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1. Purpose U
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. 7.28). This work will provide a basis for
future design analyses to support a MGR Ucense 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 wiN serve as Input to the following ongoing activities:

* System description documents (SD~s)
* 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
8) 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 10.2 per year and 0I per year)(Ref. 7.53) was conducted using both 'Conservative' and 'Best
Estlimate' 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 fa10e
2 10 4 cf c 102

Beyond Design Basis Event f s 104
1 (~BDBE) I _ _ _ __ _ _ _ __ _ _ _

The focus of the analysis was on Category I and Category 2 events, consistent with guidance in the
10 CFR 60 rulemaking (Ref. 7.53). Events with a frequency less than 104 per year are termed
OBeyond Design Basis Events (BDBEs), however, the dose consequences of these events were

Civilian Radioactive Waste Management System
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evaluated similar to Category I 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 I 0 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 (Le.. 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 unavallability 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 dops/year) x 0.24 (2-block drops/crane drop) x 4.8E-4 = 8.4E-7 two-biock drops/ear

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 imiting than the TEDE dose; however, this Is not
expected to significantly change the results of this calculation.

Two models were used to calculate doses, OBest 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 the 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) t Is believed that future safety analyses to support LA will reflect best
estimate doses for Category-i 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
qualitative 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.

Selsrnlc-Initated DBEs were evaluated from a slightly different perspective than internal DBEs (e.g.,
drop events) and other exdemal DBEs (e.g., loss-of-offsite power events). Consequence analysis of
selsmic-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 1O 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.'

Civilian Radioactive Waste Mananement System
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2.2 Doss Calculation Parameters 1J
The general equations for calculating the TEDE dose to the offsite public, for any given event are
provided In Attachment IX, Dose Calculation Data. Attachment IX contains detailed information on
the dose calculation methodology employed in this report, and provides a sample dose calculation.

Where data existed, both gConservative' and Best Estimatea 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 nuclear licensing precedence, where applicable
(References 7.3, 7.6, 7.11, 7.18, 7.23, 7.29, 7.41, 7.43, 7.44, 7.53, 7.56, 7.59). The following 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 release (i.e.,
material-at-risk) during a DBE. The source term for a given DBE Is a function of the fuel type and fuel
characteristics, Inducting bumup, 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 radiological 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 radlonuclide 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 engulfed 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 offslte doses are the effective dose equivalents due to external radiation exposure to
an individual's body and organs from the passage of a radioactive plume. The total effective dose
equivalent (rEDE) 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 mranow, 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-I37 and Ru-106 were combined into a single Cesiumn 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 radionucilde 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 conservativ 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 97.85% 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

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Preclosure Design Basis Event Calculations for the Monitored Geologic Repository
DlNo.:BCOQOOOO-01717-0210-00001 Rev 00 Page: 7 of 46

(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 Involng 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 (CurieslAssembly) 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 show the 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
Fuel Container Best Estimate (renVFA) Conservative (renIFA)
Transportation Cask 50% Average SNF PWRUBN DBF
CSNF Assembly 50% Average SNF 100% Bounding PWR
Disposable Canister DHLW DBF. PWRJBWR DBF and DHLW DBF. PVNR/aWRN-Reactor DBF and N-Reactor
Disposal Container 50% Average SNF PW1RA3R DBF

Table 2.2-2 - Fuel Characteristics

Fuel Characteristics
Fuel Type Bumup, Enrichment | Decay Tie Reference

50% Average PWR 39,560 3.69 25.9 7.12
50% Average SWR 32,240 3.00 27.2- 7.12
PWVR DBF 48,086 4.20 10 7.7
BWR DBF 49,00 3.74 10 7.7
100% Bounding 74,600 _R5.07 10 7.11
HLWC DBF NIA NIA NA 7.11

Conservatively used a standard 20-year decay to derive the radionuclide inventory because the CDB
would not aflow the standard decay time to be scaled to 25.9 years for output in Curles by Isotope'

Sections 2.22 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 ter mirelease fractiorn Includes the fraction of radioactive gases that Is released to
the environment as well as the fraction of airbomne 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 al 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.

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Preclosure Design Basis Event Calculations for the Monitored Geologic Repository
DI No.: BC0)00000-01717-0210-00001 Rev O0 Page: a of 46

The gap release fraction applies only to CSNF and is the fraction of each radionucilde 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 Incdudes 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.OE-6 7.2
.Crud (Co-80 0.15 7.43

H-3 0.30 7.43
Kr-85 0.30 7.43
locones 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

2.2.3 PULP Fraction

The PULP fraction Is the fraction of airborne, respirable size (< 1 0orm) 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 PULP 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 PULP equation, described In Attachment I, 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 U0 2 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 Involing 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 fomVcontainer
(i.e., cask, canister, SNF assembly, or disposal contained. 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 no credit Is taken for energy absorption by the structural
components of the fuel assembly or by the disposal container itself.

Civilian Radioactive Waste Mananement System
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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 DEE was within the design basis (e.g., a 1-meter DC
drop), It was assumed tlat no radiological release would occur.

2.2.6 Atmospheric Dispersion Factor

The atmospheric dispersion factors (X/Qs) for the conservative and best estimate cases are based on
Yucca Mountain site-specific data obtained from the Environmental Field Program (Attachment Xl).
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.-6 - Atmospheric Dispersion Factors

Dose Model XIQ value (secrnN Basis
Conservative 4.20E-5 I 95% Yucca Mountain xZQ
Best Estimate 1.44E-5 50% Yucca Mountain XQ

2.2.6 Breathing Rate

An adult breathing rate of 3.3E-4 mrIs (20 iitersntin) was assumed for afl 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 (5 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-1 536 (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 FRG1 I and contains submersion DCFs for many more radionucdides. however, it's not clear to
what extent FGRI2 wiil 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) fiters, which are a component of the HVAC system.

Civilian Radioactive Waste Management System
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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-irn diameter (Ref. 7.38). This efficiency is assumed to be
conservative for filtering radionuclide particulates with a aerodynamic equivalent diameter (AED) of
less than I 0-jm (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.CE-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 HWAC 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 I)O, 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 HVAC availability Is twofold: (1) I 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 (VVHB)
unfiltered; if HVAC is available, radiological releases are mitigated by the HVACIHEPA fitters and
result In a negligible dose at the site boundary.

The current HVAC design analysis, Surface Nuclear Faciales HVAC Analysis (Ref. 7.17), describes
three confinement zones for the WHB: primary, secondary and tertiary. Primary confinement
ventilation zones are nornally 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
wareas 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 wYil 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
HWAC system ventilation confinement zones and associated HVAC unavailabilities are applicable to
this analysis (see Attachment VilI for fault tree calculation of HVAC Unavailability):

WHIB Area Confinement Zone HVAC Unavailabilitr
Carrier Bay Tertiary NlA (no HVAC in design)
Assembly Transfer System Hot Cell Primary 2.5E-5
Assembly Transfer System Pools Secondary 4.BE-4
Canister Transfer System Secondary 4.8E4
Disposal Container Handling System Secondary 4.8E-4

The calculated HVAC unavallabilities (see fault tree, Attachment Vill) are based on a simplified,
conservative model of the HWAC 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 HWAC
design indicates nine operating fans In series (Ref. 7.17). Thus, the WI/AC 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 HWAC 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 formr 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., bumup, enrichment & decay time)
shown In Table 2.2-2 are used to determine radionuclide source terms for DBEs
invohring the corresponding fuel types (e.g., PWR DBF).

This assumption is used in all offsite dose calculations.

3.1.5 It is 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 offslte dose calculations.

3.1.6 It Is assumed that an additional fraction of respirable-size particulates, termed the
PULP fraction, is generated and made available for release as a result of energetic
events that, In effect, pulverize the fuel matrix. The PULP fraction, as defined in
Attachment I, Is assumed to be a linear function of the equivalent drop height for a
given event.
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This assumption Is used in all offsite dose calculations.

3.1.7 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 alt oflsite dose calculations.

3.1.8 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.

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

This assumption is used in all offsite dose calculations.

3.1.10 It is assumed that an adult at the site boundary has a breathing rate of 3.3E-4 m3 /s.
This Is based on the 'reference man' breathing rate established in Reference 7.47.

This assumption is used in all offsite dose calculations.

3.1.11 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 Vill.

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

3.1.12 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 (UVHB). 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.

3.1.13 It is assumed that a nominal single-stage HEPA filter has an efficiency of 99.97%
(0.9997) for partides less than 0.3-prn 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-opm (assumed to be the cutoff diameter for respirable
particulates). Based on this filter efficiency, a mitigation factor of 3.OE4 (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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3.1.14 It Is assumed that the initiating frequency for a loss-of-offsite-power event is 0.2 per
year. This Is a conseivative assumption based on historical data from commercial
nuclear power plants (Ref. 7.61).

This assumption is used In aN offsite dose calculations Involving DBEs Initiated by a
loss-of-offsite power.

3.1.15 In a loss-of-offsite power event, the mechanical failure rate (per demand) of a dutch to
engage and prevent the drop of a suspended load Is assumed to be 3.04E-04 per
demand (Ref. 7.55). This failure rate Is assumed to be applicable to the cranes and
lifting systems employed In the WHB.

This assumption Is used In all offslte dose calculations Involving DBEs Initiated by a
loss-of-offsite power.

3.1.16 It Is assumed that passive HEPA filters remain functional for 24-hours following a loss-
of-offsite power event to mitigate radiological 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.

3.1.17 It Is assumed that the energy partition factors (EPFs) for calculating the PUIF 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.

3.2 Carrier/Cask Transportation and Handling Assumptions

3.2.1 HVAC filtration does not exist for activities performed In the Carrier/Cask Transport
System (CCTS), Carrier Preparation Building Material Handling System (CMHS) and
Carrier/Cask Handling System (CCHS) (Ref. 7.17).

This assumption Is used in Section 5.1, Section 6.1 and Attachment II.

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

This assumption Is used In Section 5.1, Section 6.1 and Attachment II.

3.2.3 The average heavy-lift drop frequency Is I AE-5 per lit based on heavy-lift crane data
from Newport News Shipbuilding (Attachment X). This assumption Is used In Section
5.1, Section 6.1 and Attachment II.

3.2.4 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 II

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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3.3.1 It Is assumed that the maximum number of canisters arriving at the repository during D
the peak year Is 500 (Table 3-8 of Reference 7.7). This number is conservatively used
to calculate the annual handling frequency for HLWCs and canistered CSNF.

This assumption Is used in Section 5.2, Section 8.2 and Attachment lii.

3.3.2 it Is assumed that the CTS crane lifts each canister twice - once from the
transportation cask to the lag storage 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 assumption Is used in Section 5.2. Section 8.2 and Attachment Ill.

3.3.3 For drop events, It is assumed that the average crane drop frequency for normal
operations Is 1AE-5 drops per lift, based on heavy-lift crane data from Newport News
Shipbuilding (Attachment X).

This assumption Is used in Section 5.2, Section 8.2 and Attachment lil.

3.3.4 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., 0.81 meters (2 feet) higher than the
high hook height).

This assumption Is used in Section 5.2. Section 6.2 and Attachment Ill.

3.3.5 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 8.2 and Attachment Ill.

High Level Waste Canisters

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

3.3.6 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 Ill.

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 normal
operating height, was omitted as a result of human error after maintenance of the
crane. For the screening event tree shown In Attachment Ill, 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 drop7 event tree (events CTS001-CTS007)
shown in Attachment Ill.
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3.3.8 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 CTSOIO-CTSOI1) shown In Attachment 1ll.

3.3.9 The probability of two defective canisters being Involved in the same drop event Is
1.12E-6 [.e., (1.06E-3)9.

This assumption Is used In the Ocanister drop! event tree (events CTS004-CTS0O5)
shown In Attachment ill.

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 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 MCOs) 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.

3.3.11 It is estimated that I out of 400 MCOs received at the repository contains quantities of
hydrogen and uranium hydride that could potentially challenge the Integrity of the Wi-iB
HEPA filters. This Is based on:
a) the conservative assumption that after the cold vacuum drying process at Hanford,

50% of the MCOs (ie., 200 MCOs) 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 MCO;

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

3.3.12 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 is 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 IlIl.
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3.3.13 It is conservatively assumed that 90% of the 400 MCOs received at the repository will L)
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 pslg, and a
best-estimate pressure of 38 psig.

This assumption Is used in Section 5.2, Section 8.2 and Attachment IlIl.

3.3.14 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 (R) 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 8.2 and Attachment Ill.

3.3.15 The conditional probability of metalirc 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 (>5000C) of bulk uranium metal (Ref. 7.40). This
assumption wilN be verified by future analyses at the NSNFP.

This assumption Is used in Section 8.2 and Attachment Ill.

3.3.16 ARF and RF values of 3.0E-5 and 4.OE-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 ARFsIRFs for self-
sustained oxidation (.e., combustion) are very similar (Ref. 7.40).

This assumption Is used In Section 6.2 and Attachment 111.

3.3.17 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% U0 2
(Ref. 7.51). It is also assumed that there are no reactive paricles Immediately
remaining after the cold vacuum drying process (Ref. 7.51). Reference 7.51 shows
that most of the non-reactive particulates are U0 2.

This assumption is used in Section 6.2 and Attachment Ill.

3.3.18 An initial free and bound water mass of 1.3-kg (Ref. 7.50) is assumed, which Is the
mazimum 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 Ill.

3.3.19 Since the WHi Is above ground, a ground level release to the environment is
assumed.

This assumption Is used in Section 6.2 and Attachment Ill.

3.3.20 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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This assumption is used in Section 6.2 and Attachment ill.

3.3.21 The worst case meteorology (F stability and I mis wind speed) Is assumed. This
assumption is used in Section 6.2 and Attachment lil.

3.4 Assembly Transfer System Assumptions

3.4.1 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 lif (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 [V.

3.4.2 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 limi
further lifting In the assembly transfer machines). thereby maxlmizing 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). Furthenrnore. 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 IV.

3.4.3 It Is assumed that the throughput schedule for waste packages (VPs) 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 IV.

3.4.4 Both the conservative and best estimate drop events are assumed to occur with the
lifting grapples In the assembly rliung 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 IV.

3.4.5 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 IV.

3.4.6 The PnWR fuel type for DBEs 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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length of 111.8 in (Ref. 7.13). The BWR fuel type is assumed to be an ANF 11 x 11 L)
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 IV.

3.4.7 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 assembles.

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

3.4.8 Not Used.

3.4.9 In the event trees presented in Attachment IV, nominal fuel (labeled as 50% BWR or
50% PWR) is assumed to be fuel with bumup 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 IV.

3.4.10 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 IV.

3.4.11 In a loss-of-offsite power event, the mechanical failure rate (per demand) of the
assembly transfer machine brake dutch 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 IV.

3.5 Disposal Container Handling System Assumptions

3.5.1 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.

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

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

3.5.3 It is assumed that the 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.

3.5.4 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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3.5.5 It Is assumed that the sealed DC is designed to withstand a Upover 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.

3.5.6 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 Section 5.4, Section 6.4 and Attachment V.

3.5.7 It Is assumed that the DC outer length is between 3.70-m and 6.20-m (Ref. 7.9, TBV-
246).

This assumption Is used In Section 5A, Section 6.4 and Attachment V.

3.5.8 It is assumed that the DC outer diameter Is between 1.25 m (4.1 if) and 2.00 m (6.6 if)
(Ref. 7.9, TBV-245).

This assumption Is used In Section 5.4, Section 6.4 and Attachment V.

3.5.9 It Is assumed that the initiating event frequency for a crane drop is 1.4x10c per rift.
based on heavy-lift crane data from Newport News Shipbuilding (Attachment X).

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

3.5.10 It Is assumed that the two-block crane event (i.e., drop from the maxdmum 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 Newport News
Shipbuilding (Attachment X).

This assumption Is used In Section 5., Section 6.4 and Attachment V.

3.5.11 It Is assumed that the equivalent drop height for a DC slapdownftipover (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 Section 5.4, Section 6.4 and Attachment V.

3.6 Waste Emplacement and Subsurface Facility System Assumptions

3.6.1 It Is assumed that the design basis of the WP precludes breach by dropping or Impact
duning 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 It is assumed that the WP, while In a vertical orientation, can withstand the Impact of a
25 MT (55.000 lbs.) 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

4.1 Software Approved for QA Work

No software approved for QA work was used in this calculation.

