carrier Bay Blended” 7.4E-4 w/o hvac 2 TBD TBD
CHO02 | Maximum annual cask drop (year 2016) Carrier Bay Blended 7.4E-4 w hvac® 2 TBD TBD
CHO3 | Maximum annual cask drop (year 2016) Carrier Bay Blended 3.6E-7 w/o hvac BDBE | TBD TBD
CHO04 | Maximum annual cask drop (year 2016) Carrier Bay Blended 2.3E-4 w/o hvac 2 TBD TBD
CHO5 | Maximum annual cask drop (year 2016) Carrier Bay Blended 2.3E-4 w hvac 2 TBD TBD
CHO6 | Maximum annual cask drop (year 2016) Carrier Bay Blended 1.1E-7 w/o hvac BDBE | TBD TBD
CHO7 | 4.1-m vertical drop of BWR cask Carrier Bay 61 BWR assem. 1.4E-3 w/o hvac 2 9.7E-1 >5
CHO08 | 4.1-m vertical drop of BWR cask Carrier Bay 61 BWR assem. 1.4E-3 w hvac 2 3.8E-4 5.6E-1
CHO09 | 4.1-m vertical drop of BWR cask Carrier Bay 61 BWR assem. 6.8E-7 w/o hvac BDBE | 9.7E-1 >5
CH10 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 61 BWR assem. 4.5E-4 w/o hvac 2 1.4E+0 >5
CH11 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 61 BWR assem. 4.5E-4 w hvac 2 5.2E-4 1.3E-2
CH12 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 61 BWR assem. 2.1E-7 w/o hvac BDBE | 1.4E+0 >5
CH13 | 4.1-m vertical drop of BWR cask Carrier Bay 44 BWR assem. 6.3E-4 w/o hvac 2 7.0E-1 >5
CH14 | 4.1-m vertical drop of BWR cask Carrier Bay 44 BWR assem. 6.3E-4 w hvac 2 2.7E-4 4.1E-1
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Table II-1: Summary of Events Analyzed
5-km Best 5-km
Ev:nt DBE Description Location Source Term (Epveern;eFargguency Cat. Eétlijnéaéise _C;ggséelrj\g'-lstieve
(rem) (rem)

CH15 | 4.1-m vertical drop of BWR cask Carrier Bay 44 BWR assem. 3.0E-7 w/o hvac BDBE | 7.0E-1 >5
CH16 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 44 BWR assem. 2.0E-4 w/o hvac 2 1.1E+0 >5
CH17 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 44 BWR assem. 2.0E-4 w hvac 2 3.8E-4 9.2E-3
CH18 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 44 BWR assem. 9.5E-8 w/o hvac BDBE | 1.1E+0 >5
CH19 | 4.1-m vertical drop of BWR cask Carrier Bay 24 BWR assem. 3.0E-4 w/o hvac 2 3.8E-1 >5
CH20 | 4.1-m vertical drop of BWR cask Carrier Bay 24 BWR assem. 3.0E-4 w hvac 2 1.5E-4 2.2E-1
CH21 | 4.1-m vertical drop of BWR cask Carrier Bay 24 BWR assem. 1.4E-6 w/o hvac 2 3.8E-1 >5
CH22 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assem. 9.4E-4 w/o hvac 2 5.8E-1 >5
CH23 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assem. 9.4E-4 w hvac 2 2.1E-4 5.6E-3
CH24 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assem. 4.5E-7 w/o hvac BDBE | 5.8E-1 >5
CH25 | 4.1-m vertical drop of BWR cask Carrier Bay 17 BWR assem. 9.6E-5 w/o hvac 2 2.7E-1 >5
CH26 | 4.1-m vertical drop of BWR cask Carrier Bay 17 BWR assem. 9.6E-5w hvac 2 1.1E-4 1.6E-1
CH27 | 4.1-m vertical drop of BWR cask Carrier Bay 17 BWR assem. 4.6E-8 w/o hvac BDBE | 2.7E-1 >5
CH28 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 17 BWR assem. 3.0E-5 w/o hvac 2 4.0E-1 >5
CH29 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 17 BWR assem. 3.0E-5w hvac 2 1.5E-4 3.5E-3
CH30 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 17 BWR assem. 1.5E-8 w/o hvac BDBE | 4.0E-1 >5
CH31 | 4.1-m vertical drop of BWR cask Carrier Bay 9 BWR assem. 3.6E-4 w/o hvac 2 1.4E-1 3.1E+0
CH32 | 4.1-m vertical drop of BWR cask Carrier Bay 9 BWR assem. 3.6E-4 w hvac 2 5.6E-5 8.3E-2
CH33 | 4.1-m vertical drop of BWR cask Carrier Bay 9 BWR assem. 1.7E-7 w/o hvac BDBE | 1.4E-1 3.1E+0
CH34 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 9 BWR assem. 1.1E-4 w/o hvac 2 2.2E-1 >5
CH35 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 9 BWR assem. 1.1E-4 w hvac 2 7.9E-5 1.9E-3
CH36 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 9 BWR assem. 5.5E-8 w/o hvac BDBE | 2.2E-1 >5
CH37 | 4.1-m vertical drop of BWR cask Carrier Bay 7 BWR assem. 5.1E-4 w/o hvac 2 1.1E-1 2.4E+0
CH38 | 4.1-m vertical drop of BWR cask Carrier Bay 7 BWR assem. 5.1E-4 w hvac 2 4.3E-5 6.5E-2
CH39 | 4.1-m vertical drop of BWR cask Carrier Bay 7 BWR assem. 2.5E-7 w/o hvac BDBE | 1.1E-1 2.4E+0
CH40 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 7 BWR assem. 1.6E-4 w/o hvac 2 1.7E-1 4.0E+0
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Table II-1: Summary of Events Analyzed
5-km Best 5-km
Ev:nt DBE Description Location Source Term (Epveern;eFargguency Cat. Eétlijnéaéise _C;ggséelrj\g'-lstieve
(rem) (rem)

CH41 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 7 BWR assem. 1.6E-4 w hvac 2 6.1E-5 1.5E-3
CH42 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 7 BWR assem. 7.7E-8 w/o hvac BDBE | 1.7E-1 4.0E+0
CH43 | 4.1-m vertical drop of PWR cask Carrier Bay 26 PWR assem. 1.9E-3 w/o hvac 2 5.8E-1 >5
CH44 | 4.1-m vertical drop of PWR cask Carrier Bay 26 PWR assem. 1.9E-3 w hvac 2 2.2E-4 5.9E-1
CH45 | 4.1-m vertical drop of PWR cask Carrier Bay 26 PWR assem. 9.3E-7 w/o hvac BDBE | 5.8E-1 >5
CH46 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 26 PWR assem. 6.1E-4 w/o hvac 2 8.5E-1 >5
CH47 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 26 PWR assem. 6.1E-4 w hvac 2 3.0E-4 1.0E-2
CH48 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 26 PWR assem. 2.4E-7 w/o hvac BDBE | 8.5E-1 >5
CH49 | 4.1-m vertical drop of PWR cask Carrier Bay 24 PWR assem. 2.0E-3 w/o hvac 2 5.4E-1 >5
CH50 | 4.1-m vertical drop of PWR cask Carrier Bay 24 PWR assem. 2.0E-3w hvac 2 2.0E-4 5.5E-1
CH51 | 4.1-m vertical drop of PWR cask Carrier Bay 24 PWR assem. 9.7E-7 w/o hvac BDBE | 5.4E-1 >5
CH52 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 24 PWR assem. 6.4E-4 w/o hvac 2 7.5E-1 >5
CH53 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 24 PWR assem. 6.4E-4 w hvac 2 2.7E-4 9.1E-3
CH54 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 24 PWR assem. 3.1E-7 w/o hvac BDBE | 7.5E-1 >5
CH55 | 4.1-m vertical drop of PWR cask Carrier Bay 12 PWR assem. 2.5E-3 w/o hvac 2 2.7E-1 >5
CH56 | 4.1-m vertical drop of PWR cask Carrier Bay 12 PWR assem. 2.5E-3w hvac 2 7.8E-4 2.7E-1
CH57 | 4.1-m vertical drop of PWR cask Carrier Bay 12 PWR assem. 1.2E-6 w/o hvac 2 2.7E-1 >5
CH58 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 12 PWR assem. 7.7E-4 w/o hvac 2 3.8E-1 >5
CH59 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 12 PWR assem. 7.7E-4 w hvac 2 1.4E-4 4.6E-3
CH60 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 12 PWR assem. 3.7E-7 w/o hvac BDBE | 3.8E-1 >5
CH61 | 4.1-m vertical drop of PWR cask Carrier Bay 7 PWR assem. 4.6E-4 w/o hvac 2 1.6E-1 4.1E+0
CH62 | 4.1-m vertical drop of PWR cask Carrier Bay 7 PWR assem. 4.6E-4 w hvac 2 5.9E-5 1.6E-1
CH63 | 4.1-m vertical drop of PWR cask Carrier Bay 7 PWR assem. 2.2E-7 w/o hvac BDBE | 1.6E-1 4.1E+0
CH64 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 7 PWR assem. 1.4E-4 w/o hvac 2 2.2E-1 >5
CH65 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 7 PWR assem. 1.4E-4 w hvac 2 8.0E-5 2.6E-3
CH66 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 7 PWR assem. 6.9E-8 w/o hvac BDBE | 2.2E-1 >5
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Table II-1: Summary of Events Analyzed
5-km Best 5-km
Ev:nt DBE Description Location Source Term (Epveern;eFargguency Cat. Eétlijnéaéise _C;ggséelrj\g'-lstieve
(rem) (rem)
CH67 | 4.1-m vertical drop of PWR cask Carrier Bay 4 PWR assem. 7.1E-4 w/o hvac 2 9.0E-2 2.4E+0
CH68 | 4.1-m vertical drop of PWR cask Carrier Bay 4 PWR assem. 7.1E-4 w hvac 2 3.4E-5 9.1E-2
CH69 | 4.1-m vertical drop of PWR cask Carrier Bay 4 PWR assem. 3.4E-7 w/o hvac BDBE | 9.0E-2 2.4E+0
CH70 | 7.2-m vertical drop of PWR cask (2 Block) Carrier Bay 4 PWR assem. 2.3E-4 w/o hvac 2 1.3E-1 3.9E+0
CH71 | 7.2-m vertical drop of PWR cask (2 Block) Carrier Bay 4 PWR assem. 2.3E-4 w hvac 2 4.5E-5 1.6E-3
CH72 | 7.2-m vertical drop of PWR cask (2 Block) Carrier Bay 4 PWR assem. 1.1E-7 w/o hvac BDBE | 1.3E-1 3.9E+0
CH73 | 4.1-m vertical drop of PWR cask Carrier Bay 3 PWR assem. 9.0E-4 w/o hvac 2 6.7E-2 1.8E+0
CH74 | 4.1-m vertical drop of PWR cask Carrier Bay 3 PWR assem. 9.0E-4 w hvac 2 2.5E-5 6.8E-2
CH75 | 4.1-m vertical drop of PWR cask Carrier Bay 3 PWR assem. 4.3E-7 w/o hvac BDBE | 6.7E-2 1.8E+0
CH76 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 3 PWR assem. 2.8E-4 w/o hvac 2 9.8E-2 3.0E+0
CH77 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 3 PWR assem. 2.8E-4 w hvac 2 3.5E-5 1.2E-3
CH78 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 3 PWR assem. 1.4E-7 w/o hvac BDBE | 9.8E-2 3.0E+0
CH79 | Cask tip over/Slapdown (5.3-m)b Carrier Bay 61 BWR/26 PWR 1E-3 2 26.5/19.2
Drop from Cgrrier C_:radle P Site during 1E-3
CH80 | 1.5-m for Rail Carrier movement/ 61 BWR/26 PWR 2 9.6/7.1
1.2-m for Truck Carrier Carrier Bay 9 BWR/4 PWR 1.2/0.95
CHs1 Eg:(/jeé;)Igiféogrﬁlzjzr;or:]gorvg?n of the diesel fuel TBD TBD
CHB83 | Aircraft crash into parked shipping cask TBD TBD
CH84 | Cask Drop due to Loss of Offsite Power Event Carrier bay 61 PWR assem. 6.0E-5 2 1.4E+0 >5

& No HVAC confinement exists for these systems in the current VA design.

® Assumed to be initiated by a Frequency-Category-1 (frequency of 1E-3) seismic event.

© Year 2016 Key 001 Controlled Design Assumption.

4 Event trees provided for bounding events only.
TBD — To Be Determined.
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Table 1I-1 summarizes the events considered for the Carrier/Cask Transport and Handling Systems. The
dose shown for the events were calculated using the methodology documented in section 2 of the main
text. The drop heights for the various casks used in the PULF calculations are provided in Table II-2.
The drop frequency from assumption 3.2.3 was used along with the maximum annual cask throughput
from Key 01 of Reference 7.7 to calculate the initiating frequency for the various drop events. Table 1I-3
contains the throughput values used.

Table II-2: Transportation Cask Drop Heights

Cask® Cask Drop height | Drop height Drop height
Height (in) (cm) (ft)

5) Sierra Nuclear 61/24 210 273 693.4 22.75
10) WE Large 44/21 205 278 706.1 23.17

6) NAC-STC 26 PWR 193 290 736.6 24.17

9) WE Small 24/12 204 279 708.7 23.25

1) GA-9 9/4 198 285 723.9 23.75

2) TN-9 7 BWR 201 282 716.3 23.50

4) TN-8-TN 8L 3PWR 192 291 739.1 24.25

8) IF-300 SAR 71 18/7 210 273 693.4 22.75

®Number corresponds to Cask number in Table 1, Transportation Cask Physical Parameter
Data, of the Transportation Cask Physical Envelope Study.

Drop height = High Hook Height + Two Block Margin - Yoke Height + Trunnion Height — Cask

Height
=552 in + 24 in =105 in +12 in — Cask Height

Table 11-3: Maximum Annual Cask Throughput

Cask Type Maximum Annual Throughput CDA Table®

BWR-7 48 3.1

BWR-9 34 3.1

BWR-17 9 3.2

BWR-24 280 3.3 (includes large can 22-BWR)
BWR-44 59 3.3

BWR-61 133 3.2&3.3

PWR-3 84 3.1

PWR-4 67 3.1

PWR-7 43 3.2

PWR-12 230 3.2&3.3

PWR-24 189 3.3 (includes med. Can 21-PWR)
PWR-26 182 3.2

® Reference 7.7
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The following table, Table 5.1.1-2 from DOE’s response to action items RAI #12-8, was taken from
reference 7.60. It was used as the basis for the drop height of a cask without impact limiters.

Drops
Cask systems without impact limiters shall be designed and certified to withstand a drop event without
any significant impact to their important-to-safety design functions. Maximum permissible drop heights

are specified in Table 5.1.1-2 for specific systems currently included in the CISF design.

Table 5.1.1-2 Loaded Cask System Maximum Drop Heights

Lify/Drop o Cask System Type

Heights VECTRA :

(distance above HI-%IAR NUHOMS® Vltlﬁasgnsg)f; ;Lejfr? Sierra TranStor™
grade or floor) NAC STC MP187 System

Operation TSC SC TC SC TC Can SC TC XC
Maximum 80" N/A 80" 30" 108" 209.25" | 12" 80" | 218.25"
Vertical

Lift/Drop

Maximum N/A N/A 60" 70" 108" N/A N/A N/A | N/A
Horizontal

Lift/Drop
*Abbreviations:

Can - Canister

TSC - Transportable Storage Cask
SC - Storage Cask

TC - Transportation Cask

XC - Transfer Cask

N/A - Not Applicable
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BWR-61 CASK DROP DROP HEIGHT HEPA FILTRATION Sequence DBE Cat. Frequancy | TEDE Dose | TEDE Dosa
Name Basl Esl. Conservalive
Sierra Nuclear TranSlor Normal Lill Height -13" 6" HEPA Fitrallon not in currant {rem) {ram})
(4.1m), Two-black 6.9m design for syslem
NORMAL UNAVAILABLE
- Ho7 74 1.41E-03 9.7E-1 25
CASK DROP 7. 60E-01
1.86E-03 2 BLOCK UNAVAILABLE
H10 4.46E-04 t.4E+Q 5
2 40E-01
Cask Drop Frequencies based an currenl VA Design (NoConfinement C:\CAFTA-WABWRG1B.ETA 9/16/98 l Page 1
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BWR-01 CASK DROP DROP HEIGHT ' HEPA FILTRATION Sequence DBE Cat. | Frequancy | TEDE Dose | TEDE Dose
Name Besl Esl. | Conservalive
Slerra Nuclear TranStor Normal Liit Helght - 13’ 6" (rem) {ram)
{4.1m), Two-block 6.9m
AVAILABLE

Ho8 2 1.41E-03 [1.8E-4 5 6a-1

NORMAL 9.99E-01

7.60E-01 UNAVAILABLE Lg
Ho9 BDBE 6.79E-07 JE-1 >5

CASK DROP 4.80E-04
1.86E-03 AVAILABLE

H1t 2 4.46E-04 5.2E-4 1.3E-2

2 BLOGK 9.99E-01

2.40E-01 UNAVAILABLE
H12 BDBE 2.14E-07 1.4E+0 -5

4.BOE-04 .
H
Cask Drop Frequencies based on Preclosure Safety Strategy (Conf CACAFTA-W\BWRG1A.ETA ’ 9/15/98 [ Page 1
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DI No.: BC0000000-01717-0210-00001 Rev 00
PWR-26 CASK DROP DROP HEIGHT HEPA FILTRATION Sequence DBE CAT | Fiequency | TEDE Dose | TEDE Dose
Name Best Est. Consearvalive
NAC-STC Normal LIt Helght -13' 6° HEPA Fitration not In current (rem) {rem)
(4.1m), Two-block 7.2m design for systam
NORMAL UNAVANLABLE
H43 2 1.94E-03 5.8E-1 b5
CASK DROP 7.60E-01
2.55€-03 2 BLOCK UNAVAILABLE
H46 [2 6.12E-D4 3.5E-1 >5
2 40E-01

Cask Drop Frequencies based on current VA Design (No Confinemen

| CACAFTA-WIPWR26B.ETA | 9/16/98 | Page 1
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pwitzn caskoror | DROP NEIGHT HEPA FILIIRATION Sayuonce DBE CAT | Freguency | TEDE Dose | TEDE Dose
Nams Bast Esl. Conservallva |
NAC-5TC Normal Lifit Helght -13° 8° {rem) {rem)
(4.1m}, Two-block 7.2m
AVAILABLE :
Hda v) 1.94E-03 2 2E-4 5.9E-1
NORMAL 9.99E-01
7.60E-01 UNAVAILABLE
H45 EDBE 9.30E-07 |5.8E-1 >5
CASK DROP 4.80E-04
2.55E-03 AVAILABLE
H47 2 6.12E-04 D DE-4 1.0E-2
2 BLOCK 9.99E-01
2.40€-01 UNAVAILABLE
H48 EDBE 2.94E-07 (a.se-l b5
4.80E-04
3
Cask Drop Frequencies based on Preclosure Safety Strategy (Conf l CACAFTA-W\PWR26A.ETA 9/15/98 l Page 1
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Attachment Il - Canister Transfer System (SU11) Event Trees and Supporting Documentation

Table 1lI-1 summarizes the events considered for the Canister Transfer System. The doses shown for the
events were calculated using the methodology documented in Section 2.0 of this document and in
Attachment IX.

Vertical Drop of Disposable Canister onto Another Disposable Canister from Below Design Basis
(CTS-001 through CTS-005)

Description: This event is due to the CTS crane dropping a disposable canister during a normal operating
lift (i.e., less than 22 feet) onto another disposable canister. The event sequences include probabilities
for breach of one defective canister (e.g., canister has defective welds), two defective canisters, or no
breach. Events CTS-004 and CTS-005 are applicable only to defense high-level waste canisters
(HLWCs). Waste packages will be loaded with only one commercial disposable canister (i.e., large
canister) and only one commercial disposable canister will be inside the hot cell of the CTS at any one
time. Therefore, a drop of one commercial disposable canister onto another is not applicable to events
CTS-004 and CTS-005.

Input:

1.4E-2 is the frequency per year of a drop event based on a crane heavy lift drop frequency of 1.4E-5
per lift (see Attachment X), multiplied by 2 lifts per canister (Reference 7.34), multiplied by 500
canisters received during a peak year (Reference 7.7). See Assumption 3.3.3.

3.0E-3 is the probability of a drop from a height greater than the design basis of the canister. This
probability assumes the hard stop that prevents a canister from being raised above the normal
operating height was omitted as a result of human error after maintenance of the crane (Table 20-7 of
Reference 7.20). See Assumption 3.3.7.

1.06E-3 is the probability of a defective canister. This probability assumes a defective weld and is
taken from the Reference 7.23 analysis of welding defects of waste packages. See Assumption
3.3.8.

» 4.8E-4 is the unavailability for a single train HVAC system (see Attachment VIII). This probability is
used in all of the CTS event trees. See Assumption 3.1.11.

Drop height used for PULF calculation: 22 feet (670.6 cm) (Reference 7.18) (Assumption 3.3.4)

Vertical Drop of Disposable Canister from Above Design Basis to the Floor of the CTS
(CTS-006 and CTS-007)

Description: This event is due to the CTS crane dropping a disposable canister that has been lifted
above its design basis drop height (i.e., greater than 23 feet) onto another disposable canister. All drops
from above the design basis of a canister are assumed to result in a canister breach. The drop results in
a breach of two canisters. Canisters containing commercial BWR spent fuel assemblies (bounding
commercial SNF) and DHLW were considered for the radiological consequences of this event. Waste
packages will be loaded with only one commercial disposable canister and only one commercial
disposable canister will be inside the hot cell of the CTS at any one time. Therefore, a drop of one
commercial disposable canister onto another is not feasible. Events CTS-006 and CTS-007 consider the
drop of one canister to the floor of the CTS.

Civilian Radioactive Waste Management System
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Input:

1.4E-2 is the frequency per year of a drop event based on a crane heavy lift drop frequency of 1.4E-5
per lift (see Attachment X), multiplied by 2 lifts per canister (Reference 7.34), multiplied by 500
canisters received during a peak year (Reference 7.7). This is a conservative probability for
commercial disposable canisters. See Assumption 3.3.3.

3.0E-3 is the probability of a drop from a height greater than the design basis of the canister. This
probability assumes the hard stop that prevents a canister from being raised above the normal
operating height was omitted as a result of human error after maintenance of the crane (Table 20-7 of
Reference 7.20). See Assumption 3.3.7.

1.0E+0 is the assumed probability of a canister breach during a drop from greater than the design
basis height of the canister. See Assumption 3.3.6.

» 4.8E-4 is the unavailability for a single train HVAC system (see Attachment VIII). This probability is
used in all of the CTS event trees. See Assumption 3.1.11.

Drop height used for PULF calculation: (Reference 7.18) (Assumption 3.3.4)

=) 28'2" (858.5 cm) for canister of 44 BWR DBF assemblies for above design basis
=) 23'3" (708.7 cm) for canister of 44 BWR DBF assemblies for normal operating height
=} 35’ (1066.8 cm) for canister of vitrified DHLW for above design basis

Loss of Power and 22-Foot Drop of HLWC (CTS-009 through CTS-011)

Description: This event is due to the CTS crane dropping a canister during a normal operating lift,
assuming a loss-of-offsite power (LOSP) occurs. The canister drop is due to the failure of the brakes to
engage. This event assumes that the passive HEPA filters remain functional during a LOSP event and
that the leakage from the CTS is through the filter.

Input:

» 2.0E-1is the initiating event frequency per year for a LOSP event. This is a conservative estimate
based on historical data from commercial nuclear power plants (Reference 7.61). This is also
conservative because it does not consider the use of backup power from diesel generators. The
availability of backup diesel generators would most certainly move the frequency of this event into the
non-credible range. See Assumption 3.1.14.

3.0E-4 is the mechanical failure per demand of the brake clutch to engage and prevent a load drop
during a LOSP event (Reference 7.55). This is a standard failure rate for a mechanical clutch and is
assumed to be applicable to the CTS crane. See Assumption 3.1.15.

» 4.8E-4 is the unavailability for a single train HVAC system (see Attachment VIII). This probability is
used in all of the CTS event trees. See Assumption 3.1.11.

1.06E-3 is the probability of a defective canister. This probability assumes a defective weld and is
taken from the Reference 7.23 analysis of welding defects of waste packages. See Assumption
3.3.8.

Drop height used for PULF calculation: 22 feet (670.6 cm) (Reference 7.18) (Assumption 3.3.4)
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20.6-Foot Drop of Pressurized MCO Containing N-Reactor Fuel — No Ignition of Metallic Uranium
(CTS-106 and CTS-107)

Description: This event is the result of a CTS crane failure which causes a pressurized MCO containing
N-Reactor fuel to be dropped and breached from the normal lift height of 20.6 feet. The following
conditional probabilities affect the outcome of this event sequence:

Input:

5.6E-04 is the initiating event frequency per year for the CTS crane to drop an MCO (see Assumption
3.3.10).

0.99 is the probability that an MCO will breach upon impact after being dropped from a height of 20.6
feet onto a concrete floor (see Assumption 3.3.12).

0.90 is the probability that an MCO will be pressurized greater than 25 psig (see Assumption 3.3.13).
The ARF and RF values used to calculate the dose consequence are based on a pressurized release
of particulates from an MCO with more than 25 psig (see Assumption 3.3.14).

0.90 is the probability that metallic uranium will not be ignited within an MCO due to the hydrogen
and/or uranium hydride content (see Assumption 3.3.15).

2.98E-3 is the probability that the HVAC system is unavailable due to either an MCO explosion or
normal operational unavailability (see Section 5.2.3).
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Table lll-1 Canister Transfer System Events and Dose Calculations

HVAC

Frequency

5-km Conservative

5-km Best Estimate

Event # DBE Description Location Available (per year) cat. TEDE Dose (rem) TEDE Dose (rem)
28'2" (858.5 cm) vertical drop onto floor (1 canister of
CTS-006 | 44 BWR design basis fuel assemblies breached) CTS Hot Cell Y 4.20E-05 2 1.06E-02 3.64E-04
28'2" (858.5 cm) vertical drop onto floor (1 canister of
CTs-007 44 BWR design basis fuel assemblies breached) CTS Hot Cell N 2.2E-08 BDBE >5 1.01E+00
23'3" (708.7 cm) vertical drop onto another canister (1
CTS-006 | canister of 44 design basis BWR fuel assemblies CTS Hot Cell Y 4.20E-05 2 9.19E-03 3.15E-04
breached)
23'3" (708.7 cm) vertical drop onto another canister (1
CTS-007 | canister of 44 design basis BWR fuel assemblies CTS Hot Cell N 2.2E-08 BDBE >5 8.47E-01
breached)
35’ (1066.8 cm) vertical drop onto floor (1 canister of
CTS-006 vitrified DHLW breached) CTS Hot Cell Y 4.20E-05 2 4.35E-04 1.49E-05
35’ (1066.8 cm) vertical drop onto floor (1 canister of
CTS-007 vitrified DHLW breached) CTS Hot Cell N 2.2E-08 BDBE 1.45E+00 4.97E-01
) 22’ (670.6 cm) vertical drop onto another canister (1
CTS-002 canister of vitrified DHLW breached) CTS Hot Cell Y 1.48E-05 2 2.75E-04 9.43E-05
) 22’ (670.6 cm) vertical drop onto another canister (1
CTS-003 canister of vitrified DHLW breached) CTS Hot Cell N 7.10E-09 BDBE 9.17E-01 3.14E-01
CTS-010 | Loss of Electrical Power ®) CTS Hot Cell Y 6.36E-08 BDBE 2.75E-04 9.43E-05
CTS-011 | Loss of Electrical Power © CTS Hot Cell N 3.05E-11 BDBE 9.17E-01 3.14E-01
) 22’ (670.6 cm) vertical drop onto another canister (2
CTS-004 canisters of vitrified DHLW breached) CTS Hot Cell Y 1.56E-08 BDBE 5.50E-04 1.89E-04
) 22’ (670.6 cm) vertical drop onto another canister (2
CTS-005 canisters of vitrified DHLW breached) CTS Hot Cell N 7.50E-12 BDBE 1.83E+00 6.29E-01
MCO EVENTS
20.6-foot vertical drop of MCO from normal lift height
CTS-106 | | hoor P g CTS Hot Cell Y 4.48E-04 2 4.70E-03 TBD
CTS-107 tzoO.f?o-:)c;Ot vertical drop of MCO from normal lift height CTS Hot Cell N 1 34E-06 5 5 TBD
SEISMIC EVENTS
49’ (1493.5 cm) roof collapse onto DHLW canisters © | TS Hot Cell Y 1.00E-04 2 3.49E-02 8.68E-03
49’ (1493.5 cm) roof collapse onto DHLW canisters ® | ¢TS Hot Cell N 1.00E-04 2 >5 >5

Assumptions: (all parameters below are specified in Section 3.1 (General Assumptions) or Section 3.3 (CTS Assumptions))

o0 A~wWN R

X/Q for Best Estimate is 1.44E-5 and X/Q for Conservative is 4.2E-5.
Assume design basis of DHLW-canister for drop events is 23 feet. Any drop from greater than 23 feet results in a breach of confinement.
Assume an efficiency of 99.97% for HEPA filtration.
Dose calculations for commercial fuels are based on design basis BWR fuel for conservative and best estimate cases.
Assume drop of 1 DHLWC canister for LOP event from normal operating height (i.e., within design basis).
Seismic event assumes 40 canisters of DHLWC in lag storage and 1 canister of commercial BWR fuel are breached.
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CANISTER DROP . DROP HEIGHT DEFECTIVE CANISTER HVAC AVAILABLE Descriplion l:requencir Event No.
per year
CANISTER INTACT NOT REQUIRED
No Release | 1.39E-02 CTS-001
9.99E-01
HVAC AVAIL.
Filtered Rel. |1.48E-05 CTS-002
1 DEFECTIVE CANISTER 9.90E-01
BELOW DESIGN BASIS -
1.08E-03 HVAC UNAVAIL.
9.97E-01 BDBE 7.10E-08 CTS-003
4.80E-04
HVAC AVAIL.
BODBE 1.56E-08 CTS-004
CANISTER DROP 2 DEFECTIVE CANISTERS 9.99E-01 ;
_ F
: 1.12E-08 HVAC UNAVAILL.
1.40E-02 BDBE 7.50E-12  [CTS-005
4 B0E-04
HVAC AVAIL.
- Filtered Rel. | 4.21E-05 CTS-008
ABOVE DESIGN BAS!IS CANISTER BREACH 9.09E-01
3.01E-03 HVAC UNAVAIL.
rBDBE 2 02E-08 CT5-007
4 80E-04
Cjvilian Radioactive Waste Manageme stem’
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(

[ 0SS OF OFFSITE POWER| CRANE BRAKE FAILURE | DEFECTIVE CANISTER HVAC AVAILABLE Description | Frequency | Event No.
{per year)
CRANE FAILS SAFE NO DROP/BREACH NOT REQUIRED _
JoRelease |2.00E-01  |CTS-008
9.09E-01
LOSS OF OFFSITE POWER INTACT/NO BREACH NOT REQUIRED
No Release 5 99E-05 CTS-009
2.00E-01 9.98E-01
CRANE DROPS LOAD
HVAC AVAIL.
3.00E-04 gDBE 636E-08  |CTS-010
DEFECTIVE CANISTER 9.99E-01
1.06E-03 HVAC UNAVAIL.
BDBE 3.05E-11  |cTs-o11
4.80E-04
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TS CRANE FAILURE|MCO CONTAINMENT | PRESSURIZED MCO [METALLIC URANIUM|  VENTILATION Descriplion | Frequency |[Event Numbe
AND MCO DROP RELEASE IGNITION SYSTEM (per Year)
1.00E-02
No Release 5.81E-06 CTS-101
INTACT
9.97E-01
Filtered Rel. | 4.97E-05 CTS-102
9.00E-01 AVAILABLE
NO 2.08E-03
5 BOE-04 BDBE 1.40E-07  |cTS-103
1.00E-01 UNAVAILABLE
MCO DROP
NO 9.97€-01
Filtered Rel. | 5.53E-06 CTS-104
1.00E-01 AVAILABLE
x
YES 2 98E-03
BOBE 185€-08  JCTS-105
9.90E-01 UNAVAILABLE
BREACHED 9.87E-01
pres. Fill. Rel.| 4 48E-04  |CTS-106
9.00E-01 AVAILABLE
NO 2.98E-03
Worst Case | 1.34E-08  |CTS-107
9.00E-01 UNAVAILABLE
YES 0.67E-01
Pres. Fiit. Rel.| 4.97E-05  |cTs-108
1.00E-01 AVAILABLE
YES 2.0BE-03
BDBE 1.496-07  [cTS-109
UNAVASLABLE
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Attachment IV - Assembly Transfer System (SU10) Event Trees and Supporting Documentation