4.2 Software Routines

AU 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 IX, and includes a sample
calculation from beginning to end. Attachment IX also provides hand calculations for a sample
problem, which verify the results obtained from the spreadsheet routine. All dose results presented In
this calculation were generated by the spreadsheet routine and verified by visual Inspection and/or
hand calculations.

The LWR Characteristics Database (Ref. 7.12) was utilized to generate the radionuclide source terms
(in units of Curles/Fuel Assembly) for the 50% Average PWR and 50% Average BWR fuel
characteristics (see Section 2.2.1). All other source terms were taken from Reference 7.11, Source
Terms for Design Basis Event Analyses. The Characteristics Database and all modules are wTo Be
Verified- (TBV-455) pending review of Deficiency Report VAMO-98-D-132.

5. Calculations

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

5.1.1 System DescriptionlFunction (Refs. 7.67, 7.68)

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 wil house the equipment and support systems required for receipt/dispatch of
transportation casks, removaifinstallation of personnel barriers and impact limters, Inspection of
transportation casks, and staging carriers awaiting transfer to other repository facilities or offskte.

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 personnel 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
personnel 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 (Carrler/Cask Transport
System), 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 carniers, truck cask
canlers, remotely operated overhead bridge cranes, gantry cranes, gantry mounted manipulator,
impact limiter slinglspreader bars, water washdown device, lifting yokes, and transfer carts.

6.1.2 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 carrer 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 fueVair fire of sufficient extent, and In sufficiently
quiescent ambient conditions, to provide an average emmissivity coefficient of at least 0.9, with
an average flame temperature of at least 8000C (14750F) for a period of 30 minutes...a 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 72
meters (various 2-block events), were determined for carrier/cask drop events (Atachment 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 liriters Is 2-rn (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 1248. Table 5.1-1 lists the preliminary Internal DBEs considered for the CCTS, CMHS and
CCHS.

Table 6.1-1 - Preliminary Internal DBEs

CarrierCask Transport System

Firelexplosion as result of ignition of diesel fuel of site prime mover
Drop from carrier cradle during transport to CP8

Carrier Preparation Building Material Handling System

Impact limiter slinglspreader bar failure

Drop of impact limiters onto cask by CPB bddge crane

CanisterlCask 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 alter 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 (SUi1t)

5.2.1 System DescriptionlFunction (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 indudes 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 tenm (handled in a Multi-Canister Overpack (MCO)) was
obtained and used forthe 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 car 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 maxdmum,
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 feetD. Since the MCO is designed to withstand only a 0.8-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 PWRIBWR 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 nissiles. Reference 725
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 IlIl.

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 maxdmum 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 1.01E-6tyr and 1.OE-2Iyr. 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 *NHB) and expected
building accident release source terms. Hydrogen and uranium hydride could be generated from
uraniumnwater 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 aRer contacting the air In the CTS hot cell. Reference
7.50 shows that H2AJH3 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 lirmit 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 imit on an MCO Is to prevent a hydrogenluraniurn hydride
exploslon/combustion event that could potentially result In overpressure failure of the WHB building
HEPA fiters.

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-g 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 I 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 H21UH 3 explosion
overpressure Is equal to 2.5E-3 (=1/40). The probability of HVAC or HEPA filter unavailability Is
4.8E-4 (see Attachment Vill). 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 III) was constructed for the CTS DBEs 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 o)ddation
(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
drops/yr.

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 (SUI0)

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 wil 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 Carrer/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 fine 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 fidure 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 fin the respective DC being filled. If a DC with
a capacity of 21 PWR spent fuel assemblies Is being filled, then the appropriate number 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 Olng collar, and the DC inner Ed sealing
device are all decontaminated and the DC is Internally Inerted. The DC Is then transferred to the DC
Handling System for lid welding.

Uds 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
CarlierlCask Handling System for shipment off-site. Empty DPCs and severed DPC rids 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 Carier/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. 728). 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 Handring System, fuel damage by burmthrough during the welding process
and fuel damage by laser radiationlheat 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
Canier/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 ANSIIANS-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 ANSVANS-57.7), the cask unloading pools Lo
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 instalied 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 sheiis)
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 4.8E4 (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 forthe 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 Assembly vertical drop in the cask Approximately 30- to 40-foot drop of one PWR or BWR
and End unloading pool or the assembly staging assembly onto pool floor (from maximum height in the wet
Collisions pool duing transfer from a assembly transfer machine assembly handling tube) with

transportation cask or DPC into an one assembly breached
assembly basket

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
Approximately 30- to 40-foot drop of a basket containing 4-

Assembly vertical drop in the assembly PWR or 8-BWR assemblies onto another basket of 4 PWR
handling cell from the dry assembly or 8 SWR assemblies In the drying vessel (from the
transfer machine 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 wiN 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, BSR, respectively) onto the cell floor (from
maximum height In the dry assembly transfer machine fuel
assembly enclosure) with one SNF assembly breached

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Prelirninary Preclosure Design Basis Event Calculations for the Monitored Geologic Repository
DI No.: BCO0000O-01717-0210-00001 Rev 00 Page: 27 of 46

Event Group Design Basis Event Scenario Description
Approximately 34- to 44-foot drop of one SNF assembly
(PWRM. IWR, respectively) Into the empty DC (from
maximum height In the dry assembly transfer machine fuel
assembly enclosure) with one assembly breached
Approdimately 17- to 37-foot drop of an SNF assembly
(PWR, NWR, respectively) onto another assembly In the
DC (from maximum height in the dry assembly transfer
machine fuel assembly enclosure) with both assemblies
breached
Approximately 6-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
Approximately 10-to 16-foot drop of a basket containing 4-
PWR assemblies or 8-IWR assemblies, respectively, onto
another basket of 4PWR assemblies or 8-4WR
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 rift 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
drops/year (822 BWR basketslyear x I lift/basket x I .BE-5 drops/lift). The expected drop frequency
for PWVR assembly basket is 2.28E-2 drops/year (1266 PWR baskets/year x I lift/basket x I .SE-5
drops/lift). For Individual assemblies, the expected drop frequency is 1 .89E-1 drops/year (10,519
assemblieslyear x 1 itt/assembly x 1.SE-6 drops/lift). The results of all the frequency and dose
calculations performed for DBEs in the ATS are presented in Table lV-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 IV-
I 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 basketslassemblies 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 results.

5.4 Disposal Container Handling System (SU13)

5.4.1 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 Remediatlon 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 successfuliy 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-in 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 rifted a nominal height of 2.Gm (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-rn (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 ifting 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.
7.28) 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 ift 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, slapdownsltlpovers. falling masses and a welding burnthrough.

Slapdowns/tipovers of an unsealed DC could occur at the welding station turntable or the staging
area fixtures. Drop events could occur during rifts 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 is only protection is the temporary inner lid assembly, and fafling objects with a
mass greater than 2.3-MT could potentially breach the sealed DC. However, i 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 eIs ranging from
06mn to 2.0-M-

Drops 25.m horizontal drop of sealed WP from horizontal Kiting system

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

DC transfer cart collsion wth shield door
collsons -

DC transfer cart collision with heavy object

Unsealed DC slapdown from transfer cart

Unsealed DC slapdown from welding station turntable
Slapdownsfpovers

Unsealed DC slapdown from staging area fixure

DC stapdown from Thling Station

DC bridge crane falls onto unsealed DC

Falling Mass Horizontal Ifwing system falls onto sealed WP

Weldin equipment falls onto unsealed DC

Other Welding bumthrough of Inner DC Id

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 (DC01. DC02,... 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 # D1E Description Location

Vertical Drop DC01, DC02 8-m Vertical Drop (2-Block Crane DC Tiling Station
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ F allurm)

Horizontal Drop DC05, DC08 2.5-m Horizontal Drop of DC Transter/Decon

DC03, DC04 LOP & 2-m Vertical Drop DC raTing Station
Loss-of-Power

DCO7. DCOS LOP & 1--m Horizontal Drop Transfer/Decon

Bumitirough DC13, DC14 Welding Burnthrough Inner DC Lid Welding Station

The seismic DBEs, discussed in further detail in Section 5.8. are expected to bound all externally
initiated DBEs 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)

5.5.1 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 (HMB) 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 VP in the
emplacement drift. The operation cyde Is completed when the transport equipment returns to the
surface WIHB 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 forthe 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 WIB, 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 tumout. 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-47 per the QAP-3-9 analysis
entitled DBEfScenarfo Analysis for Preclosure Repository Subswface Faclities (Ref. 7.44). The
purpose of that design analysis was to provide definition, screening analysis, and consequence
analyses of potential DBEs that Involve predosure 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
Preriminary 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 rioted 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 I E-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 dvision 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 lbs.) 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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5.5.2.1 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 Ufting 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 rrnit of the release frequencies extend above the I E-8 lyr 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-8yr, assuming 0.2
loss-of-offsite-power events per year (Assumption 3.1.14) and the drop of a defective WP (2.8E-4yr).
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 1I 0/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 I.OE-7lyr 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.-1 - Summary of Internal and External Events for Subsurface Facilities

Event Event Description'1 ) DBE Category for Release
No. ~~~~~~~~~~~~~~~~Scenarlos1 3 )

1 Transporter Derailment in Ramp or Main Drift BDOE

2A Emplacement Gantry Derailment - Normal Speed SDBE

28 Emplacement Gantry Derailment - Gantry Runaway BOSE

3 Waste Package reusable car is elected out of BDBE
Transporter

5 Runaway Transporter (with WP) Category-2

7 Emplacement Gantry WP Lilting Mechanism Fails DBSE

10 Rockfall/Ground Support Fail onto Transporter EDBE

11 Roccfall/Ground Support Fail onto LocomotiveBDBE

13A Rockfall andlor Ground Gupport Collapse onto Waste Treat as Category-2
Package - Static Rockfall"I

138 Rockfafl andtor Ground Support Collapse onto Waste BDBE
_______ Package - Selsmic Induced, Beyond D0 Earthquake

15 FirelExplosion Deterred to future analyses

16 Thermnal 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-1Uyr to 3.4E-4/yr which
extends into the credible range, however, the best estimate frequency is BOSE. 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 I E-Syr.
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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 wil not be a sufficient radiological source term available which, if released during
a DBE, could exceed the offsite dose limits for Category I 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 [keg 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 'unlikelV
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 probabirtles 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 5x1o-5 to 6x104 per waste package (Ref. 7.68). The total misload probability for all BWR waste
packages Is 9.65 x104 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),
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misload of a package with fuel that exceeds the design basis Is not flkely to occur once during the
operational period (Ref. 7.66). Therefore, mislead 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 selsrnic 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 DBEQs, other than the frequency of exceedance.

A conservative approach was used to assign SSC seismic frequency dassifications based on the
dose assessment of the applicable seismic event. Once an SSC Is designed to withstand a given
DBEQ, i Is assumed to remain functional to prevent or mitigate a release of radionucildes 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.

6. Results

An 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 DBEs 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 Intemal DBEs for
the Carrier/Cask Transport & Handling Systems

DBE TEDE Dose atEvent # Event Description category 5-iDo (rem)
Conservative Best Estimate

CHIO 6.9-rn 2-Block Drop of 61-BWR Cask, No HVAC 2 >5 1.4

CHI 1 6.9-m 2-Block Drop of 81-BWR Cask HVAC 2 0.013 5.2E-4
IAvailable M2

CH46 7.1-n 2-Rlock Drop of 26-PWR Cask, No HVAC 2 >5 0.85

CH47 7.1-n 2-Block Drop of 26-PWR Cask, HVAC 2 0.010 3.0E4Available

CH07 4.1-m Drop of 61-BWR Cask, No HVAC 2 >5 0.97

CH08 4.1-rn Drop of 61-BWR Cask, HVAC Available X 2 0.56 3.8E-4

CH43 4.1-n Drop of 26-PNR Cask, No HVAC (1) 2 >5 0.58

CH44 4.1-rn Drop of 26-PNR Cask, HVAC Available a 2 0.59 2.2E4

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

AU 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 Ill 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 (CTSOO, CTSOO7) and a 30.3-foot drop of one MCO
(CTS-108, 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 1A.E-2 rem
at the 5-km site boundary. Without I-WAC 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-krn 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 Ill.
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Table 6.2-1 - Bounding Internal DBEs for the Canister Transfer System

DBE TEDE Dose at
Event # Event Description Category 5-km (rem)

Conservative Best Estimate
28.2-foot vertical drop of CSNF Canister (44

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

CTSOO7 BWR Assemblies) from 2-block crane BDBE 1 m 1 .OE+O
position to floor, HWAC Unavailable

CTS-106 20.6-foot vertical drop of MCO 1hom noonal lif 2 4.7E-3 TBDheight to floor, W-IVAC Available

CTS-107 20.6-foot vertical drop of MCO from normal lit>5 TBD
__T__10_ height to floor, WVAC Unavailable

(1) BDBE * Beyond Design Basis Event (.c10C/yr).
(2) For comparison purposes only - Best Estimate Is used for BDBEs.

6.3 Assembly Transfer System (SUI0)

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 TV.

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

DBE ~~~TEDE Dose at
Event * Event Description Dae Dsem ( tm)

Conservative Best Estimate
4.SE-03 7A4E-0

ATS001. 16.5-foot 4-PWR basket drop onto 1 al(1004 RIR, 50% PVVRE
ATSQ03 another 4-PWR basket, HVAC Available ATS(01) AT5003)

ATS002, 16.6-foot 4-PWR basket drop onto ,S- 2.OE-O1
ATS004 another 4-PJVR basket, HVAC BDBE A (100% P FVR, (50% PWVR,
_______ Unavailable ATS002) ATS004)

ATS005, 25-foot 4BWR basket drop onto 3.5E-03 1.5E-04
ATS007 another 8-BWH basket, HVAC Available 2 (50% DWR, ATS005) (SW DBF,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _A T S 00 7)
ATS006, 254oot 8-BWR basket drop onto 5 M 4.1E-01

another 84BWR basket HVAC BDBE > (W DFATS008 Unavailable B ABE (50% BWR, ATS006) ATSOOB )

(1) Beyond Design Basis Event
(2) Doses limits for Category I 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 IV), 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 approxdmately 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 HWAC availability, presented as a conditional probability in the event trees (Attachment
V). 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 ATSOO5/ATS007. The frequency
of event ATS001003, involving a 4-PWR basket drop onto another basket with the HVACIHEPA filters
available, is 1.14E-02 events/year, therefore, this event is a Category I DBE. The frequency of event
ATSDO5/007, Involving a 8-BWR basket drop onto another basket with the HVACIHEPA filters
available, Is 7.40E,03 eventslyear, a Category 2 DBE.

The bounding loss-of-offsite power event occurs when the brake dutch 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 HVAC/HEPA
filters available, depicted by event trees ATS028IATS028 and ATS027/ATS029, are identical to the
consequences of the 4-PWR basket drop events illustrated by ATSOOI/ATS003 and ATS0021ATS004,
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. Exiemal events in the DCHS are expected
to be bounded by the seismic Initiated DBEs discussed in Section 5.8.

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

Event # Event Description DBE TEDE ose atCategory -m(rm
Conservative Best Estimate

DC1 -rn vertical drop from DC bridge crane (2- 2 7.2E-3 6.1E4
________ block), HVAC Available

DC02 -rn vertical drop ftrm DC bridge crane (2- BDBE >5 M 6.OE-1
_______block). HVAC Unavailable

DCO5 2.5-m horizontal drop from horizontal lift 2 4.5E-3 5AE4
______ system, HVAC Available __________

DC06 2.5-n horizontal drop from horizontal lift BDBE >5 3.6E-1
_______system. HVAC Unavailable

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

The bounding radiological events In the DC Handling System are a 8-m two-block DC drop by the
bridge crane (DC01, DC02) and a 2.5-m horizontal drop by the horizontal lift system (DC05. DC06).
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 DC0!) fall
within the Category-2 frequency range. Events DC02 and DC06 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 104 per year (Beyond Design Basis) and are shown for comparison
purposes only.
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The DCHS events were analyzed both with and without HWAC (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 HWAC 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 fanl into the Beyond Design Basis Event category (<104 /yr)
and do not require any further analysis.