Receive Cask ‘ p Vent and Purge > Unload SFAs in SFAs Moved | > SF Baskets \ SFAs
from Carrier/ Cask in Cask Cask Unloading to Assembly Transferred to Individually
Cask Handling Prep Pit, move Pool Staging Pool Assembly Loaded Into
System to pool Drying Station DC
Table IV-1 Design Basis Events
(bounding credible events shown in bold)
Event DBE Description Location Number of Event Frequency Cat. Fuel 5km Fuel 5 km Best
No. Breached (per year) Type Conservative Type Estimate TEDE
SFAs TEDE Dose Dose
(rem)
Events Associated with Dropping of PWR Basket(s)
(ATS 16.5 ft. (Approximate) Assembly 8 PWR 1.14E-02 w/HVAC 1 100% 4.9E-03rem 50% 7.4E-05rem
001, Basket Drop (4-PWR) Handling PWR PWR
003) Onto Another Basket of Cell
4 PWR SFAs in Dryer
(ATS 2 ft. (Approximate) Basket “ 4 PWR 1.14E-02 w/HVAC 1 100% 8.4E-04 rem 50% 2.0E-05 rem
001, Drop (4-PWR) Onto Cell PWR PWR
003) Floor
(ATS 16.5 ft. (Approximate) 8 PWR 2.79E-07 w/o BDBE | 100% >5 rem 50% 2.0E-01 rem
002, Basket Drop (4-PWR) HVAC PWR PWR
004) Onto Another Basket of 4
PWR SFAs in Dryer
Events Associated with Dropping of BWR Basket(s)
(ATS 25 ft. (Approximate) Assembly 16 BWR 7.40E-03 w/HVAC 2 BWR 3.5E-03rem 50% 1.5E-04 rem
005 Basket Drop (8-BWR) Handling DBF BWR
007) Onto Another Basket of Cell DBF
8 BWR SFAs in Dryer
(ATS 8 ft. (Approximate) Basket “ 8 BWR 7.40E-03 w/HVAC 2 BWR 8.6E-04 rem 50% 3.9E-05 rem
005, Drop (8-BWR) Onto Cell DBF BWR
007) Floor DBF
(ATS 25 ft. (Approximate) 16 BWR 1.81E-07 w/o BDBE | BWR >5 rem 50% 4.1E-01 rem
006 Basket Drop (8-BWR) HVAC DBF BWR
008) Onto Another Basket of 8 DBF
BWR SFAs in Dryer
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Table IV-1 Design Basis Events (continued)

Event | DBE Description Location Number of Event Frequency Cat. Fuel 5km Fuel 5 km Best
No. Breached (per year) Type Conservative Type Estimate TEDE
SFAs TEDE Dose Dose
(rem)
Events Associated with Dropping of PWR SFA

(ATS 10.5 ft. (Approximate) Assembly 1 PWR 4.04E-02 w/HVAC 1 100% 4.5E-04 rem 50% 7.5E-06 rem
009, Vertical Drop of a SFA Handling PWR PWR

011) Onto Cell Floor Cell

(ATS | 40.5 ft. (Approximate) “ 1 PWR 4.04E-02 w/HVAC 1 100% 1.3E-03 rem 50% 1.60E-05 rem
009, Vertical Drop of a SFA PWR PWR

011) Into an Empty DC

(ATS | 31 ft. (Approximate) “ 2 PWR 4.04E-02 w/HVAC 1 100% 2.0E-03 rem 50% 2.7E-05 rem
009, Vertical Drop of a SFA PWR PWR

011) Onto Another SFA in

the DC

(ATS 10.5 ft. (Approximate) “ 1 PWR 9.90E-07 w/o BDBE | 100% 1.2E+00 rem 50% 2.0E-02 rem
010, Vertical Drop of a SFA HVAC PWR PWR

012) Onto Cell Floor

(ATS | 40.5 ft. (Approximate) “ 1 PWR 9.90E-07 w/o BDBE | 100% 3.9E+00 rem 50% 4.8E-01 rem
010, Vertical Drop of a SFA HVAC PWR PWR

012) Into an Empty DC

(ATS | 31 ft. (Approximate) 2 PWR 9.90E-07 w/o BDBE | 100% >5 rem 50% 7.9E-02 rem
010, Vertical Drop of a SFA HVAC PWR PWR

012) Onto Another SFA in

the DC
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Table IV-1 Design Basis Events (continued)

Event | DBE Description Location Number of Event Frequency Cat. Fuel 5km Fuel 5 km Best
No. Breached (per year) Type Conservative Type Estimate TEDE
SFAs TEDE Dose Dose
(rem)
Events Associated with Dropping of BWR SFA
(ATS 13 ft. (Approximate) Assembly 1 BWR 5.45E-02 w/HVAC 1 BWR 1.4E-04 rem 50% 6.1E-06 rem
013, Vertical Drop of a SFA Handling DBF BWR
015) Onto Cell Floor Cell DBF
(ATS 13 ft. (Approximate) “ 1 BWR 1.34E-06 w/o 2 BWR 3.4E-01 rem 50% 1.5E-02 rem
014, Vertical Drop of a SFA HVAC DBF BWR
016) Onto Cell Floor DBF
(ATS | 43 ft. (Approximate) “ 1 BWR 5.45E-02 w/HVAC 1 BWR 3.4E-04 rem 50% 1.4E-05 rem
013, Vertical Drop of a SFA DBF BWR
015) Into an Empty DC DBF
(ATS | 43 ft. (Approximate) “ 1 BWR 1.34E-06 w/o 2 BWR 1.0E+00 rem 50% 4.1E-02 rem
014, Vertical Drop of a SFA HVAC DBF BWR
016) Into an Empty DC DBF
(ATS | 36 ft. (Approximate) “ 2 BWR 5.45E-02 w/HVAC 1 BWR 5.9E-04 rem 50% 2.4E-05 rem
013, Vertical Drop of a SFA DBF BWR
015) Onto Another SFA in DBF
the DC
(ATS | 36 ft. (Approximate) “ 2 BWR 1.34E-06 w/o 2 BWR 1.7E+00 rem 50% 6.9E-02 rem
014, Vertical Drop of a SFA HVAC DBF BWR
016) Onto Another SFA in DBF
the DC
Events Associated with Dropping of PWR Basket(s) in Pool
(ATS | 40 ft. (Approximate) 8 PWR 1.14E-02 w/HVAC 1 100% 8.1E-04 rem 50% 1.3E-05 rem
017, PWR Basket Drop Onto Assembly PWR PWR
019) Another Basket in the Staging Pool
pool
(ATS | 40 ft. (Approximate) “ 8 PWR 5.47E-06 w/o 2 100% 8.1E-04 rem 50% 1.3E-05 rem
018, PWR Basket Drop Onto HVAC PWR PWR
020) Another Basket in the

pool
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Table V-1 Design Basis Events (continued)

Event | DBE Description Location Number of Event Frequency Cat. Fuel 5km Fuel 5 km Best
No. Breached (per year) Type Conservative Type Estimate TEDE
SFAs TEDE Dose Dose
(rem)
Events Associated with Dropping of BWR Basket(s) in Pool
(ATS | 49 ft. (Approximate) 16 BWR 7.40E-03 w/HVAC 2 BWR 6.5E-04 rem 50% 2.3E-05 rem
021, BWR Basket Drop Onto Assembly DBF BWR
023) Another Basket in the Staging Pool DBF
pool
(ATS | 49 ft. (Approximate) 16 BWR 3.55E-06 w/o 2 BWR 6.5E-04 rem 50% 2.3E-05 rem
022, BWR Basket Drop Onto HVAC DBF BWR
024) Another Basket in the DBF
pool
Events Associated with Loss-of-Offsite Power
(ATS 16.5 ft. (Approximate) Assembly 8 PWR 3.04E-05 w/HVAC 2 100% 4.9E-03 rem 50% 7.4E-05 rem
026, Basket Drop (4-PWR) Handling PWR PWR
028) Onto Another Basket of Cell
4 PWR SFAs in Dryer
Due to Loss of Power
(ATS 16.5 ft. (Approximate) “ 8 PWR 7.45E-10 w/o BDBE | 100% >5 rem 50% 2.0E-01 rem
027, Basket Drop (4-PWR) HVAC PWR PWR
029) Onto Another Basket of
4 PWR SFAs in Dryer
Due to Loss of Power
(ATS | 25 ft. (Approximate) 16 BWR 3.04E-05 w/HVAC 2 100% 3.5E-03 rem 50% 1.5E-04 rem
026, Basket Drop (8-BWR) PWR BWR
028) Onto Another Basket of DBF
8 BWR SFAs in Dryer
Due to Loss of Power
(ATS | 25 ft. (Approximate) “ 16 BWR 7.45E-10 w/o BDBE | BWR >5 rem 50% 4.1E-01 rem
027, Basket Drop (8-BWR) HVAC DBF BWR
029) Onto Another Basket of DBF
8 BWR SFAs in Dryer
Due to Loss of Power
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DBE/DROP EVENT FUEL TYPE HVAC AVAILABILITY Fiequancy Name
HVAC AVAILABLE
1.14E-02 ATS001
50% PWR FUEL 9.99E-M1 .
5.00E-01 HVAC UNAVAILABLE
! 2.79E-07 ATS002
PWR BASKET DROP 2.45E-05
2.28E-02 HVAC AVAILABLE
1.44E-02 ATS003
100% PWR FUEL 9.99E-01
5.00E-01 HVAC UNAVAILABLE
2.79E-07 JA\TSOL'M!
2.45E05
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" DBE/DROP EVENT FUEI., TYPE HVAC AVAILABILITY Frequency Name
HVAC AVAILABLE
7.40E-03 IATS005
50% BWR FUEL 9.99E-01
5.00E-01 - HVAC UNAVAILABLE
1.81E-07 ATS006
BWR BASKET DROP 2.45E-05
1.48E-02 HVAC AVAILABLE
7.40E-03 ATSO07
BWR DBF FUEL 9.99E-01
§.00E-01 HVAC UNAVAILABLE
1.81E-07 ATS008
2.45E-05
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DBE/OROP EVENT FUEL TYPE HVAC AVAILABILITY . Frequency Name
HVAC AVAILABLE
4.04E-02 ATS009
50% PWR FUEL 9.99E-H1
5.00E-01 HVAC UNAVAILABLE
9.90E-07 ATSO10
PWR ASSEMBLY DROP 2 45E-05
B.08E-02 HVAC AVAILABLE
4.04E.02 IATS011
100% PWR FUEL 9.99€-01
5.00E-01 HVAC UNAVAILABLE v
9.90E-07 IATS012
2 A5E-05
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) DBE/DROP EVENT FUEL TYPE HVAC AVAILABILITY Frequency Name
HVAC AVAILABLE .
5.45E-02 ATS013
50% BWR FUEL 9.89E-M
5.00E-01 HVAC UNAVAILABLE
- 1.34E-08 ATS014
BWR ASSEMBLY DROP 2.45E-05
1.09E-01 HVAC AVAILABLE
5.45E-02 [ATSD1S
BWR DBF FUEL 9.99E-01
5.00E-01 HVAC UNAVAILABLE
1.34E-06 ATS016
2.45E-05
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DBE/DROP EVENT 7 FUEL TYPE HVAC AVAILABILIT Frequency Name
HVAC AVAILABLE
1.14E-02 ATS017
50% PWR FUEL 9.99€-01
5.00E-01 HVAC UNAVAILABLE
5.47E-04 ATS018
PWR BASKET DROP - IN POOL 4.80E-04
2.28E-02 HVAC AVAILABLE
1.14E-02 ATS019
- 100% PWR FUEL 9.99E-01
5.00E-01 HVAC UNAVAILABLE
5.47E-06 ATS020
4.80E-04
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DBE/DROP EVENT FUEL TYPE HVAC AVAILABILITY Frequancy Name
HVAC AVAILABLE
7.40E-03  |aTS021
50% BWR FUEL 9,99E-01
5.00E-01 HVAC UNAVAILABLE
355E-08  |ATSO022
BWR BASKET DROP - IN POOL 4.80E-04.
1.48E-02 HVAC AVAILABLE
7.40E-03 ATS023
BWR DBF FUEL 9.99E-01
5.00E-01 HVAC UNAVAILABLE
3.55E-06  |ATS024
4.BOE-04
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LOSS OF POWER EVENT CLUTCH OPERATION FUEL TYPE HVAC AVAILABILITY Frequancy Hame’
MECH. CLUTCH ENGAGES N/A NIA
- 2.00E-01 ATS5025
9.09E-01
HVAC AVAIL, E
LOSS OF POWEK 3.04E-05  |ATSD26 |
50% PWR/50% BWR FUEL 9.99E-01 t
2.D0E-01 :
5.00E-01 HVAC UNAVAIL.
7.456-10  |aTso2y
MECH. CLUTCH FAILS : 2 45E-05
3.04E-04 HVAC AVAIL.
3.04E-05  |ATSO028
100% PWR/BWR DBF 9.99E-01
5.00E-01 HVAC UNAVAIL.
3 7.45E-10 IATS5029
I 2.45E-05
i
I
i
l
LOOP HLWC Drop (1 HLWC) ] OASA-DEPT\503.03\CAFTA\LOOP.ETA | 9/16/98 ] Page 1
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Attachment V - Disposal Container Handling System (SU13)
Event Trees and Supporting Documentation

1.0 Summary

A brief description of each DCHS event tree and the corresponding tnput numbers are presented in
Section 2.0 below.

. A summary table of all the events evaluated in the DCHS, inciuding frequencies and dose consequences,
is shown in Section 3.0 of this attachment. The doses shown for the events were calculated using the
methodology documented in Section 2.0 of the main document and in Attachment IX.

DCHS event trees are presented in Section 4.0 of this attachment. Event trees were generated using
CAFTA for Windows, Event Tree Editor, version 3.1.

Other support information, including a fault tree to develop the welding burnthrough event frequency and
- preliminary equipment design sketches, are included in Section 5.0 of this attachment. The Preliminary
design sketches of specific DC Handling System equipment and dimensions were used to calculate
maximum drop heights for the various events. The sketches, reproduced on pages V-4 through V-10,
were obtained from the MGR Surface Design organization.

2.0 Event Descriptions
6m Vertical Drop {2-biock DC crane failure) at the DC Tilting Station

Description: This event is due to an abnormal 2-biock crane drop from the maximum height at the Tilting
Station, based on preliminary sketches provided by Surface Design{Ref-Z32} AHachmeat V, (8- V- of \- IQ)-

Event Sequence Calculations: DCO01 1.4E-5x 524 x 0.24 x 0.9995 = 1.8E-3/year |
DC02 1.4E-5x 524 x 0.24 x 4.8E-4 = 8 4E-7/year nhalie

Inputs:

= 1.4E-5is the assumed heavy-haul drop frequency per lift for the DC bridge crane, based on actuarial
data provided by the U.S. Navy (see Assumption 3.5.9).

- .524 is the maximum number of DC lifts per year, based on one lift per DC multiplied by 524 DCs
processed per year (see Assumption 3.5.1).

= 0.24 is the prohability that a crane drop will be a 2-block event (see Attachment X}, If the crane drop
is from the normal operating lift height of less than 2 meters, it's assumed that a radiological release
will not occur (Assumption 3.1.8).

= 4 8E-4 is the unavailability for a single train HVAC system (see Assumption 3.1.11). This probability is
used in all of the DC Handling System event trees.

= 0.9995 is the calculated probability (i.e., 1.0-4.8E-4) that the HVAC system for a single train HVAC
system, is available (see Assumption 3.1.11). This probability is used in all of the BC Handling
System event trees.

Equivalent PULF height (i.e., height used to calculate particulate release contribution to offsite dose) =
6 meters.

Civilian Radioactive Waste Management System
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Loss-of-Offsite Power (LOSP) and 2m Vertical Drop at the DC Tilting Station

Description: This event is due to the DC bridge crane dropping a DC during a normal operating lift,
assuming a LOSP event occurs. The DC drop is due to failure of the crane brake clutch to engage and
prevent a load drop (fail safe). This event assumes that passive HEPA filters remain functional during a
LOSP event and that the leakage from the DCHS is through the filter.

Event Sequence Calculations: DCO03 0.20 x 3.0E-4 x 0.9995 = 6.0E-5/year
DC04 0.20 x 3.0E-4 x 4.8E-4 = 2.9E-8/year

Inputs:

» 0.20 is the initiating event frequency per year for a LOSP event (Assumption 3.1.14). Thisis a
conservative estimate based on historical data from commercial nuclear power plants (Ref. 7.61).
This is also conservative because it did not consider the use of backup power from diesel generators.
The availability of backup diesel generators would most certainly move the frequency of this event
into the non-credible range.

= 3.0E-4 is the mechanical failure per demand of the brake clutch to engage and prevent a load drop
during a LOSP event (Ref. 7.55). This is a standard failure rate for a mechanical clutch and is
assumed to be applicable to the DC bridge crane (Assumption 3.1.15).

Equivalent PULF height (i.e., height used to calculate particulate release contribution to offsite dose) =
2 meters.

2.5m Horizontal Drop in the Transfer/Decon Cell

Description: This event is due to the horizontal lifting system dropping a DC during a normal operating
lift.

Event Sequence Calculations: DCO05 (6.14E-7 x 524) x 0.9995 = 3.2E-4/year
DCO06 (6.14E-7 x 524) x 4.8E-4 = 1.5E-7/year

Inputs:

» 6.14E-7 is the horizontal lift system failure rate per year. This failure rate is based on the gantry fault
tree developed in Reference 6.29, pg. 26-28, assuming a mission time of 0.6 hrs for the horizontal lift
at the Transfer/Decon cell (Ref. 7.34).

= 524 is the maximum number of DCs handled in a year (Assumption 3.5.1)

Equivalent PULF height (i.e., height used to calculate particulate release contribution to offsite dose) =
2.5 meters.

Loss-of-Offsite Power and 1m Horizontal Drop in the Transfer/Decon Cell

Description: This event is due to the horizontal lift system dropping a DC during a normal operating lift,
assuming a LOSP event occurs. The DC drop is due to failure of the crane brake clutch to engage and

prevent a load drop (fail safe). This event assumes that passive HEPA filters remain functional during a
LOSP event and that the leakage from the DCHS is through the filter.

Event Sequence Calculations: DCO07 0.20 x 3.0E-4 x 0.9995 = 6.0E-5/year
DC08 0.20 x 3.0E-4 x 4.8E-4 = 2.9E-8/year
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Inputs:

= 0.20 is the initiating event frequency for a loss-of-offsite power event (Assumption 3.1.14). This is a
conservative estimate based on historical data from commercial nuclear power plants (Ref. 7.61).
This is also conservative because it did not consider the use of backup power from diesel generators.
The availability of backup diesel generators would most certainly move the frequency of this event
into the non-credible range.

» 3.0E-4 is the mechanical failure per demand of the brake clutch to engage and prevent a load drop
during a LOSP event (Ref. 7.55). This is a standard failure rate for a mechanical clutch and is
assumed to be applicable to the horizontal lifting system. See Assumption 3.1.15.

Equivalent PULF height (i.e., height used to calculate particulate release contribution to offsite dose) =
1 meter

Welding Burnthrough of Inner DC Lid at the DC Welding Station

Description: This event occurs as a result of mechanical and operator failure while the DC is at the
welding station. For a release to occur, the welder must burn through the fuel cladding.

Event Sequence Calculations: DC13 8.4E-4 x 0.9995 = 8.4E-4/year
DC14 8.4E-4 x 4.8E-4 = 4.0E-7/year

= 8.4E-4 is the probability per year that a welding burnthrough event will occur, based on the
preliminary fault tree on Page V-12. This event requires a mechanical failure (welder fails to stop or
turntable stops rotating) to initiate and an operator failure to stop the event from progressing.

Equivalent PULF height (i.e., height used to calculate particulate release contribution to offsite dose) =
0 meters.
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Fecel(\;/'? SDC Weld Inner Transfer to Tilt DC to Transfer DC Transport DC
;\El)_rg or Ly and Outer DC Staging Horizontal from Cart onto to Subsurface (Ref. 7.26)
DC Lids at Area or DC Position at Railcar & Emplacement
DC Welding Tilting Station DC Tilting Decon as System
Station Station Necessary
3.0 Summary Table of DCHS Events
5-km 5-km Best
Event Tree . ;
L . HVAC Conservative Estimate
Event # | DBE Description Location Available?® '?;)Z?l;g;%/ Cat. TEDE Dose TEDE Dose
(rem)® (rem)®
DCO1 6-m Vertical Drop (2-Block Crane Failure) DC Tilting Station Y 1.8E-03 2 7.2E-03 6.1E-04
DCO02 6-m Vertical Drop (2-Block Crane Failure) DC Tilting Station N 8.4E-07 BDBE >5 6.0E-01
DCO3 | LOSP & 2-m Vertical Drop” DC Tilting Station \% 6.0E-05 2 Zero® Zero®
DCO4 | LOSP & 2-m Vertical Drop” DC Tilting Station N 2.9E-8 BDBE Zero® Zero®
DCO05 2.5-m Horizontal Drop of DC Transfer/Decon Y 3.2E-04 2 4.5E-03 5.4E-04
DCO06 2.5-m Horizontal Drop of DC Transfer/Decon N 1.5E-07 BDBE >5 3.6E-01
DCO7 | LOSP & 1-m Horizontal Drop® Transfer/Decon Y 6.0E-05 2 Zero® Zero®
DCO08 LOSP & 1-m Horizontal Drop“’) Transfer/Decon N 2.9E-8 BDBE Zero® Zero®
DC13 | Welding Burnthrough Inner DC Lid Welding Station Y 8.4E-04 2 2.6E-039 4.9E-049
DC14 | Welding Burnthrough Inner DC Lid Welding Station N 4.0E-07 BDBE 1.9E+00 2.0E-019

BDBE = Beyond Design Basis Event, frequency < 10'6/yr

Notes: (all parameters below are specified in General Assumptions, Section 3.1)

@ HVAC unavailability = 4.8x10™* (see Attachment VIII); with HVAC, single-stage HEPA filter mitigates 99.97% of particulate release.
®) Crane brake clutch fails to engage and prevent load drop after LOSP event (Ref. 7.55) — maximum normal operating lift height.

©) Reserved.
@ No radiological release since drop height is less than DC design basis.

©® DC breach, 21-PWR SFAs, PWR DBF source term, 100% rod failure, EPF=0.2; 10CFR60 limit = 5 rem.
® DC breach, 21-PWR SFAs, 50% PWR source term, 10% rod failure, EPF=0.2; 10CFR60 limit = 5 rem.

@ The dose assessment for this event assumed that no additional PULF fraction (see Attachment 1) of particulates was generated.
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4.0 Event Trees

Event trees for the following events are provided in this section:

Event Event Numbers Attachment
Page

Vertical crane drop at DC Tilting Station DCO01, DC02 V-6

Loss-of-offsite power & vertical drop at Tilting DCO03, DC04 V-7

Station

Horizontal drop by horizontal lifting system DCO05, DCO06 V-8

Loss-of-offsite power & horizontal drop by DCO07, DCO08 V-9

horizontal lifting system

Welding burnthrough DC13, DC14 V-10
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LIC CRANE DROP 2-BLOCK EVENT HVAC AVAILABILITY Event ¥ Category |Frequency (per| Deterministic |Best Esl. TEGE
Vertical DC Drop at Tiiting | Probablilty thal a 2-block event | Probability that HYAC wilt be year} TEDE (rem) (rem)
Statlon will occur unavailable upon demand
AVAILABLE
DCO1 2 1.75€E-03 7.2E-03 8. 1E-04
YES 9.99E-01
. 2.40E-01 UNAVAILABLE
INITIATING EVENT - DCo2 BDBE 8. 41E-07 1.7€+01 6.0E-01
4. 80E-04
7.30E-03
NO
N/A 2 5.55E-03 No Release |No Release
1.60E-01

DC Handling System - 6m Verlical DC Drop at Tilting Station | O\SA-DEPT\G03.00CAFTADCO1-02.ETA | 9/16/98 l Page 1
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LOSS-OF-OFFSITE POWER DROP LOAD HVAC AVAILABLE Evenlt # Celegory Frequency |Deterministic| Besl Est.
(per year) | TEDE {rem) | TEDE (rem}

Initiating avent frequency for LOSP| Brake clutch failure per demand Piobability that HYAC will be
unavailable upon demand

YES
DCO03 2 6.00E-05 No Release |No Release
YES 9.99€.01 -
3.00E-04 NO
INITIATING EVENT DC04 BDBE 2.88E-08 Mo Release |No Release
4. 80E-04
2.00E-01
NO
NIA 1 2.00E-01 Mo Releasa |No Release
B.99E-01

DC Handling System - 2m Vertical Drop Initiated by LOSP ] DASA-DEPT\S03.0NCAFTA\DCO3-04.ETA I 9/16/98 l Page 1
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Atlachmt(

HORIZONTAL DC DROP . HVAC AVAILABILITY Event # Calegory Frequency | Deterministic| Best Est.
2.5-m DC Drop by horizontal lit system | Probabifity thal HVAC |s unavallable upon (per year) | TEDE (rem) | TEDE (rem)
demand :
AVAILABLE

CG5 2 3.20E-04 4 5E-03 5.4E-04

INITIATING EVENT 8.99E-01
3.20E-04 UMAVAILABLE

DCO8 BDBE 1.54E-07 8.3E+00 3.6E-01

4.80E-04

DC Handling Sysiem - 2.5m Horizontal DC Drop -

O:\SA-DEPT\503.03\CAFTADC05-06.ETA | 916198 | Page 1
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LOSS-OF-OFFSHE POWER DROP LOAD HVAC AVAILABILITY Event ¥ Category Frequency (per| Deterministic | Best Estimate
tnitiating event frequency lor Failure of brake clutch Probability that HVAC will ba year) TEDE (rem) TEDE (rem)

tospP availabla upon demand
AVAILABLE
DCa7 2 6.00E-05 No Reiease-  |No Release
YES 9.99E-01
3.00E-04 - UNAVAILABLE
INITIATING EVENT Co8 BDBE 2.8BE-08 No Release |No Release
4.80E-04 ’
2.00E-Ct
NO
N/A 1 2.00E-D1 Mo Release |No Release

9.99E-01

DC Handling System - 1m Horizontal Drop Initiated by LOSP | 0:\SA-DEPT\503.03\CAFTA\DC07-0B.ETA | 9/16/98 | Page 1
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WELDING BURN IHROUGH HVAC AVAILABILITY Event # Cetegary | Frequency (per| Deterministic |Best Est. TEDE
Burnthrough DC Inner Lid al Walding Stallon {8 | Probability that HVAC will ba unavailable upon yesr) TEDE (rem) (rem)
hr operation) demand
AVAILABLE

DC13 2 B4OE-04  [26E-03 4.9E-04

8.99E-01

8.40E-04 UNAVAILABLE

DC14 BDBE 403E-07  |1.9E+00 2.0E-01

4.B0E-04

DC Handling System - Welding Bumthrough of DC tnner Lid I O:\SA-DEPT\S03.0\CAFTA\DC13-14.ETA l 9/16/98 Page 1
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5.0 Supporting Information
The fault tree developed for the welding burnthrough event is shown on Page V-12.
Pages V-13 through V-19 contain the preliminary design sketches provided by Surface Design for the DC

Handling System. Information in these sketches was used to caiculate the maximum drop heights for
various design basis events evaluated in the DC Handling System

Civilian Radioactive Waste Management System
Management & Operating Contractor



Tille: l'(- Jnary Preclosure Design Basis Event Calculations ( Altachmel{‘
DI No.: BC0000000-01717-0210-00001 Rev 00 Page: V-12 of V-19
w Bumthiough DC
I Lid {par hour)
[c004]
....E.,
b ounun:su Meochenicat Falure (par
Viinidet (per how) el
7.20, Tabie 20-
$.00E 22 ‘ IVES
Tuintable &imlm Waelder F;l-b_h:.
|| BERR
L 20E-08 LTE08
Welding Burnthrough of DC Inner Lid [ CACAFTA-WAWELDER.CAF | o/4/38 |  Page 1
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Attachment VI - Waste Emplacement System (SS17) and Subsurface Facility System (SS01)
Calculations and Supporting Documentation

The data presented in this attachment was extracted from Reference 7.44, DBE/Scenario Analysis for
Pre-closure Repository Subsurface Facilities. Table VI-1 is a grouping of the internal events analyzed in
Reference 7.44 and Table VI-2 is a summary of the frequency analysis which was performed for internal
events in the subsurface facilities.

The two events identified as bounding radiological events were the transporter runaway with WP (Event
5) and the Rockfall onto WP (Event 13A). Both events had a best estimate frequency of less than
1E-6/year; however, additional analyses or design changes are required to demonstrate that these events
are beyond design basis.

Detailed event trees and fault trees for the subsurface internal events are contained in Reference 7.44.
The radiological dose calculations for the two bounding radiological events were performed using a
slightly different model than was used in Reference 7.44. The source terms, release fractions, and other
assumptions required to perform the consequence analysis were as defined in Section 2.2 of this
document. The results of the dose re-assessment are provided in Section 6.5 of this report. Additional
details on the methodology and data used to perform dose calculations are presented in Attachment IX.
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Table VI-1: Grouping of Internal Events for Subsurface Facilities”

Event o Location _ © quio- Subsectiqn for Freqy%r;cy
No. Event Description Potential Consequences IcL)ngcalt(%r Screening Analysis
pse
1 Transporter Derailment in In Ramp or Main Drift during Full-speed derailment may have roll-over; R 7.25.5
Ramp or Main Drift transporting WP into Main Drift | but impact on WP less than Runaway
conseguences
2 Emplacement Gantry In Emplacement Drift during Drop of WP onto another WP or pedestal; R 7.25.7.1;7.25.7.2
Derailment Emplacement of Waste or slap of WP against gantry frame and/or
Package wall
3 Waste Package Reusable In Ramp or Main Drift during Potential drop of WP onto tracks, impact R 7.25.6
Car is Ejected out of transporting WP into Main Drift | similar to Derailment
Transporter
In Turnout During Transport of | Potential drop of WP onto tracks, impact R 7.25.6
WP to Emplacement Drift similar to Derailment
4 Reusable Car Collision with | In Emplacement Drift during Impact on WP if gantry in partially lowered U See Event No. 7,
Emplacement Gantry Transfer of WP position; jamming; Consequence 2)
5 Runaway Transporter (with | In Ramp or Main drift during 1) Derailment, crash in to wall; potential )R 1)7.25.3
WP) transport of WP worst case for single WP events.
2) Crash into ground support; initiate 2)R 2)7.253
][.oclgell and/or trolley wire discharge and/or
ire.
In Turnout During Transport of | Equivalent to Derailment at full speed; see R 7.25.5
WP to Emplacement Drift Event No. 1
6 Runaway Transporter In Ramp or Main Drift during Roll back down to collide with another R 7.25.4
(without WP) return to Surface transporter train; impact on WP similar to
collision or derailment
7 Emplacement Gantry WP In Emplacement Drift during 1) Drop of WP onto another or onto a )R 1)7.25.7.3
Lifting Mechanism Fails Transfer of WP pedestal;
2) Unable to complete operation; stuck 2 U
8 Transport Cask Internal off | In Drift during Transfer of WP 1) Unable to complete operation; similar to 1)U 1) See Event No. 7,
Loading Mechanism Fails at Emplacement Drift No. 7, consequence 2) Consequence 2)
2) Spurious actuation, similar to No. 3 2R 2) Combine with Event No. 3
9 Transport Cask Door Jams | At WHB During transfer into Not feasible due to geometry and design; N/A None

Waste Package

Transporter

lower edge of the door is below level of
platform
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Table VI-1: Grouping of Internal Events for Subsurface Facilities!”

Event . Location . . Radio- Subsection for Frequency
Event Descrlptlon( ) Potential Consequences( ) logical or Screening Analysis(e)
No. Upset(z)
In Turnout/Emplacement Drift Not feasible due to geometry and design; N/A None
during Transfer of WP lower edge of the door is below level of
platform
10 Rockfall/Ground Support In Ramp, Main Drift or Turnout | Impact/Breach of transporter car and WP R 7.25.9
Fall onto Transporter during transporting WP
11 Rockfall/Ground Support In Ramp Drift during Transfer 1) Halt train. 1)U 1) None
onto Locomotive of WP at Emplacement Drift 2) Fall of trolley wire: initiation of electrical 2)R 2)7.25.9
discharge and/or fire or missile; a potential
threat to WP
In Turnout during Transport of | 1) Halt train. 1)U 1) None
WP or Transfer of WP 2) Fall of trolley wire: initiation of electrical 2)R 2)7.25.9
discharge and/or fire or missile; a potential
threat to WP
12 Rockfall/Ground Support In Main Drifts or Turnout Halt relocation; no WP present U None
onto Gantry & Carrier
During Relocation
13 Rockfall/Ground Support In Emplacement Drift During Damage to WP, depending on mass falling R 7.25.8
Collapse onto Waste Storage on WP; may damage multiple WPs
Package concurrently
14 Loss of Waste Package In Ramp/drift during See Event No. 3 See Event | Combined with Event No. 3
Cart Restraint in Sloped transporting WP into Main Drift No. 3
Emplacement Drift In Emplacement Drift during Does not apply to reusable railcar concept N/A See Event No. 2
Emplacement of Waste
Package into drift
15 Fire/Explosion: from In Ramp or Main Drift during Unlikely but potential damage to transporter R None, deferred to future
locomotive backup-power transporting WP car and WP; if sufficient energy imparted to analysis
batteries; trolley supply WP, release may exceed runaway scenario
rectifier alcove; power- In Emplacement Drift during Unlikely but potential damage to transporter R None, deferred to future
supply cable; ingress of Transfer of WP to Gantry car and WP; if sufficient energy imparted to analysis
combustible fuels or vapors WP, release may exceed runaway scenario
from development side
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Table VI-1: Grouping of Internal Events for Subsurface Facilities!”

Event o Location . © Radio- Subsection for Freque(?cy
No Event Description Potential Consequences logical (%r Screening Analysis( )
) Upset
16 Thermal Cycling of Waste In Emplacement Drift during Induce crack growth in WP, depending on R None @
Package Emplacement of WP or After rapidity of temperature changes; open
Drift Closed fissure for release of radionuclides (e.g.,
surface CRUD) but unlikely to cause
damage to waste form
17% Thermal Cycling of In Emplacement Drift during Induce deterioration of ground support R None, deferred to future
Emplacement Drift Ground | Emplacement of WP or After strength; enable rockfall and/or lining fall; analysis
Support Drift Closed damage to multiple WPs
18" Loss of Subsurface In Emplacement Drift, Turnout, | Backflow of radioactive air from U None, qualitative screening
Ventilation System and Main during Emplacement | emplacement drift; requires precondition of per 7.2.5.2
of WP or After Drift Closed undetected leaking WP
Notes:

(1) Event descriptions are from the MGDS PHA (Ref. 7.10), but have been modified to reflect current conceptual design or events that were not

considered in the PHA.

(2) Radiological issues, denoted by “R,” mean that radionuclides may be released to the environment and to the public, but results of an accident
also pose availability issues. Upset/Emergency Condition issues, denoted by “U” do not involve radionuclide releases but may pose
radiological safety issues for personnel. “N/A” is not applicable to current design.

(3) Events added to PHA list.

(4) Analysis not in scope of Subsurface Design.
(5) Potential consequences are developed from References. 5.1, 5.13, 5.10, 5.11, and 5.25 of Reference 7.44, DBE/Scenario Analysis for
Preclosure Repository Subsurface Facilities.

(6) Subsections listed are from Reference 7.44, DBE/Scenario Analysis for Preclosure Repository Subsurface Facilities.

(7) Modification of Table 7.2-7 from Reference 7.44.
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Table VI-2: Summary of Frequency Analysis of Internal Events for Subsurface Facilities”

Event Initiating Erequenc Release Scenario Screening/
No Event Description® e? ea?@ Ys Frequencg/ DBE Category for Release
' pery per year' Scenarios”
. . . . 6.7E-4 to 1.5E-2 1E-7 to 3.4E-6 )
1 Transporter Derailment in Ramp or Main Drift BE: 3.2E-3 BE:7 3E.7® BDBE
2A Emplacement Gantry Derailment - Normal Speed 7.2E-6 7.7E-9 BDBE
2B Emplacement Gantry Derailment - Gantry Runaway 8.2E-5 <1E-6 BDBE
3 Waste Package reusable car is ejected out of 3.3E-6 to 1.7E-4 8E-9to 1.8E-7 BDBE
Transporter BE: 1.7E-4 BE:3.8E-8
. . FT: 6.2E-5 to 1.2E-3 5.4E-4®
5 Rulrllaway Transporter (loaded train colliding with Act: 7 8E-5 to 4.7E-3 2 6E-810 5. 9E 7(6) Category-z(ﬁ)
wal BE: 6.0E-4 BE:1.2E-7°
Runaway Transporter (empty returning train ] 1E-10to 2.3E-9 @
6 | colliding with loaded train) 21E-6 BE:5E-10? BDBE
8.2E-3to 1. 4E 3
7 Emplacement Gantry WP Lifting Mechanism Fails BE:3.4E-3" 6EEE'87th876(2E)6 BDBE®
1.6E-5 (whole train)
10 Rockfall onto Transporter 5.3E-6 (transporter) <5E-7 BDBE
11 Rockfall onto Locomotive 1.6E-5 <1E-6 BDBE
13A Rockfall and/or Ground Support Collapse onto 2.7E-5t0 0.42 1.4E-10 t03.4E-4 BE: Treat as Category-2
Waste Package - Static Rockfall BE: 8.3E-4 4.2E-8
13B Rockfall and/or Ground Support Collapse onto <1E-4 BE: 5E-9/yr BDBE"™
Waste Package - Seismic Induced, Beyond DB Beyond DBEQ
Earthquake
15 Fire/Explosion Deferred to future analyses
16 Thermal Cycling of Waste Package Deferred to future analyses;
not in scope of Subsurface
Design
17 Thermal Cycling of Emplacement Drift Ground Deferred to future analyses
Support
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Notes:

(1) Event descriptions are from the MGDS PHA (Ref. 7.10); the particular initiators and event sequences analyzed in the present study have been modified to
reflect concurrent conceptual design activities or events that were not considered in the PHA.

(2) Uncertainties in parameters used in analysis give a frequency range that extends into the credible range, however, the best estimate is BDBE. The best
estimate was taken as the median value of the lognormally distributed frequency ranges. The best estimates for these events may not be shown in Table
7.2-16 of reference 7.44. A probabilistic key block analysis is planned to reduce the uncertainties.

(3) This event was included to be consistent with the presentation in Reference 7.23 even though the initiating event is noted to be BDBE.

(4) BDBE is Beyond Design Basis, indicating a sequence frequency < 1E-6/yr.

(5) “BE”is abest estimate; “FT” is a result of fault tree analysis; “Act” is based on actuarial data.

(6) The value of 5.4E-4 is based on assumption that impact of runaway is head on with an unyielding wall and thereby beyond the design basis of the waste
package; however, design will ensure that the maximum feasible impact is within the design basis of the waste package, giving a frequency range that is less
than 1 E-6/yr and therefore a BDBE. Further study is needed on this event to define the DBE.

(7) Modification of Table 7.2-16 from Reference 7.44, DBE/Scenario Analysis for Preclosure Repository Subsurface Facilities.
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Attachment VIl - Seismic DBE Analysis
1. Background & Purpose

The purpose of this attachment is to: 1) Document the methodology and regulatory basis for evaluating
Design Basis Events (DBESs) initiated by Design Basis Earthquakes (DBEQs); 2) Present the radiological
dose consequences of seismic-initiated DBEs postulated to occur at the Monitored Geologic Repository
(MGRY); 3) Address the Preclosure Safety Strategy (Ref. 7.42) and consider alternative design options,
and 4) Assign design-specific seismic classifications (i.e., the frequency level of DBEQ to design to) for
each system, structure and component (SSC) important-to-safety, based on the calculated dose
consequences.

1.1 Design Basis Earthquakes — Frequency Categories

The methodology and criteria that the DOE and NRC have negotiated are presented in “Seismic Topical
Report Number 2", Preclosure Seismic Design Methodology for a Geologic Repository at Yucca Mountain
(Ref. 7.30). The topical report defines the following four categories of design basis earthquakes
(DBEQs) and the frequency of excedance negotiated with the NRC:

Seismic Hazard Frequency-Category-1 | Frequency-Category-2
Vibratory Ground Motion | 1 X 10~ per year 1 x 10™ per year
Fauit Displacement 1 x 107 per year 1 x 10” per year

The Topical Report presents design approaches and acceptance criteria for the design of SSCs for
vibratory ground motion in Sections 3.2 (surface facilities), 3.3 (underground openings), 3.4 underground
8SCs), and 5.0 (waste package). Section 4 of the Topical Report addresses mitigation of fault
displacement hazards for which the primary defense is fault avoidance. The approach and analyses
described herein are primarily for classifying SSCs for surface and subsurface for vibratory ground
motion DBEQs. However, the DBEQ classification assigned to a given SSC from the radiological
analysis also applies to both the virbratory ground motion and the fault displacement considerations.
Requirements for the SSCs of the surface and subsurface, other than ground openings, apply guidance
and precedence from seismic design of other facilities licensed by the NRC, principally nuclear power
plants. Fault avoidance

Section 2.1 of the Topical Report (Ref. 7.30) describes the linkage between the DBEQ frequency
categories and the radiological dose limits for Design Basis Events (DBEs) specified in 10 CFR 60. It is
clearly stated (page 2-2, Ref. 7.30) that “for Frequency-Category-1 DBEs, Section 60.111(a) invokes the
limits of 10 CFR 20 ... for exposure of workers and members of the public...” The report quotes 10 CFR
20 as “0.1-rem total effeclive dose equivalent for the public® but does not add that this is the limit per
year. For Frequency-Category-2 DBEs, the Topical Report notes that a 5-rem iotal effective dose
equivalent limit would be applied to the public at the preclosure controlled area boundary.

The principal commitments for seismic design of Mined Geologic Repository (MGR) SSCs are presented
in Section 3.2 of the Topical Report where it is stated (pg. 3-7, Ref. 7.30): “The DOE considers that
specific criteria and guidance provided by NUREG-0800 (Ref. 7.62) are appropriate for use in surface-
facility preclosure seismic design... With exceptions as noted...” Sections 3.7.1, 3.7.2, 3.7.3, and 3.7.10
of NUREG-0800 (Ref. 7.62) are noted to ‘“provide appropriate acceptance criteria for the preclosure
vibratory ground motion design of repository surface facilities that are important to safety” (Note, Section
3.4 of the Topical Report commits the subsurface SSCs to the same design approaches by reference to
Section 3.2.). The primary exceptions to NUREG-0800 are those that refer to reactor-specific events
that are not applicable to the MGR. A key exception, however, is the commitment that “references to
Cateqory-1 SSCs [in NUREG-0800] will be treated as “references to SSCs important to safety in
accordance with the definition of this term in ... 10 CFR 60"
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A more significant exception to NUREG-0800, however, is that the requirements of 10 CFR 100,
Appendix A, do not apply. In particular, it is stated (Ref. 7.30, pg. 3-8) that requirements for the
“operating basis earthquake and safe shutdown earthquake ground motions do not apply.” Further, the
Topical Report states that “repository SSCs that are important to safety will have a single design basis
earthquake (Frequency-Category-1 or =2, as appropriate).” This commitment is addressed in this
analysis. Addressing this commitment is important to the design of the SSCs because items that must
withstand a Frequency-Category-2 DBEQ have to be designed to withstand higher earthquake loading
(e.g., higher peak ground accelerations) than items which are only required to withstand a Frequency-
Category-1 DBEQ.

1.2 Basis for Assigning DBEQs per Topical Report No. 2, Appendix B

The Topical Report’s (Ref. 7.30) Appendix B, Process for Identifying Structures, Systems, and
Components Important to Radiological Safety references QAP-2-3 for the procedure to classify $SCs as
important to Radiological Safety (QA-1). These SSCs include items:

That are required to mitigate the consequences of a credible event that could result in a dose
exceeding regulatory limits,

Whose failure could initiate an event that could result in a dose exceeding regulatory limits; or
That are required to monitor or control SSCs important to radiological safety. ~

To determine which SSCs meet any of these criteria requires: (1) an assumpticn that the function of the
SSC in question is assumed to be lost or unavailable; (2) identification of ¢redible initiating events and
credible event scenarios that result in release of radionuclides; and (3) an assessment of the potential
offsite and worker doses that could result. This is the general process that was applied to potential
earthquake-initiated failures of SSCs.

Depending on whether the calculated potential dose exceeds the limits of 10 CFR 60.136 (for Category 2
DBEs, e.g., 5-rem TEDE), or only exceeds 10 CFR 20 (for Category 1 DBEs, e.g.. 100 mrem per year
public dose) given the loss of the SSC's function, the SSC is classified as having to withstand a
Frequency-Category-2 or Frequency-Category-1 DBEQ, respectively. That is, the SSC must be able to
maintain the function important to radiological safety during and following the DBEQ category assigned to
it.

In addition, QAP-2-3 requires evaluation to determine if an SSC is /mportant to Fotential Interaction
(QA-5). The continued functioning of such 8SCs is not required during or after an earthquake, but their
failure or loss of function during an earthguake should not impair SSCs important to radiological safety
(QA-1) or items important to waste isolation (QA-2) from performing their required functions. Thus, the
appropriate DBEQ Frequency Category must also be applied to SSCs identified as Important to Potential
Interaction.

This analysis applies the principles described herein but does not distinguish between QA-1 and QA-5
SSCs, a priori. Instead, radiological release scenarios were postulated based on evaluation of MGR
operations and all potential ways in which a seismically induced failure of an SSC could cause damage
to a waste form and lead to,a release of radioactivity.

2.  Approach to Implement Methodology of Seismic Topical Report No.2

This analysis uses “what-if?" earthquake scenarios and dose comparisons with 10 CFR 60 criteria to
identify the seismic design criteria for SSCs. It does not imply that the SSCs in question will fail in an
earthquake. Further, the estimated offsite doses are not intended to be used in a licensing submittal.
The purpose of seismic design is to prevent or mitigate doses as necessary to meet regulations.
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The analysis was carried out for potential event sequences that could be initiated by an earthquake of
any magnitude, since the seismic design criteria are assumed not to be specified until after the need is
established through analysis.

The analytic steps of the seismic strategy are the following:

1. For a given functional area, identify if radionuclides are present. if none, all SSCs can be
categorized as non-seismic. (By this exercise, they could also be classified as not important to
safety .and non-QA-1.)

2. |f radionuciides are present, define ways (scenarios) by which they could be released by events
initiated by an earthquake. The postulated scenarios include failures of S8Cs directly handling or
storing waste forms and SSCs that could interact with those handling or storing waste forms.

3. Using conservative assumptions for source terms (e.g., those accepted by the NRC for dry-storage
facilities), calculate the offsite dose that couid resuit from each postuiated failure of a given SSC
and the resulting radiological release. Calculate doses with and without mitigation features, if
mitigation is currently used in the design, or could be applied.

4. Subject each SSC to the following dose comparisons: _

a. If the individual offsite dose is greater than or equal to 10 CFR 60.136 limits, then the SSC must
be designed to meet DBEQ Frequency-Category-2.

b. If, however, the offsite dose is less than CFR 60.136 limits but greater than or equal to 10 CFR
20.1301 limits, or the associated worker doses exceed 10 CFR 20.1201, then the SSC must be
designed to DBEQ Frequency-Category-1.

c. If both the offsite doses and worker doses are less than the respective 10 CFR 20 limits, then
the SSC may be designated as non-seismic, and designed accordingly {(e.g., to Universal
Building Code).

5. After classifying individual SSCs to seismic frequency categories, the sum of offsite doses from all
seismically induced failures of SSCs designated as Frequency-Category-1 must be within the dose
limits for Category 2 DBEs per 10 CFR 60.136. If not, then some or all of the SSCs that contribute
to the excessive dose must be designed to Frequency-Category-2

6. For SSCs designated as Frequency-Category-1 or non-seismic based on radiological dose
assessments, determine if the seismic failure of the SSC could create a potential criticality event. If
s0, design the SSC to a Frequency-Categfory-2 DBEQ.

7. For SSCs designated as Frequency-Category-1 or non-seismic based on radiological dose
assessments, examine the SSCs and determine if there are any waste retrieval, or waste isolation
issues that suggest designing to a more stringent category earthquake. If, after a cost analysis, it
shows that with only a small increase in costs that it is reasonable to design an SSC to a more
stringent category earthquake and the redesign results in a reduction in dose then this step should be
taken to promote ALARA

This process was applied to the reference VA design as a baseline. In addition, a discussion is provided
in each section on the impact of applying the tenets of the Preclosure Safety Strategy, which was
developed to provide a safety basis for designing the MGR (Ref. 7.42). This analysis also assesses
altemnative design concepts to support the applicabie Preclosure Safety Strategy.

The dose assessments were conservative. Using guidance from NRC standard review plans for dry
storage facilities, 100% of the waste form (i.e., 100% of SNF cladding) was assumed to breach in the
event scenarios. The release fractions and source terms used in this seismic analysis are consistent with
the conservative values described in Sections 2.2.2-2.2.8. The release of particulate radionuclides due
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to impact pulverization of UO, or DHLW glass was taken as proportional to the energy imparted to the
waste form using the PULF correlation described in Section 2.2.3. The source terms for the various
DOE waste forms are under development and were not considered in this analysis. Once developed, the
impact of the DOE waste forms on seismic classification will be evaluated.

Best-estimate source terms (i.e., based on mechanistic estimates of damage to waste forms and release
fractions for radionuclides) were not applied in this analysis, but could be used in future dose
assessments to quantify the safety margin or conservatism in assigning the DBEQ categories. Future
changes to the design or refinements in the radiological source terms, release fractions or retention
factors may also impact the DBEQ classification provided herein.

Potential criticality scenarios were not analyzed in detail in the present seismic classification study, but
avoidance of potential criticality is recognized for storage racks in the fuet handling pools. Additional
seismic criticality scenarios will be investigated if results of an ongoing intemal-events criticality survey
indicate that credible scenarios exist.

3. Assessment of Seismic Frequency Categories for SSCs
3.1 Surface Facilities

The approach described in Section 2 of this attachment was applied to each operation of the surface
facilities to define which SSCs must withstand the respective category of vibratory ground motion DBEQ.
The analyses are summarized in the following subsections.

3.1.1 Scoping Analysis: Consequences of Collapse of Waste Handling Building

The structures of the waste handling building, including that of the outer shell and those of the individual
operations areas), have to be examined from two standpoints in the seismic radialogical analysis. On
one hand, SSCs with significant mass, such as walls, roofs, and foundations have potential for falling on,
or impacting, a waste form and causing a release of radioactivity. On the other hand, some of the same
structural elements may be required to provide a confinement of radioactivity that is released by the
seismically induced failure of some other SSC, e.g., an SNF lifting device. This subsection addresses
the first consideration to determine the appropriate DBEQ Frequency Category for the roof, walls, and
foundations of each operational area (or cell} of the Waste Handling Building as required to prevent the
creation of a radiological source term. It is noted that in the event of such structural failure, there is no
way to mitigate the doses since any source term created inside the building will be free to enter the
atmosphere.

Other sections of this attachment address the second consideration of the need for the building

structures to provide a seismically designed confinement to mitigate releases due to seismic failures of
other SSCs.

VA Design - In this analysis, the Waste Handiing Building was assumed to be filled to maximum
radionuclide inventory with PWR SNF (i.e., every handling and process station was assumed to be
occupied by a single PWR assembly or a full 21-assembly waste package). The offsite dose was
calculated assuming that an earthquake caused the roof of each operations area to fail so as to breach
the waste form(s) contained within it. The source term in each operations area was proportional to the
inventory of waste form impacted. The contribution of particulate release was calculated in proportion to
the energy imparted by the roof mass of each operations area.

Table 7-1 presents the offsite doses that result from postulated seismic failures of the roof, walls, or
foundations of each operational area of the waste handiing building. All of the calculated doses
(unmitigated) at 5 km exceed the Category 2 limits of 10 CFR 60.136 by factors of 5 to 500. Therefore,
it is concluded that the roofs and supporting structures of all WHB operations areas must be designed to
withstand a Frequency-Category-2 DBEQ.
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The Waste Treatment Facility has not been analyzed for seismic events but is not expected to pose any
significant DBE issues considering the fact that the facility will handle oniy low-level radioactive waste.

Preclosure Safety Strateqy — No distinction can be made at this time. Regardiess of changes in layout
and operational concept, it appears that collapse of major portions of the building structure will be
unacceptable due to the large inventory of radionuclides that may be present.

3.1.2 Receipt of Waste

This subsection describes the analysis of potential seismic-induced releases from transport casks while
located between the transport rail/road entrance of the site to the exit of the Carrier Bay through the
airlock into the Canister Transfer System or Assembly Transfer System.

Waste is received at the YMP site in transport casks via railcar or trucks. While en-route, transportation
of radioactive wastes is governed by 10 CFR 71. The principal safety design criteria for transport casks,
per 10 CFR 71, are to withstand the impact equivalent to a 9-m vertical drop, a normal drop of 0.3 m,
and a drop of 1 m onto a soft iron bar. The qualification tests and structural analyses of such casks take
credit for impact fimiters that are attached to both ends of the cask. In addition, casks must withstand the
drop of heavy loads onto the cask. The prescribed weight of the maximum object varies with the weight
of the cask. At this time, there is no regulatory guidance or qualified analyses on the design limits for
cask drops without impact limiters. Recently, however, the DOE provided responses to NRC questions
conceming the CISF TSAR (see Attachment Il) which indicated that transportation casks can withstand
drops of approximately 2 m (80" without impact limiters. Therefore, it is assumed that the design basis
drop height for casks without impact limiters is approximately 2 m (6 ft). Consequently, it was assumed
that a drop from greater than 2 m would cause the cask and all fuel rods to be breached.

Transport casks are secured to transport carriers with hold-down devices that have to be removed prior
to being handled at the Waste Handling Building. No seismic design criteria are available for these
devices.

The dose analyses are similar to those performed for the internal event DBEs in Section 5.1 except that
larger quantities of waste forms are assumed to be affected concurrently because an earthguake is a
common-cause initiator. Random events affect a single transport cask. [f two transport casks can be in
a position where they could be breached concurrently during an earthquake, the resulting dose is twice
that from the counterpart intemal event. Table 7-2 summarizes the offsite dose calculations for various
areas associated with waste receipt. It is noted that the assumed breach of a transport cask and breach
of 100% of the fuel rods contained therein would result in an offsite dose greater than 5 rem. Since
these doses exceed 10 CFR 60.136 limits, the breach of one or more transport casks must be prevented
or mitigated by SSCs that withstand a Frequency-Category-2 DBEQ.

Table 7-3 provides a summary of the seismic classifications for SSCs associated with receipt of waste.
The following subsections describe the analyses and conclusions for each of the regions affected by the
waste receipt function.

3.1.2.1 Between Site Boundary and the Carrier Preparation Building

The primary containment is the transport cask which is licensed per 10 CFR 71 to withstand credible
design basis events. The cask is protected by the impact limiters that prevent cask breach during
credible transport accidents and are designed to withstand vertical and horizontal drops of at least 9 m
and is attached to the carrier car by hold-down devices. Since the configuration of a cask and carrier car
are not changed until reaching the Carrier Preparation Building, it is assumed that no release can occur
even in the event of a Frequency-Category-2 earthquake,
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3.1.2.2 In the Carrier Preparation Building; or Between the Carrier Preparation Building and the
Carrier Bay

VA _Design - The impact limiters are removed from a transport cask in the Carrier Preparation Building.
The cask is the primary containment but without the impact limiters the cask is not expected to withstand
a drop greater than about 2 m. Potential consequences of an earthquake include ejection of a cask from
its carrier with a drop greater than 2 m, or impact on the cask by falling or colliding handling equipment.
The crane in this facility is relatively fight duty for removing impact limiters and personnel shields and
does not lift transport casks. Therefore, neither the crane nor gantries should pose a threat to damage a
transport cask should they fall onto it since the energy imparted by the falling masses of the handling
equipment are within the design basis of transport casks (TBV). So long as this design constraint is met,
there should be no releases from seismically induced falls or impacts from the handling equipment. If a
cask could be breached and all fuel rods are breached, the offsite doses at 5 km are calculated to be
greater than 5 rem (see Table 7-2), which exceeds the DBE Category 2 dose limits of 10 CFR 60.136.
Such doses must be prevented or mitigated in a Frequency-Category-2 DBEQ.

The cask is then moved from the Camier Preparation Building on the rail car or truck to the Carrier Bay of
the Waste Handling Building. It must move over a bridge on its trip to the carrier bay building. During
this period, it is potentially vuinerable to earthquakes via cask ejection from the carrier or the fall of the
carrier and cask if the bridge collapses. The offsite doses for either scenario are essentially the same as
for the Carrier Preparation Building and exceed the Category 2 DBEs. Therefore, such doses must be
prevented or mitigated in a Frequency-Category-2 DBEQ. [t is noted that the effective initiation
frequency of a release scenario by bridge collapse could be reduced by multiplying the frequency of the
earthquake by the fraction of time that a carrier is passing over the bridge. That analysis has not been
included here.

Based on the dose analyses, bringing these portions of waste receipt operations into compliance requires
that transport cars and holdown devices, the bridge, and rail and carrier roadways be designed to
withstand the Frequency-Category-2 DBEQ to prevent a release. In addition, it must be demonstrated
that any item that can cause breach of a cask by seismic-induced impact must be provided with
mounting supports that withstand the Frequency-Category-2 DBEQ.

Alternative solutions include; not removing impact limiters until later operations; eliminating the
intermediate Carrier Preparation Building altogether; maintaining the casks in a horizontal orientation (to
eliminate slapdowns); requiring casks 1o be certified to withstand drops greater than 2 m without impact
limiters; or extending the Exclusion Area Boundary to greater distances.

Preciosure Safety Strateqy- Radiological safety for the Receipt of Waste function is achieved by the
following proposed defenses:

» Primary: Containment with transport cask
« Secondary: Confinement via facility
» Defense-in-Depth: Prevent lifts exceeding design drop height

In the VA design, the transportation cask is also the primary containment. If it is deemed necessary to
prevent a breach of that containment during a Frequency-Category-2 DBEQ, the requirements imposed
for the VA design and alternative solutions still hold. As noted earlier, it is assumed that the cask
structure will be designed to withstand the accelerations of Frequency-Category-2 DBEQ. The Carrier
Preparation Building could be designed to provide “confinement via facility,” but may not be warranted.
A simpler solution might be to keep the impact limiters on the cask or to consolidate the Carier
Preparation Building functions into the Carrier Bay, thereby allowing the casks to be transported into the
Carmier Bay with impact limiters intact. There are no cask lifts in this area, so defense-in-depth safety
strategy does not apply here.
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3.1.2.3 Carrier Bay Building

VA Design - The Carrier Bay is the area where transport casks are unloaded from railcars. Dual tracks
enter the Carrier Bay. Two gantry-mounted manipulators, one on each track, remove the cask restraints.
Two bridge cranes are available to upend and lift casks from carrier cars on either track, and transport
them to the entrance of either the Canister Transfer System or the Assembly Transfer System where
they are piaced on a transfer cart. The Carrier Bay is housed in a steel-frame building that does nat
provide any confinement of radionuclides; the carrier car entrance and exit doors are not airlocks; and no
filtered ventilation is provided. The casks are without impact limiters and are vulnerable to drops onto
unyieiding surfaces and sharp objects if the drop height exceeds the assumed 2 m design height.

Because the building structure is relatively light-duty, breach of a cask for impact from falling steel
rafters or framing is judged unlikely because the energy of impact should be within the design bases of
the transport cask. Similarly, the mass of the gantry manipulator is judged to be pose no threat to the
cask from seismically induced impacts. Potential seismic-induced release scenarios in the Carrier Bay
include:

Handling equipment drops on cask (bridge crane)
Uprighted cask slapdown onto carrier

Cask drops to floor

Cask drops onto transfer cart

Slapdown from transfer cart

Table 7-2 presents the potential offsite doses for each scenario. Note that the dose varies with the
height of drop or energy of impact assumed (see Section 2.2.3). In all but one case (i.e., manipulator
falling onto cask), the potential doses exceed the Category 2 DBE dose limits of 10 CFR 60.136.
Therefore, such doses must be prevented in a Frequency-Category-2 DBEQ by preserving the
- containment function of the cask, since the Carrier Bay provides no building confinement.

Based on dose calculations for the current VA design, the following equipment must be designed to
withstand a Frequency-Category-2 DBEQ:

s Bridge crane rails, supports, and foundations

= Bridge crane lifting mechanisms and fittings; and control systems

= Transfer car, including buiit-in restraints to prevent cask slapdown; this includes the control and
drive systems to prevent collisions with the exterior of the airlock door (see subsection 3.1.3.1) or
uncontrolled motion leading to fall from the transfer dock

Alternative solutions include: not removing impact limiters until later operations; maintaining the casks in
a horizontal orientation (to eliminate slapdowns); requiring casks to be certified to withstand drops
greater than 2 m without impact limiters; or extending the Exclusion Area Boundary to greater distances.

Preclosure Safety Strateqy - Radiological safety for the Receipt of Waste function is achieved by the
fallowing proposed defenses:

= Primary: Containment with transport cask
« Secondary: Confinement via facility
s Defense-in-Depth: Prevent lifts exceeding design drop height
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Like the VA design, the Preclosure Safety Strategy relies on the transportation cask as the primary
containment. If it is deemed necessary to prevent a breach of that containment during a Frequency-
Category-2 DBEQ by impact from interactions with other SSCs, the seismic design requirements for the
VA design would still be valid. As noted previously, it is assumed that the transportation cask will also be
designed to withstand the accelerations of a Frequency-Category-2 DBEQ.

If the Carrier Bay area is designed to provide “confinement via facility” and HEPA filters are available to
remove radioactive particulates, the potential offsite doses are reduced by several orders of magnitude,
as shown in Table 7-2, and are well below the limit for Category 2 DBEs. If the cask structure, the
building, and its HEPA-filtered ventilation system are designed to withstand a Frequency-Category-2
DBEQ, it can be argued that the bridge crane (rails, supports, and control system) and transport carts
can be designed to Frequency-Category-1. Given that a seismic-induced breach of a cask occurs at a
frequency of 10" per year and assuming an HVAC unavailability of 4.8E-4 (see Attachment Vill}, the
frequency of a release exceeding 5 rem at the site boundary is below the threshold for credible DBEs.
Furthermore, adopting the defense-in-depth provision, so that seismic-induced drops cannot breach the
cask, would allow the lifting mechanisms, fittings, and controis of the cranes to be classified as non-
seismic and designed to UBC.

Table 7-3 summarizes the recommended seismic classification of the Waste Receipt SSCs for the VA
design, an alternative design, and the Preclosure Safety Strategy.

3.1.3 Assembly Transfer System

The Assembly Transfer System receives and unloads transport casks containing commercial spent
nuclear fuel assemblies. Note; The Canister Transfer System, described in Section 3.1.4, receives and
unloads Defense High-Level Waste (DHLW) canisters and canistered spent fuei from commercial, DOE
and Navy facilities. The Assembly Transfer System has three parallel and independent operations, each
comprised of several stations that are described in the following subsections.

Table 7-4 presents the dose calculations for assumed seismic-initiated events in the Assembly Transfer
System. Table 7-5 summarizes the seismic classification of SSCs of the Assembly Transfer System for
two alternative design strategies: Mitigation and Prevention. For the containment strategy, credit is
taken for the building confinement and HEPA filtration system to mitigate potential radiological releases.
In this case, the building (i.e., roof and walls) and the HVAC system are assumed to be seismically
designed to withstand a Frequency-Category-2 DBEQ. For the prevention strategy, it is assumed that
seismic-initiated events which have the potential to exceed the regulatory dose limils are prevented by
designing the appropriate SSCs to withstand a Frequency-Category-2 DBEQ. In the latter case, no credit
is taken for mitigating features (e.g., HEPA filters) and the emphasis is on preventing any radiological
reieases from occurring.

The following subsections describe the basis for these seismic classifications.

3.1.3.1  Airlock

VA Design — This area provides the interface between the Carrier Bay (non-confinement) and the
confinement portions of the Waste Handling Building. The cask is vertically oriented on a powered
transfer cart. Other than the potential release due to roof collapses discussed in Section 3.1.1, other
potential seismic release scenarios include:

= Failure of the transfer cart resulting in a drop or slapdown of a cask beyond its design basis
(assumed to be > 2 m onto an unyielding surface)

» Uncontrolled or unconstrained motion of the cart resulting in a collision with the walls or airlock doors
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The unmitigated dose at 5 km for either of these scenarios, assumed to occur simultanecusly in all three
airlocks, is shown in Table 7-4 to be greater than 5 rem. No distinction is made for the release from
canistered versus uncanistered spent fuel assemblies. Since these doses exceed the limits for Category
2 DBEs of 10 CFR 60.136, the doses must be prevented or mitigated by SSCs that withstand a
Frequency-Category-2 DBEQ.

Options to bring this area into compliance include the following:

= Classify the transfer cart and associated controls and motive systems as Frequency-Category-2 (the
transfer cart may also be classified as FC-2 due to the Carrier Bay seismic scenarios)

«  Alternatively, if it is decided to design the SSCs of the airlock to withstand a Frequency-Category-2
to provide confinement for Category 2 seismic releases scenarios in other pars of the Waste
Handling Buiiding, then the mitigated dose for collision of the cask transfer cart (shown in Table 7-4)
would be reduced to below the 10 CFR 20 limit of 0.1 rem (per year), and the transfer cart would be
designed to withstand a Frequency-Catgory-1 DBEQ, or UBC.

Preclosure_Safety Strateqy - The Airlock is the transition between the functions Receipt of Waste and
Transfer of Waste to Waste Package. Since the lids and seals of the transport casks are still in place,
this area may be considered as bound to the Receipt of Waste portion of the Preclosure Safety Strategy,
which prescribes the following safety features:

= Prmary: Containment with transport cask
= Secondary: Confinement via facility
» Defense-in-Depth: Prevent lifts exceeding design drop height

The Preclosure Safety Strategy and the VA case are similar in that the transport cask provides primary
containment and the building provides secondary confinement. As noted previously, it is assumed the
cask structure will be designed to withstand the accelerations of a Frequency-Category-2 DBEQ. It will
be necessary to prevent a breach of cask containment during a Frequency-Category-2 DBEQ by impact
from interactions with other SSCs. Given the prevention strategy for Receipt of Waste, confinement
would not be required, except as secondary defense but would have to be Frequency-Category-2 to
assure dose limils are met at the lower frequency earthquake. To provide defense-in-depth provisions,
an alternative means of transferring casks would have to be developed so that energetic slapdowns and
collisions are not physically possible.

3.1.3.2 Cask Preparation and Decontamination

VA Design — This operations area is the first stop in the process of transferring spent nuciear fuel
assemblies from transport casks. Transport casks are brought into the area on the transfer cart from an
Airlock. The area is isolated from the Airlock by the inner isolation door of the Airlock.