6.6 Waste Emplacement System (6S17) and Subsurface Facility System (SS01)

Reference 7.44 presented offskte 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 probabity 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 vwll 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

OBE TEDE Dose atEvent # Event Description Category 5 (rem)
Conservative Best Estimate

5 Rockiall onto Waste Package, 21-PR 2 >5 ° 3.E-1

5 Rockfall onto Waste Package. 44-BWR 2 >5M 3.E-1

13A Transporter Runaway, 21-P4VR 2 >5 a } .1E+0

13A Transporter Runaway, 444WR 2 >5 M 2.OE+O

(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 sufficent radiological source term available which, if released

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title:. Preliminary Preclosure Design Basis Event Calculations for the Monitored Geologic Repository
Di No.: BCOOOOOOO-01717-0210-00001 Rev 00 Page: 40 of 46

during a DBE, could exceed the offsite dose limits for Category 1 or Category 2 DBEs. Additional
design and DBE analysis Is required to verify this assumption.

6.7 Summary of Bounding Internal DBEs

Table 6.7-1 below summarizes the bounding internal 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 VII.

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 (SUI 6), (SUO8), (S O9)
6.9-m 2-Block Drop of 61-BWR Cask (Attach. II - 2 >5 1.4
CH10), No HVAC
6.9-m 2-Bock Drop of 61-BWR Cask (Attach. II - 1.3E-2^ 5.2E4
CHI 1), HVAC Available 2 ____________

7.1-m 2-Block Drop of 26-PWR Cask (Attach. II - 2 >5 0.85
CH4B), no HVAC ___0.8

7.1-m 2-Block Drop of 26-PWR Cask (Attach. II - 2 1.OE-2* 3.OE-4*
CH47), HVAC Available .
4.1-r Drop of 61-BVR Cask (Attach. 11 - CH07), 2 >5 0.97-
no HVAC _ _
4.1-n Drop of 61-BWR Cask (Attach. II - CHOS), 2 5.6E-1' 3.BE-4
HVAC Available
4.1-m Drop of 26-PWR Cask (Attach. II - CH43), 2 >5 0.58
no HVAC
4.1-m Drop of 26-PWR Cask (Attach. II - CH44). 2 5.9E-1- 2.2E4-
HVAC Available _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Canister Transfer System (SUI 1)
28.2-foot HLWC vertical drop from 2-block crane
position to floor (Attach. III - CTS006). HVrAC 2 1 .1E-2 3.6E-4
Available
20.6-foot MCO vertical drop from normal lift height 2 4.7E-3 TED
to floor (Attach. Ill - CTS-1 06), HVAC Available _

Assembly Transfer System (SUIO)
4-PWR basket drop onto another 4-PNR basket I 4.9E3 7.4E-5
(Attach IV -ATS001, ATS003), HVAC Available
8-BWR basket drop onto another 84-WR basket 2 3.5E-3 1.5E4
(Attach. IV - ATS005, ATSOO7) _
DC Handling System (SU13)
6-rn vertical drop from DC bridge crane (Attach. V 2 7.2E-3 6.1E4
- DCOI), HVAC Available
2.5-rn horizontal drop from horizontal lift system 2 4.5E-3 5.4E4
(Attach. V - DCD5), HVAC Available .
Waste Emplacement (SS17) and Subsurface Facility (So01) Systems
Rockfall onto 44-BWR Waste Package (Attach. VI 2 > | 3.9E-1
- Event #5) No HVAC > .__ _ __ __

Transporter Runaway with 44-BWR Waste I >
Package (Attach. VI - Event #13A), No HVAC 2 >5 2.O1+O

* Current design concept does not have mitigation (I.e., HEPA filter). These results are shown for information only.
'* MCO contains N-Reactor fuel.
NE = Not Evaluated
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Attachment I - Release Fractions and PUUF 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 (<I Om) 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 (<10rri) 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):

PUIF = (A)(d)(g)(h)(c)(EPF)

A = correlation coefficient = 2x104 (cm3IJ)
d = )2density = 10 glcrn3

g = gravitational acceleration = 980.7 cmls2

; i height, cm
c = conversion factor = 1i0" J/Erg
EPF = energy partition factor. fraction of the total energy that is Imparted to the fuel matrix (1.0 for
DHLW glass and 0.2 for SNF assemblies) (unitess]

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 Uterature

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 Jfdmr (1 .2E7 ergs/cmr)
* Burst Rupture of Fuel
* Compare respirable fraction (RF) of barticulates

3.1 MacDougal (Ref. 7.3)

PULF=(2E-4)(d)(g)(h)(EPF)(1 E-7)
d = 10 g/cm 3

g=9816ms 2

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 ANSI 5.10 - Airborne Release Fractions at Non-Reactor Nuclear Facilities (Ref. 7.35)

RF (SNF) = 7E-5*
RF (DHLW = 2.4E-4
* Bounding forenergy density between 10-100 JlcmA3 (1E-6-1E-4 Ergs/cmA3)

3.3 Tony Smith - Preclosure Rad. Safety Assessment for ESF (Ref. 7.36)

RF (SNF) = 1E-4
RF (DHLW) = NIA
* Based on 0.3% strain on container

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

RF (SNF) = 1.2E-4
RF (DHLW) = 3.0E4
* Extrapolated from curve in Fig. 4.11 with 0.5 factor applied - consistent with MacDougall
curves

3.5 DOE-HDBK4010 (Ref. 7.40)

RF (SNF) = 2.4E-4-
RF (DHLW) = 2.4E-4
* Based on MacDougall, without EPF

3.6 PRA Procedures Guide (Ref. 7.41)

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

3.7 Lorenz,.Fission Product Release from Highly Irradiated LWR Fuel (Ref. 7.39)

RF (SNF) = 2E-5 Burst Rupture

3.8 Wilmot, SAND80-2124 (Ref. 7.2)

RF (Phase 1) = 2E-6- Burst Rupture*
RF (Phase 2) = 2E-5* Burst Rupture + Oxidation

* Release fractions from Lorenz (Ref. 7.39) reduced by a factor of 1O 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 1-4 on next page)

Author SNF
MacDougall 4.85E-05
ANSI 5.10 7.OOE-05
Tony Smith 1.00E-04
NUREG-1320 1.20E-04
DOE-HDBK-301 0 2.4GE-04
PRA Procedures Guide 6.OOE-06
Wilmot 2.OOE-06
Lorenz 2.OOE-05

1L ESL
2.40E-04 7.3
2.40E-04 7.35

7.36
3.OOE-04 7.37
2.40E-04 7.40

7.41
7.2
7.39

5. Recommendation:

1) Total RF = Gap Release + PULP

2) Use gap release fractions fro NUREG-1536
- H-3 = .30
- Kr-85 = .30
- -129=.10
- Cs-134,137 = 2.3E-5
- Sr-9Q = 2.3E-5
- Ru-106 1.5E-5
- Co-60 r .1 5

3) For particulate gap fraction, use release fraction from Wilmot - 2.OE-6

4) Use PULP 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 forDHLW
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Attachment 11- CanirleiCask Transport (SUIS), CPB Material Hindling (SUOS). and
CaskKCanister Handling (SU09) System Event Trees and Supporting Documentation

Receive Cask from Deliver cask to Measure External Inspect for
offsite Transportation CPR Material Radiatlon, Contamination.
(CRWMS) (Ref. 726) HandlIng Remove Extemal

System Personnel Tenmperature
Barriers

Remove Transport to Deliver Cask
+ Impact limiters t CaniedCask to ATS or

Handling System CTS

Table Il-t: Summary of Events Analyzed

5-4cm Best S-km
Event DEE Desripton ttlon S Term Event Freuency Estimate Conservative

U ~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~(per year) TEDE Dose TEDE Dose
-__ _ _ _ _ __ _ _ __ rem) Lrem)

CHO Mfdrum annual cask drop (year 2016) Carrier Bay Blendedc 7.4E-4 %Wo hvac 2 Teo TBD

CHO2 Manwmur annual cask drop (year 2016J Carner Say Blended 7.4E-4 w hvac 2 TOD TBo

CHo3 Mandmum annual cask drop (year 2016) Carrier Bay Blended 3.6E-7 wo hvac BODBE TE TBD

CH04 MaxWm annual cask drop (year 2016) Carrier Bay Blended 2.3E-4 vdo hvac 2 TBD TED

CH05 Maximum annual cask drop (year 2016) Carrier Bay Blended 2.3E-4 whvac 2 TBO TBD

CH06 Maxbmurn annual cask drop (year 2016) Carnrr 8ay Blended 1.1E-7 wo hvac BDBE TED TBD

CHO7 4. 1-n vertical drop of BWR cask Carrier Bay 61 BWR assem. 14E-3 wdo hvac 2 S.7E-1 5

CH08 4.1-n vertical drop of BWR cask Carrer Bay E6 BWR assem. 14E-3 w hvac 2 3.8E4 5.6E-1

CHO9 4.Imvr;;ical drop etBWR cask Carner Bay 61 BWR assemr .85E-7 wo hva BDBE S.7E-1

CH10 69-mn vertical drop orSBWR cask (2 Block) Carrier Bay 61 BWR assem. 4.65-4 wdo lwac 2 1.4AE0 5

CHI1 6.9-mvericaldropofBWRcask(2Biock) Carder Bay 61 BWR assem. 4.SE4whvac 2 5.2E-4 1.3E-2

CH12 6.-ni vertical drop of BWR cask (2 Block) Carrier Bay 61 BWR ssM. 2. 1E-7 Wo hvc BDBE 1.4E+0 _ _5

CH13 4.1-n vertical drop of BWR cask Carrier Bay 44 WR assern. 6.3E-4 vdo hvac 2 7.0E-1 :P5

CH14 4. 1-n vertical drop of BWR cask Carrier Bay 44BWR assem. 6.3E-4 w hvac 2 Z7E54 4.1E-1
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Table l-1: Summary of Events Analyzed

54Sm Best 5-km
Eve DecrptonEvent Fre ecy~ Estimate Conservative

Event | DBE Description Localon ~ Source Tenn Ev(per year) TEDE Dose TEDE Dose
(rem) Jre}

CH15 4.1-m vertical drop of BWR cask Carmer Bay 44 BWR assern. 3.OE-7 4o hwac BDBE 7.0E-1 3s

CHI1 7.1 -m vertical drop of BWR cask (2 Block) Carder Bay 44 BWR assem. 2.OE-4 vfo hvac 2 1 .E+0 >5

CH17 7.1 -rn vertical drop of WVR cask (2 Block) Carrier Bay 44 BWR assem. 2.0E4 w hvac 2 3.aE-4 9.2E-3

CH18 7.1-mvertical dropof BWRcask(2 Block) CarrierSay 44 BWR assem. 9.5E-Swlo hvac BOSE 1.1E+O >5

CH19 4.1-n vertical drop of BWR cask Carrier Bay 24 BWR assem. 3.OE-4 wo hvac 2 3.SE-1 >5

CH20 4.1-rn vertical drop of BWR cask Carder Bay 24 8WR assem. 3.0E-4 w hvac 2 t.SE4 2.2E-1

CH21 4. 1-m vertical drop of BWR cask Carrier Bay 24 BWR assem- 1.4E46 wo hvac 2 3.8E-1 >5

CH22 7.1-rm vertical drop of BVWR cask (2 Block) Carder Bay 24 BWR assem. 9.4E-4 wlo hvac 2 5.8E-1 >5

CH23 7.1--m vertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assem. 9.iE-4 w hvac 2 2.E-4 5.6E-3

CH24 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assemn. 4.5E-7 wlo hvac BOSE 5.8E-1 >5

CH25 4.1-m vertical drop of BWR cask Carrier Bay 17 BWR assem. 9.6E-5 wdo hvac 2 2.7E-1 >5

CH28 4. 1-m vertcal drop of BWR cask Canier Say 17 BWR assam. 9.6E-S w hvac 2 1.1 E-4 1.6E-1

CH27 4.1-m vertical drop of BWR cask Carder Bay 17 BWR assem. 4.6E-8 %wto hvac BOSE 2.7E-1 >5

CH28 6.9-m vertical drop of BR cask (2 Block) Carier Bay 17 BWR assem. 3-0E-5 Wo hvac 2 4.OE-1 >5

CH29 6.9-m vertical drop of SWR cask (2 Block) Carier Bay 17 BWR assem. 3.0E-6 w hvac 2 1.5E-4 3.5E-3

CH30 6.9-m vertical drop of BWR cask (2 Block) Carria Bay 17 BWR assem. 1.5E-8 vdo hwac BDBE 4.0E-1 >5

CH31 4.1-mvertical drop ofOR cask Carrier Bay 9 BWR assem. 3.6E-4vro hvac 2 1.4E-1 3.1E+0

CH32 4.1-m vertical drop of BvR cask Carrier Bay 9 8WR assem. 3.6E-4 w hvac 2 5.6E-5 8.3E-2

CH33 4. t-m vertical drop of BWR cask Carder Bay 9 BR assem 1.7E-7 vEo hvac BOSE 1.4E-1 3.1E+0

CH34 7.2-m vertica drop of BWR cask (2 Block) Carder Bay 9 BWR assem, 1.1 E-4 w/o hvac 2 2.2E-1 's

CH35 7.2-rn vertical drop of 13R cask(2 Block) Carrier Bay 9 BWR assem I.1E-4 whvac 2 7.9E-5 1.9E-3

CH38 7.2-n vertical drop of WR cask (2 Block) Carrier Bay 9 BWR assem. S.5E-8 wlo hIcv 3 BDBE 2.2E-1 '5

CH37 4.1-m vertical drop of ER cask Carrier Bay 7 BWR assem 5.1E-4 vvo hvac 2 1.1E-1 2.4E*0

CH38 4. 1-m vertical drop of BWR cask Carier say 7 BWR assem. 5.1E-4whvac 2 4.3E-5 6.5E-2

CH39 4.1 -m vertical drop of BW cask Carder Bay 7 BWR assem. 25E-7 wlo hvac BDBE .1E-1 2.4E+O

CH40 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 7 BWR assern. 1.6E-4 w/ohvac 2 1.7E-1 4.OE.0
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Table l-1: Summary of Events Analyted

5-km Best S-km
Event DOE Description Location Source Term Event FreCuency TEDE Dose Conservathe

erem s TrEm)

CH41 7.2-mverticaldrop of WR cask(2 Block) Carner Bay 7 OWRassem. 1.SE-4 whvac 2 6.1E-S 1.SE-3

CH42 7.2-n vertical drop of BR cask (2 Block) Carrier Bay 7 SWR assem T.7E-8 vdo hIac ODOE 1.7E-1 4.0E+0

CH43 4.1-rn vertica drop df FWR cask Carrier Say 26 PWR assern. 1.9E-3 o hvac 2 5.SE-1 ;.S

CH44 4.1-n vertical drop ot PWR cask Carder Bay 26 PWR essemn. 1.91E-3 w hvac 2 2.2E-4 5.8E-1

CH45 4. 1-en vertical drop ef MAR cask Carrier say 26 PWR assem. 9.3E-7 Wo hvac 8DEE &SE-1 25

CH46 7.1 vertical drop of PWR cask (2 Block) Carrier Bay 26 PWR assem. 6.IE-4 wo hvac 2 8.5E-1 >S

CH47 7. 1-n vertical drop of PWR cask (2 Block) Carder Say 26 PWR assen. IE.12.4 w hvc 2 3.0E-4 1.0E-2

CH48 7.1-mvertical drop of MPR cask(2 Block) Carrier Bay 26 PWR issem. 2.4E-7 o hvac DDBE S.5E-1 >5

CH49 4.-n vertical drop of PWR cask Carrier Say 24 PMR assern. 2.0E-3 who hvac 2 5.4E-1 5

CH5O 4.1-m vertical drop ot W9R cask Carrier Bay 24 MAR assem. 2.0E-3 w hvac 2 2.0E-4 5.5E-1

CHSI 4.1-m vertical drop of PWR cask Carrier Say 24 WYR assetm. 9.7E-7 wfo kvac 1DBE S.4E-1 >S

CH52 6.9-m vertical drop of PWR cask (2 Block) Carrier Say 24 WIR assem. 6.4E-4 vo hvec 2 7.5#-1 _ _5

CH53 6.9-m vertcal drop of PWR cask (2 Solck) Carrier Bay 24 PWR assem. 6.4E-4 w hvc 2 Z.7E-4 S.1E-3

CH54 6.9-m vertcal drop of PWR cask (2 Blck) Carrier Day 24 PWR assem. 3.1E-7 wo hvac BDBE 7.5-#1 2S

Cl6t 4.1-n vertical drop of PWR cask Carder Day 12 PWR assern. 2.5E-3 %Wo hvac 2 2.7E-1 _S

CH56 4.1-rm vedical drop of WIR cask Carder Bay 12 PWR assem. 2.6E-3 w hac 2 7.$E-4 2.7E-t