The cask is lifted from the transfer cart by a-bridge crane and lowered into a pit where the top lid bolts
are de-tensioned and removed, and the outer lid is removed. Hoses are connected to sample, vent,
purge, and cool the cask. The operations also include filling the cask with water. The lifting yoke is re-
attached. After these operations, the cask is lifted from the pit and moved by the bridge crane over the
assembly transfer pool and lowered into the water.

Potential seismic release scenarios have been identified as follows:

= Drops or slapdowns of cask from the transfer cart greater than 2 m, or impacts with structures due to
a uncontrolled motion of the transfer cart (as in the Carrier Bay and Airlock)

= Dropping of the cask to the deck or to the bottom of the pit

= |mpact to the cask by a falling crane

= Impact to cask and walls due to uncontrolied bridge crane motion

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Preclosure Design Basis Event Calculations for the MGR Attachment Vi
Di No.: BC0000000-01717-0210-00001 Rev 00 Page: VH-10 of VII-32

The mass of decontamination and preparation equipment is judged too small to cause a breach of cask
confinement if they were to fall onto the cask.

The seismic requirements and options for the transfer casks are the same as for the Airlock. Table 7-4
presents the calculated doses at 5 km for the drop of the cask into the pit. The unmitigated dose
exceeds the Category 2 DBE limits; therefore, the event must be prevented or mitigated by SSCs that
withstand a Freguency-Category-2 DBEQ. The mitigated dose is less than the 10 CFR 20 dose of 0.1
rem (per year). The consequences of a crane falling onto a cask and breaching it would be equal to or
greater than a breach due to a cask drop into the pit. The difference in doses depend on the amount of
particulates generated by the impact of the crane failing onto a cask or a cask dropping into the pit,
respectively. The conseguences of an uncontrolied crane motion initiated by an earthquake could result
in a collision with a wall with or without a consequential drop of the cask. Dose consequences of such
events are expected to be comparable to the drop. Therefore, controls for the crane must be earthquake
proof to prevent a drop into the pit or an uncontralled movement.

Options for seismic classification include the following:
= Option for the transfer carts are the same as for the Airlock (see Subsection 3.1.3.1).

= Prevention of cask drop into the pit requires the bridge crane lifting mechanisms, rails, supports, and
controls to withstand a Frequency-Category-2 DBEQ; these design criteria would also prevent fall of
the crane onto the cask.

» If the building is designed to provide a confinement and its SSCs and filterea ventilation are designed to
withstand a Frequency-Category-2 DBEQ, the bridge crane and associated controls could be designed to
withstand a Frequency-Category-1 DBEQ (or perhaps to UBC).

One design alternative that could prevent releases by cask drops is to provide impact limiters at the
bottom of the pit or pool and on the pool deck where transfers are made.

Preclosure Safety Strateqy — Since the functions of this operations area are to alter the confinement
boundary and intemal atmosphere of transport casks, it is subject to the design philosophies of the
Transfer of Waste to Waste Package. Two cases are considered - Bare Fuel: Confinement Augmented
by Prevention, and Canistered Fuel: Prevention Augmented by Confinement. The safety features
prescribed for the Bare Fuel case are:

» Primary: Confinement by Pool/Hot Cell or Hot Cell
« Secondary: Confinement by Facility
» Defense-in-Depth: Prevent Dropping Bare Assemblies

If the Cask Preparation and Decontamination functions are performed within a hot cell, the SSCs of the
hot cell and its filtered ventilation system and other mitigation features {e.g., gas holdup tanks) have to
be classified as Frequency-Category-2. This precludes offsite doses in excess of the Category 2 DBE
dose limits given the occurrence of a Frequency-Category-2 DBEQ. As in the case of the VA design, the
operating equipment contained therein could be designed to withstand a Frequency-Category-1 (or
perhaps to UBC). The Confinement by Facility feature is not required except as secondary defense, but
would have to be Frequency-Category-2 to assure dose limits are met at the lower frequency
earthquake.. Prevent Dropping of Bare Assembiies is not relevant to this operation due to the large
number of assemblies which must be handled by the facility.

Civilian Radioactive Waste Management System
Management & Operating Contractor




Title: Preliminary Preclosure Design Basis Event Calculations for the MGR Attachment VI
DI No.: BC0000000-01717-0210-00001 Rev 00 Page: Vil-11 of VII-32

The safety features prescribed for the Canistered Fuel case are.

= Primary: Prevent Lifts of Canister Beyond Design Heights
= Secondary: Prevent Dropping Canisters
= Defense-in-Depth: Confinement by Facility

Since the Cask Preparation and Decontamination operations do not involve removat of canisters from
the transpont casks, this portion of the Preclosure Safety Strategy is not relevant to this celi.

3.1.3.3 Cask Unloading Pool

VA Design - A transport cask is lowered into the pool with the same bridge crane used in the Cask
Preparation and Decontamination area. Underwater, the lid is removed from the cask, and the bare
spent nuclear fuel assemblies or Dual Purpose Canisters (DPCs) are exposed. DPCs, in tumn, are cut
open to expose fuel assemblies. A Wet Assembly Transfer Machine removes one fuel assembiy at a
time and transports it to a fuel storage rack in the pool. The pool water provides radiological shieiding
and confinement of particulate radionuclides that are released into the water from the normal operations
of handling assemblies with cladding defects and surface crud as well as radionuclides that are released
in DBE situations. In addition, in the VA Design, the pool water provides an air seal between the wet and
dry operations of the Assembly Transfer System. Therefore, potential seismic radiological events
include scenarios in which the pool water remains intact or pool water is lost. The offsite dose
consequences are investigated for both cases.

In the bounding scenario, a seismic event is postulated which may cause the pool to lose its water (this
could be caused by a failure of the pool structure, its fill/drain systems, or by impact due to a falling
crane or tipover of a transport cask), and cause breach of all fuel rods in the pool including those in the
storage racks and in the opened casks. In addition, any radionuclides that might be released in the
Assembly Handling Cell (see Section 3.1.3.6) wouid be free to leave that cell. No explicit offsite doses
were calculated since it is clear from the doses calculated for the breach of a single transport cask that
Category 2 DBE limits would be exceeded. Therefore, SSCs required to prevent a loss of pool water
scenaric must withstand a Frequency-Category 2 DBEQ. In addition, interactive portions of the pool
fill/drain systems and other rooms or piping that could result in loss of pool water in an earthquake must
withstand the same level of earthquake as the pool.

The fuel storage racks should be designed to withstand a Frequency-Category-2 DBEQ to preclude
potential criticality due to disruption of the storage racks as well as potential breaches of fuel assemblies
that could fall to the pool floor.

As shown in Table 7-4, with the pool water intact, the mitigated and unmitigated offsite doses at the 5 km
site boundary from a cask breach are only 0.008 rem (PWR) or 0.007 (BWR). The mitigated and
unmitigated doses are the same because of the assumption that the pool water mitigates 100% of the
particulate release from a cask breach in the pool. By this analysis, the portions of the crane lifting
mechanisms, their control systems, and cask restraints could be designed to withstand a Frequency-
Category-1 DBEQ since any release created by their failure in an earthquake is within the offsite limit of
10 CFR 20 {i.e., 0.1 rem per year).

However, if the bridge crane and other SSCs that could fall in an earthquake are shown to have sufficient
mass and potential energy to pose a threat to the integrity of the pool structure, or to maintaining the
water seal to other portions of the Assembly Transfer System, the supports and restraints of such SSCs
will have to withstand a Frequency-Category-2 DBEGQ.

Preciosure Safety Strateqy - The Preclosure Safety Strategy for the function Transfer of Waste to Waste
Packaqge — Bare Fuels considers the following features to achieve the required safety:

« Primary: Confinement by Poal/Hot Cell
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= Secondary; Confinement by Facility
= Defense-in-Depth: Prevent Dropping Bare Assembiies

The VA design follows these precepts so the seismic classification is the same.
3.1.3.4 Cross-Line Transfer Canal

VA Design - This portion of the pool permits the movement of loaded or empty assembly baskets
between cask unloading lines. A basket is loaded onto an underwater transfer cart and moved to the
poot segment of another line. A potential seismic event is the drop of a loaded basket onto the pool floor
or onto other baskets due to a failure in the mechanical or control portions of the wet assembly transfer
machine and the transfer cart. With the pool water present, the offsite dose shown in Table 7-4 is well
within the 10 CFR 20 dose limits for Category 1 DBEs. If the pool is designed to withstand a Frequency-
Category-2 DBEQ, the SSCs associated with the Cross-Line Transfer Canal can be designed to
withstand a Frequency-Category-1 DBEQ, or UBC based solely on offsite dose consequences.

Preclosure Safety Strategy - The Preclosure Safety Strategy for the function Transfer of Waste to Waste
Package — Bare Fuels considers the following features to achieve the required safety:

* Primary: Confinement by Pool/Hot Cell
= Secondary: Confinement by Facility
» Defense-in-Depth: Prevent Dropping Bare Assemblies

The VA design follows these precepts so the seismic classification is the same.
3.1.3.5 Assembhly Staging Pool

VA Design - In this region of the pool, assembly baskets are moved from the staging rack to the incline
transfer canal cart which carries the assembly baskets up the incline, out of the water, and into the
Assembly Handling Cell (discussed in the following paragraphs). Potential seismic events underwater
include dropping a loaded basket onto the pool floor or onto other baskets due to a failure in the
mechanical or control portions of the wet assembly transfer machine or the incline transfer cart. These
are similar to those of the transfer canal except there could be more baskets that are full and more fuel
assemblies involved. With the pool water present, the offsite dose shown in Table 7-4 is 0.002 rem
(PWR or BWR). This is well within the 10 CFR 20 dose limits for Category 1 DBEs. If the pool is
designed to withstand a Frequency-Category-2 DBEQ, the SSCs associated with the Assembly Staging
Pool can be designed to withstand a Frequency-Category-1 DBEQ, or UBC based solely on offsite dose
consegquences. .

Preclosure Safety Strategy - The Preclosure Safety Strategy considers the following features to achieve
the required safety.

Primary: Confinement by Pool/Hot Cell
= Secondary: Confinement by Facility
» Defense-in-Depth: Prevent Dropping Bare Assemblies

The VA design follows these precepts so the seismic classification is the same.
3.1.3.6 Assembly Handling Cell

VA Design - The incline transfer canal cart brings the fuel basket up cut of the pool water into the dry
confines of this cell. Each basket holds 4 PWR or 8 BWR fuel assemblies. A dry assembly transfer
machine picks up a basket and moves it over a dryer station and lowers the basket into the dryer, which
is located in a pit. Each of the three Assembly Handling Cells will have two or more drying stations, each
of which dries several baskets in a batch operation. After drying, a dry assembly transfer machine picks
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up one fuel assembly at a time and lowers it into a disposal container (DC) which is on a transfer cart.
When the DC is full, an inner lid sealing device is installed on the DC. The cart is moved a short
distance into a decontamination area. The assembly handling cell is designed as a shielded hot cell to
protect operating personnel from direct radiation and from normal and unintentional releases of airborne
radiation.

Potential seismic events inciude: (1) drops of baskets or individual assemblies onto the floor, into the
dryer, or onto other fuel assembiies in the DC; and (2) impact on individual or multiple fuel assemblies by
falling equipment. The dose at 5 km was calculated for a representative assembly basket drop onto
another assembly basket, resulting in the breach of all fuel rods (either 24 PWR or 48 BWR assemblies).
Table 7-4 presents the dose for (1) the mitigated case, with credit for the fitered ventilation system; and
(2) a hypotheticai unmitigated case to illustrate the need for the confinement afforded by the hot cell.
The unmitigated dose in Table 7-4 exceeds the dose limits for Category 2 DBEs. This confirms that
mitigation provided by confinement is necessary. Further, the SSCs associated with the confinement
and the filtered ventilation have to withstand a Frequency-Category-2 DBEQ. The mitigated dose is
0.007 rem (PWR) or 0.016 rem (BWR), which is within the dose limits for Category-1 DBEs. |If credit is
taken for mitigation of potential radiological releases by the hot cell, the SSCs associated with the
assembly handling and drying operations could be designed to withstand a Frequency-Category-1 DBEQ,
or UBC based solely on offsite dose consequences.

Preclosure Safety Strateqy - The operations described in the previous paragraphs bridge two of the
Preciosure Safety Strategy areas. The first is Transfer of Waste to Waste Package. The Preclosure
Safety Strategy for this function is primary confinement by the hot cell, secondary confinement by the
facility, and the defense-in-depth safety feature is to prevent dropping the fuel assemblies. The VA case
uses the primary and secondary features of the Preclosure Safety Strategy. Placing assemblies into a
DC wil! always pose some risk of dropping an assembly so it does not appear feasible to implement the
proposed defense-in-depth feature in the design. However, the seismic classification of the dry
assembly transfer machine can be designed to withstand a Frequency-Category-2 DBEQ to provide the
defense-in-depth for earthquake scenarios.

The back-end of this operation is part of the function identified as Packaging/Sealing of Waste Package -
Before Sealing. The Preclosure Safety Strategy for this function includes the primary safety feature of
confinement by the hot cell, the secondary is confinement by the facility surrounding the hot cell, and the
defense-in-depth is to prevent lifting or tipping of loaded, unsealed DCs. The VA case is compatible with
the Preclosure Safety Strategy in this process area

3.1.4 Canister Transfer System

VA Design - The canister transfer system provides for the transfer of the DHLW, DOE SNF, and Navy
fuel among others. These wastes are contained in sealed canisters which are not opened. For example,
the DHLW consists of vitrified glass inside a sealed metal canister, five of which are piaced inside a
transportation cask. Unloading and packaging operations are performed in a dry cell for these waste
forms.

Two independent and parallel operational paths are provided. In each path, transport casks are carried
upright on a transfer cart from the Carrier Bay, through a corridor, through an Air Lock cell, and into a
Cask Preparation cell. Cask preparation includes detensioning and removal of boits from the transport
cask, sampling, venting, purging, and decontamination. After preparation, a cask is transported on the
same transfer cart into the Canister Staging celi where the lid is removed and canisters are lifted out of
the transportation cask by a bridge crane. Large canisters are moved in a single operation from the
transportation cask to a DC waiting in the Canister Transfer cell. Smaller canisters, such as DHLW, may
be moved in a first lift to a DC, or o a storage rack and later moved in a second lift to a DC. Each of the
storage racks in the respective staging cells could hold up to 20 canisters.
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Potential radiation releases by seismic events consider the following:

« Canisters for the DHLW are assumed to survive a drop height of approximately 7 m

« It is assumed that acceptance criteria will require that canisters for the other wastes also withstand a
dropof7m

« Based on the drop height strength, canisters are unlikely to be breached in a slapdown of a
transportation cask or unsealed DC

» The bridge crane appears to be sufficiently massive that a fall onto a canister or storage rack is likely
to cause a breach of the canister confinement, dose calculations were performed to assess the
potential conseguences

« Dose calculations for canistered waste other than DHLW glass will be performed in future analyses

The unmitigated doses at 5 km resuiting from potential canister impact and breach by a crane fall are
similar to the postulated roof collapse shown in Table 7-1. This event exceeds the dose limits for
Category 2 DBEs and must be mitigated or prevented by SSCs that withstand a Frequency-Category-2
DBEQ. With mitigation by the hot cell (i.e., building confinement and HEPA filtration), the doses are
reduced to .005 rem and .032 rem for 10 DHLW canisters in the cask preparation or decontamination
areas and 40 canisters in the storage racks, respectively, which are within the dose limits for Category 1
DBEs. Therefore, the bridge crane rails and supports need only withstand a Frequency-Category-1
DBEQ. The lifting mechanisms and controis for the crane shouid also be designed to withstand a
Frequency-Category-1 DBEQ to ensure that an earthquake cannot induce a lift and drop beyond 7 m, or
initiate an uncontrolled motion that could result in a canister impact with a wall or other canisters.

Table 7-6 summarizes the seismic classifications of the SSCs of the Canister Transfer System based on
the reference VA design.

The seismic classification for the Canister Transfer System must be assessed further for potential
consequences associated with DOE and Navy fuel.

Preclosure Safety Strategy - The operations described above bridge three functions of the Preclosure
Safety Strategy: Receipt of Waste, Transfer of Waste to Waste Package, and Packaging/Sealing of
Waste Package - Before Sealing. The Receipt of Waste credits containment by the transport cask as the
primary defense, so the casks must be able to withstand a Frequency-Category-2 DBEQ and the
movement of casks outside the hot cell area must be designed to prevent breach of the cask due to a
Frequency-Category-2 DBEQ.

Transfer of Waste to Waste Package will be performed inside a hot cell. Radioactive releases as a result
of DBEs are then prevented by preventing canisters from being lifted above their design height and not
dropping canisters. Potential releases initiated by an earthquake can take credit for the mitigation
provided by the hot cell (designed to withstand a Frequncy-Category-2 DBEQ). As for other aperations,
it is expected that the mitigated doses at 5 km will be within the dose limits for Category 1 DBEs, and
SSCs associated with removing canisters and moving them to DCs can be designed to withstand a
Frequency-Category-1 DBEQ, or UBC based 5olely on dose consequences.

Packaging/Sealing of Waste Package - Before Sealing will also be performed inside a hot cell, so any
unintentional releases caused by an earthquake will be mitigated. The primary defense is to avoid lifting
and tipping of the unsealed, loaded DC. Since the mitigated doses are expected to be within the dose
limits for Category 1 DBEs, the SSCs associated with moving, supporting, and installing lids on a
disposal canister can be designed to withstand a Frequency-Category-1 DBEQ, or UBC based solely on
dose consequences.
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3.1.5 Disposal Container Handling System

VA Design - The purpose of the DC Handling System (DCHS) is to prepare empty DCs for loading,
transfer DCs to and from the Assembly and Canister Transfer Systems, weld the inner and outer lids,
temporarily store loaded DCs before or after weiding (as needed), tilt DCs to horizontal, and load DCs
onto the waste emplacement transporter. The system also transfers DCs to the Waste Package
Remediation System as needed.

The primary DCHS equipment includes a DC briage crane with lifting fixtures, a tilting station fixture,
transfer carts, DC welding/inspection robots, welding station jib cranes, weld turntables, horizontal -
transfer cart, horizontal lifting system, and decontamination and inspection manipulator.

The potential consequence of roof and building callapse as & source term initiator is described in Section
3.1.1 where it is concluded that such structures must withstand a Frequency-Category-2 DBEQ.

Potential seismic DBEs and related dose calculations for each operational area of the DCHS are listed in
Table 7-7. Scoping dose calculations indicate that the potential releases must be prevented or mitigated
to comply with 10 CFR 60. The largest potential dose results from the assumed slapdown of all the DCs
in the DC Staging Area during a seismic event. It should be noted that DCs may be staged in the welded
or unwelded condition. In the unwelded condition, there is no design basis for a slapdown event and the
contents of the DC are presumed to spill out and breach. Other potential seismic events in the DCHS
include:

+ welding burnthrough

» vertical DC drops

e crane falling onto a DC at the tilting station; and

o horizontal drop in the WP Transfer/Decon Area

The unmitigated doses at the 5-km offsite boundary exceed the dose limits for Category 2 DBEs;
therefore, the SSCs important to radiological safety must be designed to withstand a Frequency-
Category-2 DBEQ.

Table 7-8 summarizes the seismic classification of SSCs of the Disposal Container Handling System for
two alternative design strategies: mitigation and prevention. For the mitigation strategy, credit is taken
for the building confinement and HEPA filtration system to mitigate potential radiological releases. In
this case, the building (i.e., roof and walls) and the HVAC system must be designed to withstand a
Frequency-Category-2 DBEQ.

For the prevention strategy, it is assumed that seismic-initiated events which have the potential to
exceed the regulatory dose limits are prevented by designing the appropriate SSCs to withstand a
Frequency-Category-2 DBEQ. In the latter case, no credit is taken for mitigating features (e.g., HEPA
filters) and the emphasis is on preventing any radiological releases from occurring. However, the
prevention strategy may not be practical where bare fuel assemblies are involved (i.e.. events with
unsealed DCs containing commercial SNF). -

As elsewhere in the surface facilities, SSCs inside a Frequency-Category-2 confinement, which are
associated with initiating a release in an earthquake, can be designed to withstand a Frequency-
Category-1 DBEQ {or UBC based solely on dose consequences) since the resulting doses are less than
the limits of 10 CFR 20. With the prevention strategy, the confinement structure would not be required to
ensure compliance with 10 CFR 60.

Another design option is to modify the design bases for the DCs so they could withstand greater impacts
without breaching. This would eliminate many of the potential slapdown and drop events in Table 7-8.
Remaining would be the slapdown of an unsealed DC from a transfer cart and the welding bumnthrough.
In this case, the SSCs associated with those events would have to withstand a Frequency-Category-2
DBEQ, but no confinement would be required except for normal operational releases; or as described
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previously, the confinement can be designed to withstand a Frequency-Category-2 DBEQ and the $5Cs
associated with the initiation of a release can be Frequency-Category-1.

Preclosure Safety Strateqy - This system performs the function Packaging/Sealing of Waste Package.
The Preclosure Safety Strategy identified for this function differentiates the requirements before sealing
and after sealing the DC, and the requirements for bare fuels versus canistered fueis.

For the case of Before Sealing — Bare Fuels, the primary safety feature is confinement by the hot cell;
the secondary feature is confinement by the facility surrounding the hot cell: and the defense-in-depth
feature is to prevent lifting and tipping of a loaded, unsealed DC. With this strategy, offsite dose
requirements could be met by designing the hot cell ventilation system to withstand a Frequency-
Category-2 DBEQ. The Preclosure Safety Strategy does not specifically address the seismic-initiated
event of a heavy object falling onto and breaching a DC. However, regardless of the release scenario, if
the building structure and HEPA filter are designed to withstand a Frequency-Category-2 DBEQ, the
offsite dase limits will not be exceeded. Defense-in-depth safety features for prevention of unseated DC
drops and slapdowns could be credited if the DC crane, fixtures, and lifting mechanisms are designed to
withstand a Frequency-Category-2 DBEQ.

For the case of Before Sealing — Canister Fuels, the primary safety feature is to prevent lifting and
tipping of a loaded, unsealed DC. At present, we have not assessed the potential seismic consequences
associated with canistered wastes other than DHLW vitrified glass. Assuming a DC drop and/or
slapdown from normal operating lift heights could breach a canister and result in doses exceeding the
limits for Category 2 DBES, SSCs required to prevent lifts and slapdowns would have to be designed to
withstand a Frequency-Category-2 DBEQ. Given that the same SSCs handle DCs containing bare or
canistered fuels, meeting this requirement would provide defense-in-depth for the bare fuel case as well.
The secondary safety feature is Containment by Canister, which leads to a requirement that any heavy
objects (e.g., falling cranes) capable of breaching a canister must be designed to withstand a Frequency-
Category-2 DBEQ. Defense-in-depth for this case relies on confinement by the facility, which is currently
inciuded in the VA design for the DCHS and has been shown by this analysis to be necessary to meet
the Category 2 offsite dose limits for seismic-initiated DBEs involving bare fuel.

For the case of After Sealing, the primary safety feature is containment by the WP inner barrier,
secondary is containment by the WP outer barier; and the defense-in-depth safety feature is to prevent
lifting and tipping of WP. Both the primary and secondary safety features rely on the WP for
containment of radionuclides; therefore, the WP and any SSCs that could potentially cause (or interact
with another SSC to cause) a breach during a seismic-initiated event must be designed to withstand a
Frequency-Category-2 DBEQ. In this anaiysis, the bridge crane and the horizontal lifting system were
the only SSCs identified that could potentially exceed the WP design basis by falling onto the WP during
a DBEQ. Implementing the defense-in-depth feature would serve to preserve the WP containment and
ensure that no radiological release is possible due to a drop or slapdown event.

3.2 Subsurface Facilities
3.2.1 Summary

In FY97, a preliminary analysis was performed to identify and screen potential DBEs for the subsurface
facilities (Ref. 7.44). That analysis included both intena! and external events. Section 5.5 (of the
present report) summarizes the analysis of subsurface intemnal events. External events included
earthquakes and noted that event scenarios initiated by earthquakes are largely covered by the intemal
event analyses. The exception being the potential for common-cause initiation of more widespread
collapse of ground support and rockfall. Reference 7.44 also considered the safety implications of a
loss-of-offsite power, which can also be initiated by an earthquake. Thus, this analysis for seismic
classification of subsurface SSCs draws upon the analyses of Reference 7.44.
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The seismic classification applies the procedure described in Section 2 of this report. The principal
SSCs (by function) were examined individually for potential scenarios that might occur if the SSC were
10 lose its ability to function or fail as a result of an earthquake. In this analysis, it is not necessary to
state the magnitude or return period of the earthquake. As in the surface facilities, the dose
consequence of a seismic event was the only decision criteria used to assign a seismic classification.
Seismic classifications may be upgraded for other reasons such as defense-in-depth, throughput, cost, or
investment risk.

Table 7-9 summarizes the subsurface seismic analysis by providing an SSC failure scenario and the
basis for seismic classification. For most SSCs, a single seismic classification is shown; others show the .
most conservative classification with the optional lower classification in parenthesis. The following
subsection provides rationate for the analysis

3.2.2 Discussion

Dose Calculations - Table 7-10 presents resulls of offsite dose calculations for bounding event scenarios
in the subsurface: rockfall in an emplacement drift and runaway transporter. Based on the bounding
calculations in Reference 7.44, offsite doses were calculated for several waste package configurations as
shown in Table 7-10. Both conservative and best estimate doses are shown and are based on the
source term and other assumptions described in Section 2.2 of this report. The dose calculations of
Reference 7.44 were revised to include the source terms from Section 2.2.1. The conservative doses
from a single waste package during a rockfall or runaway transporter exceed the limits for Category 2
DBEs and must be prevented or mitigated in the event of a Frequency-Category-2 DBEQ.

If an earthquake of magnitude beyond the design basis of the ground support occurs, it is considered a
common-cause initiator that can simultaneously induce rockfall in all emplacement drifts. The bottom
portion of Table 7-10 illustrates the bounding offsite dose that might be realized if all emplacement drifts
were to experience rockfall throughout and breach all the emplaced waste packages. The conservative
rockfall doses from the upper part of the table were scaled by the number and content of waste packages
and summed. As indicated, the sum of the potentiai doses is much greater than the dose limit for
Category 2 DBEs.

Overview of Subsurface Seismic Scenarios - In addition to the waste packages, there are three primary
groups of SSCs in the subsurface facilities: (1) the active systems that transport and emplace the waste
packages, including the rail, electrification, instrumentation, control, and communications systems; and
ventilation system; (2) the passive ground support; and (3) auxiliary systems such as fire-suppression,
lighting, radiation monitoring, and general communications.

Active Systems - The design bases of the waste packages includes the maximum impacts identified for
transport and emplacement handling (e.g., derailments, drops, tipovers, and fires) without breaching.
Further, the waste package will be designed to withstand a Frequency-category-2 DBEQ because it is the
confinement structure. Therefore, should an earthquake initiate a deraiiment or runaway of a transporter
train, waste package ejection from the transporter, or drop of a waste package, the impact on the waste
package will be within its design basis and no release will result. Thus, the seismic consequences are
bounded by the intemal event analyses for subsurface operations. Based on offsite dose considerations,
the SSCs associated with subsurface transport and emplacement do not have te withstand a DBEQ since
there are no credible breaches of the waste package. Since the upset events like dropping waste
packages in the emplacement drifts or transporter derailment could result in worker doses beyond the
limits, depending on the mode of recovery {analysis is required), and for defense-in-depth to reduce the
likelihood of seismic-induced upsets, it may be advisable to require these SSCs to withstand a
Frequency-Category-1 DBEQ. ‘

Another potential consequence of a runaway of the transpdrter train, whether seismic-initiated or
otherwise, is destruction of ground support members, If steel sets are used in the curve, then several
steel sets would be expected to be displaced and destroyed by the impact of the train at the bottom of
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the ramp, possibly resulting in a localized rockfall. This would complicate cleanup and recovery but is
not likely to generate a rockblock of sufficient mass to breach s waste package within a transporter car.
This will have to be confirmed. This interaction and potentiai rockfall would be localized, however, and is
judged not to be a sufficient reason to require that a runaway be designed to the Frequency-Category-2
DBEQ in order to prevent adverse interaction with the ground support. A concrete ground support might
also suffer damage from the event with similar potential for incurring localized rockfail.

Passive Systems - The design bases of the waste package also includes prevention of breaching by the
impact of ground support or rockfall during the caretaking/monitoring phase for the fargest rockblock -
mass deemed to be credible. The maximum credible rockblock (monolith of jointed tuff) was estimated
to be 25 MT and was set as a design basis (Ref. 7.23). The conditional probability of a waste package
being breached is the product of (1) the probability that the rockblock is greater than the design limit of a
fuil-strength waste package (i.e., 25 MT), and (2) the probability that one or more waste packages are
struck by the falling monolith, The probability analysis from Table 7.2-14 of Reference 7.44 indicates a
range of 1.3 x 10710 1 x 10°. with a best estimate of 1 x 10™* as the conditional probability of striking a
waste package and having sufficient mass to breach it. This means that, assuming ground support fails
and a rockfall occurs, the conditional probability of a breach per emplaced waste package is about 1x 10
4 For a static rockfall event (i.e., a random, intemnal event), the probability of breaching a single waste
package per event was also considered. For a population of 10,213 emplaced waste packages at risk
during an earthquake that could cause simultaneous failure of all ground supEort in all emplacement
drifts, there is a conditional probability of approximately 1.0 (multiplied by 10~ or 10™ for Frequency-
Category-1 and Frequency-Category-2, respectively} that at least one waste package will be breached.
The resulting dose for one breached waste package, unmitigated, is more than 5 rem so the event must
be prevented or mitigated in the event of a Frequency-Category-2 DBEQ. For prevention of the patential
release as well as to ensure accessibility and retrievability, it is recommended that ground suppor for the
emplacement drifts be Frequency-Category-2. Shouid future analyses show that the probability of a
large rockblock is significantly less than 1 x 10, the design requirements of the ground support can be
reduced to Frequency-Category-1, or UBC.

Auxiliary Systems - Seismic failures were considered for potential interaction with other SSCs as
described in Table 7-9.

3.3 Canclusions

If the ground support systems throughout the emplacement, main, and ventilation drifts are designed to
withstand the Frequency-Category-2 vibratory ground motion DBEQ, and the waste packages are
designed to withstand the same DBEQ and the impacts associated with transport and handling events,
then it can be reasoned that all other SSCs in the subsurface need not be designed to withstand a DBEQ
for offsite dose considerations. However, some subsurface SSCs may have to withstand a Frequency-
Category-1 DBEQ due to worker dose considerations. Further, it may be desirable to design some
subsurface SSCs to withstand a Frequency-Category-1 DBEQ for defense-in-depth. SSCs that fail in
such an earthquake, including radiation-monitoring equipment, can be refurbished and operations
resumed. In the aftermath of an earthquake that results in failure of the monitoring, lighting, or
communications systems, portable equipment will be sufficient to survey the underground, as long as
there is high confidence that the drifts have survived. As long as the earthquake does not equal or
exceed the Frequency-Category-2 design basis assumed for the drifts, this should be the case.
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Table 7-1 Selsmic DBE Consequences of Waste Handling Bullding Roof Collapse

Nola 1 Nole 2 Nole3  Nole 4 Nole 5 Nole 6 Nole 7 Nole 8 Note 5
Max. Rool
Roof Min.Roof  Thickness  Conservative Offsite Dose - No  Conservalive Offsite Dose -
Wasle Handling Building Worsl Case Maximum Inventory  VARoof  Height Roof Area, A Mass, M [I=MH{d"A)] Mitigalion (rem) with Mifigation (rem)
Operations Area Wasie Form (PWR/BWR) DHLW Malerdal  (m) (m*2) . (MT) (m) Canister PWR BWR Canister PWR BWR
Wasle Treatmenl Steel 9.14 4831
Carrier Bay Cask 521122 Steel 335 1,691 66 639 5 >>5 1.8E-02 2.5E-02
ATS Cask Prep/Air Lock Cask 78/183 Sloel 21.64 260 10 6.43 »»5 *35 6.4E-02 8.9E-02
Pool Area (Note 10} SFA 792/1584 Sleel 2164 334 004 0.02 »»5 »»5 7.3E-01 8.3E-01
DPC Hol Cell (dryer) SFA 126/264 Concrele 15.24 130 0.06 0.24 »»5 »»5 8.6E-02 1.0E-01
DC Load/Decon (ATS) DC 83/132 Concrete  3.23 146 20 74.51 25 M 7.5E-03 93E-03
CTS Carridor Caenislar 10 Steet 18.29 752 1 018 >5 7.50E-03
€T3 Cask Prep/Decon Canister 10 Sleel 12.19 260 1 0.79 >3 5.10E-03
CTS Lag Storage Canister 40 Concrele  19.51 37 4 11.48 »>>5 3.20E-02
DC Load Area (CTS) Canister 10 Concrele  19.51 272 1 157 >5 8.10E-03
DC Handling Cell DC 1057220 Concrele  18.29 1,208 9 4.06 »»5 »»5 8.3E-02 1.0E-01
DC Slaging Area Dc 420/880 " Concrete  18.29 637 9 7.70 »»5 »35 2.9E-01 3.6E-01
DC TransferLoad DC 21/44 Concrele 9.14 242 18 40.64 >5 >5 7.5E-03 923E-03
WP Remediation DC " 21/44 Conciele  4.88 195 M 9425 >5 »5 7.5E-03 9.3E-03
Notes: )
1 Worst case wasle form handled (iom a dose quence pelspective & Minimum roof mass equivalent to a waste form drop from above the design height
2 Max. poteniial invenlory based on Ref. 7.26 7 Assumes roal Is homogeneous with a density equal 1o sleel or concrela
3 Based on inpul from Swrface Facility Dasigners 8 Daterministic TEDE dose wilh PWR/BWR/DHLW DBF source term, PULF and no HEPA [iliration
4 Eslimated roof heights based on Reference 7.27, Figures 8-9. 9 Deleiministic TEDE dose wilh PWR/BWR/DHLW DBF source term, PULF and singla-stage HEPA fillralion
5 Eslimated cell areas based on Reference 7.27, Figure 4. 10 Max inventory source lefrm assumes no water Is present in (he pools
Assumed

Assumed Max, Design Basis
Wasle Loaded Mass End-Drop

Form MT) Height {m) Basis for Assumption

Cask 1.11E+D2 20 ISF TSAR, Table 5.1.1.-2, "Loaded Cask Sysiem Maximum Drap Heighis™ (see Attachment i}
Canister 2.20E+00 70 Savannah River Company Canisler Procurament Specificafion (Ref. 7.18)

SFA 8.83E-01 10 Best aslimate from WP Design

e B.30E+D1 20 Uncanistered SNF Syslam Description Documenl (Ref. 7.9}

Calculation mathod: Using the design basis drop height for each waste form, equated the potential
energy of tha wasla lorm mass dropping from iis dasign basis heighl to the polential energy of the
ool mass dropping [rom the roal height,

MxgxH = mxgxh Density, d

M = Reol mass Ibifi*3 MT/m*2
H = roof heighl Concrete 146.6 1.85E-03
m = wasla form mass Sleel 4865 6.123E-02

h = design basis drop heighl
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Tabls T-2 Sealsmic Dosa Calculations: Recalpt of Waste
PULF Source Term | pitigated Offsite | Unmitigated Offsite
Equivalant Drop | # Assemblies Dose {rem) Doss (rem)
System/Operational Ssquence Equipment Potential DBE S5C Faillure Height {m) PWR [ BWR ] PFWR | BWR PWR | BWR
Carrist/Cask Transport Systam
Onsite Transler to CPB Sile Mover Diesel Fue 26 61 NR NR NR NR
Rail Carrier Drop fiom Carrier Cradle Carried Cradle 15 26 61 NR NR NR NR
Truck Cairler Drop from Catrrier Cradle Carrier Cradle 12° 4 2] NR NR NR NR
CPB Material Handling System
A. Measure External Radiation
B. Remove/Retracl Personnel Barrier
€. Inspect lor Radiation Contamination
D. Measure External Cask Temperalure
E. Remove/Retract impact Limilers Impact Limiter Sling/Spreader Bar  NA
Handling Equipment Diops on
CPB Bridge Crane (10 ton} Cask Crang 26 a1
Handling Equipsent Drops on
CPB Gantry Mounted Manipulalor Cask Gantry 26 91 NR NR NR NR
F. Haul Carrier to WHB Using Site Prime
Mover Rail Carrier Drop trom Carrier Cradle Carrier Cradle 1.5 26 61 2 13E.03 2.8BE-03 >5 >5
Truck Carrier Drop from Carrier Cradle Carrier Cradle 12 4 9  2.85E-04 360E-04 085 12
Onsite Mover Diesel Fire 26 51 NR NR NR NR
Bridge collapse Bridge »>15 26 61 21303 1B8E03 »5 »5
Carrlet/iCask Handling System
Carriet VWashdown Station VWater Washdown Device NA,
Cafrier Bay
Handling Equipment Drops on
A Detension Hold-Downs Ganlry Mounted Manipulator _ Cask Ganlry 26 61 NR NR NR NR
B. Upright Cask Liling Yoke
Bridge Crane Slapdown onto camier Crane, Yoke 5.2° 26 61 5.76E-03 795E.03 >5 »5
C. Lilt Cask Off Carrier Lilling Yoke
Bridge Crane Drop onto floor Crane, Yoke 6.4/4.1° 52 122 9ME03 127E02 »5 »5
D Transler cask to cask can Liting Yoke
Bridge Crane Dvop onto transfer cant Crane, Yoke 35 52 122 804E-03 1.10E.02 »5 »5
Transfet Cart '
E_Move Cart inla airlock Transler Cart Slapdown from Transfer cait Transfer Cart 5.3¢ 52 122 1.16E-02 158602 »S »5
Notes:
“ Carrier Bed height per David Rhodes, Rail - 60”, truck 48",
" Slapdowns assume to be equivalent to height of tallest cask 210
© Nominal LIt Height 13'6", Two-Block 20'10”
 Transfer Cart height 2
e No Release

i
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Taivle 7-1 Selswic Cheasification of $3Cs for Recelpl of Wasle

Toetsmic Fracquency Thermic Fraguency Seismic Frequency
Catagory’ Calegory' Catagesy*
Pra-closure Safety .
LocationE: Part umber  35C Setsmic Falhars VA Deaign _ Basis or Design Aswamplion | Aterrative Dasign ™ | Rasts or Devigey Assumption tralogy’ Bashs or Design Asyumption
Carrler/Cask Transpori Sysiem -
Crnaits Movar Derliniert WA Impact Bnlters intact NA rpact Iokers intact WA Impact Imders intact
Rall Carvier Deradrment, Tipover, Carvier Cradiaftold- WA mpact Rnitars intact NA impact imiters Nact NA Impact ndars inkact
down
Truck Carrier Ofhoad, colision, Hpover, Casier NA impact Arders intact WA Impact brllefd intacl A, Mrpact kmiprs ntact
CradieHokd-down
RalazyRoddway NA mpact bmiters itact NA Wmpact bmters btact WA Impact knllers intact
CPE Matarial Handing Pyvism
Srpact Limiar Sing/Soreader Bar  CH-FX-100 Fals onto cask. uac Irsuiiclont masa to damape cask usc Insuficlent mass o damage cask 1.1 Insufcient mass to damage cank
CPB Beidge Crane (10 100} CH-CN-IODARD  Crane - fals onte cask; arops Impact imter  LBC Irsuficiant mass i damage catk ugC Insuficient mass 1o umape cask UAC Iersuficient macs 10 damage task
of parsonnel shield onfo cask
CPB Gantry Mourded Manpulator  CHON-101ALE  Gantry - wtops functioning UBC Insuficlent mass 10 damage casll uac rsuficlent mass 16 Samape casi usc Isufficiant mast to damage cask
Buldrg Structurn and frame - falls anto cask uBc Wosufficient mass to damage cask usc uffcent mass lo damage cask usc Insufficiod mass to damapge cash
Rad Cariar Cmcach cask shaken ofidrops. FC-2 Drop onto hard suriecs > cash design basis UBC ' [or FC- 1w Ovop within dasign basle of cask UBC ' for FC-1gw)]  Drop within dwsign basix of cask
Truck Carrler Caler Crada - cask shaken oft'drops FC1 Drop snto hard surface > cash design basis UBE ' [er FC-1(w)] Drop within design basks of cask UBC 2 Jor FC-1(w)] Drop within dersign basis of cask
Orsite Mover Daraiment - casbes Bpover of came fC-2 Drtys onta hard surfsce > cash design basis UBC " for FC-1(wi) Drop within desiga basis of cask uBC ' Jor FC-t{w) Drop within design basis of cask
RalwryMcadway Bridge FC2 Drop onto ard suriece > cask design basis  UBC *2 [or FC-1(wi) Drop within design basis of cask UBC ' [or FC-Hw)]  Drop within design basis of cank
Rabwayfloadway Road struchr s upport - tpover of earmier FC-2 Drop onta hard surface > cask dewgn bass  UBC " [or FC-1(w)) Drop within design basis of cask UBC '7[or FC-Hw)}  Ovop within design basis of cask
Carrins/Cask Handling Bysism
Whater Washoown Devica None identied usc N safety bsus uBC Ho safoty Bsua NA
Caviwr Bay
Gantry Mounted Maniputor PH-EM-100A-C  Gankry-ops Rnctioning; impacls carier & UBC Insuffichert Ml S/Mamentum o damags curier UBC Isuffcien masymomenium to damage cantket WA
cash . or cask or cask
Liting Yoke PHFK-100 Yoke - drops cask of pennits slapdown FC-2 Orop ondo hard surface > cask design basa e ' [or FC-1(w] Drop within design basis of cash UBC * [or FC-1(w)| or Canfnement by bulding
FCA(d)
Briige Crane Pr-CN-100 Uiing Machanism & Conbols - drops cast FC-2 Drop onlo hard surfice > cask design bacie veC ' for FC-1(w)] Drop within design basks of cash UBC “{or FC-1{w)} or Confinement by bulding
of parmiks siapdown FC-(}
Tramter Cant PUCR-110 or PG Can, cask rastraints ([ %] Drop oo hard surface » cask design basis  UBC ' ¥ [or FC-1(w)l, o Drop within design basis of cask'?; FC-ZF  UBC* [or FC-1(w)] or Confnament by bulding
CR-110 FC-2 mpact Bmitars ol on cask FC-1{d)
Bridge Crane PHCN-100 Rals, suppons FC-2 Heavy mass mpacis cask > design bash [{=3] Heavy mans Impacts cash > design bashs UBC * [or FC-3{w)} or Confinernant by buliding. potentisl structural
. FC-Md): or FC-2* Waraction
Bulkfing (mow-containrment) Struchere (other than crane supports} V. .1+ Insulicient masa/momenium (o demape camier  USC inmuficent masymenantem \c damape caner WA
or catk Or Cask
Bullding (mos-cariainrment) Onars - rallvoadway sntrance/ud uBc hmqummmmmd [\ No safely funclion; weatheridusl cantral NA
Bulkding - conlaiyment funation Sauchere, air-ock doors WA FC-2 Canfivement by bulding must withetsnd
i Seaign bass satvpmics
Venthatioa/ikration system Oucting, #tars, fans & conlrols WA WA FC-2 Condnemant by vestiation/iwwlion wust
" W ored dor of bukiing and venthation/fitration system.
* Must ba FC-20 unmuwnnmydmmum
1 Cask foquirsd or shewn Lo with Aap
2 Impact Imitens bkt 0n taske
d e in ding Carries Bay

3 Related to hasction of referencs design; Preciosurs Safety Strategy miy Sand to akeqnative design concepts; primary chenge
boundwry,

4 FC-1 m Frequancy Category | becassa Sote mxcesds 100 mrem at the offells
FC-7 = Frequancy Categary 2 bacauss of doss sxresds S ram st thw offsits boundary,
UAC » Uniform baiding Code based o 2ero dese ar sccapiable offslie doss;
FC-{w] = May requirs Frequency Category 1 bacause of potential worker dosa (worker doses not svakated in this analysh)
FC-1(d) = slachive Fraquancy Category 1 for defense-B-depth.
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Table T4 Seismic Dose Calculations: Assembly Transfer System

Source
PULF Term
Equivalent Mitigated Dose {rem) Unmitigated Dose
Drop Helght g pyyp/awR @ 5-km {ram) @ 5-km
ATS Location/Activity Equipment Potantial DBE $5C Fallure {in) SFAs FPWR BwWR™" PWR! BWR™
Recelve Truns. Cask from CCHS Cask lransfer cant Slapdown from transfer cart Cask Transfer Cart 210 78/183 25602 39E-02 »5 >3
A. Transfer from CCHS Collision with ATS Airdock Door
Cash Prap and Decon Room
A. Remote cask cavity gas sampling Cask transfer cart Slapdown fiom transter cart Yohe
B. Cask venting Cask unloading area bridge crane Cask drop from bridge crane into pit Bridga Crane 129 T8/1B3 18602 33E02 >5 »>5
€ Cask gas and water cool-down Cask prep manipulator Handling equipment drops on cask Lifling Fixiures
D Outet lid remaval Cask lid lifting fiure
E. Inner shield piug lifing fixture attachment Dry cask lifting yoke
F. DPCs remolely sampled, vented, cooled Large, smai DPC lifting fodures
G. DPC Mting fodure remotely attached Wet cask lfling yoke
Cask Unloading Poal
A. Cask placed in pool, inner shield plug out Large, smalt DPC cverpacks Handling equipment drops on cask Lifing grapples
B. Cask inner shield plug removed Large, small DPG lid severing tools Handling equipment drops on OPC Nate (2)
C. Cask containing DPC put into pool Wet assembly lifting prapple Cask drop from bridge crans into poal Bridga Crane NrA 78183 75603 T4E.03 1.5€E-03 7 4E-03
D. DPC removed from cask, put in overpack Wet assembly transler machine Assembly drop onlo pool Roor, cask Wel assembly
E. DPC kd severed and removed Fool, downsiream valves and drains transfer machine
F. Assemblies taken from DPCrcask to baskets
Transfer Corridor MNote {2)
A, Transiers individual lcaded or empty Cross-line transfer canal cant Assembly basket drop onto pool floor, Wet assembly N/A 1224 1.2EQ3 97E04 1.2E-03 9 7E-04
assembly baskets between lines Assembly baskels iransfer can, other baskets transfer machine
Transfer cart
Assembly bashkets
Assembly Staging Pool HNote (2)
A Assembly baskets Irom staging rack to Incline transfer canal cart Assembly baskst drop onto pool fioor, Waet assembly N/A 24/48 23E-03 19E-03 23E0 1.9E03
incline transfer canal cant Assembly baskels {ransfes carl, other assambly baskets transfer machine
B. Baskets transfeired by cart to Assembly Basket staging rack Transfers cart
Handling Cel Assernbly baskels
Staging rack
Asssmbly Handling Cell
A Baskets loaded (ndividually ilto Assembly Assembly handiing cell bridge crane  Assembly basket drop onta floor, onlo Dry assembly 1984300 24/48 7.4E-03 1 6EQ2 »5 3
Drying Vessels Assembly handiing cell manipulator anathar basket, into dryer, into DC transfer machinas
B. Afer drying, assemblies individually moved Dry assembly transfer machine Handling equipment drop onto basket, Bridge Crane
from drying vessets and loaded into a DC Dry assembly lifting grapples dey transier machine Grapples
C. DC inner lid sealing device is instalied Assembly drying vessel shieid plug
0. DC meved to DC Deconlamination Cell Assembly drying vessels

Notes:

DC load pofl shield plug

DC lid ifting device

DC load pod maling device
DC inner lid sealing device
Transler cowidor bridge crane

(1) PWR DBF and BWR DBF are assumed in this analysis

(2) Pool mitiga*=s 100% of particulates
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Tabie 7-3 Saismic Classification of SSCs for Assembly Transfar System

SIEMmRE Strategy. Mitigaton SETSTE Strategy. Preventon
Equipment Frequency Frequency
Locatien/Equipment \dentifier SSC Salsmic Fallure Category " __|Basis or Design Assumption al Category " _|Basis or Design Assumption o
Alrtock
Roof, walls NA Concrete mass falls onto cask FC-2 Pravent rool collapse onto transportation cask FC-2 Prevent roof collapza onto transportation cask
i during DBEQ
Cask bansfer cart PUCR-110 Slapdown from transter cart, impact with cell walls FC-1 or ueg)™ Mitigated dose less than 5 rem; cradit for FC-2 Prevent slapdown of collision of transport
confinemant, otherwise FC-2 cask due to DEEQ
Cask transter cant - control & motive PU-CR-110 Collision with Aiock Door, breach cask; or breach FC-1 (or LUBCYY  Mitigated dose lass than 5 rem; credit for FC-2 Prevani slapdown of collision of transport
systems buikiing confineameant confinemant, otharwise FC-2 cask dus to DEEQ
Airiock doors NA Fail to maintain building confi t FC-1 for UBC)  Maintain confinement for Assembly Tiansfer FC-2 Prevent loss of canfinament for ATS cell
Cail during DBEQ
Cask Prep and Decon Room
Roof; walls N/A Concrete mass falls onto cask FC-2 Prevent roof collapse onto transportation cask FC-2 Prevent roof collapse onto transportation cask
during DBEQ during DBEQ
Cask unloading asea bridge crane - tifting PLLCN-110 Cask drop from bridge crane into pit FC-1 (or UBCY®  Mitigated dose less than 5 ram; credit for FC-2 Prevent drop of transport cask duting DBEQ
mechanisms & controls confinament, otherwise FC-2
Cask unloading aisa bridge crane - PU-CN-110 Uncontrolled motion- collision beyond cask dasign basis £y (or UBC)*!  Mitigated doss less than 5 rem; credit for FC-2 Pravent diop of ransport cask during DBEQ
location motive & control confinement, otherwises FC-2
Cask unloading area bridge crane - rails  PU-CN-110 Crana falls onto cask (see below) FC-1 {or UBCY"! Mitigated dose less than 5 remn; credi for FC-2 Prevent crane drop onte Wranspert cask during
and supparts. confinament, cthenrwise FC-2 CBEQ
Cask prep manipulates PU-EM-110 Handling equipment drops on cask UBC Insufficient mass to breach ranspoitation cask uBg Insulficiant mass o breach transportation
cask
Cask lid ifting fictura PUFX-110 Handling equipment o/ lid drops on cask UBC Insufficient mass to breach transportation cask uBcC Insufticient mass to breach transpontation
cask
Dry cask lifting yoka PU-FX-100 Crop cask uec Cask designed ta withstand drop tfrom normal FC-2 Prevent drop of ransport cask during DBEQ
operational heights
Largs. small DPC kfting fixtures PU-FX-123, PU- Drop DPC uec Cask designad to withstand drop from normal FC-2 Prevent drap of DPC during DBEG
FX-124 aperational haights
Wet cask ifting yoka PU-FX-101 DOrop cask uUec Cask designed to withstand drop rom normal FC-2 Prevent drop of rans port cask during DBEQ
operational heights
Cask Unisading Pool (part of pool)
Pool structure and liner N/A Drainfleak from pool -Loss of radionuclide retention in FC-2 Prevent breach of pool confinement FC.2 Prevant breach of poci confinement
water; loss of watar seal to Assembly handling cell;
heatup of tuel assembiies
Pocl, dovmstream vaives and drains NA (same as for pools structure & liner) FC-3 Prevent b h of pool finarment FC.2 Prevent braach ot pool confinament
Large, small DPC overpacks PU-CA-121, PU DPC diops on overpack inside pool uBC DPCs designad 1 withstand impact of falling FC-2 Prevent damage to OPC/SNF due to
CA-122 onto gverpack undenwats equipment falifailuce during DBEQ
Larga, small DPC lid severing tools PU-ME-110, PU Handling equipment drops on DPC ueC Insufficient mass ‘o breach DPC FC-2 Prevent damage to DPCISNF due to
ME-112 - equipment halltailure during OBEQ
Woet assembly Ifting grapple PUFX-113 Cask drop from bridge crane ink pool uBsC Cask/DPC designed to withstand impact of FC-2 Prevenl damage to SNF assembiies dus to
drep onto pool floor equipment hallfailure during DBEG
Wet bly transfer m PU-MA-112 Assembly drop onio pood floor, cask FC-1 (or UBC)  Mitigated doxe lass than 5 tem; credit or FC-2 Preven! damage to SNF assembliss due to
confinement, otherwise FC-2 equipment fali¥ailurefuel drop during DBEQ
Bridge crana - lifting mechanisms & PU-CN-110 Diop of equipment onto assemblies during equipment FC-1 (or UBC)" Mitigated dose lass than 5 iam; credit lor FC-2 Prevent d ge to SNF blias dus to
canirols movement confinsment, otherwise FC-2 equipment drop duing DBEQ
Bridge crane - rails and supports PU-CN-110 Crana falls into pool, damages poul liner and/for FC-2 Prevent reach of pool confinement FC-2 Prevent damage to pool dua 1o crane fall
structure/assembles during OBEGQ
Transfer Comidor {part of pool)
Cross-line transfer canal can PULR-113 Assembly basket drop onto pool fioor, breach of FC-1 {os UBC)  Miligated dose less than 5 ramn; credit for FC-2 Pravent damage to SNF assembhies due to
assamblies confinement, otherwise FC-2 cart failute dwring DBEQ
Assambly baskets PU-CA-114, PL} Baskat allows assemblies to fall on fioor of pool, breach  FC.q (or UBC)Y  Mitigated dose less than 5 rem; credit for FC-2 Prevent damage to SNF assembiies due to
CA-115, PU-CA of assemblies confinernent, ctherwise FC-2 basket lailure/assembly drop during DEEQ
127
Wet bly transfer machi PU-MA-112 Drops basket of assemblies onto fioor of onto other FC-1 {or UBCH'"  Mitigated doss less than 5 rem; credil for FC-2 Pravent damage 1o SNF assemblies due to

baskets in rack .

confinement, otherwisa FC-2

equipment fallladureMiel drop dunng DBEQ
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ST Sirategy: Mitigation SEEMT Strategy: Frevention
Equipment Frequency Frequency .
Location/Equipment \dentifier SSC Selsmic Fallure Category ! |Basis or Dasign Assumption Catagory ' |Basis or Deslgn Assumption m
Assembly Staging Pool
Cask unloading area bridge crane PU-CN-110Q Crana falls onto fusd storage rack FC-4 (or UBC)®  Mitigated dose less than 5 ram; credit for FC-2 Pravent damags to SNF assembiias dus lo
confinement, otherwise FC.2 ciana fall onto fuel storage rack during OBEQ
lncline transter canal cart PUCR-111 Drops basket of assemblies onto floor of anio other FC-1 for UBCY®  Mitigated dosa less than 5 rem; credit for FC-2 Pravent damage to SNF assemblies due to
baskets in rack confinement, otherwisa FC-2 car failure during DBEQ
Basket staging rack PU-SR-110 Racks fail, alows assembly baskets to fall on Aoor of FC-1 (or UBC)"  Mitigated dose less than 5 rem; credit for FC-2 Prevent damage to SNF assemblies due lo
pool, bieach of asssmblies confinament, ctherwisa FC-2 equipment failure during DBEQ
Assembly Handling Call
Roof, walls NA Concreta mass falls onto assambly dryer FC-2 Prevent roof collapse onto SNF assemblies, FC-2 Prevent roof collapse onto SNF bi
ioss of confnement, during DEEQ lass of confinement duue to DBEQ
Tiansler comidor bridge crane - tats &  AR-CN-100 Crane faills into poot incline, breaches podl liner and FC-Y (or UBCYY!  Mitigatsd dosa less than S rem; credit for FC-2 Pravent crane drop onto SNF assemblias due
supports, motion & control systems structure; loss of pool water, interaction with walls of confinement, otherwise FC-2 ta DBEQ
containmant building; falls onto loaded assembly dryei
of dry assembly transfer machine causing breach of
wasts form
Transfar corrider bridge crane.lifting AR-CN-100 Drops heavy maintenance load; breaches pool inerand  £C-1 (or UBIC)YY Mitigatad dose less than 5 rem; credi tor FC-2 Prevent ¢rane from dropping equipment onto
machanism & controls structure; drop load onto loaded dryer or dry fusi transfer confinement, otherwise FC-2 SNF assemblies during DBEQ
machina, breach of waste form
Assambly handling cell bridge crane - PU-CN-112 Crane falls into pool incline; # mass enough, bleaches FC-1 for UBC)™ Mitigatad dose less than 5 rem; credit for FC-2 Prevent crane diop onta SNF assamblies
rails & suppoits poo! liner and structure; loss of pool water; intaraction confinemant, otherwise FC-2 duting DBEQ. prevents loss of confinement
with walls of containment building; falls onto loaded
assembly dryer ot dry by {e1 machine,
causing breach of waste form
Assembly handling call bridge crane - PU-CN-113 Diop of load onto fuel dryer or transfar machine FC-1 {or UBC)'™"? Mitigated dose less than 5 rem; cradit for FC-2 Provent crane from dropping equipment onto
ktting machanism & controls confinement, otherwise FC-2 SNF assembiies during DBEQ
Assambly handling celt manipuiator PU-EM-111 Fall into open fual dryer of DC; breach wasts form FC-1 (or UBC)Y Mitigated dose less than 5 rem,; cradit for FC-2 Prevent aquipmant from falling onte SNF
confinemant, otherwise FC-2 assamblies dunng DBEG
Ory bly far machi PU-MA-115 Drop tuel onto floor, into dryer, or into DC FC-1 {or UBC)"! Mitigated dose lass than 5 rem; credit for FC-2 Preveni basket drops and bare assembly
confinement, ctharwise FC-2 drops due to DEEQ
Dry assambly lifting grapples PU-FX-111 Drops fusl onto floor, into diyer, or into DC FC-1 (or UBC)! Mitigated dose less than 5 rem; credit for FC-2 Prevent basket drops and bare assermnbly
confinament, otherwise FC-2 drops due 1o DEEQ
Ausamtly drying vessal shield plug PU-HA-111 None identifisd uBC Na safely issue usc No safety issue
Assembly drying vessels NiA None identified, dryers are fixad in place in the concrete ups No safety issue usc No safety issue
floot of tha hot cells
DC joad port shieid plug PU-HA-112 Nene identified usc No salety issue yec No safety issue
DC kd lifting device PU-DE-118 None identified uec Mo safety issue usc No safety issue
DC ioad podt mating devica PU-DE-111 None identified usc No salety Issue usc No safety issue
OC inner lid saaling device PU-DE-119 Mone identified uBec No safely issus uBcC Ko safety issue

Notes

(1) FC-1 = Frequency Category 1 based on offsite dose between 100 miem and & ram
FC-2 = Frequency Category 2 based on cifsite dose greater than 5 rem,
UBC = Uniform buikding Code based on offsite doss Jess than 100 mrem;
FC-{w) = required Frequency-Catagofry-1 becauss of worker dose;
FC-1(d) = elective Fraquency-Category-1 for defense-in-depth

(2) Mitigation strategy takes credit for HYAC system and assumes HEPA filte
(3) Prevention sirategy focurses on preverting radiologi i

) A d FC-1 fof dete

| by

s mitigate the reloase; assumes that DBEs or drop svents invohing ransport casks or bare fuet will be preventad through design changes of operational changes
ically qualifying any SSCs that interact with spent fuel, and assumes no credit for miigating fsatures (e.g., HEPA fitter)
in-depth; may be downgradad to UBC based solely on dosa consaquence
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Table 76 Seismic Classification of SSCs for Canister Transfer System

Seismic VA Design
Frequency
Location/Equipment Part Number |S5C Seismic Failure Category " |Basis or Design Assumption
AirlockiCask Prep/Decon
Alrlock Isolation Door PC-DO-110 Fatlure to maintain confinement afler DBEC FC-2 Loss of confinement in hot cell
CTL Alrlock Prep [solation Deoor PC-DO-111 Side impact to casi/canister usc Insufiicient mass to damage cask; no loss o1 confinement
CTL Cask Transfer Carnt PC-CR-110 Derailrent causes tipover of cask uBC Assume confinement of hot cell; slapdown of cask within
design basis of cask

CTL Cask Prep Manipulator PC-EM-110 Drop onto cask UBC Insufficlent mass fo damage cask
CTL Cask Decon Device pPC-DC-110 Drop onto cask UBC insufficlent mass to damage cask
CTL Crane Maintenance Access Hatch PC-DO-114 Drop onfo cask uBC Insufficient mass to damage cask; no foss of confinement
DetidTransfer/l.oading
CTL Canister Bridge Crane-85 Ton PC-CN-110 Lifting mechanism/controls drop'ontc caniste  FC-1 (or UBC)®  Assume credit for HVAC and hot cell
CTL DC Loading Manipulator PC-EM-111 Drop onto DC uBc Insufficient mass to damage DC
CTL OC Transfer Cart PC-CR-111 Derailmenl causes tipover of cask FC-1 (or UBC)® Assume confinement of hot cell, slapdown of cask within

: deslgn basis of cask
CTL Delid/Transfer Shield Door PC-DO-112 Side impacl to cask usc Insufficient mass to damage cask
CTL Cask/Lid Lifting Fixture PC-FX-110 Drop onto casgk uecC Insufficient mass to damage cask
CTL Large Canister Lifling Fixture PC-FX-111 Drops canlsler or permits slapdown FC-1 (or USC)T  Within design basis of canister; assume no breach
CTL DC Load Shield Door PC-DO-113 Side impaci to cask/canister uec Insutficient mass fo damage cask; no loss of confinement
CTL Small Canister Lifting Fixture PC-FX-112 Drops canister or permits slapdown FC-1 (or UBC)"’ Within design bas!s of canister; assume nc breach
Small Canister Staging Rack PC-SR-110 Slapdown of 40 canisters FC-1 (or ugc)"l Siapdown Is within design basis of canister
CTL Cask Lid Lilting Fixture PC-FX-110 Drop onto cask UBC Insufficient mass fo damage cask
CTS Handling Cell
CTS Control & Tracking System N/A Nane idenlified uscC No release ideniified
CTS Hot Cell Structure N/A Concrete mass falls onto cask/canister FC-2 Required for confinement of particulate release
CTS HVAC N/A Fan failure, ducling crushed FC-2 Required for mitigation of particulate release
Notes:

{1) FC-1 = Frequency Category 1 based on offsite dose between 100 mrem and 5 rem;
FC-2 = Frequency Category 2 based on offsike dose greater than 5 rem;
UBC = Uniform building Code based on offsite dose less than 100 mrem;
FC-(w) = required Frequency-Category-1 because of worker dose;
FC-1(d) = elective Frequency-Calegory-1 for defense-in-depth
{2) Assigned FC-1 for defense-in-depih; may be downgraded {o UBC based solely on dose consequence
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Table 7-6 Seismic Classification of SSCs for Canister Transfer System

Seismic VA Design
Frequency
Location/Equipment Part Number }SSC Seismic Failure Category ') |Basis or Design Assumption
Airlock/Cask Prep/Oecon
Adrlock Isolation Door PC-DO-H10 Fallure to maintain confinement afler DBECQ FC-2 Loss of confinement in hol cell
CTL Alrlock Prep Isolation Door PC-DO-111 Side impact to cask/canister uBscC Insufficient mass to damage cask; no loss o1 confinement
CTL Cask Transfer Cart PCCR-110 Derailmen| causes tipover of cask uBC Assume confinement of hot cell; slapdown of cask within
design basis of cask

CTL Cask Prep Manipulator PC-EM-110 Drop onto cask UBC tnsufficlent mass fo damage cask
CTL Cask Decon Device PC-DC-110 Drop onio cask UBC Insufficient mass to damage cask
CTL Crane Maintenance Access Hatch PC-DC-114 Drop onfo cask UBC Insufficient mass to damage cask; no loss of confinement
Delid/Transfee/loading
CTL Canister Bridge Crane-85 Ton PC-CN-110 Lifting mechanismicontrols drop'onto caniste  FC-1 (or UBG)®  Assume credit for HVAC and hot cell
CTL DC Loading Manipulator PC-EM-111 Drop onlo DC uBc Insufficient mass to damage DC
CTL OC Transfer Cart PC-CR-111 Deraimenl causes tipover of cask FC-1 (or UBC)™  Assume confinement of hot cell, slapdown of cask within

: deslgn basis of cask
CTL Delid/Transfer Shield Door PC-DO-112 Side impact to cask uBc Insufficient mass to damage cask
CTL Cask/Lid Lifting Fixture PC-FX-110 Drop onto cask UBC Insufficient mass to damage cask
CTL Large Canister Lifling Fixture PCFX-111 Drops canisler or permits slapdown FC-1 {or UBC)P  Wilhin design basis of canister; assume no breach
CTL DC Load Shield Door PC-DO-113 Side impacl to cask/canister uBC Insufficlent mass to damage cask; no loss of confinement
CTL Small Canister Lifting Fixture PC-FX-112 Drops canister or permits slapdown FC-1 (or UBC)? Wilhin design basis of canister; assume no breach
Small Canister Staging Rack PC-SR-110 Slapdown of 4Q canisters FC-1 (or UBC)‘” Slapdown is within design basis of canister
CT1 Cask Lid Liiting Fidure PC-FX-110 Drop onto cask UBC Insufficlent mass fo damage cask
CTS Handling Ceil
CTS Control & Tracking System N/A None identified uBc No release idenlified
CTS Hot Cell Structure N/A Concrete mass falls onto cask/canister FC-2 Required for confinement of particulate refease
CTS HVAC N/A Fan fallure, ducling crushed FC-2 Required for mitigation of particulate release
Notes:

{1) FC-1 = Frequency Calegory 1 based on cifsile dose between 100 mrem and 5 rem;
FC-2 = Frequency Category 2 based on offsite dose greater than 5 rem;
UBC = Uniform building Code based on offsite dose less than 100 mrem;
FC-{w) = required Frequency-Category-1 because of worker dose;
FC-1(d) = elective Frequency-Calegory-1 lor defense-in-depth
{2) Assigned FC-1 lor defense-in-depth; may be downgraded to UBC based salely on dose consequence
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Table 7-7 Seismic Dose Calculations: Disposal Container Handling System
Mitigated Dose  Unmitigatad Dose
PULF Sousce Term (¥ —lrem) @ 5-kem {rem} @ S-4m
Equivalent Drop PWR/BWR
DCHS Location/Activity Potantial DBE Helght (m) SSC Fallure $FAs) PWR WR__ swr PWR BWR
Receiva DC fiom CTS or ATS Siapdown of unsealed OC from transter cart {0 5m high) [1) B.7 Cart 21044 0.007 0009 >8 »5
Unseated DC collision (shietd door) Bounded by 0 0 0 0 4]
Slapdown
DC Welding Station R
Retmove OC outer lid Slapdown of led DC from welding fixture (0.5m high) (1] 6.1 Welding 63132+ 5HLWC  0.02 003 >5 >3
Turntabla
Attach OC o turntable <2m drop onto ficor or weiding tumtable <2m Crane 0 NR NR NR NR
Remove inner lid seat with jib crans -
Weld inner and perform NDE Welding bumthrough 0 Welding Robot 63132 « SHLWC  0.002 0.003 >5 >5
Evacuate and fill with halium Fire NC
Place outer fid on DC with jib crane
Wald outer lid and parform NDE
DC Staging Area Slorage Siapdown of unsealed DC from staging fodure (0.1m fixture) [1} 63 Staging Fixture 420/880 0.139 0157 a>5 »>5
Vertical drop {normal op) onig floor or staging fidure <2m Crane 0 NR NR NR NR
DC Titting Station . NR NR
Tilt DC from a vertical to a horizontal 2m vertical Drop (normal op} onto floor or titing station 19 Crane 0 NR MR NR NR
position with bridge crane
Bm vertical Drop {2-block) onto floos or tilting station 8.0 Crane 21144 0007 0.007 >5 >5
Handling equipment [>3.5MT) drops on DC [e.g.,100-ton bricge crane} 133 Crane 63132 + SHAWC 0024 0.027 >5 >5
Slapdown from tilting station (2m fixture) {2) a2 Crane, Fixtura 21/44 0009 0010 >5 >5
Place DC on horizontal wansfer cart DC cotlision (WP exit shield door} NR 0 Q 0 a 1]
Transfar OC to DC TransferfPDecon 1m fall off horizontal transter cart [2) 086 Can 0 NR NR NR NR
8
Lift DC &nd return transfer cart to DC cell 1m horizontal deop (normal op) from horiz. lifting system 1.0 Lift System ] NR NR NR NR
2.5m horizontal drop (brakes fail) from horiz lifing system 25 Lift Systemn 21144 1003 0004 »5 »5
Decon and sample DC Pressurized projectie punctures DG NR ] 1} 0 [} 0
Move emplacement railcar under DG
Lowet DC onto railcar
Move DC to WP Transfer Comidor DC collision (WP airlock isolation door) NR 0 0 0 L] o
: Fall from horizontal ransier cart (2] 086 Cart 0 NR MR NR NR

{1) Calulations assume that an unsealed DC is breached after any energetic avent.
(2) Calculations assume that a sealed DC Is breached if the equivalent drop height is greater than 2-meters. If the DC is designed 1o withetand all postulated slapdown events
(Uncanistered DC SDD criteria 1.2.2.1.6), no release will oceur.
(3) PWR DBF and BWR DEBF are assumned in this analysis.