CH57 4.1-mvertical drop ofPWR cask Carrier Bay 12 PWR assen 1.2E4- o hvec 2 2.72-1 >5

CH5S 7.1-n vertical drop of PNR cask(2 Block) Carder Bay 12 PWR *sserm. 7.7E-4v o hvac 2 3.82-1 25

Ct59 7.1-m vertical drop of PNR cask (2 Block) Carier Day 12 PWR assemn. 7.7E24 w tac 2 .4-4 4.62-3

CH60 7.1-m vertcal drop or PVR cask (2 Block) Carder Bay 12 PWR assem. 3.7E-7 wto hvaac BOB 3.8E-1 _ _

CHlI 4.1-mrVerbcal drop of PWR cask Cardier Bay 7 PWR assem. 4.6E24 %Wo hvac 2 - 1.6E-1 4.IE-0

CH62 4.1-m verical drop of PNR cask Carrer Bay 7 PWR assemn 4.6E-4 w hvac 2 5.9E-5 1.6E-t

CH63 4.1-m vertical drop of PWR cask Carrer Day 7 PWR asset. Z2E-7 meo hvac BDOSE *6E-I 4.1E.O

CH64 6.9-r vertical drop of PWR cask (2 Block) Carrier Bay 7 PMR assem. 1.4E-4 vdo twvac 2 Z2E2-1 25

Cl6S 6.9n vertical drop of PRR cask (2 Slock) Carder Say 7 PWR assen 1.424 w hvac 2 8.0E-5 2.6E-3

CH66 6.9-m vertical drop of PWR cask (2 Block) Cardier Day 7 PWR assern. 6.9E-8 Wio hwac BOBE 2.2E-1 25
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Table 11-1: Summary of Events Analyzed
*I. . , , __ ,-

Event
a DBE Description Location Source Term Event Fra uency

(per year)
CaL

3-KM Best
Estimate
TEDE Doze
frerni

5-Xm
Conservative
TEDE Dose
from

I1

I!
CH67 4.1-n vertical drop of PYR cask Carrier Bay 4 PWR assem. 7.tE4 vio hvac 2 9.0E-2 2.4E*O

CHF8 4.1-mverthcal drop ofPWR cask Carner Bay 4 PWR assemn 7.1E-4whvac 2 34E-5 9.1E-2

CHS9 4.1.-m vertical drop of PWR cask Carrier Bay 4 PWR assern. 3.4E-7 wlo hvac BDBE 9.0E-2 2.4E+O

CH7D 7.2-rn vertical drop of PWR cask (2 Block) Carrer Bay 4 P\NR assem. 23E-4 wlo hvac 2 1.3E-1 3.9E+0

CH71 7.2-nm vel drop of PWR cask (2 Block) Carder Bay 4 PWR assent 2.3E-4 w hvac 2 4.5E-5 1.6E-3

CH72 7.2-rn vertical drop of PWIR cask (2 Block) Carder Bay 4 PWR assemn. 1. t E-7 Wo hvac BDBE 1.3E-1 3.9E+O

CH73 4.1-rn vertcal drop of PAvR cask Carrier say 3 PWR assem. 9.OE-4 Ydo hvac 2 6 7E-2 1.82.0
CH74 4.1-rn vertical drop of PAR cask Carner Bay 3 PWR assent 9.OE-4 w hvac 2 2.5E-5 e.8E-2
CH75 4.1-rn verical drop of PWR cask Carner Bay 3 PWR assent 4.3E-7 vdo hvac BDBE 6.7E-2 1 .8E+O
CH76 8.9rn vertical drop of PAR cask (2 Bock) Carrier Bay 3 PWRassen. 2.8E-4 wto hac 2 9.8E-2 310E2o

CH77 6.9-rn vertical drop of PWVR cask (2 Block) Carder Bay 3 PWR assam. 2.8E-4 w hvac 2 3.5E-5 1.2E-3

CH78 8.9-rn vertical drop of PNR cask (2 Block) Carrier Bay 3 PAIR assem. 1.4E-7 W/o hvac BD8E 9.8E-2 3.OE*O

CH79 Cask tip over/Slapdown (5.3-m) Carrier Bay 61 BWRQB PWR 1E-3 2 26.5/19.2
Drop from Canter Cradle Site during 1E-3

CH8O 1.5-rn for Rail Carrier movernentl 61 BWRJ28 PWR 2 9.6/7.1
1.2-rn for Truck Carrier Carrier Bay 9 BMiV4 PWR 1.210.95 _

CH81 Firaexplaosion due to ignition of the diese fuef TBD TBD
used by site primary mover

CH82 Tornado missile Impacts cask while parked T3D TBD
outside or durhg transport T__ __ __

CHI3 Aircralt crash into parked shipping cask TBD TBD

CHS4 Cask Drop due to Loss of Orfsite Power Event Carrier bay 61 PWR assent 6.OE-5 2 1 4.EO '5

a No HUAC rconfinement exists for these systems in the current VA design.
bAssumed to be initiated by a Frequency-Category-i (frequency of 1E-3) seisrmic event.
:Year 2016 Key 001 Controlled Design Assumption.
dEvent trees provided for bounding events only.
TBD - To Be Determined.
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11_� Table li-1 summarizes the events considered for the CardedCask 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 PULP calculations are provided in Table 11-2.
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 vaulous drop events. Table 11-3
contains the throughput values used.

Table 11-2: 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 44121 205 278 706.1 23.17
6) NAC-STC 26 PWR 193 290 736.6 24.17
9) WE Small 24112 204 279 708.7 23.25
1) GA-9 914 198 28 723.9 -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 1817 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 -10S In +12 in - Cask Height

Table 114: 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 tems 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

_______________ Cask System Tv PeeLift/Drop Hle

(distance above HI-STAR NUHOMS Westinghouse Sierra TranStor-m
grade or floor) or MPI 87 System MPC System

Operation TSC SC TC SC TC Can SC TC XC
Maximum so" N/A 80" 30" 108" 209.25" 12" 80" 218.25"
Vertical
Lift/Drop _

Maximum NA N/A 60" 70" 108' N/A NWA N/A N/A
Horizontal
Lift/Drop_

*Abbrevlations:
Can - Canister
TSC - Transportable Storage Cask
SC - Storage Cask
TC - Transportation Cask
XC - Transfer Cask
N/A - Not Applicable
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S WR.Sl CASK DROP I DROP HEIGHT I IEPA FILTRATION

Sierra Nuclear TvanSlor I Normal Lit IlethgM.13,1' SI IPA Fbroln am In Cu,,eft
1 4.1m). Tre-btocft Si.m, design for system

Isequence
I ame.

VDOL UN. FreqUency IBollUt 1105 I Z.=~a

lieu,) from)"'
I + + 4

NORM UNAVAILABLE
4 147

CASK DROP

tALE-0 5

2BLE-OC

2 BLtOCK

MI.E.03

4.4015-04

'5

UNAVAILABLE
t.4E.O

2.40E-01

Cask Drop Frequendes based on currenl VA Design (NoConfimement I C::CAFTA.-WOWR61B.ETA 1 9116/98 1 Page 1
.
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IItlD.O E CASK UROP D EiGHT IIEPA FILTRATION Sequence DOE CcL Frequency TEDE Dose TEDE Dose1-111;I-1-11CDOP hEIGT NameBest EsL Conservalve
Sierra Nudea TranSbr Narnnal IJ i-eIeht-13S tem) 0101")

(4.1n.. Two-block G.9rn

AVAILADJLE
3Htit t.41E-03 JEE4 S.e-

onOmALi 9.99E-0I

J.60E -01 UNAVAiLABLE
09 3DBE 6.79E-07 .7E.t S

CASK DROP 4JO0E-04

I .OGE-0 AVAILABLE
CHI 11 4.46E-04 .2E-4 I.3E-2

289LOCK | 9.99E-Ot

2.40E-01 | UNAVAILABLE
Ht2 BDBE 2.14E-07 t.4E40 .5

4 .lOE-W4

Cask Drop Frequencies based on Preclosure Safety Strategy (Conf C:iCAFTA-WABWR61A.ETA | 9/15/98 | Page 1
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-1- -- … -. . I f T enA? I I Trr . I T~FnFn...PWR-26 CASK DROP I DROP HEIGHT ' I PA FRVILTRATION
Name

Bs; vl

NA-5t I- Noumal LIft Hoighi -1'6' 1 "PA Faralon notn In currnt
I (4.1mL. Two-block 7lm I d.Ign for Sysbem

las iSo
(rem)

. -Iv a

_ l l l

NORMAL UNAVAILABLE
L.6E-1tLH4J

CASK DROP

2.55E4031

7.SOE0I

2 BLOCK

1J94E-03

6.12E-04

*5

UNAVAILABLE
.5E-1

2.40E-01

Cask rop Frequencies based on current VA Design (No Confinmemen VC:iCAFTA-WVMWR=B.ETA I J1698I Page 1
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I WW"ft CAS~K WWItUPU41-1IGI

.