NR = No Releasa
NC = Not Credible
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Tabls 7-8 Selvmic Classiication of $8Cs fou DC Harvdiing Sysiem
Selamic Suslegy: Confinemand ™ Selsmic Sirstogy: Provention™
Praquancy Frequency
.o¢ atiorvE quipinent Fart Numbar | 53C Betsmic Falure Cat M | waste o Dasign Assumption Caegory w | este or Dasign Assumption
H Hancling Coll
ool wals NA Cencreta mass fals onta OC FC-2 Polentlal for radiclogical relense * S ram FC-2 Patential for radiciogical release > 3 rem
WAL Struchasl Supporls A Colagts of HWAC struciursl mppors FC-1 d lo mitigals inl radhological relense > § rem FC-2 Requirsd (o mitigate polential r-cldndcﬂrd-n- » 5 rem
\TL DC iranster cast PUCR: 112  Unsesied WP siapdown rom ianster cart n ATS or  £C-1 {or UBC)' Milgated dove less than 5 rem; credt lor confinsmend, stherse FC-2 FC-2 Fravent unsealed WP stapdoens
OCHS
JTL DC wmivifer eai PCCR-111  Unsesiad WP siapdown Fom lwiafer eartin CTS o FC-{ [or LBCYD Miligated dota Yess than § rem; credt for confinemend, olharsise FC-2 FC-2 Pravenl uvesled WP shapdowns
DCHS
impty DG wranster car PO-CR-101  None idenitifiad [+ Ha salely fssue uec No salaty issus
ICHS conirols 8 Wracking NA Unconirobed mallon da el in shed WP,  FC.4 [or UBC)™ Miguind dosw lest than 5 rem; credi ke confinement, ohvarwing FC-2 FC.2 Prevenl hed WP dropa, slap and collsi
brenches sasled WP, of braaches bidg confinemend
‘rarsber Cart Rall N Unsasied WP slapdoen & e ol FC-1 (o UBC)™ Mitgated dose less than § rem; credit for confinament, otherwise FC-2 FC-2 Prevenl led WP stapck wod collsl
X Cofl Bridge Crane {85 Ton) PO-CH-100  Unsaalad WP drop from bridge crene snto Boor FC-1 (or UBCY® Miigalad dose less than 5 reny; aradit for confinement, othersise FC-2 FC-2 Preven useaied WP drops
3C Coll Bridge £rane - raiis Bnd SUPPOrts PO-CM-100  Crane Ials onto unsesled WP FC-1 {or UBCY? Mtigaled dose lesa than 5 rem; cradi kor confinament, atharwise FC-2 FC-2 Prevenl heavy mass faling orio ums ealad WP
3 Transter Comridor Bdddge Crane (50 Ton) PD-CH-103  Crane Fals onlo floor of melnisnance bay uac Na salely Issue uBsC Ho safely Bsve
XC Liking Coller PD-FX-117  Ursealad WP drop from bridge crana onlo loar FC-1 {or UBC)Y Miigaled dote s han S rem; oredi for confinamant, othareiss FC-2 FC-2 Provent umaaied WP drops
2C Liing Yoke PD-FX-100  Unsealed WP drop rom bridge crane anfo lloor FC-1 (or UBC)'® Mitigated dore Joss than 3 rem; cradi ko coninemen, otherwite F_G! FC-2 Prevenl unsssled WP drops
IC Bass Colar PO-FX-118  Hoha Keniihed usc HNo salety issue uUBC No safety lssue
3C Cell Crane Mairt. Shieid Door PD-DD-108  None lderilited uac No salety lssun LBC o safety issue
3C Ced Crane Maind. Accats Hatch PD-HA-101A4D None [dariited usc Ho safety issus UBC Ho safety issue
3C Ced Tranndar Hatch PD-HA-1DOALR  None ldariifad vac No salety issue UBC No safety issue
rrer Lid Saslng Assembly PUFX-119  Nooe lderiifad usc No safely issue UBC Ho safety lasue
Ywkitng Station S Cranw (4 Ton) PO-CN-102A-D Jb crane Tels onta unseslad WP snd damages fusl uvac InsufMcient mass to cause relaase which excesds 5 ram ol she boundary uBsC Insuficiert mass o caven releasn which exceeds 5 ram at sile boundary
X Wakdng Stalion Tumdsbis PD-ME-102A-H Tumtabla sops rotating 2nd burniy ough scours FC-1 (or UBC)! Mitipated dosa Jess han 5 rem; credd for conlinemend, otharwite FC-2 FC-2 Pravenl wekling burrihrough
X2 Weidnginspecion Rabot PO-ME-101A-H Walding mbot mallunctions and buritvough oecurs  FC- 1§ (or UBC)Y Mitdgaled dosa fese than S rem: cradi for confinement, otherwive FC-2 FC-2 Provenl weiding bunthycugh
IC Weidng Sletion Gartry Crane (0 $ Ton) PO-CN-101AH Wekdling paniry crana faki onto unsasled WP snd uvac irsuMclent mass ta cause rolaate whizh excesds 5 rem sl site boundary uBc Irrsaficiont mass 1o causa ralaase which axceads 5 rem ot slile boundary
damages el
)T Wakdeeg Station Shisdd Door PO-DO-100AH  None Kentiied uac Na safely lisue uBC Ho safely issue
1T Wnvasting Mardiokd PO-PV-100A-H None [deniifed uac No safely hsus uac No satety hsve
K2 Outer Lid Liing Fiduis PO-FX-102  None Ideriifad vec Nao safely hsue UsC No sajety haue
o Nilting Fhiure PC-FX-t03  Tiking Axtura colapsas and DC shapdown occurs FC-1 ('m)"l Sqslad WPs designed to withetand slapdk FC-1 (or UBC)™ Sanied WP desipnad lo withsiand slapdown
3T Triting Fixdure Maniputstor PO-EM-10Q0  Tiing ixhue manipusior Gl onlo sealed WP Insuficient mass 2 braach 1eatad WP uBC InsuMciont mass to beaach sasked WP
VP Hodzont sl Trenster Card PO-CR-100  ssaled WP fals off horizontal transfar cadt WC sanled WPs dasignud 1o withsland stapdorwn uUBC sesbed WP dasigned 10 withstand slapdown
%C Cull vl Shiwkd Door FO-DO-191  None Kenitiled UBt Na safely lssue Lvec Ho saiely lssue
veded DC aging
ool wals NN Concrele mass fals ordo loaded DCo FC-2 Polentisl for radiological release > 5 rem FC-2 Polantial ot radclogic] tebeasa » 5 ram
YAC Struchural Supports NA Colapse of HVAL structursl supports FC-2 Raquiced 1o miligats potariist radologicsl felasse > Stem FC-2 Raguired lo mitigate poteniisl ediclogical release > 3 1em
C Staging Fhtue PD-FX-101  Staping durs colapses snd DC slapdown ocors  FE-{ [or UBC)™ W hdures fall, mitigated ofisite dose batwaen 100 mrem snd 5 rem FC-1 i hdures fall, migated offsite dose betwaen 1D0 myem and 5 rem
€ TeasilotDueon .
ool wals NA Concrate mass fuds onts ssaled WP FC-2 Polerdisl for radological relsase > 5 ram FC-2 Polanksl ke dokogicalinlerse > 5 rem
VAC Structural Suppons NA Colapis of HVAC siructural supparts FC-2 Required ja mitigele potartist rediciogical relaase > 5 rem FC-2 Requived lo mitigety polentisd redological relesse > 5 rem
/P Ducon Sample Pass-Thy PO-FI-100  None Henitiied uvac No sately sus uec Mo safuty hsos
P Horlrorlal Liting Systam Horlrontsl il system drops horisortal OC onte FC-% [or LBC)' sasiad WP designad to withsland drop from normal operating I hetght FC-1 o UG seshed WP1 designed to withsiand drop from normal opevating b height
PO-H-I00  havd suface
P Horipontal Liting System - rills bnd NA Ut systers falls onle DC FC- 1 [or LBC)'S LBtiguied dose leas thsn 5 rem. oradi for confinernent, otherwise FC-2 FC-2 Prevent hazwy mass faling orio and breaching sesled WP
pporis
F Deconfinspeciion Munipulstor PD-EM-101ASE Manipuisics faly onic sealed WP [V ] Insuticilenl mass lo breach sssled WP uec nsuficlent masy to brasch sealed WP
/P Dacon Dedes PD-DC-100ARE Decon davics fady onio seakid WP usC Insulicion] mass to treach saaled WP usc Insuficiont was e to bv asch ganled WP
C Tramvsporter Load
oof, waks WA Concrats mass fais onto sealed WP FC-2 Pnhriul for radickgical relesse > Srem FC-2 Potentiat for radiclogical ivkaias > 5 rem
VAT Siructursl Supports NeA Colapss of HVAC structural supports FC-2 Rivcul miligata p [ inlgaze > S rom FC-2 Ruquiiad to mtipale p i radologiend reluase > 5 rem
P Ariock Iscieiian Door PO-DD-103  Fall to maintain bulidng confinement.

FC-{ [or LBC)™ mmmucd“vnowum

FC-1 (or UBC)H WMairntain confinement for cel and wasie handing buldng

oley

) FC-1 = Frequency Calegory 1 based on offske dosa bebwaen 100 ruem and 5 rem;
FC-2 = Freqmncy Calegory 2 hased on offsile dose greater than 5 rem;
UBC 8 Uniforms bulding Code bludmdhhbu lees than 100 mrem;

F -

o workar

dand F Category-1 b

FC-y| = slective anrcdeml for delerau-inrdaplh
} Confitwmant strelegy lakew credi for HYAL lrlmlndnml lEPA““ mitigale tha releasa

I Prevertion sirslegy focuses on

dae;

praventing r
] dm'oihMuvhthm bmdloldyonluumm

y qualifying any 55C3 thal inlerect with spent fusl. and wesumes no oredt for miGigating faatures (¢ 4., HEPA fler}
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Table 7-9 Seismic Classification of S3Cs for Subsurface Facility (Emplacement Side)

Location/Equipment

SSC Seismic Failure

Je1smuc Frequency
Cateqory ™

VA Design
Basis or Dasign Assumption

Waste Empiacement System
Transponer Locomolives-general

Transporter Locomotives-drive &
power syslems

Transporter Locomativas-control &
communication/on board

Transporter Locomotives-brake

machanical, air, & controls

Transporter Locomativas-
interconnection to transporter car

Transparter Car -general

Transporter Car -brake mechanical
& air

Transporter Car -door/reusable
railcar drives & controls
Transportar Car -reusablia railcar
restraintfasleners

Transportsr Car -radiation shisid

and doors
Transporter Car -cartiage

Emplacemeant gantry - genaral
Empiacement gantry - structure
Emplacemant gantry - lifting

mechanisms

Emplacement ganiry -
controicommunication on board

Rail System
Rails - main drifts & North Ramp

Switchea (switchtracks) &

instrumentation/controls
Rails- ampiacemeant drifts

Ground Support System
Inverts - Main Drifts

Inverts - Main Drifts

Derail; tip over; iniliale fire; puil transporter
along (see iransporier); loss of
wheeis/camage ~ abrupt stop

Iniliate uncontroiled motion; fail to provide
dynamic braking in descent

Initiate uncontroiled motion; failure of on-
board &/or communication ta secondary
locometive &/or central contrel

Failura to conirol descent spead:; Could be
common-cause failure with failure of
drive/dynamic braking of loca & with
transporier car, sic.

Loss of hard-wire connection of control and
air & hydraulic lines to transporier brakes
airline but expect na loss of braking on
transparter on loss of fluids; loss of tractive
force for transporter in up grades

Qerail; tip over; sject waste package; loss of
tiological shield in tipover: fire in neutron
shieid

Failure ta control descent spaad; Couid be
common-cause mechanicat fallures with
failure of driva/dynamic braking of loco &
with transporter car, etc.

Eject waste package during transport

Eject waste package during transpot; railcar

rolls into drift; drops wasle package;
damages gantry &/or shadow shield
Losa of biclogical shield

Darail; tip over; loss of wheels/carriage -
abrupt stop

Derails - drops WP; derails - impacts
emplaced WP

Drop WP; jam/misalign WP while
liftlowericarry

Drop WP; jam/misalign WP while
fiftiower/carry

Initiate uncontroilad movemant in drift;
uncontrolled raise.lower WP; drop WP

Buckle; deform; cause derailment
transporter

Deform; change state; cause derailment
transporter

Buckla: deform; cause derailment gantry;
impact or puncture of wasts packags(s)

Induce distortion of rails, causs derzilment
of transporter
Lose basa of ground support ring structure

FC-1 {or UBC)™
FC-1 {or UBC)™
FC-1 {or UBC)®

FC-1 {or UBC)?

FC-1 {or UBC)®

FC-1 (or UBC)®
FC-1 (or UuBCY™
FG-1 (or UBC)®
FC-1 {or UBC)®

FC-1

FC-1
FC-1
FC-1
FC-1

FC-1

FC-1 (or UBC)®
FC-1 (or UBG)@

EC-1

FC-1 {or UBC)®

FC-1 {or UBC)®

No releagse-within design basis of WP

Potential release > 10 CFR 20: no release if impact
limiter for WP or maximum impact within design
basis of WP

Potential release > 10 CFR 20; no release if impact
limitar for WP or maximum impact within design
basis of WP

Potential release » 10 CFR 20; no release il impact
limiter for WP or maximum impact within design
basis of WP

No releasas if just derailment; Potential release > 10
CFR 20 but mechanism for brake failure dua 10 loss
of air may be physically impossible; aiso, no reiease
if impact limiter for WP or maximum impact within
design basis of WP

Mo release-within design basis of WP; worker dose
from diract radiation

Potential ralease > 10 CFR 20; no releass if impact
limiter for WP or maximum impact within design
basis of WP .

Ne release if impact limiter of within design basis of
WP; patential dose to workers

No relsase-within design basis of WP, worker dase
fram direct radiation

Potential desa to workers - direct radiation

Direct inleraction with unshielded waste package; no
releasse in drop within design basis of WP; potential
dose l0 workers in recovery

Diract intaraction with unshielded waste package: no
release in drop within design basis of WP; potential
dosa ta workars in recovery

Direct interaction with unshielded waste packaga; no
teloase in drop within design basis of WP, potential
dose to workers in recovery

Direct interaction with unshielded was!e packags; no
releass in drop within design basis of WP; potential
dose 10 workers in recovery

Direct interaction with unshielded waste package; no
releass in drop within design basis of WP; potential
daose to workers in recovery

No reiease-within design basis of WP
No ralease-within design basis of WP

No releass if drop & punctura farces within design
basis of WP; need to verify

No release-within design basis of WP

No releasse if maximum impact within design basis of
WP; potential worker dosa frarmn direct radiation;
unable to perform cleanup or EQ recovery until re-
sxcavalion/construction
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Table 7-9 Seismic Classiflcation of SSC3 for Subsurface Facility [Emplacement Side}

Location/Equipment

S5C Seismic Failure

SeISMIc Freguency
category

VA Design
Basis or Design Assumption

Ground support - main dnfts &
North Ramp

Ground suppart - main drifts &
North Ramp
Inverts - Emplacement Drifts

_ Ground suppor - Emplacement
Drifts

Ground support - Ventilation Drift

Ventllation System
Ducts - in ventilation drift

Duct supports - in ventilation drift

Ducts - in raises from emplacement
drifts

Duct supparts - in raiges from
amplacement drifts

Diversion valves - emplacement
raises

Air monitoring - tubing, instruments,
povwear

Fans & motors & control system (+
communication to central centrel)

{Electrical supply)

Diversion vaives - to HEPA filters (if
installed)

Emplacement drift isolation doors -
struciure

Fall of moderately large mass of structural
simel &/or rocks onio transporter; loss of
biological shield; potential impact on wasta
package

Widespread rockfall; Loss of
access/passage of large regions of
emplacement areas

Induce distartion of rails, cause darailment
of empiacement gantry; thrust rails to
potentiai puncture WP

Fall of rocks of various sizes onlo virtuaily all
waste packages in empiacement

Widespread rocidall; Induced failure of ducts
& supports; Loss of ventilation flow; Loss of
access/passage for restoration

Breakup, collapss - Potential loss of all flow
paths of all ducts; common-causae failure

Allow ducts to fail - Potential loss of all flow
paths of all ducts; common-cause failure

Breakup, collapss - Potential loss of all flow
paths of all ducts; common-causa failure

Allow ducts te fall - Potential loss of ail flow
paths of all ducts; common-cause failure

Blocks flow from all emplacement drifls

Loss of monitorability of emplacement drift

Loss of ventilation flgw; loss of filiration

Lozs of ventilation flow; loss of filtration

Loss of filtration

Qpen - disrupt preflerred cooling

FC.t (or UBC)®

FC-1 (or UBC)™

Fe-1

FC-1 {or VEC)?

FC-1 (or URC)P

FC-1 {or UBC)®

FC-1 {or UBC)P

FC-1 (or UBC)®

FC-1 (or UBC)®

FC-1 {or UBC)®

FC-1

FC-1 {or UBC)®

FC-1 {or UBC)™

FC-1 (or UBC)?®

FC-1 {oruBC)®

No releass if maoumum rockiail/steel impact within
design basis of WP: patential worker dose from
direct radiation; unable lo perform cleanup or EQ
recovery until re-axcavation/construction

Mo releasa aor loss of biological shielding —
disruption of thraughput; unable to perform cleanup
or EQ recovery until re-axcavation/construction
Has same seismic critena as gantry structure; but
no reiease if drop & puncture forges within design
basis of WP

No releasa if largest rockblack within design basis af
WP: otharwise, potential wide-spread common-
cause braach of all emplaced WPs

Mo release; no loss of required mitigation; Loss of
ventilation cooling of emplacement drifts; loss of
personnel air supply; disruption of radiation and
environmental monitoring systems; failure of
electrical/communication cabling

Na release: no loss of essential critical mitigation;
loss of praferred ventilation flow in event of release
during emplacement; !oss of ventilation cocling of
smplacement drifts; loss of personnal air supply;
No reieass; no losa of essential critical mitigation;
loss of prefarred ventitation flow in event of release
during smplacemant; loss of ventilatien cooling of
amplacament drifts; loss of persennel air suppiy:
loss of emplacement drift air monitaring; no extrame
exposura to repair/replace

No release; no loss of essantial critical mitigation:
loss of preferrad ventilation ow in event of release
during emplacement; losa of ventilation cooling of
emplacement drifts; less of personnel air supply;
loas of amplacament drift air monitoring ; high-
axposure to repair/replace

No release; no loss of essential critical mitigation;
loss of preferred ventilation flow in event of raieass
during smplacement; loss of ventilation cooling of
smplacamant drifts; loss of parsonnel air supply;
loss of emplacement drift air monitoring ; high-
axposure to repair/replace

No releass; no loss of essential critical mitigation;
loss of ventilation cooling of emplacement drifts;
loss of personnel air supply; potential interaction
with air monitonng; no undue exposure to
repair/replace

Mo reiease - no loas of mitigation; Loss of
information on post-earthquake conditions

No release, no loss of essential mitigation.; loss of
praferred ventilation flow in event of reiease during
emplacement. Stagnation of air, potential retention
of particulates in subsurface (but, loas of filtration if
needed 1o mitigate doses)

No release, no loss of essential mitigation.; loss of
preferred ventilation flow in event of release during
emplacement. Stagnation of air, potenial retention
of particulates in subsurface (but, loss of filication if
needed 10 mitigate doses)

No releass, na loss of essantial mitigation.
Stagnation of air, potential retention of particulates in
subsurface (but, loss of filtration if needed 1o
mitigate doses}

No immediate release, no loss of essential
mitigation, loxs of preferred ventilation flow in event
of release during emplacament. Potential
consequential neleass or compromise of waste
isolation, if rapid cooldown affscts WP integrity
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Tabile 7-8 Seismic Classiflcation of S3Cs for Subsurface Facility (Emplacement Side)

|Laca:lanIEquipment

SSC Seismic Failure

BeIsmic reequency
Categary ¥

VA Design
Basis or Design Assumption

Emplacement drift isolation doors -
acluator & conirols

Rail Electrification System
Transporter locomotives - motive &
controls

Transporter car - doors & reusable
* railcar drives

Emplacement gantry - motiva &
liting

Emplacement gantry - controls &
communication

Emplacemaent drift isolation doors -
pesition monitors; motive power

Rail systam - switchas & signais

Qverhead trolley supply cable &
suppoarts

Rectifier for OC supply to trolley
cables

Backup diesel-generatar (if
proviged)

Backup battery pack (if provided)

Radlation Monitoring Systems
Dutectors, iransmitiers, amplifiers,
alarms

Communication System - General

Radio, telephone, video cameras &
lights

Lighting
General ighting

Emergency lighting

Open - disrupt preferred cooling

Loss af power to transporter locomolives -
motive & controls .

Loss of power to transportar car - doors &
reusabie railcar drves

.oss of power to emplacement gantry -
motive & lifling

Loss of power lo emplacement - cantrols &
communication

Laoss of power - stall, jamming

Loss of power - loss of control & signais

Collapse; sparks: initiate fire in transporter
car

Break loase, coflide with transporter train:
fire; loss of power to emplacement
aperations

Fail 1o start & run after EQ; loss of backup
power

Fail to supply power after EQ; fire initiated;
acid spill

Loss of indications

Loss of communications - general &
essential

loss of lights

Loss of assantial lighting

FC-1 (or UBC)?

UBC

FC-1

FC-1

FC-1

FC-1

FC-1 (or UBC)®

usc

FC-1

FC-1

FC-1

FC-1

UBC

UBC

FC-1 (or UBC)®

Na immediate reisase, no loss of essential
mitigation. Joss of preferred ventilation flow in avent
of releass dunng emplacemaent, Potential
consequential release or compromising wasla
isolation, If rapid cooldown affects WP integrity

Stall; no motion until restoration of power (uniess
backup power); no release or loss of mitigation;
potential uncontrolled motion if surge on power
restoration

Halt of operation in loading/unloading transporer;
need fo resume safe operation after sarthquake,
potential worker dosa from direct radiation dunng
recovery actions

Hait of aperation in loading/unicading transporter:
need 10 rasume safe oparation after earthquake,
potential worker dose from direct radiation during
recovery actions

Halt of operation in loading/unicading transporter;
need {0 resume safe operation after earthquake;
potantial worker dose from diract radiation during
recovery aclions

Malt of operation in ioading/unioading transportar;
nead to resuma safas operalion afler earthquake;
potential worker doxe from direct radiation during
recavery actions

Failure ta change state of switch in timely manne
Remain failed upon restoration of power -induce
derailment but no releasa; loss of swilch position
indication;

No releasa unless firs axceeds design basis of VWP
no loss of mitigation; patential electrocution of
workers; halt of transport but not essential for safe
operations

Na reiease unless firs axceeds design basis of WP,
no foss of mitigation; potential electrocution of
workers; need 10 resume safe emplacement
operations aftar sarthquaka

No release uniess WP handling operation not
completed property and causes impact > design
basis of WP; no loss of mitigation unless power
assantial

No releazs unless WP handling operalion not
complated properly and causes impact > design
basis of WP; patential worker dose in recovery
oparations; no lass of mitigation: fire uniikely to
affect WP; firs & acid personned hazards

No relsass; no loss of mitigation; potential loss of
indications of radiation leaks

No reieass; no loss of mitigation; potential loss of
assantial communicalion for personneg! safety & post
earthquake accident management

Emergency lighting available; nead to demonstrate
na interaction with emergency system

No releage; no loss of mitigation; potential logs of
essantial lighting personnel safety & post-
earthquake accident managemaent; minimal drift
amergency lighting and supportsibatteries withstand
FC-2
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Table 7-9 Seismic Classification of 3SC3 for Subsurface Facliity (Emplacement Side)

Locatlon/Equipment

SS8C Seismic Failure

DEISMIC Frequency
Category "

VA Design
Basis or Design Assumption

Controi & Communication
System-Remote
Cantrol of locomotives - remote

Control of emplacemant gantry -
remole

Video & voice communications

Central Control Room

Initiate uncontrolied moticn; common-cause
failuras of on-board &/or communication lo
secondary locomotive &/or central control

Initiate uncontrolled motion; spurious lifts or
drops of waste packages

Loss of visual information in drifis: loss of
voica communication with personnel

FC-1 (or UBCY®

FC-1

FC-1 (or UBC)™

No release in derailment or runaway if impact limiter
for WP or maximum impact within design basis of
WP

No release, drops within design basis of WP but
direct handling of unshieided waste package;
potential dose ta workers in recovery & repair

Mo release; no loss of mitigation; potential loss or
information affecting personnel salety & post-
sanhquake accident management (minimal video
and communications to be FC-2}

Transport/Emplacement aciivities  sse Control & Communications - FC-1 Emplacement gantry handles unshisided waste
uncontrolled metiorvaction of transparter packages
locomolive &/or emplacement gantry
General Loss of all essential instrumentation, control FC-1 No release; no loss of mitigation; potentiai loss of
4 communication to subsurface equipmant assential communication for parsonnel safaty & post
sarthquake accident management
Fire Water
Piping from surface through drifts  Pipe rupture UBC (or FC-1 if No release: no loss of mitigation: depending on
adverse interaction) geometrical arrangement: locaiized flooding;
petential spray interaction with eiectrical supply,
instn tation & cx tion to emplacament
equipment, essential communication for personnel
safety & post-aarthquake accident rmanagement
Pips supports Pipe sagmant fail onta rails, or onto UBC (or FC-1 i Mo releass; no loss of miligation; depending on
electrical, communication, or adversa interaction) geomstric armangament ; consequsntial pipe break
instrumentation companents with localized flooding; potential physical impact of
pipe and/or spray interaction with electrical supply,
instrumentation & communication, asaantial
communication for personnel safely & post-
sarthquake accident management
Notes;

(1) FC-1 = Frequency Category 1 based on offsite dose between 100 mrem and 5 rem;
FC-2 = Frequency Category 2 based on offsite dose greater than 5 rem;
UBC = Uniform building Code basad on offsite dose less than 100 mrem;
FC-1{w) = required Frequency-Category-1 because of worksr dose;
FC-1(d) = elective Frequency-Category-1 for defense-in-depth

(2) Assigned FC-1 for defanse-in-depth; may be downgraded to UBC based solely on dose consequence
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Table 7-10 Dose Bases for Seismic Classilication of Subsurface SSCs

Basic Dose Calculations for Bounding Waste Packages in Subsurface Release Scenatios

Number of Offsite Dose (rem)
Fuel per Waste Package,
Location/Activity Equipment Potential DBE Assemblies without HVAC
Rockfall in emplacement drift PWR 21 SFA Best estimate retease 21 0.10
Rockfall in emplacernent drift PWR 21 SFA Conservative 21 >5
Rockfall in emplacement drift BWR 44 5FA Best estimate release 44 0.39
Rockfall in emplacement drift BWR 44 SFA Conservative 44 >5
Rockfall in emplacement drift DHLW 5 canisters {Savannah River) Conservalive 5 >5
Rockfall in emplacement drift DOE SNF N/A N/A NIA
Runaway transporter PWR 21 SFA Best estimate release 21 1.10
Runaway transporter PWR 21 SFA - Conservative 21 >5
Runaway transporter BWR 44 SFA Best estimate refease _ 44 2.00
Runaway transparter BWR 44 SFA Conservative 44 >5

Population of Waste Package
Types When MGR is Full

Maximum Number of Fuel

Assemblies Present

Maximum Dose if All WPs Breached - Conservative

Dose (rem)

21 PWR 4239 Number WPs x dose per 21 PWR WP >>5
12 PWR 553 Number WPs x dose per 21 PWR WP x 12/21 >>§
44 BWR 2826 Number WPs x dose per 44 BWR WP »>5
24 BWR 49 Number WPs x dose per 44 BWR WP x 24/44 >>5
- |DHLW 1663 Number WPs x dose per DHLW WP >>5
DOE SNF 883 Number WPs x dose per 21 PWR WP (scoping) >>5

Total Maximum Potential Offsite Dose

>>>5
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Attachment VIII - HVAC Availability

HVAC unavailability is used as a conditional probability for internal Design Basis Event (DBE) sequences.
HVAC systems were assumed to be present throughout the Waste Handling Building with the exception
of the Carrier Bay.

The HVAC unavailability for DBESs occurring in the primary confinement ventilation zones (i.e., Assembly
Transfer System (ATS) hot cell, with a redundant standby HVAC train) was calculated to be 2.5E-5, as
shown in the top event “Primary Confinement HVAC Unavailable” of the fault tree on Page VIII-4. The
HVAC unavailability for DBEs in the secondary confinement ventilation zones (i.e., ATS pools, Canister
Transfer System and DC Handling System), where only one HVAC train is assumed (Ref. 7.17), was
calculated to be 4.8E-4. The single train HYAC unavailability is indicated by the box labeled “Operating
Train Fails” in the fault tree shown on Page VIII-4. The difference between the 4.9E-4 shown on the fault
tree and the 4.8E-4 used throughout the DBE analyses is attributed to roundoff errors and is not
considered to be statistically significant.

The calculated HVAC unavailability for single train and redundant train HYAC systems is based on the
following assumptions or data:

Assumed mission time of 24 hours (i.e., required that the HVAC system run for 24 hours following a
DBE)

Failure rate of the fan motor to start on demand is 6.0E-4/demand

Probability that the fan motor will fail to run for the required 24 hours is 2.4E-4

Maintenance unavailability of the standby train is 1.31E-3

HVAC seal failure rate is 2.5E-4

Common cause failure probability of operating and standby fans to run is 2.4E-5, based on an
assumed beta factor of 0.1 and a mission time of 24 hours.

Assumption that the failure modes identified in the event tree are the predominate drivers of the top
event (loss of HVAC) HVAC unavailability

The failure rate data used to develop the HVAC fault tree on Page VIII-4 was extracted from the Catawba
Nuclear Station PRA Report, Table A.19-6, Rev. 1, and EPRI NP-3365, Review of Proposed Dry-Storage
Concepts Using Probabilistic Risk Assessment (Ref. 7.56). The Catawba PRA data is assumed to be
generally applicable to the HVAC system analyzed in this calculation since it is used in a nuclear safety-
related application. The fault tree shown on Page VIII-4 is a simplified representation of the major failure
modes expected for the HVAC system. The event tree does not attempt to capture all of the system
components, nor does it capture all of the potential failure modes. However, as indicated in Section
2.2.9, the resulting HVAC unavailabilities are intentionally conservative. The fault tree basic event
numbers and associated failure probabilities are shown in Table VIII-1 below:

Basic | Event Description Failure Reference
Event Probability

G015 | Common cause failure of both fans | 2.40E-05 Catawba PRA, Table A.19-6, Page 2 of 4
(operating and standby) to run

G019 | Fan motor fails to start 6.00E-04 Catawba PRA, Table A.19-6, Page 2 of 4
G020 | Fan motor fails to run 2.40E-04 Catawba PRA, Table A.19-6, Page 2 of 4
G021 | Fan maintenance unavailability 1.30E-03 Catawba PRA (page VIII-3 attached)
G022 | HVAC seal failure (per demand) 2.50E-04 7.56, Table B-15

G023 | Fan motor fails to run 2.40E-04 Catawba PRA, Table A.19-6, Page 2 of 4

G024 | HVAC seal failure (per demand) 2.50E-04 7.56, Table B-15

The applicable pages from the Catawba PRA report are reproduced on pages VIlI-2 through VIII-3. The
HVAC fault tree is illustrated on page VIII-4.