. I ... . , . .- _ |

I I 1f'A FILI lIlA ION4 S.. DOE CAT
Nam*

I I FlQW -.. .t O .. -tU ".--. qwwFI
_ftAC-STC IN95..1.W II1l0eIhI .l3* S j

I Id1m1- T..-IdWA 12 I

esslZ W.si
Corn-ulv

I- 1.--------
AVAILABLE I

NORMtAL 9.9.§E-o

7.60E-0t ANVAILABLE

CASK DROP 4.110E044 I

2.55E.03 AVAILABLE

Z.40E0 UNAVAILABLE

- ~~~~~~~~~~~~4 .0E0E4

I |

;H44

-H4?

CH48

IDBE

1.94E-03

8.30E-07

6.12E-04

2.94E-07

2.254_

5.SE2-1

5.9E-1

I.0E-4

1.515-I

.5

I.OE-2

.5

Cask Drop Frequencies based on Prectosure Safety Strategy (Con[ C:ACAFTA-WWPWR26A.ETA 9/15/98 j Page 1
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Attachment ill - Canister Transfer System (SUI1) Event Trees and Supporting Documentation

Table 111-1 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:

* I.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 VJiI). 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. Al 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 Mananement System
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Indut:

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.OE-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 3.1.1 1.

Drop height used for PULF calculation: (Reference 7.18) (Assumption 3.3.4)
282' (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.OE-1 is 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.OE-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 WiI). 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 PULP calculation: 22 feet (670.6 cm) (Reference 7.18) (Assumption 3.3.4)

Civilian Radioactive Waste ManaQement System
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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:

* 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 metaflic 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).

Civilian Radioactive Waste Management System
Management & Operating Contractor



Tile: Preliminary Preclosure Design Basis Event Calculations for the MGR
Dl No.: BCOOOOOOO-01717-0210-00001 Rev 00

Attachment III
Page 111-4 of 111-7

Table lil-I Canister Transfer System Events and Dose Calculations
Event I DDE Description LO~~~~~~ell~~fl HACael Frequency cal -krn Conservative 6-kmn Bad EstimateEvent 1/t DB3E D _sripton Locaton Available_ t year) TED_ Dose Irt TEDE DOse rmeM)

CTS4C06 |287 (858.5 cm) vertical drop Onto floor (1 canister d CTS Ht Cdel Y 4.20E-05 2 .06E-02 3.64E44
______ 44 BWR design bais fuel assemlifes breached)
CTS-007 27 (B8.5 cm) veill drop onte eorder o CTSHotCON N 2(2E-08 BDBE >5 1E
CTS406 erbt44 Wrd design basis fue assembles breached)

237 (708.7 cm) vertical drop ondo anodb canister (1
CTS407l canister d 44 design bask BWR fuel assemblies CTS Hot Cdl Y 4.20E-05 2 9.EE-03 8.45E-04

breached)
23-3 (708.7 cm) vertical drop onto another cadisler (1

CTS-007 1 canister of144 design bades SWR kue assemblies CTS Hot Cdl N 2.2E-08 BIOSE 2'5 6.47E-01
_____breached)

CTS-46 36 (1066.8 cm) vertical drop onto l ( CTS Hot Cd Y 4.20E-05 2 4.35E-04 1.49E-05
______ vitriled DIILW breached) ____ _____________

CTS-007 35 (1068 cm) vertic" drop onto floor (I caiber 01 CTS Hal Cd N 2.2E-08 BDBE 1.45E-OD 4.97E-O1
_____vitrilied DHLW breached)

CTS402 2Z (670.6 cm) vertical drop on0o another canister (1 CTS Hot Cel Y 1 .48E-05 2 275E-04 9-438-05
_carijer of vitrilied DHLW breached)

CTS-003 22 (670.6 cm) vertical drop onto Cnother canister (I CTS Hal Cd N 7.10E-09 BDBE 9.17E-01 314E-OI
____ camris er of vitrified OHM1 breached______

CTS-010 Loss of ElectrIcal Power 5' CTS Hot Cal Y 6.36E.08 BOSE 2.75E-04 9.43E-OS

CTSOt1I Los of Electrical Power" CTS Hot Cdl N 3.05E-I BSDBE 9.17E-01 .3.14E-O

CTS.004 22(670.6 cm) vertical drop onto another canister a CTS Hot Cd Y t 1.5,SSE BOSE S.50E-04 1.89E-04
canIsters 01 vitrIfied OHLW be c ed__ _ _ __ _ __ _ __ _ _ _ _ _ _ _ _

CTS-005 e (670.6 cm) vrtia drop brxh andothw canistSC 2 CTS Hdt Cet N 7.50E-12 BOSE 1 .830+W 629E-01
___ canisters 01 virified OI4LW breached) ___ __________

MCO EVENTS

CTS-106 20 e t vertl drp o MCO rom norma CS t Cd 4.48E4 2 4.70EhH3 TBD

CTS-107 20.6-foot vertical drop of JACO from normal URt helghl CTS HdCei N 1.34E06 2 '5 TOD

SEISMIC EVENTS

49 (1 4935 cm) rod collapse onto DHLW canisters re CTS Not Ce Y 1 .00E-04 2 3-49E-02 8.6fEC-

4S (1493.5 cm) roof collapse onto DHLW caestrs a CTS Hot Cel N 1.roE-04 2 v5 '5

Assumptions: (all parameters below are specified in Section 3.1 (Geeral Assaptions) or Section 3.3 (CTS Assmptlons))
1. X10 for Best Estimate is 1 .44E5 and XfQ for Conservative Is 42E-5.
2. Assue desIgn basis of OHLW-canlter for drop events Is 23 feet. Any drop from Wreeer than 23 leet resiN In a bheech of confinement.
3. Assise an efficiency d 99.97% ior HEPA itratlrion.
4. Dose calcubbons for commercial fuels re based on desIgn basis BWR fuel For conservative and bst estimate cases.
5. Assume drop 0t 1 DHLWC canister for LOP event fron normal operating heigt (I.e.. wihin design bade).
6. Seismic event assumes 40 canisters t DHLWC in lag storage and I canister of commercial BWR fuel are breached.
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- ------

LOSS OF OFFSITE POWEt| CRANE BRAKE FAIWRE DEFECTIVE CANISTER HVAC AVAILABLE Desa-W- Frequency EvenS No.
(perpyas)

CRANE FAILS SAFE NO DROPMDREACH NOT REQUIRED
No Release ZCE-O1 CTS-0OS

9.99E-01
055 OF OFFSITE POWER INTACTINO BREACH NOT REQUIRED

2.00E4t* 9.99E41 Release 5.99E-05 CTS-W
CRANE DROPS LOAD

____ ~~~~~~HVAC AVAIL.
3.D0E-4 EDEBE S.38E-0 CTS-010

DEFECTIVE CANISTER 9.99E-0l

1.0oE-D3 HVAC UNAVAIL
B.4E 3.OSE-I1 CTS-Dt

4.80E-04
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Attachment IV - Assembly Transfer System (SUIu) Event Trees and Supporting Documentation

Receive Cask Vent and Purge Unload SPAs I SFAs Moved _ SF Baskets bSFAs
from Carsierd Cask In Cask Cask Unloading to Assembly Transferred to Individualy
Cask Handllng Prep Pit move Pool Staging Pool Assembly Loaded Into
System to pool Dlying Station DC

Table tV-1 Design Basis Events
Mnxnz~~~ ---o L-..-b swnt fb-w 1 ,t r

Event DBE Description Location Number oft Event Frequency Cat Fuel I km Fuel 5 6km Best
No. Breached (per year) Type Conservative Type Estimate TEDE

SFAs TEDE Dose Dose
I irem) -

Events AssociaIted with Dropping PWR Ela ketls)_
(ATS 16.5 It (Approximate) Assembly 8 PWR 1.14E-02 WMVAC 1 100 f 4.9E.03 rem 60% TAE05 rem
001, Basket Drop (4-PWR) Handling PWR PWR
003) Onto Another Basket of can

4 PWR SFAs In Dryer _
(ATS 2 L (Approximate) Basket 4 RWR 1.14E-02 vwlVAC 1 100% 8.4E-04 rem 50% 2.OE-05 rem
001, Drop 144WVR) Onto Cell PWR PWR
003; Floor
(ATS 16.5 t (Approximate) a PWR 2.79E-07 vdo BDeE 100% >5 rem 60% 2.OE-01 rem
002. Basket Drop (44PiR) HVAC PWMR PNR
004) Onto Another Basket od4

PWIR SffAsn h ryer ___ _ _ _ _ _ _ _ _ _

________________W_______REnts issocvyd with Dropping at BWR BDsketis[
(ATS 25 It. tApproximate) Assembly 16 BWR 7T40E-03 WtHVAC 2 BWR 3.5E-03 rem 50% I1SE-04 rem
005 Basket Drop (8-1WR) Handling DBF BWR
007) Onto Another Basket of Call D8F

£ O MR SPAs In Dryer __ _ __ _ _ _ _ _ _

(ATS 811 (Approximate) Basket * 8 BWR 7.40E-03 WHVAC 2 BWR 8.6E-04 rem 50% 3GE-05 rem
0oM. Drop (843WR) Orno Ceoll DBF MWR
_007)| Floor IIIIII_ I D8F
(ATS 251L(Approximate) 16BWR 1.81E-07wdo |DBE |BWR | 5 rem | 60% 4.1E401 rem
006 Basket Drop (841WR) HVAC DOF BWR
008) Onto Another Basket of 8 DBF

BWR fAs in Dryer _ _ _ _ __ _ I___II

Civilian Radioactive Waste Manasrement System
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Table IV-t Design Basis Events (continued)

Event DOE Description Locaton Number of Event Frequency Cat. Fuel 5 kmu Best
No. . Brec~hed (per year) j Tp osr i Tp siraeTD

SFAa I E Doe_ Dose

Events Associated with Droppin of PWR SFA
(ATS 10.5 ft. (Afroximate) Assembly 1 PWR 4.04E-02 %dl1VAC I 100% 4.5E-04 rem 50% 7.5E-6 rem
009, Vertical Drop of a SFA Handling PWR PWR
011) Onto Cel Floor Cell I
(ATS 40.5 ft. (Approximate) 1 PWR 4.04E-02 dHVAC 1 100% 1.3E-03 rem 50% 1.60E-05 rem
009. Vertical Drop of a SFA PWR PWR
011) Into an Empty DC
JATS 31 ft (Approximate) 2 PWR 4.04E-02 vdHVAC 1 100% 2.0E-03 rem 50% 2.7E-05 rem
009, Vertical Drop of a SFA |PWR FWR
011) Onto Another SFA in

the DC . _
(ATS 10.5 t. (Approximate) I 1 FWR 9.90E-07 eWo BDBE 100% 1.2E+00 rem 50% 2.02-02 rem
010. Vertical Drop of a SFA j HVAC PWR PWR
012) Onto Cel Floor
(ATS 40.5 ft. (Approximate) 1 PWR 9.90E-07 vdo BDBE 100% 3.9E*00 rem 50% 4.8E-01 rem
010. Vertical Drop of a SFA HVAC PWR PWR
0121 Into an Enpty DC
(ATS 31 It (Approximate) 2 PWR 9.90E-07 wlo BDBE 100% >5 run 50% 7.9E-02 rem
010, Vertical Drop of a SFA HVAC PWR PWR
012) Onto Another SFA in

the DC . . .

Civilian Radioactive Waste Management Systemu
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I Table IV-1 Design Basis Events (continued)
Event DOE Description Location Numberof Event Frequency Cat. I Fuel 5km uel 5 km Best

No. SBreached per year) Type nservEtive Type Estimate TEDE

SFAs I j, TEDE Dose Dose,
Events Aswdated with Drondo of BWR SFA

(ATS 13 t (Approximate) Assembly I BWR 5.45E-02 wlHVAC I NR 14E-04 rem 50% 61E-4B rem
013. Vertical Drop of a SFA Handling DBF BWR
015I Onto Cell Floor Celt DBF
(ATS 13 ft. (Approximate) 1 BWR 1.34E-06 mio 2 BWR 3.4E-01 rem 50% 1.SE.02 rem
014, Verltcal Drop of a SFA HVAC DBF BWR
016) O nto Cell Floor _ _ _ _ __ _ _ _ _ ___ _ _ _ _ __ DBF _ _ __ _ _

(ATS 4311. (Approximate) 1 BWR 5.45E-02 wlHVAC 1 EWR 3.4E-04 rem 50% 1.4E.05 rem
013, Vertical Drop eta SFA DBF BWR
0151 Into on Empty DC _ DBF
(ATS 43 1 (Approxinate) 1 BWAR 1.34E-06 o 2 SWR 1.0E+00 rem 50% 4. 1E-02 rem
014, Vertical Drop of a SFA HVAC DBF BWR
016) Into an Ernrmtv DC DBF
(ATS 36 I (Approximate) 2 BWR 645E402 HVAC I BWR 5BE-04 rem 50% Z4E-05 rem
013. Vertical Drop o a SFA DBF BWR
015) Onto Another SFA in DBP

the DC _
(ATS 35 IL (Approximate) 2 BWR 1.34E-06 do 2 8WR 1.7EsOO rem 50% 69E-02 rem
014, Vertical Drop at e SFA HVAC DBF BWR
016) Onto Another SFA In DBF

the DC I I
Events Associad with Dropping of PWR Bascetts) In Pool

(ATS 40 t (Approximate) 8 PWR 1.14E-02wtHVAC 1 100% 8I E-04 rem 50% 1.3EOS ren
017, FR Basket Drop Onto Assembly FWAR PWR
019) Another Basket in the Staging Pool

pool _
(ATS 40 1 (Appronmate) 8 PWR 5.47E-06 Wo 2 100% 8L1E.04 reM 50% 1.3E-05 rern
018, PWR Basket Drop Onto HVAC PWR PWR
020) Another Basket in the

pool
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Table NV-1 Design Basis Events (continued)

Event | DBE Description Location Number of. Event Frequency CaL F Fuel 5km 5km Best
No. 1 Breached (per year) Type Conservative Type Estimate TEDE

_____ I SPAS j __________fFAs TEDE Dose Dose
L _ _ _ _ _ _ ~~~~~~~~~~~~~~~~~(reml

EventsAssociate wthtbDropptng of U Basket sl in P

021. BWR Basket Drop Onto Assembly DF BWR
023) Another Basket In the Staging Pool DBF

Ipoot
IATS 49 1. (Approximate) 16 BVWR 3.55E-06 vwo 2 BWR 6. SE-04 rem 50% 2.3E-05 rein
022, BWi/R Basket Drop Onto FHVAC DBF BWR
024) Another Basket in the DBF

________________ _________ Events Associated with Loss-oi-Oltsite Power
(ATS 16.5 t. (Approximate) Assembly 8 PWR 3.04E-5 w/HVAC 2 100% 4.9E-03 rem 50% 7.4E405 rem
026. Basket Drop (4-~NR) Handling PWR PWR
028) Onto Another Basket of Cell

4 PWR SFAs in Dryer
Due to Loss of Power _ _

(ATS 16.5 I. (Approximate) 8 PWR 7.45E-10 wo BDBE 100% >5 rem 50% 2.0E-01 rem
027. Basket Drop (4-PWR) HVAC PWR PvR
029) Onto Another Basket of

4 PWR SFAs In Dryer
Due to Loss of Power _

(ATS 25 ft (Approximnate) 16 BWR 3.04E-05 wFlHVAC 2 100% 3.5E-03 rem 50% 1.5E04 rem
026. Basket Drop (8-0R) PvR BWR
028) Onto Another Basket of DBF

8 BWR SFAs hi Dryer
Due to Loss of Power

(ATS 25 t (Approximate) 16 BWR 7.45E-10 vdo BOBE BWR >5 rem 50% 4.1 E-01 rem
027. Basket Drop (84)WR) HVAC DBF BWR
029) Onto Another Basket of DBF

8 BWR SFAs in Dryer
Due to Loss of Powver _
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PWR BASK(ET DROP 24E0

LOOE-01 WAC UNAVALABLE ~~~2.M9-07 ATSCO4
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DBEJDROP EVENT FUEL TYPE HVAC AVAILABILITY TFreqenti Nam

HVAC AVAILABLE

7 40E-O ITSOOS. 50~~~~~~~~% OMR FUEL 9.99E-01 -

5.OOE-M WVAC UNAVAILABLE
1.B1E107 ATS006

BWR BAKET DROP 2.45E405

1.48E402 WAC AVAILABLE 7 07 75003

BW~R D1zF FUEL . 9.99E401

5.00E-01 F I V AC UlNAVAILABE t 1..120 E4TS005

2A45E405. _
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D1BEADROP EVENT FUEL TYPE NVACAVAJLABSITY Frqe -wiif;-

HVAC AVAILABLE

4.04E-02 1NSM0
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Attachrnent 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 input numbers are presented in
Section 2.0 below.

A summary table of all the events evaluated in the DCHS. Including 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 bumthrough 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 DrorD (2-block DC crane failure) at the DC Tiltina Station

Description: This event is due to an abnormal 2-block crane drop from the maximum height at the Tilting
Station, based on preliminary sketches provided by Surface Design-ef2(A+XAdiAelCi* AJ, a. Jo0. oc V Id?-

Event Sequence Calculations: DC01 1 .4E-5 x 524 x 0.24 x 0.9995 = I.BE-3tyear ,9<
DC02 I.4E-5 x 524 x 0.24 x 4.8E-4 = 8.4E-7/year

Inputs:

* I .4E-5 Is 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 probability that a crane drop will be a 2-block event (see Attachment )0. If the crane drop
is from the nofnal operating rift height of less than 2 meters. K's assumed that a radiological release
will not occur (Assumption 3.1.8).

* 4.GE4 is the unavailability for a single train HVAC system (see Assumption 3.1.1 1). 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 DC 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 dutch 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: DC03 0.20 x 3.OE-4 x 0.9995 = 6.OE-5/year
DC04 0.20 x 3.OE-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). 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.OE-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 dutch and is
assumed to be applicable to the DC bridge crane (Assumption 3.1.15).

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

2.5m Horzontal DroD in the Transfer/Decon Cell

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

Event Sequence Calculations: DC05 (6.14E-7 x 524) x 0.9995 = 3.2E-4year
DC06 (6.14E-7 x 524) x 4.8E 4 = 1.5E-7lyear

Inouts:

* 6.14E-7 is the horizontal rift system failure rate per year. This failure rate Is based on the gantry fault
tree developed in Reference 6.29, pg. 26-283 assuming a mission time of 0.6 hrs for the horizontal lift
at the Transfer/Decon cell (Ref. 7.34).

* 524 is the maxdmum 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 1 m Hoaizontal Dron 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: DC07 0.20 x 3.OE-4 x 0.9995 = 6.OE-5/year
DCOS 0.20 x 3.OE-4 x 4.8E-4 = 2.9E-8/year
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Inouts:

* 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 nudear 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.OE-4 Is the mechanical failure per demand of the brake dutch to engage and prevent a load drop
during a LOSP event (Ref. 7.55). This Is a standard failure rate for a mechanical dutch and is
assumed to be applicable to the horizontal riling system. See Assumption 3.1.15.

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

Weldina Bumthrounh of Inner DC Ud 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 bum through the fuel cladding.

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

* 8.4E4 is the probabity per year that a welding bumthrough 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 (.e., height used to calculate particulate release contribution to offsite dose)
0 meters.
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Receive DC Weld Inner Transfer to
from CTS or and Outer DC Staging
ATS DC Lids at Area or DC

DC Welding Tilting Station
Station

3.0 Summary Table of DCHS Events

(Ref. 7.26)

r ~ ~ Een re6-kin T S-n Beat
Event I ODE Description Locati HY~~~~~I AC Evn rtConservative EstimateEven_ 0 DUE Description Location Availale?" _Frquency CaL. | TEDEo Do

_____ ~tpe yearf J!2Ime .. trar
DC0l 6-n Vertical Drop (2-Bock Crane Falure) DC Tiling Station Y .SE-03 2 72E643 6.1E-04

rCx2 6-m Vertical Drop (2-Block Crane Failue) DC Tiling Station N 8.4E-07 8DBE >5 6.06E01

DC03 LOSP a 2-m Verlical Drop" DC Titing Station Y 6.0E0s 2 zero' zero'-

DC04 LOSP & 2-m Vertical DiopPM DC Tiing Station 2.9E4 D8SE Zero' Zew

DCOS 2.5-r Horizontal Drop of DC Transfar/Decon V 32E-04 2 4.5E-03 5.4-04

OCoee z5-M Horiontal Drop of DC Tramnsf/Decon N t.sE-07 BD3E S 3.SE-01

oCo7 LOSP a 11-m Hoizonta Drep" TransferDescon Y 6.0E-05 2 zewro Zero*

oCos LOSP a t1-m HorlznSt Drpn TranstedDecon N 29E-8 SIME ZerO" zero"

DCu3 Wekling Bumiltoug hmer DC Lid Weking Station . B-04 2 2.5E-04Z 4.9E-04"

OC14 Weklig Suntrrough Inner DC Lid weldg Station N 4.0E-07 r OSE 1 .9E-00 2.0E-OVw

BDBE = Beyond Design Basis Event, frequency c 100/yr

Notes: (all parameters below are specified in General Assurnptions. Section 3.1)
HVAC unavailability = 4.Bx104 (see Attachment VIII); with HVAC. single-stage HEPA fitter mitigates 99.97% af particulate release.
Crane brake clutch tais to engage and prevent load drop after LOSP event (Ref. 7.55) - maximnun normal operating tit height.
Reserved.

t 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; iOCFR60 limit = 5 rem.

The dose assessment for this event assumed that no additional PULF fraction (see Attachment I) at 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 DC01, DC02 V-6
Loss-of-offste power & vertical drop at Tilting DC03, DC04 V-7
Station
Horizontal drop by horizontal rifting system DC05, DC06 V-8
Loss-of-offsite power & horizontal drop by DC07, DC08 Vy9
horizontal lifting system
Welding bumthrough DCi3, DCI4 V-10

Civilian Radioactive Waste Management System
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HORIZONTAL DC DROP HVAC AVAILABILITY Eveod 8 Cadegy Frequency DedemdTdsiC Best EsL
Z.5-n DC Drp _y h l *N * *te_ Pro~baillat HVAC h u nlla~e u p o n (peo year) TEDE (renm) TEDE (un)

AVAILABLE
.DX05 2 3-2DE-04 .SE-3 5.4E-04

INITUATING EvENT 0 GsE-01

320Eo4 L. UNAVAILABLE 0 .4-7 +0 .E0
4J0E-04 ~ ~ O Cs BBE 1 .54E-07 0.3E.OO .sE.O1

4D2OE-04
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LOtS4X -0FFSIIE POWER I 12t01 LOAD j HAAVAlt.ML" Y Emil # Category Fteq--ny lpeOtrnilc a Ea
Ikiatbig nmt ktl bouey to. Fabmac of Stake duhct Probabogygat irvAci~ver ab em~l~

DC07 2~ 2.3DE-48 N Release No Release

NO
9.99E-ol W~~~~.4A I 2.0OE-01 No Release No Release
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WELDING 91.11IMIOUGI4 I MAC AVAILABILITY EvswtaC Categaey FrequeIrcyipw Oeleeqmuslc Bessta ED EO
BSindhrouglm DC Inn. Lid ig Weldin Stalmi IS Prebablift Ib HVAC v4B be imavellata uponi Yw1 TEDE (rem) (su'1

AVAILABLE
DC13 2 8~~.40E-04 2.SE-O3 .9E.04