Civilian Radioactive Waste Management System
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Attachment IX - Dose Calculation Data
1.0 Purpose
The purpose of this attachment is to provide the equations and additional data required to reproduce the
results of the dose calculations provided in the report text. The Best Estimate doses presented in
Attachment IV for events ATS001 and ATS003 will be reproduced as an example.
The spreadsheet for the calculation of radiological doses was created in Lotus 1-2-3 Release 5 and runs
under the Windows 95 operating system. The inhalation and submersion dose calculation spreadsheets
are based on Equations IX-1 through 1X-4 and calculate offsite (i.e., 5,000 meter) doses for each organ
and the whole body for a ground-level radiological release.
2.0 Equations

2.1 Inhalation Dose Calculations

The equation used to calculate the inhalation dose to organ J from radionuclide group K is as follows:

Dok() = [Syx()* N]* RF * MR * BR * [c/Q]r (IX-1)

where

D, k(1) = inhalation dose that organ J receives as a result of the exposure to the radionuclide
group K (rem)

N = number of fuel assemblies or canisters that are breached (dimensionless)

RFx = release fraction for radionuclide group K, defined as the fraction of the radionuclides
present in the waste form that are released to the environment during the event
(dimensionless)

MF¢ = mitigating factors that reduce the exposure at the site boundary for radionuclide
group K; these can be filtration by HEPA filters or other mitigation systems
(dimensionless)

BR = breathing rates of the standard adult person during the event (m*/sec)

[c/Q]r = atmospheric dispersion coefficient at site boundary distance R for assumed
meteorological conditions and duration of release (sec/m®)

S;k (I) = inhalation source term for organ J from radionuclide group K (rem per fuel assembly

or canister)
2.2 Submersion Dose Calculations

The equation used to calculate the submersion dose is as follows:

D;«(S) = [S;k(S)* N] * RFy * MF¢ * [c/Q]r (I1X-2)
where
S;k (S) = submersion source term for organ J from radionuclide group K (rem/sec per
FA/m® or rem/sec per canister/m?)
D;k(S) = submersion doses that organ J receives as a result of the exposure to the

radionuclide group K (rem)

Civilian Radioactive Waste Management System
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2.3 Total Dose Calculations

The total dose to a given organ at various distances from the releases for each exposure pathway is
calculated by summing over contributions from all radionuclide groups:

Dy(D) = S Dyk(1), (sum over K, radionuclide groups); for J =1to 8 (IX-3)
and

Dy(S) = S D;k(S), (sum over K, radionuclide groups); for J =1 to 10 (IX-4)
where

Dy(D) = inhalation doses that organ J receives as a result of the exposure to all

radionuclides released

and

D,(S) = submersion doses that organ J receives as a result of the exposure to all

radionuclides released.
3.0 Sample Calculation

The dose calculation that follows represents the following scenario: 16.5-foot drop of a basket containing
4 PWR assemblies onto another basket of 4 PWR assemblies in the assembly drying station (from the
maximum height from the dry assembly transfer machine assembly basket enclosure) with the 8
assemblies breached. HVAC patrticulate filtration is available with an efficiency of 3.0E-4. For the Best
Estimate calculations, a fuel rod cladding failure probability of 0.10 was used.

The fuel types and fuel characteristics used in this calculation are 50% PWR with a burnup of 39,560
MWD/MTU, a 3.69% enrichment, and 25.9 years of decay for the Best Estimate calculation (see Table
IX-1 of this attachment).

The radionuclides that contribute at least 99.9% of the dose for all organs are shown in Tables IX-1 and
IX-2 for inhalation and external exposures, respectively. For the inhalation dose calculation, the
radionuclides are combined into six radionuclide groups according to their similarity in chemical and/or
physical characteristics. The sum of each group is shown in Table IX-3.

3.1 Inhalation Dose Calculation
The dose contribution to each organ and the whole body from each radionuclide group is calculated and
then summed per Equation IX-1. The inhalation dose due to a release from 50% PWR fuel from the

cesium group to the breast can be found as follows:

1. The cesium group 50% PWR source term for the breast is found in Table 1X-3, Column (A2) as
1.04E+9 rem/FA (inserted in Column (1) of Table IX-4 page 2).

2. The number of 50% PWR assumed to be damaged is 8. This value appears in Column (2) of
Table IX-4 page 2.
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3. The release fraction for cesium is calculated as follows. See Section 2.2.2 of this report for the
gap release fraction and Section 2.2.3 of this report for a description of the PULF fraction.

[Gap Release Fraction + PULF Fraction] x 50% PWR Failure Fraction
or (2.3E-5 + 1.97E-5) x 1.0E-1 = 4.27E-6

The release fraction appears in Column (3) of Table IX-4 page 2.

4, The mitigation factor for the 50% PWR drop DBE is 3.0E-4 (HEPA filtration) and is shown in
Column (4) of Table IX-4 page 2.

5. The breathing rate is 3.3E-4 m*/sec in Column (5) of Table 1X-4 page 2.

6. The atmospheric dispersion factor for a restricted boundary with ground release and no depletion

for 5,000 meters is 1.44E-5 sec/m® (see Column (10) of Table IX-4 page 2).

7. The product of the six factors above is the potential dose to the breast from the cesium group at a
5,000-meter restricted area boundary from an 8-assembly drop of 50% PWR fuel assemblies:

D = (1.04E+9) X (8) x (4.27E-6) x (3.0E-4) x (3.30E-4) x (1.44E-5)
= 5.09E-8 rem (to the breast from the cesium group)
The dose is calculated in Column (11) on Table IX-4 page 2 using Equation (I1X-1).

Columns (1) through (3) of Table 1X-4, page 10 present the inhalation doses to all organs from 50% PWR,
summed over radionuclide groups for a ground release at 5,000 meters. For example, the totals of
Columns (7), (9), and (11) of Table 1X-4 page 2, respectively, show the total calculated breast doses from
all isotopes due to a 50% PWR drop at three distances. These values are related within the LOTUS 1-2-
3 model to Columns (1), (2), and (3) of Table I1X-4, page 10.

3.2 Submersion Dose Calculation

The dose contribution to each organ and the whole body including the lens of the eye and the skin from
each radionuclide group is calculated and then summed per Equation IX-2. The submersion dose is
calculated for PWR and BWR fuels only; there are no isotopic releases from the DHLW applicable to
submersion dose calculations.

The submersion dose to the whole body can be found as follows (see humbers in column headings of
Table 1X-4, page 9):

1. The PWR 50% source term per fuel assembly for the whole body is found in Column (3), Table
IX-4, page 9 as 6.58E-1 rem/sec per FA/m®, and is transcribed to Column (1) of Table 1X-4
page 9).

2. The number of 50% PWR fuel assemblies assumed to be damaged is 8. This value appears in

Column (2) of Table IX-4 page 9.

3. Table IX-2 shows that Kr-85 contributes virtually the entire whole body submersion dose source
term for the PWR 50% fuel. The release fraction for Kr-85 is 0.3, and is multiplied by 0.1 (i.e.,
fraction of breached fuel) to obtain the total release fraction (Column (3) of Table IX page 9).

4, The mitigation factor is 1.0 (Column (4) of Table IX-4 page 9).
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5. The atmospheric dispersion factor for a ground release at 5000 m is 1.44E-05 sec/m’® (Column
(9) of Table IX-4 page 9).

6. The product of the five factors above is the potential external dose to the whole body at a
5,000-meter restricted area boundary from an 8-assembly drop of 50% PWR fuel assemblies:

D = 6.58E-01 rem-s*-FA™-m® x 8 FA x 3.0E-02 x 1.0 x 1.44E-5 sec/m’
= 2.28E-6 rem (to the whole body)

The dose is calculated in Column (10) of Table IX-4 page 9.
3.3 Total Dose Calculation
Using Equation 1X-3, the total inhalation doses to the breast for each radionuclide group at 5,000 meters
are summed in Column (3) of Table IX-4 page 10. Using Equation IX-4, the submersion doses for the
whole body at 5,000 meters are summed in Column (6) of Table IX-4 page 10. Column (9) of Table IX-4
page 10 sums the inhalation and submersion doses for all organs and the whole body.
3.4 Verification by Hand Calculation
Figure 1X-1 shows the hand calculations performed to verify the sample calculation taken from events

ATS001 and ATS003. The hand calculations show the same results as the Lotus 1-2-3 spreadsheet
used for the ATS001 and ATS003 calculations.
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Table IX-1. SOURCE TERM GROUPING INFORMATION
TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM

Inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and 1-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

10-Year PWR DBF* Inhalation Source Term

rem/Fuel Assembly

Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder  Whole Body
cs Cs-134 2.18E+08 1.82E+08 1.98E+08 1.98E+08 1.85E+08 1.87E+08 2.34E+08 2.11E+08
cs Ru-106 1.41E+06 1.93E+06 1.13E+09 1.91E+06 1.75E+06 1.87E+06 1.30E+07 1.40E+08
cs Cs-137 1.76E+09 1.58E+09 1.77E+09 1.67E+09 1.60E+09 1.59E+09 1.83E+09 1.74E+09
h H-3 1.75E+04 1.75E+04 1.75E+04 1.75E+04 1.75E+04 1.75E+04 1.75E+04 1.75E+04
| 1-129 6.73E+00 1.62E+01 2.43E+01 1.08E+01 1.07E+01 1.21E+05 9.13E+00 3.63E+03
p Pu-239 8.69E+09 2.89E+05 2.34E+11 4.76E+10 5.95E+11 2.72E+05 2.19E+10 6.04E+10
p Pu-240 1.45E+10 5.24E+05 3.91E+11 7.95E+10 9.93E+11 4 55E+05 3.65E+10 1.01E+11
p Pu-242 4.97E+07 1.90E+03 1.34E+09 2.72E+08 3.40E+09 1.62E+03 1.25E+08 3.45E+08
p Pu-241 4.70E+10 3.64E+06 5.41E+11 2.43E+11 3.03E+12 1.56E+06 1.02E+11 2.28E+11
p Sb-125 1.01E+06 1.17E+06 6.11E+07 1.51E+06 2.75E+06 9.12E+05 4.08E+06 9.29E+06
p U-234 6.09E+03 6.16E+03 6.85E+08 1.66E+05 2.60E+06 6.09E+03 2.43E+05 8.23E+07
p Pu-238 1.10E+11 4.64E+06 3.38E+12 6.12E+11 7.65E+12 4.07E+06 2.89E+11 8.22E+11
p Am-241 1.25E+11 1.03E+07 7.09E+10 6.70E+11 8.36E+12 6.16E+06 3.01E+11 4.61E+11
p Pm-147 1.28E+02 5.60E+02 1.20E+09 2.50E+07 3.13E+08 3.08E+02 2.43E+07 1.64E+08
p Am-242m 1.54E+09 6.62E+04 2.02E+08 8.11E+09 1.02E+11 2.71E+04 3.59E+09 5.51E+09
p Cm-243 1.30E+09 3.95E+05 1.22E+09 7.41E+09 9.23E+10 2.40E+05 3.62E+09 5.21E+09
p Am-243 2.07E+09 9.67E+05 1.13E+09 1.10E+10 1.38E+11 5.27E+05 4.92E+09 7.59E+09
p Cd-113M 4.47E+05 4.47E+05 3.87E+07 4.47E+05 4.47E+05 4.47E+05 1.76E+07 1.02E+07
p Cm-244 1.29E+11 8.43E+06 1.56E+11 7.60E+11 9.48E+12 8.18E+06 3.87E+11 5.43E+11
p Eu-155 1.69E+06 2.91E+06 5.64E+07 6.78E+07 7.20E+08 1.14E+06 5.26E+07 5.32E+07
p Co-60 2.34E+07 9.06E+07 1.70E+09 8.47E+07 6.65E+07 7.98E+07 1.77E+08 2.91E+08
p Eu-154 1.50E+08 1.98E+08 1.01E+09 1.36E+09 6.69E+09 9.14E+07 1.45E+09 9.89E+08
p Y-90 7.15E+04 7.15E+04 1.29E+09 2.10E+06 2.09E+06 7.15E+04 5.35E+08 3.15E+08
sr Sr-90 3.65E+08 3.65E+08 5.15E+08 4.64E+10 1.00E+11 3.65E+08 4.64E+08 8.94E+09

* DBF — Design Basis Fuel
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Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and 1-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

10-Year 100% Bounding PWR Inhalation Source Term

rem/FA
Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
cs Cs-134 3.17E+08 2.64E+08 2.88E+08 2.88E+08 2.69E+08 2.71E+08 3.39E+08 3.06E+08
Ccs Ru-106 1.84E+06 2.52E+06 1.47E+09 2.49E+06 2.28E+06 2.44E+06 1.70E+07 1.83E+08
cs Cs-137 2.75E+09 2.46E+09 2.77E+09 2.61E+09 2.49E+09 2.49E+09 2.86E+09 2.71E+09
h H-3 1.67E+04 1.67E+04 1.67E+04 1.67E+04 1.67E+04 1.67E+04 1.67E+04 1.67E+04
i 1-129 1.06E+01 2.56E+01 3.85E+01 1.71E+01 1.69E+01 1.91E+05 1.45E+01 5.75E+03
p Pu-239 9.68E+09 3.22E+05 2.61E+11 5.30E+10 6.62E+11 3.02E+05 2.44E+10 6.72E+10
p Pu-240 1.81E+10 6.52E+05 4.86E+11 9.89E+10 1.24E+12 5.66E+05 4.55E+10 1.25E+11
p Pu-242 1.17E+08 4.47E+03 3.16E+09 6.43E+08 8.03E+09 3.82E+03 2.94E+08 8.15E+08
p Pu-241 7.30E+10 5.66E+06 8.41E+11 3.78E+11 4.71E+12 2.42E+06 1.59E+11 3.54E+11
p Sb-125 8.67E+05 1.00E+06 5.23E+07 1.29E+06 2.36E+06 7.80E+05 3.49E+06 7.95E+06
p Pu-238 2.57E+11 1.09E+07 7.90E+12 1.43E+12 1.79E+13 9.53E+06 6.76E+11 1.92E+12
p Am-241 2.01E+11 1.65E+07 1.14E+11 1.08E+12 1.34E+13 9.89E+06 4.83E+11 7.40E+11
p Pm-147 1.80E+02 7.85E+02 1.69E+09 3.51E+07 4.38E+08 4.32E+02 3.40E+07 2.30E+08
p Cm-243 3.03E+09 9.19E+05 2.84E+09 1.72E+10 2.15E+11 5.60E+05 8.42E+09 1.21E+10
p Am-243 6.18E+09 2.88E+06 3.37E+09 3.28E+10 4.11E+11 1.57E+06 1.47E+10 2.26E+10
p Cm-244 5.47E+11 3.58E+07 6.64E+11 3.23E+12 4.03E+13 3.48E+07 1.64E+12 2.31E+12
p Eu-155 1.02E+06 1.76E+06 3.42E+07 4.11E+07 4.36E+08 6.89E+05 3.19E+07 3.22E+07
p Eu-154 1.84E+08 2.43E+08 1.24E+09 1.66E+09 8.20E+09 1.12E+08 1.77E+09 1.21E+09
p Y-90 1.02E+05 1.02E+05 1.84E+09 3.00E+06 2.98E+06 1.02E+05 7.65E+08 4.51E+08
sr Sr-90 5.22E+08 5.22E+08 7.37E+08 6.64E+10 1.44E+11 5.22E+08 6.64E+08 1.28E+10
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Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and 1-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

50% PWR INHALATION SOURCE TERM

rem/FA
Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
cs Cs-137 1.16E+09 1.04E+09 1.17E+09 1.10E+09 1.05E+09 1.05E+09 1.21E+09 1.14E+09
cs Cs-134 5.64E+06 4.69E+06 5.12E+06 5.12E+06 4.78E+06 4.82E+06 6.04E+06 5.44E+06
h H-3 8.71E+03 8.71E+03 8.71E+03 8.71E+03 8.71E+03 8.71E+03 8.71E+03 8.71E+03
i 1-129 5.63E+00 1.35E+01 2.03E+01 9.07E+00 8.94E+00 1.01E+05 7.64E+00 3.04E+03
p Pu-240 1.19E+10 4.30E+05 3.21E+11 6.53E+10 8.15E+11 3.73E+05 3.00E+10 8.28E+10
p Pu-242 4.18E+07 1.59E+03 1.13E+09 2.29E+08 2.86E+09 1.36E+03 1.05E+08 2.90E+08
p Pu-241 2.78E+10 2.15E+06 3.20E+11 1.44E+11 1.79E+12 9.21E+05 6.06E+10 1.35E+11
p Pu-238 6.74E+10 2.85E+06 2.07E+12 3.76E+11 4.70E+12 2.50E+06 1.78E+11 5.05E+11
p U-234 6.19E+03 6.26E+03 6.96E+08 1.69E+05 2.64E+06 6.19E+03 2.48E+05 8.37E+07
p Y-90 4.69E+04 4.69E+04 8.44E+08 1.38E+06 1.37E+06 4.69E+04 3.51E+08 2.07E+08
p Pu-239 8.12E+09 2.70E+05 2.19E+11 4.45E+10 5.56E+11 2.54E+05 2.04E+10 5.64E+10
p Eu-154 5.02E+07 6.65E+07 3.40E+08 4 55E+08 2.24E+09 3.06E+07 4.85E+08 3.32E+08
p Eu-155 3.14E+05 5.42E+05 1.05E+07 1.26E+07 1.34E+08 2.12E+05 9.79E+06 9.90E+06
p Cm-242 1.88E+07 3.12E+04 5.12E+08 1.29E+08 1.61E+09 3.11E+04 8.09E+07 1.54E+08
p Am-243 1.51E+09 7.05E+05 8.26E+08 8.03E+09 1.01E+11 3.85E+05 3.59E+09 5.54E+09
p Cd-113m 2.21E+05 2.21E+05 1.92E+07 2.21E+05 2.21E+05 2.21E+05 8.72E+06 5.04E+06
p Cm-243 7.34E+08 2.23E+05 6.88E+08 4.18E+09 5.21E+10 1.36E+05 2.04E+09 2.94E+09
p Am-242m 1.29E+09 5.54E+04 1.69E+08 6.78E+09 8.51E+10 2.26E+04 3.00E+09 4.61E+09
p Cm-244 5.19E+10 3.39E+06 6.30E+10 3.06E+11 3.82E+12 3.29E+06 1.56E+11 2.19E+11
p Co-60 5.60E+06 2.17E+07 4.06E+08 2.02E+07 1.59E+07 1.91E+07 4.24E+07 6.96E+07
p Am-241 1.84E+11 1.51E+07 1.04E+11 9.84E+11 1.23E+13 9.05E+06 4.42E+11 6.78E+11
Sr Sr-90 2.39E+08 2.39E+08 3.38E+08 3.05E+10 6.59E+10 2.39E+08 3.05E+08 5.87E+09
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Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and 1-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

50% BWR INHALATION SOURCE TERM

rem/FA
Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
CsS Cs-137 9.67E+08 8.65E+08 9.73E+08 9.16E+08 8.76E+08 8.75E+08 1.01E+09 9.52E+08
CS Cs-134 4.34E+06 3.61E+06 3.94E+06 3.94E+06 3.67E+06 3.71E+06 4.64E+06 4.19E+06
H H-3 7.67E+03 7.67E+03 7.67E+03 7.67E+03 7.67E+03 7.67E+03 7.67E+03 7.67E+03
| 1-129 4.77E+00 1.15E+01 1.72E+01 7.68E+00 7.57E+00 8.56E+04 6.48E+00 2.58E+03
P Pu-240 1.00E+10 3.61E+05 2.69E+11 5.47E+10 6.84E+11 3.13E+05 2.52E+10 6.94E+10
P Pu-242 3.98E+07 1.52E+03 1.07E+09 2.18E+08 2.72E+09 1.29E+03 9.98E+07 2.76E+08
P Pu-241 2.55E+10 1.98E+06 2.94E+11 1.32E+11 1.65E+12 8.46E+05 5.57E+10 1.24E+11
P Pu-238 5.26E+10 2.22E+06 1.62E+12 2.93E+11 3.66E+12 1.95E+06 1.38E+11 3.94E+11
P U-234 5.24E+03 5.30E+03 5.89E+08 1.43E+05 2.23E+06 5.24E+03 2.10E+05 7.09E+07
P Y-90 3.80E+04 3.80E+04 6.85E+08 1.12E+06 1.11E+06 3.80E+04 2.85E+08 1.68E+08
P Pu-239 6.60E+09 2.20E+05 1.78E+11 3.62E+10 4.52E+11 2.06E+05 1.66E+10 4.59E+10
P Eu-154 4.01E+07 5.31E+07 2.71E+08 3.63E+08 1.79E+09 2.44E+07 3.87E+08 2.65E+08
P Eu-155 2.52E+05 4.35E+05 8.43E+06 1.01E+07 1.08E+08 1.70E+05 7.86E+06 7.95E+06
P Cm-242 1.95E+07 3.23E+04 5.31E+08 1.34E+08 1.67E+09 3.22E+04 8.39E+07 1.60E+08
P Am-243 1.40E+09 6.53E+05 7.64E+08 7.43E+09 9.32E+10 3.56E+05 3.32E+09 5.13E+09
P Cd-113m 1.84E+05 1.84E+05 1.60E+07 1.84E+05 1.84E+05 1.84E+05 7.26E+06 4.20E+06
P Cm-243 6.69E+08 2.03E+05 6.27E+08 3.81E+09 4.75E+10 1.24E+05 1.86E+09 2.68E+09
P Am-242m 1.34E+09 5.74E+04 1.75E+08 7.03E+09 8.82E+10 2.35E+04 3.11E+09 4.78E+09
P Cm-244 4.60E+10 3.01E+06 5.58E+10 2.71E+11 3.38E+12 2.92E+06 1.38E+11 1.94E+11
P Co-60 4.02E+06 1.56E+07 2.92E+08 1.45E+07 1.14E+07 1.37E+07 3.04E+07 5.00E+07
P Am-241 1.70E+11 1.39E+07 9.61E+10 9.09E+11 1.13E+13 8.36E+06 4.08E+11 6.26E+11
SR Sr-90 1.94E+08 1.94E+08 2.74E+08 2.47E+10 5.34E+10 1.94E+08 2.47E+08 4.76E+09
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Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and 1-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

10-YEAR OLD BWR DBF INHALATION SOURCE TERM

rem/FA
Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
cs Cs-137 7.48E+08 6.69E+08 7.53E+08 7.08E+08 6.78E+08 6.77E+08 7.78E+08 7.37E+08
cs Ru-106 5.25E+05 7.19E+05 4.20E+08 7.11E+05 6.51E+05 6.95E+05 4.85E+06 5.22E+07
cs Cs-134 9.66E+07 8.03E+07 8.77E+07 8.77E+07 8.18E+07 8.25E+07 1.03E+08 9.32E+07
h H-3 7.44E+03 7.44E+03 7.44E+03 7.44E+03 7.44E+03 7.44E+03 7.44E+03 7.44E+03
| 1-129 2.99E+00 7.19E+00 1.08E+01 4.82E+00 4.75E+00 5.37E+04 4.06E+00 1.62E+03
p Pu-238 6.31E+10 2.67E+06 1.94E+12 3.52E+11 4.40E+12 2.34E+06 1.66E+11 4.73E+11
p Pu-241 2.19E+10 1.70E+06 2.53E+11 1.14E+11 1.41E+12 7.27E+05 4.78E+10 1.06E+11
p Pu-239 3.49E+09 1.16E+05 9.39E+10 1.91E+10 2.39E+11 1.09E+05 8.78E+09 2.42E+10
p Pu-240 6.25E+09 2.26E+05 1.68E+11 3.42E+10 4.28E+11 1.96E+05 1.57E+10 4.34E+10
p Pu-242 2.59E+07 9.89E+02 6.98E+08 1.42E+08 1.78E+09 8.44E+02 6.50E+07 1.80E+08
p Sb-125 4.48E+05 5.17E+05 2.70E+07 6.65E+05 1.22E+06 4.03E+05 1.80E+06 4.10E+06
p Am-241 6.00E+10 4.93E+06 3.40E+10 3.21E+11 4.01E+12 2.95E+06 1.44E+11 2.21E+11
p Eu-154 7.16E+07 9.48E+07 4.85E+08 6.49E+08 3.20E+09 4.37E+07 6.91E+08 4.73E+08
p Eu-155 8.54E+05 1.47E+06 2.85E+07 3.43E+07 3.65E+08 5.76E+05 2.66E+07 2.69E+07
p Cm-242 1.55E+07 2.56E+04 4.20E+08 1.06E+08 1.32E+09 2.55E+04 6.65E+07 1.27E+08
p Am-243 1.32E+09 6.14E+05 7.19E+08 6.99E+09 8.77E+10 3.35E+05 3.13E+09 4.82E+09
p Cd-113m 2.21E+05 2.21E+05 1.92E+07 2.21E+05 2.21E+05 2.21E+05 8.73E+06 5.05E+06
p Cm-243 9.07E+08 2.76E+05 8.50E+08 5.17E+09 6.44E+10 1.68E+05 2.52E+09 3.64E+09
p Am-242m 1.06E+09 4.54E+04 1.38E+08 5.57E+09 6.98E+10 1.86E+04 2.46E+09 3.78E+09
p Cm-244 1.07E+11 6.98E+06 1.29E+11 6.29E+11 7.85E+12 6.77E+06 3.21E+11 4.49E+11
p Cm-245 4.31E+07 8.55E+03 2.30E+07 2.29E+08 2.86E+09 4.70E+03 1.02E+08 1.57E+08
p Co-60 7.81E+06 3.02E+07 5.66E+08 2.82E+07 2.21E+07 2.66E+07 5.91E+07 9.70E+07
p Y-90 2.84E+04 2.84E+04 5.12E+08 8.35E+05 8.30E+05 2.84E+04 2.13E+08 1.25E+08
sr Sr-90 1.45E+08 1.45E+08 2.05E+08 1.85E+10 3.99E+10 1.45E+08 1.85E+08 3.55E+09
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Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)

PWR AND BWR SNF CRUD INHALATION SOURCE TERM

Fuel rem/FA

Type Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
PWR Co-60 8.72E+05 3.37E+06 6.32E+07 3.15E+06 2.47E+06 2.97E+06 6.59E+06 1.08E+07
BWR Co-60 3.52E+05 1.36E+06 2.55E+07 1.27E+06 9.99E+05 1.20E+06 2.66E+06 4.37E+06

AS-POURED HANFORD DHLW GLASS INHALATION SOURCE TERM
rem/Canister

Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
cs Cs-137 1.65E+09 1.48E+09 1.66E+09 1.57E+09 1.50E+09 1.50E+09 1.72E+09 1.63E+09
cs Ru-106 2.40E+07 3.29E+07 1.92E+10 3.25E+07 2.97E+07 3.18E+07 2.22E+08 2.39E+09
cs Cs-134 5.77E+07 4.80E+07 5.24E+07 5.24E+07 4.88E+07 4.93E+07 6.17E+07 5.57E+07
i 1-129 5.24E-03 1.26E-02 1.89E-02 8.44E-03 8.32E-03 9.41E+01 7.12E-03 2.83E+00
p Pu-239 6.26E+07 2.08E+03 1.69E+09 3.43E+08 4.28E+09 1.96E+03 1.58E+08 4.35E+08
p Pu-240 2.41E+07 8.68E+02 6.48E+08 1.32E+08 1.65E+09 7.54E+02 6.06E+07 1.67E+08
p Pu-241 2.63E+07 2.04E+03 3.04E+08 1.37E+08 1.70E+09 8.73E+02 5.75E+07 1.28E+08
p Pm-147 1.21E+03 5.29E+03 1.14E+10 2.37E+08 2.95E+09 2.91E+03 2.29E+08 1.55E+09
p Sb-125 2.34E+06 2.71E+06 1.41E+08 3.48E+06 6.37E+06 2.11E+06 9.44E+06 2.15E+07
p Pu-238 2.96E+07 1.25E+03 9.09E+08 1.65E+08 2.06E+09 1.10E+03 7.79E+07 2.21E+08
p Am-241 6.94E+10 5.70E+06 3.93E+10 3.72E+11 4.63E+12 3.42E+06 1.67E+11 2.56E+11
p Np-237 2.18E+07 1.24E+04 1.19E+07 1.93E+08 2.41E+09 9.87E+03 1.72E+07 1.07E+08
p Cd-113m 2.55E+05 2.55E+05 2.21E+07 2.55E+05 2.55E+05 2.55E+05 1.00E+07 5.81E+06
p Eu-155 5.42E+05 9.34E+05 1.81E+07 2.18E+07 2.31E+08 3.65E+05 1.69E+07 1.71E+07
p Eu-154 1.45E+07 1.93E+07 9.85E+07 1.32E+08 6.50E+08 8.88E+06 1.40E+08 9.61E+07
p Cm-244 7.35E+08 4.81E+04 8.93E+08 4.34E+09 5.41E+10 4.67E+04 2.21E+09 3.10E+09
p Cm-242 1.05E+06 1.74E+03 2.86E+07 7.20E+06 8.99E+07 1.74E+03 4.52E+06 8.62E+06
p Ce-144 2.64E+07 3.84E+07 8.72E+10 3.18E+08 5.20E+08 3.22E+07 2.11E+09 1.12E+10
p Y-90 8.00E+04 8.00E+04 1.44E+09 2.35E+06 2.34E+06 8.00E+04 5.99E+08 3.53E+08
sr Sr-90 4.08E+08 4.08E+08 5.77E+08 5.20E+10 1.12E+11 4.08E+08 5.20E+08 1.00E+10

Civilian Radioactive Waste Management System

Management & Operating Contractor



Title: Preliminary Design Basis Event Calculations for the MGR Attachment IX
DI No.: BC0O000000-01717-0210-00001 Rev 00 Page: IX-11 of IX-26

Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and 1-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

AS-POURED SAVANNAH RIVER DHLW GLASS INHALATION SOURCE TERM

rem/Canister

Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
cs Ru-106 1.08E+07 1.48E+07 8.67E+09 1.47E+07 1.34E+07 1.43E+07 1.00E+08 1.08E+09
cs Cs-134 1.62E+07 1.35E+07 1.47E+07 1.47E+07 1.37E+07 1.39E+07 1.73E+07 1.56E+07
cs Cs-137 1.41E+09 1.26E+09 1.42E+09 1.33E+09 1.28E+09 1.27E+09 1.47E+09 1.39E+09
p Am-241 1.33E+09 1.09E+05 7.50E+08 7.09E+09 8.85E+10 6.52E+04 3.19E+09 4.88E+09
p Pu-239 5.73E+08 1.91E+04 1.54E+10 3.14E+09 3.92E+10 1.79E+04 1.44E+09 3.98E+09
p Sb-125 1.13E+06 1.31E+06 6.82E+07 1.68E+06 3.07E+06 1.02E+06 4.56E+06 1.04E+07
p Pu-241 1.71E+09 1.32E+05 1.96E+10 8.84E+09 1.10E+11 5.65E+04 3.72E+09 8.26E+09
p Pu-240 3.86E+08 1.39E+04 1.04E+10 2.11E+09 2.64E+10 1.21E+04 9.70E+08 2.68E+09
p Pm-147 7.39E+02 3.22E+03 6.93E+09 1.44E+08 1.80E+09 1.77E+03 1.40E+08 9.45E+08
p Pu-238 5.71E+10 2.42E+06 1.76E+12 3.18E+11 3.98E+12 2.12E+06 1.50E+11 4.28E+11
p Ce-144 8.73E+06 1.27E+07 2.89E+10 1.05E+08 1.72E+08 1.07E+07 6.98E+08 3.70E+09
p Eu-155 6.26E+05 1.08E+06 2.09E+07 2.51E+07 2.67E+08 4.22E+05 1.95E+07 1.97E+07
p Eu-154 2.68E+07 3.55E+07 1.82E+08 2.43E+08 1.20E+09 1.64E+07 2.59E+08 1.77E+08
p Co-60 2.99E+06 1.16E+07 2.17E+08 1.08E+07 8.49E+06 1.02E+07 2.26E+07 3.72E+07
p Cm-244 6.33E+09 4.14E+05 7.68E+09 3.73E+10 4.66E+11 4.02E+05 1.90E+10 2.67E+10
p Y-90 9.16E+04 9.16E+04 1.65E+09 2.69E+06 2.67E+06 9.16E+04 6.85E+08 4.04E+08
Sr Sr-90 4.57E+08 4.57E+08 6.45E+08 5.81E+10 1.26E+11 4.57E+08 5.81E+08 1.12E+10
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Table IX-2. EXTERNAL (SUBMERSION) DOSE SOURCE TERMS (rem/hr per FA/m3)