BACE-04 UNAVAI.LABLE DC~14 BDE 4.03E-07 I19E400 .OE-01
4.SOE-04

DC Handling System - Welding Burnthrough of DC Irier Lid O:%SA-DEPT1553.03%CAFTAt0C13-14.ETA | 9116198 | Page 1
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5.0 Supporting Information

The fault tree developed for the welding bumthrough 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 calculate the maximum drop heights for
various design basis events evaluated in the DC Handling System.
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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, DBEIScenarlo Analysis for
Pre-cosure Reposito 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
I E4/year. however, additional analyses or design changes are required to demonstrate that these events
are beyond design basis.

Detailed event trees and fauIt 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 VY-l: Grouping of Internal Events for Subsurface FaclitiesM

_vent Location Radio- Subsection for Frequency

E~eno Event Descriptionr"st Potential ConsequencesM logical or Screening Analysis-

1 Transporter Deraitnent In In Ramp or Main Dril during Fuil-speed derailment may have rol-o.r R 7.2.5.5
Ramp or Main Drlit transporting WP Into Main Drift but impact on WP less than Rurway

____________ ________ _ _consequences
2 Emplacement Gantry In Emplacement Drift during Drop of WP onto another WP or pedestal R 7.2.5.7.1; 7.25.7.2

Deraltnent Emplacement d1Waste or slap oIWP against gantry 9ame andhor
Package won

3 Waste Package Reusable In Ramp or Main Drift during Potential drop o WP onto tracks imnpact R 7.2.5.6
Car is Elected out of transportng WP into Main Drift similar to Derailment
Transporter

In Turnout During Transport of Potential drop oWP onto tracks. impact R 725.8
WP to Emplacement Drift similar to Derailment

4 Reusable Car Collision with In Emplacement Drift during Impact on WP It gantry in partially lowered U See Event No. 7.
Emplacement Gantrv Transfer odWP position; Ianming; Consequence 2)

S Runaway Transporter (with In Ramp or Main drll during 1) Derailmert crash in to wali potential 1)R 1) 7.25.3
WP) transport ofWP worst case for single WP events.

2) Crash into ground support initiate 2) R 2) 7.Z5.3
rocikfal andhor trolley wire discharge andlor
n, .p

In Turnout During Transport ad Equivalent to Derailment at fill speed; se R 7.2.5.5
WP to Emplacement Drift Event No. I

S Runaway Transporter In Ramp or Main Drift during RoN back down to collide with another R 7Z5.4
(without WP) return to Suface 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 I1)R 1)7. 257.3

Lilling Mechanism Fans Transfer of WP pedestat
2) Unable to complete operation stuck 2) U

8 Transport Cask Internal off in Drilt during Transfer odWP 1) Unable to complete operation; similarto 1) U 1) Sew Event No. 7.
Loading Mechanism Fais at Emplacement Drift No. 7. consequence 2) Consequence 2)

__________________ ____________________ 2) Spurious actuation, similar to No. 3 2) R 2) Combine with Event No. 3
9 Transport Cask Door Jams AlWHS8 During transfer into Not feasible due to geometry and design; NIA None

Waste Package Transporer lower edge of the door Is below level of
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ platform
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Table VI-1: Grouping of Internal Events for Subsurface FacilitiesGr.

event LoainRadio- Subsection for Frequencyveno. Event Descriptiont t3 Potential Consequencesm logical or Screening Analysisl-

In Turnout/Emplacement Drift Not feasible due to geometry and design; NA None
during Transfer t WP lower edge of the door Is below level of

platform
10 RockfaliGround Support In Ramp. Main Drift or Turnout impactdreach of transporter car end WP R 7.2.5.9

Fall onto Transporter durng transporting WP'
11 Rock_ flGround Support In Ramp Drift during Transfer 1) Halt train. 1) U 1) None

onto Locomotive of tWP at Emplacement Drift 2) Fall of trowire: Initiation of electitcal 2) R 2) 7.2.5.9
discharge andlor fire or mislle; a potential
threat to WP

In Tumout during Transport of 1) Halt train. 1) U 1) None
WP orTransferofWP 2) Fad oftoleywire: Initlation of electrical 2) R 2) 72.5.9

discharge and/or Ire or missile; a potential
threat to WP

12 RocktalliGround Support In Main Drifts or Turnout Halt relocation; no WP present U None
onto Gantry & Carrier
Durino Relocation

13 RokdfalLiGround Support In Emplacement Drift During Damage to WP, depending on mass falling R 7.2.5.8
Collapse onto Waste Storage en WP; may damage multlple WPs
Packane concurrently

14 Loss of Waste Package In Rampldrift during See Event No. 3 See Event Cornbined wflh 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 INA See Event No. 2

Emplacement ofWaste
PIcge Into drift

15 FireaExploslorr from n Ramp or Main Drift during Unlikely but potential damage to transporter R None, deferred to future
locomotive backup-power transporting WP ear and WP i sufficient energy Imparted to analysis
batteries; troley 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 ofWP to Gantry car and WP f sufficient energy Imparted to analysis
combusfible fuels or vapors WP, release may exceed runaway scenario
from devebpment side
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Table VI-1: Grouping of Internal Events for Subsurface Facilitles)

Event E~t ~ Location~ ~liI Radio- Subsection for Frequency
Event Event DescdrtIp nl, Loca)n Potential Consequeres"a or Screening Analysib

t8 Thermal Cycling of Waste In Emplacement Drit during Induce crack growth in WP, depending on R None
Package Emplacernent oWP or Alter rapidity of temperature changes; open

Drilt Closed fissure for release of radionuclides (eg.,
surface CRIZD) but unikely to cause
damage to waste formr

17" Thermal Cycling of In Emplacement Drilt dunng Induce deterioration of ground support R None, deferred to future
Emplacement Drift Ground Emplacement WP or After strengft enable rockfal andfor lining fal; arnapis
Support Drift Closed damage to multiple WPs

1iw' Loss of Subsurface In Emplacement Drikt Turnout, Backftow of radioactive air from U None, qualitative screening
Ventilation System and Main during Eplacemeent emplacement drift requires precondition of per 7.252

_ _______________ of WP or Alter Drill Closed undetected leaking WP

.1I,

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 radionucides may be released to the environment and to the public, but results of an accident
also pose availability Issues. Upsem/Emergency Condition issues, denoted by *r do not hIvolve radionuclide releases but may pose
radiological safety issues for personnel. N/A Is not applicable to current design.

(3) Events added to PHA la.
(4) Analysis not In scope of Subsurface Desig
45) Potential consequences are developed from References. 5.1,.13. 5.10. 5.11 and 5.25 of Reference 7.44. DBEfScenarb Analysis Ir

hreclosure Reposfty Subsurfas, FacdOes.
(5) Subsections listed are from Reference 7.44. ODBScenado Anaysls tar Preosw Reposiy SubsurfaceFaciries.
(7) Modification of Tabl 7.2-7 from Reference 7.4.

Civilian Radioactive Waste Mananement System
Management & Operating Contractor

) ) )



Title: Preliminary Preclosure Design Basis Event Calcrlations for the MGR
Dl No.: BC000000-01717-0210-00001 Rev O0

Attachment VI
Page: Vt-5 of Vt-S

Table VI-2: Summary of Frequency Analysis of Internal Events for Subsurface FacilitIesp)

Event - ~ Initiating FMeriencyr, Release Scenario Screening/eno Ewnt DescriptiontX per year' pFrequer r DBE Category for Release
No. __ Event__ ____________ __per_ _____ ___________Scenarios"'

I Transporter Derailment In Ramp or Main Drift BE: 2E-3 1E t71 3424PB

2A Enplacemant Gantry Derailmernt - Normal Speed 7.2E-6 7.7E-O BDBE

29 Emplacement Gantry Derailment -Gantry Runaway IL2E6 c IE6 BDBE

Waste Package reusable car is ejected out of 3.3E2- to 1.7E- lE-E to t.8E-7 BDBE
__ _ _ Transporter BE: 17E-4 12:3.812-8_ _ _ _ __ _ _ _ _ _

Runaway Transporter (loaded train colliding wyth A t 7. 6.2-6 to 4.7E-3 5 .4941' Caegory-e
wan) BE: 6.2-4 BE:1.2E-7_

S Runaway Transporter (empty returning train .14IE-10toZ3E-9
colliding vwth loaded train) :E-6 SE:O m BDBEN

S.2E-3to 1.AE-3 .E8tLE- DE
7 Emplacement GantyWP Ulting Mechanism Falls BEZ3.4E-3m 6.72E to 3.E-6 B7EI

10 Rodcdal onto Transporter 1.6E-5 (whole train) c -7 BDE
____________________________ 6.3246 (tran porterl _ _ _ _ _ _ _

11 Rockfall onto Locomotive 1.6E-6 c1E-6 BoeE

13A Rockfaill endtor Ground Support Collapse onto 2.7E-5 to 0.42 1.4E-10 to3.4E-4 BE Treat as Category-2"'
Waste Package- Static Rockfal BE: 8.32-4 4.22-8

138 Rockfall andtor Ground Support Collapse onto c 1E4 BE oE-Uyr -DBE"'
Waste Package -Seismic Induced. Beyond DB Beyond DBEQ
Earthnuake_

15 Fie/Explosion Deferred to future analyses

16 Thermal Cyclng of Waste Package Deferred to future analyses;
not h scope of Subsurface

___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ _ ___ ___ ___ ___ __I D esign
17 Thermal Cycling of Emplacement Drill Ground Deferred to future analyses

sunport Iwn
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Notes:

(1) Event desciptions we from the MGDS PHA (Ref. 7.10X the particular InItrators and event sequences analzed in the present study have been modified to
reflect concurrent conceptual design activities or events that were not considered in the PHKA

(2) Uncertahintee in parametars used In analysts give a frequency range that axtends Into the credible range, however, the best estimate Is BDBE The best
estimate was taken as the median value ofthe lognormally distributed frequency ranges. The best estimates for these events may not be shown In Table
7.2-16 of reference 7.44. A probabillstlekey bock anais is planned to reduce t uncertaies.

(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) ODBE Is Beyond Design Basih, Indicating a sequence frequency Efyr.
(S) BE Is a best estdbnat, *Fr is a result ofau( tree analyss AC is based on actuarial data.
(8) The value of 5&4E-4 Is based on assumption tWat Impact of nnaway Is head on with an unywielding walt and thereby beyond the design basis of the waste

packaga however, design wT enswre that the maximun feasible Impact Is within the design basis of the waste package. giving a frequency range that Is iess
than I EWr and therefore a BODBE Fwther study Is needed on ths event to define the DBE.

(7) Modfication of Table 7.2-16 from Reference 7.44. DBEIScenkwo Anakysts for treclosure Reposfty Substrlace Facilies.
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Attachment Vii- 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 (DBEs) Initiated by Design Basis Earthquakes (DBEQs); 2) Present the radiological
dose consequences of seismic-Initiated DBEs postulated to occur at the Monitored Geologic Repository
(MGR). 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, Predosure Seismic Design Methodology Ibr 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-I Frequency-Category-2

Vibratory Ground Motion 1 x 10' per year I x 104 per year

Fault Displacement 1 x 10" per year I 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
SSCs). 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
catego ies and the radiological dose limits for Design Basis Events (DBEs) specified in 10 CFR 60. It is
cleariy stated (page 2-2, Ref. 7.30) that Ofor Frequency-Category-I 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 effective 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 total 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. 3.72, 3.7.3, and 3.7.10
of NUREG-0800 (Ref. 7.62) are noted to 3provide 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
Category-I 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-000, 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-I 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 Idenifyig Structures, Systems, and
Components Important to Radiological Safety references QAP-2-3 for the procedure to classify SSCs as
Important to Radologfical 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 deternine which SSCs meet any of these criteria requires: (1) an assumption that the function of the
SSC in question is assumed to be lost or unavailable; (2) identification of credible 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 80.138 (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-I DBEQ, respectively. That is. the SSC must be able to
maintain the function nmportant to radiological safety during and following the DBEQ category assigned to
it.

In addition, OAP-2-3 requires evaluation to determine if an SSC Is Important to Potential Interaction
(OA-5). The continued functioning of such SSCs Is not required during or after an earthquake, but their
failure or loss of function during an earthquake 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 pnodl. Instead, radiological release scenarios were postulated based on evaluation of MGR
operations and all potential ways In which a selsmically 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-if7' 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 radionuctides are present. If none, all SSCs can be
categorized as non-seismic. (By this exercise, they could also be classified as not kiportant to
safety and non-QA-1.)

2. If radionuclides are present, define ways (scenarios) by which they could be released by events
Initiated by an earthquake. The postulated scenarios Include failures of SSCs directly handling or
storing waste formns 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 could result from each postulated 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. I 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-I 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-I or non-seismic based on radiological dose
assessments, determine If the seismic failure of the SSC could create a potential criticality event. If
so, design the SSC to a Frequency-Categfory-2 DBEQ.

7. For SSCs designated as Frequency-Category-I 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 smafl 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
alternative design concepts to support the applicable 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 U0 2 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 fuel 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 Scoplng 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 radiological analysis. On l
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
selsmically 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 selsmically designed confinement to mitigate releases due to seismic failures of
other SSCs.

VA-fesign - In this analysis, the Waste Handling 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 handling building. All of the calculated doses
(unmitigated) at 5 km exceed the Category 2 limits of 10 CFR 60.138 by factors of 5 to 500. Therefore,
it is concluded that the roofs and supporting structures of all WHi 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 only low-level radioactive waste.

Preclosure Safety Strategy - No distinction can be made at this time. Regardless of changes In layout
and operational concept, it appears that collapse of major portions of the building structure will be
unacceptable due to the large7Inventory 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 raillroad 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 Irmn bar. The qualification tests and structural analyses of such casks take
credit for Impact limiters 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
concerning the CISF TSAR (see Attachment II) which Indicated that transportation casks can withstand
drops of approximately 2 m (0) 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 earthquake is a
common-cause initiator. Random events affect a single transport cask. If 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 internal 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.

Civilian Radioactive Waste Mananement System
Management & Operating Contractor



Title: Preliminary Preclosure Design Basis Event Calculations for the MGR Attachment Vii
Di No.: BCDOOOOOO-01717-0210-00001 Rev 00 Page: VII-8 of V\l-32

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 election of a cask from
its carrier with a drop greater than 2 m, or impact on the cask by failing or colliding handling equipment.
The crane In this facility is relatively light duty for removing impact ilmiters 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 failing 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 Carrier 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 vulnerable to earthquakes via cask ejection from the carrier or the fall of the
carrier and cask if the bridge collapses. The offsike 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. It 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 to be certified to withstand drops greater than 2 m without Impact
limiters; or extending the Exclusion Area Boundary to greater distances.

Prectosure Safety StratevY- 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 *conflnement via facility." but may not be warranted.
A simpler solution might be to keep the Impact limiters on the cask or to consolidate the Carrier
Preparation Building functions Into the Carrier Bay, thereby allowing the casks to be transported into the
Carder 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 Deslan - 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 placed on a transfer cart. The Carner Bay Is housed in a steel-frame building that does not
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
unyielding 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 selsmic-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 Carner 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:

• Bridge crane rails, supports, and foundations
* Bridge crane lifting mechanisms and fittings: and control systems
• Transfer cart, including built-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

Altemative 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 Strategv - 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
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Uke 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, a Is assumed that the transportation cask will also be
designed to withstand the accelerations of a Frequency-Category-2 DBEQ.

If the Canier Bay area Is. designed to provide aconfinement 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 103 per year and assuming an HVAC unavailabllity of 4.8E-4 (see Attachment VIII), 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 controls 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 Preciosure 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 fuel 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 selsmic-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 (.e., roof and walls) and the WAC system are assumed to be seismically