Isotope  Gonad Breast Lung R Marrow B Surface  Thyroid Remainder Skin Eye Lens (1) Whole Body
PWR DBF (48.086 GWD/MTU, 4.2% INIT. ENRICH., 10 YR. OLD)
H-3 0.00E+00 0.00E+00 1.00E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.21E+00
Ar-39 8.32E-06 6.98E-06 6.20E-06 1.24E-05 1.35E-05 8.13E-06 5.24E-06 5.13E-03 0.00E+00 7.58E-06
Kr-85 5.91E+03 5.16E+03 4.92E+03 6.56E+03 7.02E+03 2.85E+03 4.79E+03 5.32E+05 0.00E+00 5.36E+03
TOTAL 5.91E+03 5.16E+03 4.93E+03 6.56E+03 7.02E+03 2.85E+03 4.79E+03 5.32E+05 0.00E+00 5.37E+03
BWR DBF (49.0 GWD/MTU, 3.74% INIT. ENRICH., 10 YR. OLD)
H-3 0.00E+00 0.00E+00 4.26E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.12E-01
Ar-39 4.10E-06 3.44E-06 3.06E-06 6.14E-06 6.64E-06 4.01E-06 2.58E-06 2.53E-03 0.00E+00 3.74E-06
Kr-85 2.28E+03 1.99E+03 1.90E+03 2.53E+03 2.71E+03 1.10E+03 1.85E+03 2.05E+05 0.00E+00 2.07E+03
TOTAL 2.28E+03 1.99E+03 1.90E+03 2.53E+03 2.71E+03 1.10E+03 1.85E+03 2.05E+05 0.00E+00 2.07E+03
DHLW GLASS (ALL TYPES)
N/A
1997 BOUNDING PWR (58.0 GWD/MTU, 3.92 INIT. ENRICH., 10 YR. OLD)
H-3 0.00E+00 0.00E+00 1.19E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.43E+00
Ar-39 1.11E-05 9.27E-06 8.24E-06 1.65E-05 1.79E-05 1.08E-05 6.96E-06 6.82E-03 0.00E+00 1.01E-05
Kr-85 6.51E+03 5.68E+03 5.42E+03 7.23E+03 7.73E+03 3.14E+03 5.28E+03 5.86E+05 0.00E+00 5.91E+03
TOTAL  6.51E+03 5.68E+03 5.43E+03 7.23E+03 7.73E+03 3.14E+03 5.28E+03 5.86E+05 0.00E+00 5.91E+03
100% BOUNDING PWR (74.6 GWD/MTU, 5.07% INIT. ENRICH., 10 YR. OLD)
H-3 0.00E+00 0.00E+00 9.56E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.15E+00
Kr-85 7.42E+03 6.47E+03 6.17E+03 8.23E+03 8.81E+03 3.58E+03 6.01E+03 6.67E+05 0.00E+00 6.73E+03
TOTAL  7.42E+03 6.47E+03 6.18E+03 8.23E+03 8.81E+03 3.58E+03 6.01E+03 6.67E+05 0.00E+00 6.73E+03
50% PWR (39.56 GWD/MTU, 3.69 INIT. ENRICH., 25.9 YRS OLD")
H-3 0.00E+00 0.00E+00 4.99E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.99E-01
Ar-39 6.90E-06 5.79E-06 5.14E-06 1.03E-05 1.12E-05 6.74E-06 4.34E-06 4.25E-03 0.00E+00 6.28E-06
Kr-85 2.61E+03 2.28E+03 2.17E+03 2.90E+03 3.10E+03 1.26E+03 2.12E+03 2.35E+05 0.00E+00 2.37E+03
TOTAL 2.61E+03 2.28E+03 2.18E+03 2.90E+03 3.10E+03 1.26E+03 2.12E+03 2.35E+05 2.37E+03
50% BWR (32.24 GWD/MTU, 3.00 INIT. ENRICH., 27.2 YRS OLD“’)

H-3 0.00E+00 0.00E+00 4.39E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.27E-01
Ar-39 6.43E-06 5.39E-06 4.79E-06 9.62E-06 1.04E-05 6.28E-06 4.05E-06 3.96E-03 0.00E+00 5.86E-06
Kr-85 2.11E+03 1.84E+03 1.75E+03 2.34E+03 2.50E+03 1.02E+03 1.71E+03 1.90E+05 0.00E+00 1.91E+03
TOTAL 2.11E+03 1.84E+03 1.75E+03 2.34E+03 2.50E+03 1.02E+03 1.71E+03 1.90E+05 0.00E+00 1.91E+03

(1) The source term for the lens of the eye is given as zero (0) since the principal contributor, Kr-83m with a half-life of 1.83h, has decayed to negligible activity after 10 years.
(2) Conservatively used 30 year decay since the CDB would not allow the standard decay times to be scaled for output in "Curies by Isotope"
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Table IX-3. Grouped Sources (Aggregated Source Terms for 50%PWR Fuel)

50% PWR Fuel (Age=25.9 Years*, 39.56 GWD/MTU, 3.69%)

Isotopic Grouping Gonad Breast Lung R. Marrow B. Surface Thyroild Reminder Whole Body
Group per Tab.IX-2 (rem/FA) (rem/FA) ({rem/FA) (rem/FA) (rem/FA) (remiFA) = (rem/FA) {remiFA)
{Column No.) {A1) (A2) (A3) (Ad) {A5) (AB) (A7) (A8) |
Particulate p 3.55E+11  1.14E+08 3.10E+12 1.94E+12 242E+13 6.72E+07 B.97E+11 1.69E+12
Noble Gas N/A N/A N/A NfA N/A N/A N/A N/A N/A
lodine i 5.63E+00 1.35E+01 2.03E+01 9.07E+00 B8.94E+00 1.01E+05 7.64E+00 3.04E+03
Cesium cs 1.17E+09 1.04E+08 1.18E+09 1.11E+09 1.05E+09 1.05E+09 1.22E+09 1.15E+09
Tritium h. 8.71E+03 B8.71E+03 8.71E+03 8.71E+03 8.71E+03 B.71E+03 8.71E+03 8.71E+03
Crud PWR B.72E+05 3.37E+06 6.32E+07 3.15EH06 247E+06 297E+06 6.59E+06 1.08E+07
Strontium sr 239E+08 2.39E+08 3.38E+08 3.06E+10 659E+10 235E+08 3.05E+08 5.87E+09
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Table (X-4. BEST ESTIMATE INHALATION DOSE TO THE GONAD

50% PWR Bounding Fuel e i T e
. Breaathing 100 m  Offsite Dose 1000 m Offaite Dose 5000 m Offsite Dose
Isolopic Gonad #of Releasa Mitigation Rate xQ rem xQ rem xia rem
Group {remyFA} FA's Fraction Factor m*3isec  secim*3 100 m secim*3 1000 m sec/m*3 5000 m
1} See Column 1F2rEr =13 HEAMA
(Coumn o) {SELNE @ &) “ ) ) e ® e (10 R
Particulate 3.55E+11 8 217E-06 3.00E-04 3.30E-04 548E-04 335604 6.15E-06 3.76E-06 1.44E-05 8.79E-06
Noble Gas N/A 8 3.00E-02 1.00E+00 3.30E-04 54BE-04 B.15E-06 1.44E-05
lodine 5.63E+00 8 1.00E-02 1.00E+D0 3.30E-04 5.48E-04 8.14E08 B.15E-06 9.14E-10  1.44E05 2.14E-09
Caslum 1.17E+09 8 427E-08 3.00E04 JIE-04 54B8E-04 2.16E-06 6.15E-08 243E-08 1.44E-05 5.68E-08
Teltium 8.7T1E+03 8 3.00E-02 1.00E+00 3.30E-04 54BE-04 3.7BE-D4 6.15E-08 425E-06 1.44E-05 9.93E-06
Crud 8.72E+05 B 1.50E-01 3.00E-04 23.30E-04 S54BE-04 5.88E05 6.15E-06 B.3TEQT 144E-05 1.49E-06
Strontium 2.39E+08 8. 427E08 3.00E-04 330E04 54BE-04 4 43E-07 6.15E-08 4. 98E-09 1.44E-05 1.16E-08
Total T.T2E-04 8.87E-08 2.03E-05
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE BREAST

50% PWR Bounding Fuel __ L .
Breathing 100 m Offsite Doss 1000m  Offsite Dose 5000 m  Offsite Dose
isotoplc Breast #of Release Mitigation Rate XiQ rem xiaQ rem XaQ rem
Group (rem/FA} FA's Fraction Factor m*3fsec  sec/m"3 10 m sec/m*3 1000 m sac/m*3 5000 m

1): Ses Colu T r e () (2)4) )23y

(CoumaNoy {1 SeeCobma  (3) {3) ) ®) ©) B AG LY ® U R (10} R b A
Particulate 1.14E+08 8 217E-06 3.00E04 3.30E-04 54BE-04 1.08E-07  6.15E-06 1.21E-09 1.44E05 2.83E-09
Naoble Gas NIA 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 0.00E+00 6.15E-06 0.00E+00  1.44E-05 0.00E+00
lodine 1.35e+01 8 1.00E-02 1.00E+00 3.30E-04 5.48E-04 1.86E07 B.15E-06 2.20E-09 1.44E-05 5.15E-09
Ceslum 1.04E+09 8 4.27E08 3.00E-04 3I3I0E04 54BE-04 1.84E-08 6.15E-00 2.18E-08  1.44E-05 5.09E-08
Tritium 8.71E+03 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 3.78E04 B.15E-06 425808 1.44E-05 9.93E-06
Crud 3.37E+08 8 1.50E-01 3.00E-04 J30E-04 5.4BE-04 2.20E-D4 6.15E-08 2.4BE-06 1.44E-05 §.7TE-06
Strontium 2.39E+08 8 427E-08 3.00E-G4 3.30E-04 5.48E-04 4.43E-07 6.15E-00 | 49BE-03  1.44E-05 1.16E-08
Total 6.00E-04 6.74E-08 1.58E-05
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE LUNG

50% PWR Bounding Fuel
Breathing 100 m Offsite Dose 1000m  Offsite Dose 5000m  Offsite Dose
Isotopic Lung #of Release Mitigation Rate XQ rem xXiq rem XQ rem
Group {rem/FA) FA's Fraction Facter m*3sec  secim”3 100 m sec/m*3 1000 m sac/m*l 5000 m
1): Sae Column TR 2)(3) B)=(1) (2) (3 =112 3
(Coumn No) {1} SeeCoM  12) @) “ e (6 A ®) P ooy (REIERS
Particulate 3.10E+12 8 217E-08 J.00E-04 3.30E-04 548E-04 293E-03 8.15E-08 329E-05 1.44E-05 7.69E-05
Noble Gas N/A 8 3.00E-02 100E+00 3.30E-04 5.40E-04 000E+00 B.15E-06 0.00E+00  1.44E-05 0.00E+00
lodine 2.03E+01 8 1.00E-02 1.00E+00 3.30E-04 548E-04 2.94E-07 8.15E-06 3.30E-09 1.44E-05 71.73E-09
Ceslum 1.18E+09 8 427E-08 3.00E04 3.30E-04 548E-04 218E-068 6.15E-06 245E08 1.44E-05 5.73E-08
Tritium 8.71e+03 8 3.00E-02 100E+00 3.30E-04 5.48E-04 3.78E-04 6.15E-08 4.25E08 1.44E-05 9.93E-08
Crud 532E+07 8 1.50E01 300E-04 3.30E-04 6.48E-04 412E-03  6.15E-08 462E05 1.44E-05 1.08E-04
Strontium 3.38E+08 8 427E-06 3.00E-04 3.30E-04 548E-04 6.27€-07 6.15E-08 7T.04E-09 1.44E-05 1.65E-08
Total 7.43E-03 8.33E-05 1.95E-04
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE MARROW
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50% PWR Bounding Fuel _ e __ _
Breathing 100 m Offsite Doss 1000 m Offsite Dose 5000 m Offsite Dose
Isotopic Marrow #of Release Mitigation Rate uaQ rem xa rem xaQ rem
Group (rem/FA) FA's _ Fraction Faetor m*3lsec  sec/im*3 100 m sec/m*3 1000 m sec/im*3 5000 m
1): Saa Column P=RIOr (B=(1) (21430 (1=
(Conmano) QPSR @ @ “ € ® (415)'(8} ®) {5y (8) 0 @'(5rtio)
Particulale 1.94E+12 a 247E-08 3.00E-04 3I.30E04 548E-04 1.83E-03 6.15E-06 2.056-05  1.44E-05 4 B1E-05
Noble Gas N/A 8 3.00E-02 1.00E+00 3.30E-04 54BE-04 0.00E+00  6.15E-06 000E+00  1.44E-05 0.C0E+00
lodine 9.07E+00 8 1.00E-02 1.00E+00 3.30E-04 5.48E-04 1.31E-07  6.15E-06 147E-09  1.44E-05 3.45E-09
Ceslum 1.11E+09 8 4.27E-08 3.00E04 3.30E-04 5.48E-04 2.05E-08 6.15E-08 2.30E-08 144E-05 5.39E-08
Tritium B.7T1E+03 8 3.00E-02 1.00E+00 3.30E-04 S543E-04 3.76E04 B.15E-08 425068 1.44E-05 9.93E-08
Crud 3.15E+06 ] 1.50E-01 3.00E-04 3.30E-04 5.4BE-D4 2.05E-04 B8.15E-06 2.30E-08  1.44E-05 5.39€-06
Strontium 3.05E+10 8 427E-06 3.00E-04 3.30E-04 S5.4BE-04 566E05 B.15E-06 6.35E-07 1.44E-05 1.49€-08
Total 2.47E-03 2.7TE-05 B6.49E-03
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE BONE SURFACE
50% PWR Bounding Fuel
Breathing 100 m Offsite Dose  100Gm  Offsite Dose 5000 m  Offsite Dose
isotoplc B. Surface #of Release Mitigation Rate xQ rem wa rem Xia rem
Group (rem/FA) _ FA's _Fraction Factor m"3isec  secim*3 100 m sec/m*3 1000 m soc/m*3 5000 m
: T (2)'(3 =(1) (213 1)=(1)"(2)"
(Coumnno) (PSS @ @ ) ) ® Tearasar ® R o) ORGLEEST
Particulate 2.42E+13 8 217E-08 3.00E-04 3.30E-04 5.4B8E-04 22902 68.15E08 257E-04 144E-05 6.00E-04
Noble Gas N/A 8 3.00E-02 1.00E+00 J.30E-04 5.4BE-04 0.00E+00 6.15E-06 0.00E+00  1.44E-05 0.00E+00
lodine B.94E+00 8 1.00E-02 1.00E+00 J30E-04 5.48E-04 1.20E07 6.15E-08 14A5E09 1.44E-05 3.40E-09
Cesium 1.05E+09 8 4.27E-08 300E04 23.30E-04 5.48E-04 1.86E-06 6.15E-06 2.20E-08  1.44E-05 5. 14E-08
Tritium 8.71E+03 8 3.00E-02 1.00E+00 3.30E-04 548E-G4 3.78E-04 B.15E-06 425E-06 144E-05 9.93E-06
Crud 247408 8 1.50E-01 3.00E-04 3.30E-04 5.48E-04 1.61E-04 6.15E-08 1B81E-08 1.44E-05 4 23E-08
Strontium 6.59E+10 8 427E08 3.00E04 3I.0E04 S4BE-4 1.22E-04 6.15E-08 $1.37E08  1.44E-05 3.21E-08
Total 2.35€-02 2.C4E-04 6.18E-04
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE THYROID

50% PWR Bounding Fuel
Breathing 100 m OffsiteDose 1000m  Offsite Dose 5000m  Offsite DO“W
ksotopic Thyrold #of Release Mitigation Rate xiQ rem xiQ rem X rem
Group {frem/FA) FA's Fraction Faclor mi3isec  secim”3 100 m sec/m*3 1000 m sec/m*3l 5000 m

1): See Column 1)°@1(3) D)=(1)"(2)"(3)" HE(2) (3

(Coumnia) {1 SeeCobm ) ® ) ) () @RI ® BRI (10) s MELIY
Particulate 6.72E+07 ] 21TE-08 3.00E04 3I.I30E04 548E-04 6.34E-08 6.15E-08 TA1E-10 1.44E-05 1.86E-09
Noble Gas N/A 8 3.00E-02 1.00E+D0 3.30E-04 S548E-04 0.00E+00  8.15E-06 0.00E+0Q0  1.44E-05 0.00E+00
lodine 1.01E+05 e 1.00E-02 1.00E+00 3.30E-04 5.48E-04 1.46E-03 6.15E-08 1.64E05 1.44E-05 A B4E-05
Cesium 1.05E+09 8 4.27E-068 JD0E04 330E-04 S54BE-04 1.96E-06 6.15E-08 2.20E-08  1.44E-05 5.14E-08
Trithum 8.71E+03 8 3.00E-02 1.00E+00 3.30E-04 5.4BE-D4 3.78E-04  6.15E-068 425E068 1.44E-05 9 93E-06
Crud 2.97E+06 8 1.50E-01 3.00E-04 3.30E-04 5A4BE-D4 193604 B.15E-08 217E08 1.44E-05 5.08E-08
Strontium 2.39E+08 8 427E-08 3.00E-04 3I.30E-D4 S48E-04 443E07 B.15E-06 4 98E09 1.44E-05 1.16E-08
Total 2.04E-03 2.29E05 5.35E-03
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Table 1X~4. BEST ESTIMATE INHALATION DOSE TO THE REMAINDER

50% PWR Bounding Fuel
Breathing 100 m Offsite Dose 1000 m  Offsite Dose 5000 m Offsite Dose
lsotopic Remainder #of Release Mitigation Rate xa rem xXiaQ rem X rem
Group {rem/FA) FA's _ Fraction Factot mi3isec  secim*3 100 m sec/m*3 1000 m sec/m*3 5000 m

: 112 =121 (3) 1Ry Y

(Coumn o) (e 0es @ e “ & @ e © R oo TR
Particulate 8.97E+11 8 217TE-06 300E-04 3.30E-04 548E-04 8.46E04 6.15E-06 8.50E-068 1.44E-05 2.22E-05
Noble Gas N/A 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 0.00E+00  6.15E-06 0.00E+00  1.44E-05 0.00E+00
lodine 7.64E+00 8 100E-02 1.00E+00 3.30E-04 S548E-04 1.11E07 6.15E06 - 1.24E09  1.44E-05 2.90E-09
Cesium 1.22EH09 8 427E-06 J.00E04 3.30E-04 548E-04 22BE-08  6.15E-08 253E-08  1.44E-05 5.93E-08
Tritum B.71E+03 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 3.78E04 6.15E-06 4.25E-08 1.44E-05 8.93E-06
Crud 6.59E+08 8 1.50E-01 3.00E-04 3.30E-04 5.48E-D4 4.29E04 B6.15E-08 4.B2E-08 144E-05 1.13E-05
Strontium 3.05E+08 8 427E-06 3.00E-04 3.30E04 S548E04 568E-07 6.15E-08 6.35E-09  1.44E-05 1.49E-08
Total 1.66E-03 1.86E-05 4.35E-05

Table 1X-4, Page 7 of 10

00 A9 1L0D00-0120-2+210-000000008 “ON IQ

9zZ-X| J0 0Z-X| :abed

Bisa@ AJeuiwIRd 9L

HOW U} Jo} suone|noes JusA3 siseg u

¥] JUSWUOBRY



=
o
3
]
©
o
3
o
2
Ro
o
o
o
=
=2
a
Q)
o
3
8
-

Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE WHOLE BODY

50% PWR Bounding Fuei
Breathing 100 m Offsite Dose 1000 m Ofisite Dose 5000 m  Offsite Dose
lsotopic Whole Body #o0of Release Mitigation Rate xQ rem xiQ rem XiQ rem
Group (rem/FA}) FA's Fractlon Factor m*3/sec  sec/m*3 100 m sec/m*3 1000 m sec/m*3 5000 m

: 11213y 9)=(1)(2) (131 =23

(Couma No) {3582 Cobm  g) ® *) (5) ® AT ®) ORI oy CIRAREEG)
Particulate 1.69E4+12 8 2.17E-068 3.00E-04 3.30E-04 S5.48E-D4 15903 6.15E-08 1.79E05 1.44E-05 4.19E-05
Noble Gas N/A B 3.00E-02 1.00E+00 3.30E-04 S5.4BE-04 0.00E+00 6.15E-06 0.00E+00  1.44E-05 0.00E+00
lodine J.04E+03 8 1.00E-02 1.00E+00 3.30E-D4 5.4BE-04 440E05 6.15E-08 4.84E-07 1.44E-05 1.16E-08
Ceslum 1.15E+09 8 4.27E-06 3.00E-04 J30E-D4 548E-04 2.13E06  6.15E-08 239E-0B  1.44E-05 5.58E-08
Tritium 8.71E+03 8 3.00E02 1.00E+0Q0 3.30E04 §548E-04 3.TBE-04 6.15E-00 4.25E06 1.44E-05 9.93E-08
Crud 1.08E+D)7 3 1.50E-01 3.00E-04 3.30E04 548E-04 7.03E04 6.15E-08 T90E08  1.44E-05 1.85E-05
Strontium 5.87E+09 8 4.27E-08 3.00E-04 3.30E-04 5.48E-04 1.08E-05 @.15E-08 1.22607 144E05 2 86E-07
Total 2.T3E03 3.07€-08 7.18E05
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Table IX-4. BEST ESTIMATE EXTERNAL DOSE (SUBMERSION)

SOURCE TERM Unlts: remihr per FA/m*3
{sotope Gonad Breast Lung R Marrow B Surface Thyrold Remalnder Skin Eye Lens  Whole Body
{Column Na.) () t)) (3 ) {5) (8} ) (8) ] {10
50% PWR
H-3 0.C0E+00 0.00E+00 4.99E+00 0.COE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 5.95E-01
Kr-85 2.61E+03 2.286+03 217E+03 2.90E+03 3.10E+03 1.26E+03 2.12E+03 2.35E+05  0.00E+00 237E+03 .
Total 2.61E+03 2.2BE+03 217E+03 2.90F+03 3.10E+03 1.26E+03 2.12E+03 2.35E+05  0.00E+00 2.37E+0)

The =ource term for the lens of the eye is given as zero (0) since the principal contributor Kr-83m has decayed to negligible activity after 10 years,
CONVERSION OF SOURCE TERM

Source Converslon Source

(rem/hr per Factor {rem/sac per
. FA/m*3) (seclhr} FAIm*3)
{Columa No.} m (2) {3y = (1w(2)
Gonad 261E%03 J50E+03 T.25E0T
Breast 2.28E+03 3.60E+03 6.33E-01
Lung 217E+03 - 3.60E+03 6.04E-01
R Marrow 2.90E+03 3.60E+0) B.06E-01
B Surface 310E+03 3.60E+03 B.61E-01
Thyrold 1.26E+03 3.60E+03 3.50E-01
Remainder 2.12E+03 3.60E+03 5.89E-01
Skin 2.35E+05 3.60E+03 6.53E+01
5%’ Lens 0.00E+00 3.60E+03 0.00E+00
ole Body 2.37TE+03 3.60E+03 6.58E-01
OFFSITE DOSES FOR GROUND RELEASE (No Filtration Credit for Gases)
Source 100 m  Offsite Dose 1000 m  Offsite Dose 5000m Offsite Dose
remisec per #of Release Mitigation xaQ 100m XiQ Dose xQ Dose
FAIm*3 FA's Fraction Factor sec/im*3 rem secim*3 rem I sec/im*3 rem
{i) fom Cdl. (3) BRIy aE(reyr 0=y 2y
(Columa) sbove @ G a ) ERhke! @ ERNGH) ® A

Gonad 7.25E01 8 300E0Z2  1.00E+00 5.54E-04 964E05 - 6.84E-06 1.10E08 1.44E-05 2.51E-06
Breast 6.33E-01 8 3.00E-D2 1.00E+00 5.54E-04 B.42E-05 6.84E-06 1.04E-06  1.44E-05 2.19E-06
Lung 6.04E-01 8 3.00E-D2 1.00E+00 5.54E-04 8.03E-05 6.84E-06 9.91E-07  1.44E-05 2.09E-08
R Marrow 8.06E-01 8 3.00E-02 1.00E+00 5.54E-04 1.07E-04 6.84E-06 1.32E-06 144E-05 2.78E-08
B Surface 8.61E-01 8 3.00E-02 1.00E+00 5.54E-04 1.14E-04 6.84E-06 t41E06  1.44E-05 2.9BE-06
Thyrold 3.50E-01 8 3.00E-02 1.00E+00 5.54E-04 4.65E-05 6.B4E-06 574E-07  144E-05 1.21E-0B
Ramainder 5B9E-01 8 3.00E-02 1.00E+00 554E-04 7.83E-05 6.B4E-08 9.66E-07  1.44E-05 2 04E-06
Skin 6.53E+01 8 3.00E-02 1.00E+00 5.54E-04 8.6BE-03 6.84E-06 1.07E-04 144E-05 2.26E-04
Eye Lens D.00E+00 8 3.00E-02 1.00E+00 554E-04 0.00E+00 6.84E-08 0.00E+00  1.44E-05 0.COE+00
Whole Body 6.58E-01 8 3.00E-02 1.00E+00 5.54E-04 8.75E-05 B.84E-06 1.08E-06 144E-05 2.28E-08
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BEST ESTIMATE SUMMARY OF DOSE CALCULATIONS

Wasteform  Inhalation Dose (Rem) m Bubmersion/External Dose (Rem) | :J Sum ef Inhalation and Submarsion (Rem) | Pote Term for

{Colmn) i 2 {5) (1) + (4] {8)=(2) * (S} (9)=(3) + (6}

50% BoundingPW  100m 1000 m suoom 1oom 1000 m sooom 100 m 1000 m 5000 m

Ganad 77204  B6TE08  203E-05 BG4E05  1.19E08  251E06 8E0E-O4  986E08  220E05

Breast 600ED4 G74ED8  1.58E-05 BAZE05  10ME08  2.19E06 685E04  7TBED3  1.80E-05

Lung TAIED3  BIEL5 195604 BOJEO5  991ED7  209E-08 T51E01  BAJEO5  1.O7E-04

R Marrow 247E03  27TE0S  B4PEOS 107604 132608 278608 258E03  201E05  BI7E05

B Surface 235E02  2GEO4  GABE4  <CDE  1.MEO4  141E08 298608 236E02  2B5ED4  6.21E-04 <cDE
Thyrold 204E03  229€05 535605 485E05  S74E-07  1.21E-08 20803 234E05  S47E05

Remainder 166603 1.86E05  4.36€-05 7.83E05  086E07  2.04E-08 173603 1B6E05  4.55E.05

Whole Body 27303  307E05  7.4BE05 <CEDE  O.J5EQS  108E08  228E08  <DDE 282600  3.18E-05  741E-05  <TEDE<CEDESDOE
Eye Lens NA NA WA <EYE  OO0E+00  OO0E+00  O000E+0D  <EVE  000E+00  0.00E+00  0.00E+00 <EYE

Skin NA . NA NA <SKIN _ BBBE03  107E04  228E04  <SKIN _ B6BE03  1O7E04 228604 ]
[Note: Bokded quantities ars added togethar to calctate “COE + DDE™: 2.36E02 285604 8.20E-04 <COE + DOE

Table IX-4, Page 10 of 10
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Title: Preliminary Design Basis Event Calculations for the MGR Attachment IX
DI No.: BC0O000000-01717-0210-00001 Rev 00 Page: 1X-24 of IX-26

FigurelX-1. Hand Calculation (Page 1 of 3)
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Title: Preliminary Design Basis Event Calculations for the MGR Attachment IX
DI No.: BC0000000-01717-0210-00001 Rev 00

Page: IX-25 of IX-26

FigurelX-1. Hand Calculation (Page 2 of 3)
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Title: Preliminary Design Basis Event Calculations for the MGR
Page: IX-26 of IX-26

DI No.: BCO000000-01717-0210-00001 Rev 00

FigurelX-1. Hand Calculation (Page 3 of 3)
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Title: Preliminary Preciosure Design Basis Event Calculations Attachment X

D! No.: BC0000000-01717-0210-00001 Rev 00 Page: X-1 of X4 5§
aK
Attachment X - Crane Data from the U.S. Navy a“m_(%
Crane Drop Frequency &nd X-3

The crane drop frequency for heavy crane lifts at the MGR was estimated based on crane lift infermation
from the th-&—have Newport News Shipbuilding facility (see page X-2, faxed information from D.
McKercher to L. Booth). The total number of lifts for non-magnet cranes, during 1996 and 1997, was
933,000 (page X-2). Magnet cranes were excluded because magnet cranes are not expected to be used
in the MGR surface facilities. The number of dropped loads for non-magnet cranes during this same time
period was 13 (page X-2). Based on the above information, the crane drop frequency for heavy lifts at
the MGR is calculated to be 1.4E-5 drops per lift (13 drops /933,000 lifts).

This drop frequency was used as the initiating event for crane drop events involving transportation casks,
all types of canisters, and disposal containers. The drop frequency is an integral number to calculate the
averall event frequency for a sequence of events and has a material effect on the event category (i.e.,
Cat. 1, Cat. 2 or BDBE). It is expected that this number will be further scrutinized and refined as
additional information is gathered.

Note: The drop frequency for individual spent fuel assemblies handled in the Assembly Transfer System
is based on historical data on fuel handling accidents at commercial nuclear power plants (see
Assumption 3.4.1 and Reference 7.23).

Two-Block Probability

In a typical two-block crane event the load is lifted up to the highest point physically possible, usually in
an uncontrolled motion, resulting in a break of the load-bearing cable and a drop of the load. The crane
two-block event probability is the fraction of ail crane drops which are two-block events. Since the
component level of design detail is insufficient to calculate a two-block event failure rate, the two-biock
probability was estimated based on actuarial data from the Department of the Navy (provided under cover
letter from K. Schlichting to J. Kappes, page X-3 through X-4).

Based upon the Department of the Navy information (see graph of “Accident Types” on page X-4), the
total number of dropped load accidents which ocurred between 10/94 and 9/96 was 45. The graph on
Page X-4 notes that accidents may be counted in more than one type of category. Based on this same
graph, the number of two-block events during the same time period was 11. The two-block events in this
graph are conservatively assumed to be a subset of the 45 total dropped load events. Therefore, the two-
block probability was calculated to be 0.24 (11 two-blocks/45 dropped {oads).
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Title: Preliminary Preclosure Design Basis Event Calculations
DI No.: BC0000000-01717-0210-00001 Rev 00

Attachment X
Page: X-2 of X-5

*PF% JOn RS

facsimile transmittal

Fax:

Te:  Jim Kappes

I
\\\\‘qu&

702-295-42310

From: Dave McKercher Dats:

11712198

Re:  Crane Lift Information Pages:

cc:

{1 Urgent x For Review [ Piasss Cornmant

D Plessafeply 3 Piosss Recycle

notes: As discussed, the lift and accident information that we provided

Louie Booth on 5/11/98 came from our crane accident data base. It is

| :;pt'copy right protected and you arc free to use it in the “Crane Drop

Frequency” paragraph you faxed me on 11/10/98 subject to deleting

the words “U.S. Navy” in front of Newport News Shipbuilding.
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Title: Preliminary Preclosure Design Basis Event Caiculations A*achment X

DI No.: BC0000000-01717-0210-00001 Rev 00 Page: X-2-0f X4
3 5
o . . JAK
Newport News Shipbuilding’s Crane Lift Information 23
05/11/98

Bridge and Gantry Crane Lifts

Magpet Crages QOther Total
1997 604,000 518,000 1,122,000
1996 376,000 415,000 221.000
Total 1,180,000 933,000 2,113,000

Number of Dropped Loads

Magnet Cranes Qther Total
1997 3 [ 3
1996 4 ] L
Total 7 REA 20

Lifts/Dropped Loads
nes Qther Total
1997 201,333 103,600 140,250
1996 144,000 51,875 82,583
Total 168,571 71,769 105,650
Areys
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DEPARTMENT OF THE NAVY

MNORTHERN DIVISION
MAYAL FACLITIES ENGINEFIING COMMAND
10 INDUSTRLAL HIGHWAY
MAIL STOP, #82
LESTER, P4 9113-2000 5720/98-140 W REPLY REFER TO
24 April 1998 ‘

MR JAMES KAPPES

DE&S

400 SOUTH TRYON ST
CHARLOTTE NC 26201-1004

Dear Mr. Kappes:

This is in response to your Freedom of Information Act
request dated 16 April 1998. As a matter under the Freedom of
Information Act, it was referred to this office for action.

In accordance with your request, the enclosed information
is provided. Should you have any further inquiries, please
identify control #98-140 in your correspondence.

The cost associated with processing your request have been
waived.

Sincerely,

Y Stioe

KATHLEEN M. SCHLICHTI;;;}
Freedom of InformaTion
Act Coordinator

By direction of the
Commanding Officer

Civilian Radioactive Waste Management System
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Accident Types

50
(110/94-9/95 20
40 .......... 10’95-9]96 ............. 38. ........ 7.
35 %
: fi"%
................... s % .
%
'-:'.*t-,‘.'%
...... L
% %
....... / - ‘i‘z;;;‘f:/.
2 | % %
0 /A e % ‘eif?:ﬂi"‘// % . Z
Injury Dropped Over- Two- Load Crane Other

Load Load Block Collision Collision

* Accidents may be counted in more than one type category.
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Attachment XI - Site-Specific Yucca Mountain ¢/Q Values

PRELIMINARY DRAFT

MEMORANDUM

Kebimn hMndegue
Craba Amidwed, Feul FrRmiall. Progene Goddall Exilh Kasth

ERELIMINARY DEAFT Requerind 7] vahuce

Ta
o
FROM: Wall Schulk, g Landwehs
RE
Drate 07 May 1908

Oipilve:
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PRELIMINARY DRAFT
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