designed to withstand a Frequency-Category-2 DBEQ. For the prevention strategy, it Is assumed that
seismic-lnitiated events which have the potential to exceed the regulatory dose limits are prevented by
designing the appropriate SSCs to withstand a Frequency-Category-2 DBEa. 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.

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 kmh for either of these scenarios, assumed to occur simultaneously 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:

9 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 aidock to withstand a Frequency-Category-2
to provide confinement for Category 2 seismic releases scenarios In other parts of the Waste
Handling Building, 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 Strateoy - The Airlock is the transition between the functions Receipt of Waste and
Transfer of Waste to Waste Package. Since the lids and seais 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:

* Primary: 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 limits 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 nuclear 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

* Impact to the cask by a falling crane
I Impact to cask and walls due to uncontrolled bridge crane motion
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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 Frequency-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 falling onto a cask or a cask dropping into the pit,
respectively. The consequences of an uncontrolled 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 uncontrolled movement.

Options for seismic classification Include the following:

* Option for the transfer carts are the same as for the Airdock (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 filtered ventilation are
designed to withstand a Frequency-Category-2 DBEQ. the bridge crane and associated controls
could be designed to withstand a Frequency-Category-I 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 Safely Stratevy - 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 Prmention; and Canlstered Fuel: fPrevention 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 ofisite 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-I (or
perhaps to UBC). The Confinement by Facftdy 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 Assemblies is not relevant to this operation due to the large
number of assemblies which must be handled by the facility.
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The safety features prescribed for the Canistered Fuel case are:

• Primary: Prevent Ufts 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 removal of canisters from
the transport casks, this portion of the Preclosure Safety Strategy is not relevant to this cell.

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 turn, are cut
open to expose fuel assemblies. A Wet Assembly Transfer Machine removes one fuel assembly at a
time and transports It to a fuel storage rack in the pool. The pool water provides radiological shielding
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 radlonuclides 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) would be free to leave that cell. No explicit offsite doses
were calculated since it Is dear 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
scenario 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-I DBEQ since any release created by their failure In an earthquake is within the offsite limit of
10 CFR 20 (.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 DBEQ.

Preclosure Safety Strategv - 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
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* Secondary: Confinement by Facility
* Defense-in-Depth: Prevent Dropping Bare Assemblies

The VA design follows these precepts so the seismic classification is the same.

3.1.3.4 Cross-Line Transfer Canal

VA Desinn - 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
pool 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-Una Transfer Canal can be designed to
withstand a Frequency-Category-1 DBEO, or UBC based solely on offsite dose consequences.

Preclosure Safety Strategy - The Preclosure Safety Strategy for the function Transfer of Waste to Waste
Package - Bars 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 Assembly Staging Pool

VA Deslgn - 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 74 Is 0.002 rem
(PWR or BWR). This Is well within the 10 CFR 20 dose limits for Category I 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
consequences.

Preclosure Safety Strategv - 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 Desian - The Incline transfer canal cart brings the fuel basket up out 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 include: (1) drops of baskets or individual assemblies onto the floor, into the
dryer, or onto other fuel assemblies in the DC; and (2) impact on Individual or multiple fuel assemblies by
falling equipment. The dose at 6 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 filtered ventilation system; and
(2) a hypothetical 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-i DBEQ,
or UBC based solely on offsite dose consequences.

Preclosure Safety StraMeLv - The operations described In the previous paragraphs bridge two of the
Preclosure 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 will always pose some risk of dropping an assembly so it does not appear feasible to implement the
proposed defense-n-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 PackagingSealing 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 Systern

VA Deslan - 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 placed inside a
transportation cask. Unloading and packaging operations are performed In a dry cell for these waste
forrns.

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 bolts from the transport
cask, sampling, venting, purging, and decontamination. After preparation, a cask is transported on the
same transfer cart into the Canister Staging cell 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 to 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

drop of 7 m
* Based on the drop height strength, canisters are unlikely to be breached In a siapdown 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 consequences

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

The unmitigated doses at 5 km resulting from potential canister impact and breach by a crane fall are
similar to the postulated roof collapse shown in Table 7-I. 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 o.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 I
DBEs. Therefore, the bridge crane rails and supports need only withstand a Frequency-Category-1
DBEQ. The lifting mechanisms and controls for the crane should 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
Initate an uncontrolled motion that could result In a canister Impact with a wall or other canisters.

Table 7-8 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.

Predosure 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/Searing 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 DBEO.

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 operations,
it is expected that the mitigated doses at 5 kmn will be within the dose limits for Category I 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 solely on dose consequences.

Packaging/Sealn 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-i 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 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.

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

The potential consequence of roof and building collapse as a source termn 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 bumthrough
* vertical DO drops
* crane falling onto a DC at the tilting station; and
* horizontal drop in the WP Transfer/Decon Area

The unmitigated doses at the 5-krn 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 748 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 (.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-I 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 bumthrough.
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 SSCs
associated with the Initiation of a release can be Frequency-Category-i.

Prelosure Safety Strateuv - This system performs the function Packaging/Seaffing 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 fuels.

For the case of Belbre 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 dose limits will not be exceeded. Defense-In-depth safety features for prevention of unsealed 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 Belbre Sealing - Canister Fuels, the primary safety feature Is to prevent lifting and
Upping 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 andfor
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 Contairnenthby Canister, which leads to a requirement that any heavy
objects (e.g., failing 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
Included 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 Aflter Searing, the primary safety feature Is containment by the WP Inner barrier;
secondary Is containment by the WP outer barrtier, 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 radlonuclides; therefore, the WP and any SSCs that could potentially cause (or interact
with another SSC to cause) a breach during a selsmIc-initiated event must be designed to withstand a
Frequency-Category-2 DBEQ. In this analysis, the bridge crane and the horizontal lifting system were
the only SSCs Identified that could potentially exceed the WP design basis by failing 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 internal and external events. Section 5.5 (of the
present report) summarizes the analysis of subsurface Internal events. External events Included
earthquakes and noted that event scenarios initiated by earthuakes are largely covered by the internal
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.

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Predosure Design Basis Event Calculations for the MGR Attachment Vii
Di No.: 6C0000000-01717-0210-00001 Rev 00 Page: VII-17 of VII-32

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
to 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 rationale for the analysis.

3.2.2 Discussion

Dose Calculations - Table 7-10 presents results 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 rockfali 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
rockfafl doses from the upper part of the table were scaled by the number and content of waste packages
and summed. As indicated, the surn of the potential 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 derailment 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 Internal event analyses for subsurface operations. Based on offsite dose considerations,
the SSCs associated with subsurface transport and emplacement do not have to 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-I DBEQ.

Another potential consequence of a runaway of the transporter train, whether seismic-initiated or
otheiwise, 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 a waste package within a transporter car.
This will have to be confirmed. This interaction and potential 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 rockfall.

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 largest rockblock
mass deemed to be credible. The maximum credible rockblock (monolith of jointed tuft) 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
full-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 10 to 1 x 104, with a best estimate of I 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, internal 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 support in all emplacement
drifts, there Is a conditional probability of approximately 1.0 (multiplied by 10 or 10'4 for Frequency-
Category-I 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 potential
release as well as to ensure accessibility and retrievability, it is recommended that ground support for the
emplacement drifts be Frequency-Category-2. Should future analyses show that the probability of a
large rockblock is significantly less than 1 x 104, 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 Conclusions

If the ground support systems throughout the emplacement, main, and ventilation drifts are designed to
withstand the Frequency-Category-2 vibratory ground motion DBEQ, aand 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-i 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-i-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-S Seismic Classification of SSCs for Canister transier System

.541miuc VA Design
Frequency

|LocalionEqutpment iPart Number SSC Seismic Falure CalOry I Basis or Design Assumption

AitlacklCask Prep/Decon
locdk lacation Door PC-tO-110 Failre lo maintain confinement fert DOEQ FC-2 Loss of cnfnementin hhot eel

CnL Akrock Prep Isolaton Dor PC11-Il aiSde inpac to easkitardter UBC Insuffictent mass to damage cask no loss of confinement
CtT Cask Transter Crt PC-CR-I10 Deraiment causes ilper o cask UBC Assume confinement of bot call alapdown of cask wthin

design basis of cask
CtTL Cask Prep Manipulator PC-EU-I 10 > op orro cask UC Isuicetr mass to damage cask
CTL Cask Deccn Dceie PC-DC-Ito Drop orlo cask UBC hIrsmtikent mass lo damage cask
CTL Crane Maintenance Access Hatch PC-CO-i14 Drop ont cask UiC bIsufllclewn mass, o damage cask; sno loss of confinemeri
DeldlT ansieriLading
CTL Cardter "ridge Crane-8S Ton PC-CN-I 10 L*i" meantrdnmncorduls drop onto cariate FC-I (or UBCr Assume credit hor HVAC and hot call
CTL DC Loading Manipulator PC-EM-111 DropodoDC UiC auffilclent mass to damage DC
CTL DC Transfer Cart PC-CR-ill Deraimentcauseslpovoerofcask FC-1 (or UmCym Assumeconflnernenr of hotceattapoweefcaskwlhin

design basis cask
CtT DcdtlTransfer Shield Door PC-CO-112 Side impat lo cask UtC Insualcliert mass to damage cask
CTLCasktUi llitng Fbiure PC- ilo0 Dropendocs k UtC imsuflicert ansaSodamage cask
CT Large Canister Lling Fixture PC-FX- 11 Drops canister or Permits stapdown FC-l (ofr UBCm Wirin design bass of canister assume no breach
CTL D Load Shieldor PC-DO-1 2 Side knpat to scrcantster UiC bIsulliclent mass. l damage cask no has or confirement
CU Smina Canster Ullt Fitre PC-FX-i 12 Drops canlster crpermits epdr FC-I (or UBCp~ Wihin design basis of canister; assume no breach
Smain Carister Staging Rack PC-SR-I 10 Slapdown of 40 canistire FC-1 (or USC)0 Slapdn is within design basih f canister
CTL Cask LWi Wing Fixture PC-FX-l 10 Drop ento cask UttC Inufficent ma to damage cask
CTS Handling Call
CTS Couroe & Trocktng System WA None idediled Ut3C No release Identified
CTS Hot CO Structure NA Concrete mass bits onto caecanister FC-2 Required for confiement of particulate release
CTS HVAC 4tA Fan Iare. ducling crushed FC-2 Reqred for mtligation at particulate release

Notes:
(1 FC-1 * Frequency Categ i based on esite dose between 100 vrern and 5 rem

FC-2 a Frequency Category 2 based en effule dose greater Ban 5 vem;
UBC a Un*ifrm btulding Code based en .11.e dose be. Itan 100 nmrm
FC-twI * requierd Frequency-Category-I because of worker dose;
FC-ld) 1- elective Frequency-Category-I for defenae-n-dh

(2) Assigned FC-1 for dslenae-ndeptth; may be doae bded lo UBC based eolely an dose Consequence



IE E ^o " § -^ f f - * e * o ! 2

I 8

x

2~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

!~ §i~ > "! I °oo;

.. ~~~~~~~~~~~~~ .



ink: Pa..N...y 0~f. "N. 3 -1 3 .calcloaftI..s bt. Most
OfNo-, n~OOO.1141-atmvow A

Id." Ud&. U1-.A.i.0S"C. h Sme N.6I,...

At.Winhave VII.)

L. L.. ftLw

md~ _
ft� w "',- , I

- - * ~~~~~~~~~~ Z I !~~~~~ " ~ ~ ~ ~ , ~~~~~'J O ?~~~~~~*~

Ut *f Wc-'. ."

! f t S C ... k . 4 P -f

C 1 C.IO.WAb
C C.IC.= 1010810-

:VW.114 . PAbB .. 5

4 w 4 d U $ 3 .I S

WCDJ Wti"q

C V.". FbI

C O B UB 3 wo8.

W A t . B . 1 W A .1 .1 M t- P d . Bdi k " .1 d . . . .. ,

ftC T..III Ih N.b 4v * 8...I& w a.. mh Cas . P M l W e"" .B 4 m %.b...l S -ftw .mIIh .C ..B. 0 -d. PC-

FD~Mn Sbwnh ~ . 4. lb .ovb

S S P T . 1 1 4 ~ ~ ~ ~ m c I M I P I I I~M
ftI % N 1 U i M ... d o ftIbwb&-p

"h-r mlS W.iller...*dW-a..to-A. mml

90- O-mll C P.1 044.10B. .1b*SS ABP .i.t...t. C-
C*91NIM C .1-oke d"8.O*kPCIVW lb Md.,... C-

WAPCNmm vI6-BSwd WNC ob.afth,
P o r N -I S O ~~~~ M ~ ~ m ~ ~ d m C l b ~ p

P W A W IM " I 6 -,I B .P5 . - h . . * Wm b . ' b . B p ~ W
10-E-141 AM mc lb.5 bh

PC-I W Pd . .lfr.N*Ik~d b-., .

M c lb .d.Iph

ftI P.... ~ &AlE p d~

PC- P.... b..d I* q.P .. PAb W N

PC-a 3 i I 9 * 4
Iam l..O vb..

mIC lb.oftb
mce Ihl.lpb-

VW obmvb1p
MC ao...w,~
W C -.B . I . .' . . . i .. . S . .. 6 . .

M 2) 0 ~ q P 4
O C -I . . . I e S82

INC " w Im m f I..h

moc I b . I h
UmC Mbhfbihl
MIc Ih..Urp

ft I s I C I *w.

Ulc Ifwlt

'.*ES C 9kqbe

1-1

: .. .d S .. s B - 4

Bi...'.
IC3- eB

WA I. bdbBd . - f-It94 PBd-I ~ ~ d.. r
WA- m Swdi.-BqC ml- M21dI ., . B.1 * .b W *P- hhd. N lI . B. b~.b.,IPoPI-S 01.C1mm %W Cosft... t-w. wk 8 P ,. .I . .,B.. IO 5 l f- - VW ~ s .~d~..SB..i

WA ... W.b.M W CI i...-. h.B ... S..J- B.d.d.EB...
P W" A C . WB B C m . i . .P - b A d . B p B . B B . .. I .9 1 3 9 d I l s . . d . h s 6.-S .

PUoC-mW " f &a.~ . fth b..abdvw , mc ~ b .... h .bw..f.a.w5p mIC

WIA C - O 35. l . ..I od m l- P B.Bw b, h a ~ B . .. .
W A C B .. B 1 C -B0s P M M C I 3 9 p - B B A ..IBI * * I PCI .90 b BS21

W P C - S* P p - C. " u I 6 . 4 . N . M . B . I N s 1 h

'to .P...CBwy h..b..B*.uS4& .
IN - b S0 C B b . . .l= ,.. U Q .



Imilia: 1'relammary tiesign aasis Event Catlculaton for the MWGR
DIMN..: 5COQ4000GQ1?iT-421.O000I Rev .OA

Attachment VI
Page '411.3 of "vl.32

Table 7-4 Seismic C assiflcatlon of SSCs for Subsurface Facility (Emplacement Slde)

Ssmic Frequency IVA Design
Locationlqu!pnment ISSC Seismic Failure | Catecn IBasis or Cesil Assumptlon I �-L,
Waste Emplacement System
Transporter Locomotives-gene

Trnspoder Locomotives-dre &
power -ers

Coral tip over Initiate Ore: pull transporter
along (sZ transpowt. loss of
whSedacastag - abrupt stop
initiate uncontrolled motion: fall to provide
dynamic braking in descent

Transporter L comote-control & Initiate uncontrolted motion; failure of on-
communica0onlon board board Uor communicatlon to secondary

locomotive /or central control
Transporter Locomotves-brake Failure to control descent speed: Could be
mechanical, air, & controls ComMOtI-Cuse failure with failure Of

drive/dynarite braking of ioa 5 with
transport.' car. ee.

Transporter Locomotis- L=oss hardwe connection of control and
intorconnectim to transporter car ait & hydrauIC lines to transporter brakes

aiding but expetd no loss of braking on
transportron toss fluids lass of tracve
force for trnsporter bI up grades

Tporter Car -Senel Ceori; tip over, eject waste package: loss of
biological shield In tlpover: fire in neutron
shield

Transporter Car -bra mechanical Falur to contro descent speed Could be
A air common-cause mechanical failures with

fulure of drivedlynamic braking of IoCo A
with transporter car. etc.

Transporter Car -doreusab Eject waste ckage during transport

FC-I (orUWC)

FC-1 (or UBq

FC-1 (or UWC)

PC-I (or UBC)O

FC-1 (or USC)'W

FC-1 (or UMCM

FC-l (orCUBC)

fC-t (or USC

FC-I (or USC)0

PC-1

fC-1

FC-1

FC-I

fC-1

FC-1

No release-within design basis of WP

Potential release 10 CFR 20: no release it impact
imriler for WP or maxlmum Impact withn design
basis of WP
Potential release 10 CFR 20: no release iimpact
limiter For WP or marimum impact within design
basis odWWP
Potential release 10 CFR 20. no release I impact
limiter for WP or maxdmum Impact within design
basis ofWP

No release ijust derailment Potential release 10
CFR 20 bud mechanism for brake failure due to tos
of air may be physically Impossitbl; also. no release
if impact limiter for WP or maximum Impact within
design basis of WP
No release-within design basis of WP; worker dose
from direct radiation

Potential release '10 CFR 20: no release I impact
Wmiter for WP or maximun impact within design

basis ofdWP

No raseb if impact limiter or within design basis or
WP,. potential dose to workers
No release-within design basis of WP- worker dose
from direct radiation

Potential dose to woriken - direct radiation

Direct interaction with unshielded waste package no
release in drop within design basis or WP-. potential
dos to workers In recoverv
Oirect interaction with unshielded waste package: no
release in drop within design basis of WP. potential
dose to workers in recovety
Direct Interaction with unshielded waste package: no
release In drop within design basis of WP; potential
dose to workes In recovery
Direct interAction with unshielded waste package: no
release in drop within design basis of WP: potential
dose to workers in recovery
Direct inteacton with unshielded waste package: no
release In drop within design basis of WP; potential
dose Io workers in recovery

ruaar drives & controls
Transporter Car -reusable railcar
restrairtffazteners

Transporter Car -radiation shield
and doors
Transporter Car -carriage

Emplacement gantry- general

Emplacement gantry -structure

Emplacement gantry -Wling
mechanism

Emplacement gantry -
controltcommtcunation on board

Elect wate package during transport: ranlcar
rols into drit drops waste package:
damages gantry A/or shadow shield
Loss of blological shied

Ceral; tip over lass of wheels/carriage -
abrupt stop

eals .drops WP; derails -Impacts
emplaced WP

Crop WP; amimisalign WP whie
Mlowericar

Crop WP; janmisalkgn WP while

Initiate uncontrolled movement in drill:
uncontrolled rai"sower WP. drop WP

Rail System
Rails -main drils & North Ramp

Switches (switchtracks) &
instrurmentationcontrols
Rails- emplacement drifts

Ground Support System
Warts.Mai Oris

inverts -Main Drifts

Bucklee; deform; cause derailment
transporter

efoerrr change shale: cause derailment
transporter
buckle; deform; cause deraiment gatry.

7mpact or puncture of waste package(s)

Induce distortion of RilS cause dnrahimnnt
of transporter
Lose base of ground support ring struture

FC-1 (or UBC)Q

FC-1 (or UBC)m

FC-I

FC-1 (or USC)

IPC-1 (of USC)"'

No release-within design basis of WP

No release-within design basis of WP

No release I drop a puncture forces within design
basis o WP: need to verify

No release-whhin design basis of WP

No release if maxImum Impact within design basis of
WP: potential worker dose fron direct radiation:
unable to perform cleanup or EC recovery unti re-
excavationlconsriuction

.1
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Table 7-J Seismic Classification of SSCs for Subsurface Facility (Emplacement Side)

| 1smic 1 -requency VA Design
LocatlonlEqulpment ISSC Seismic Failure I Category t B |11asis or Design Assumtption
Ground support - main drifts & Fall of modefately large mass o sttructural FC-t (or U8C)': No release it maximum rockfalUsteel impact within

41, ir
N%1 Mraonn Kamp

Ground suppott - nain drifts &
North Ramp

tmerts -Emplacement Drifts

Ground support. Emplacernent
Onifts

Ground support -Ventilation Drift

useel or ofcts onto Iranspoter bss, o
biological shield: potential impact on waste
package
Widespread rockfall Loss of
accessfpassage of large regions of
emplacement areas
induce distortion of rails, cause derailment
of emplacement gantry thrust rais to
potential puncture WP
Fall of rocks of various sizes onto virtually an
waste packages in emplacement

Widespread -orall: induced failure oducts
& supports Loss of ventilation klow; Loss of
accessupassage for restoration

FC-I (or UBC)4

FC-i

FCi1 (or UBC)T

FC-I (or I.MC)

design basis of WP; potential worker dose from
direct radiation; unable lo perform cleanup or EQ
mcvey untl re-excavation/construction
No release or tss of biological shietCing -
disruption of throughput; unable to perform cleanup
or EQ recovery until re-excavation/construction
ias game seismic critertai as gantry structure: but
no release it drop & puncture forces within design
basiss o(WP
No release if largest rocbhloct within design basis of
WP; otherwise. potential wide-spread common-
cause breach of all emplbced WPs
No release: no loss of required mitigation; Loss of
ventilation cooling of emplacement driftsh loss of
personnel air suppl. ttistuption of radiation and
environmental monitoring systems; failure of
electricat/communication cabling

Ventilation System
Ducts -in ventilation drift Breakup, cotlapsa -Potential loss of all flow

paths of all ducts; common-cause failure

Duct supports -In ventilation drilt Allow ducts to fll - Potential toss df .11 flow
paths of all ducts: common-cause failure

Ducts - in raises from emplacement Breakup. collapse -Potential toss of alt flow
drifts paths of all ducts; common-cause failure

I

I

II

Duct utpports -in raises from
emplacement drilts

DiversIon valves -emplacement
raises

Albow ducts lo fell -Potentlal toss of all flbov
paths of ai ducts; common-Cause failure

Blocks flow from al emplacement drifts

FC-t (or USc)f No release: no loss of essential critical mitigation:
toss of preferred ventilation aw in eent of release
during emplacement: loss of ventilation cooling of
emplacement drifts: toss of personnel ar supply;

FC-t (or UaC)p No release; no toss or essential critical miligalion;
toss of preferred ventilation flow hi vent of release
during emplacement: lss of ventilation cooling of
emplacement drifts; tss of personnel air supply
loss of emplacement drift air monitoring: no Atreme
exposure to repatrtrepbace

FC-1 (or UBSCV No relase: no toss o essential critical mitigation;
lss of preferred ventilation flow In event of release
during emplacement: toss of ventilation eooling of
emplacement dtf loss of personnel air supply:
toss of emplacement drift air monitoring : high-
exposure to repartreplace

FC-1 (or UBC)r No release; no toss of essential critical mitigation;
loss of preferred ventilation flow In event of release
during emplacement: loss of ventilation cooling of
emplacement dfts toss af personnel air supply;
boss of emiplacement drift air monitoring : high-
exposure lo repairtreplace

FC-1 (or U# t No release; no loss of essential critical mitigalion:
tss of ventilation cooling of emplacement drilts:
toss of personnel aIr suppty; potential interaction
with air montorlng; no undue exposure to
repaidreplpce

FC-1 No release -no boss of mitigation; Loss of
inforrnation on post-earthquake conditions

FC-I (or U9C)iz No release, no loss of essential mitigation.; loss of
preferred ventilation flow In event of release during
emplacement. Stagnation of air. potential retention
of particubates In subsurface (but, toss of filtration if
needed to mitigate doses)

FC-.1 (r UBC)M No release, no toss of essential mitigation.: toss of
preferred ventilation flow in event of release during
emplacement. Stagnation of air. potential retention
of particulates in subsurface (but. toss of iltration if
needed b mitigate doses)

FC-1 (or UB13c No release, no toss of essential mitigation.
Stagnation of air. potential retention of particulates in
subsurface (but oss or filtration T needed to
mitigate doses)

FC-1 (or UjC)Mi No Immediate release. no toss of *ssental
mitigation, Ioss of preferred ventilation fRow In event
of release during emplacement. Potential
consequential release or compromise of waste
isdlation, If rapid cooldown affects WP Integrity

Air monitoring -tubing. Instruments. Loss f toniwtorabilly or emplacement drift
power
Fans & molors & contro system ( Loss of ventilation lw loss of lration
communication bc central control)

(Electrical supply) Loss of ventilation ftow toss of filtration

Diversion valves -to HEPA filters Oif Loss of fitration
instatled)

Empacement drift isolation doors- Open -disrupt preferred cooling
structure

,;k�
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Tabte 7-S Seismic Classification of SSCs for Subsurface Facility (Emplacement Slde3

C Seasmic Frequency VA Design
Locatlon/Equiment SSe Seismic l'ailure |l arON Basis or Desi5n Assumotlon
Emptacementdrilltisolationdoors. Open- disruptp rredcoolinug FCi (or UBC)' No immediate releast, no loss of essential
actuator & controls mitigation, toss of preferred ventilation ROw in event

of release during emplacement. Potential
consequential release or compromising waste
isolation. If rapid cooldown affecs WP iauegrty

Rail !ectriticatlon System
Transporter locomotives , motive &
controls

Loss of power to transporter locomotives.
motive & controls

Transporter car- doors a reusable Loss power lo transporter car-doors &
railcar drives reusable railcar dmres

Emplacement gahiry -motive &
li;Mng

Emplacement gantry -controls &
communication

Emplacement drlf isolation doors -
position monitors; motive power

Rail system -switches & signals

Overhead troley supply cbble &
supports

Rectifier for DC supply to oalley
cables

Backup diesel-generator (if
provided)

Backup baiey pack fi provided)

Loss of power to emplacement gantry
motive & rMming

Lois of power to emplacement . controls
communicankon

Loss of power stat, jamming

Loss of power- loss of control & signals

Collapse; sparkts initiate lire in transporter
car

Brea loose. collide with transporter train:
ire: loss of power to emplacement

operations

Fail to start & run after EC; loss of backup
power

Fail to supply power after EQ; Gre initialed;
acid spit

U8C

FC-I

FC-1

PC-i

FC-i

FC.1 (or UBC)aM

UBC

FC-1

FC-1

PC-I

Slall. no motion until restoration of power (unless
backup power); no release or loss of miligation;
potential uncontrolled motion Y surge on power
restoration
Halt of operation in loadingunloading transporter
need to resume sfe operation after earthquake;
potential worker dose Wrom dert radiation during
recovery actions
Halt of operation in loadingruntoading transporter;
need to resume safe operation after earthquake;
potential worker dose from direct radiation during
recovery actions
Hal of operation in loadingtunloading transporter;
need to resume sate operation after earthquake:
potential worier dos* from direct radiation during
recovery actions
Halt of opeation in boadingfunloading transporter;
need to resume safe operation after earthquake:
potential worker dose fomn direct radiation during
recovoey actions
Failure to change state of switch in timely manner
Remain failed upon restoration of power -induce
derailment but no release; toss or switch poition
indication
No release unless fire exceeds design basis ofWP;
no loss of mitigation: potential electrocution of
worer halt of transport but not essential for safe
operations
No release unless fire exceeds design basis of WP.
no toss of mitigation; potential electrocution od
worken; need to resume safe emplacement
operations after earthquake
No release unless WP handling operation not
completed properly and causes impact * design
basis of WP; no loss of mitigation unless power
essential
No release unless WP handling operation not
completed property and causes Impact a design
basis ofWP: potential worker dose Itn recovery
operations: no toss Of mitigation; fir unlikely to
affect WP; fll & acid personnel hazards

Radiation Monitorfing Systems
Detectors. transmitte amplifiers Lossofindications
alarms

FC-1 No release; no loss of mitigatlon. potential loss of
indications of radiation teaks

Communication System -General

Radio telephone, video camers Loss o communications -general&
lights essential

USC No release; no lose of mitigation: potential toss of
essential communication ror personnel safety S post
earthquake accident management

Ughting
General tighting

Emergency lighting

loss ot lights

Loss of essential lighting

U8C

FC-1 (or UWC)

Emergency lighting avaable; need to demonstrate
no interaction with emergency system
No release no loss of mitigation: potential loss of
essential lighting personnel safel pest-
earthquake accident management; minimal drift
emergency lighting and supporls/batteries withstand
FC-2
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Table 7-9 SeismicClassImcation of ISC for Subsurface Facility (Emplacement Slde)

r , & 5~~~~~~~~~~~~~~easnl~c IreUefcy |VA DesignI
|Locatlon/Egroment ISSC Seismic Failure CateS- c o lrsis er DesYln Assumptlion

Control & Communication
System-Remote
Control oflocomotives -remote initiale uncontrolled motin: commoncause fC-t (or UB3C)n No release In derailment Or Unaway V impact limier

failures of on-board War communication to for WP or madmum Impact within design basis of
secondary locomotive Lior central control WP

Control of emplacement gantry - Initiate uncontrolled motion; spurious lifts or FC t No release. drops within design basis of WP bul
ramole drops of waste packages direct handling of unshielded waste package:

potential dose to wovlers in recovery & repair
Video & voice communications Loss of visual ifortnation In drifts loss of FC1 or JUBC)m No release: no loss of mitigation: potential loss of

voice communication v.t personnel information effecting personnel safetry & post-
earthquake accident management (minimal video
and communications to be FC-2)

Central Control Room
TrasportlEmplacement activities see Control & Communications - 1C-I Emplacement gantry handles unshielded waste

uncontrolled motionlaction of transporter packages
locomotive tor emplacement gantry

Gener"l Loss of ali essential instrumentation, control FC-I No release; no loss of mitigation; potential lbss of
L communication to subsurface equipment essential communication fr personnel safety L post

earthquake accident management

Fire Water
Piping from surface through drills Pipe rupnure USC (or RC-i if No release: no loss of mitigation; depending on

edverse interaction) geometrical rairngement: localized flooding;
potential spray interation with electrical supply.
nsnUameniatlon £& Communication to emplacement

equipment, essential communication for personnel
safety & post-earthquake accident management

Pipe supports Pipe segment fall onto rls or onto UBC (or FC- I No release; no toss of mitigation: depending on
electrical, communicatron. or adverse interaction) geometic arrangement: consequential pipe break
instrumentation components with locatized flooding: potential physical impact of

pipe sndtor spray interaction with electrical supply.
instrumentation & communication, essential
communication for personnel safety & post-
earthquake accident management

Notes:
(1) tC-I a Frequency Category I based on offsite dose between 190 mrnm and S rem;

FC-2 a Frequency Category 2 based on offrite dose greater than S rem:
UBC a Uniform building Code based on offaite dose iess than 100 mrem;
FC-1(a) a required Frequency-Category-I because of worker dose;
FC-i(d) * etective Frequency-Category-t for defense-in-depth

(2) Assigned FC-1 for defense-in-depth: may be downgraded to UBC based soety on dose consequence

K-1/
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Table 7-10 Dose Bases for Seismic Classification of Subsurface SSCs

Basic Dose Calculations for Bounding Waste Packages In Subsurface Release Scenarios
Number of Oitsit lDose (rem)
Fuel per Waste Package,

Locationl/Actvity Equipment Potential DBE Assemblies without HVAC
RockIa3hIemplacement drill PWR21 SFA Bestestimate release 21 0.10
Rockial In emplacenent drift PWR 21 SFA ConservatIve 21 '5
Rockfal hI emplacement drift BWR 44 SFA Best estimate release 44 0.39
Rocklal hI emplacement drift BWR 44 SFA ConservatIve 44 '5
Rockfal hI emplacement drift DHLW 5 canisters (Savannah River) Conservative S >5
Rockftal In emplacement drift DOE SNF NWA tWA NIA
Runaway transporter PWR 21 SFA Best estimate release 21 1.10
Runaway transporter PWtR21 SFA Conservative 21 >S
Runaway transporter BWR 44 SFA Best estimate release 44 2.00
Runaway transporter BWR 44 SFA Conservative 44 '5

Population of Waste Package Maximuan Number of Fud
Types When MGR Is Full Assemblies Present Maximum Doze II ANl WPs Breached - Conservative Doze (rem)
21 PWR 4239 NumberWPux d per21 PWRWP >>5
12PWR 553 NWnbeWPs x dose per 21 PWRWPx 12021 >>5
4BWR 2326 NbmberWPs x dose per 44 BWR WP >>5
24 BWR 49 NumbeMWPs x dose per 44 BWR WP x24U44 -S
DHLW 1663 Number WPs x dose per DHLW WP "5

SNF 883 Number WPs x dose per 21 PWR WP (scoping) -S_
Total Maximum Potential Olfsht Dose 3>35

) ) )
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Attachment Vil - 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 DBEs 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 2SE-5, as
shown in the top event ePrimary Confinement WAC Unavailable' of the fault tree on Page VIl\-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 HiVAC unavailability is Indicated by the box labeled 0Ooerating
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 DOE analyses Is attributed to roundoff errors and is not
considered to be statistically significant

The calculated HVAC unavailability for single train and redundant train HIWAC 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 2.5E4
* 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 HWAC fault tree on Page VIIl-4 was extracted from the Catawba
Nuclear Station PRA Report, Table A.16, Rev. 1. and EPRI NP-3365, Review of Proposed Dry-Storage
Concepts Using Probabiffstc 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 V1i1i4 is a simplified representation of the major failure
modes expected for the HIVAC 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 VIlil-1 below:-

Basic Event Description Failure Reference
Event Probability
G015 Common cause failure of both fans 2.40E-05 Catawba PRA, Table A.19 ", Page 2 of 4

(operating and standby) to run
G019 Fan motor fails to start 6.OOE-4 Catawba PRA, Table A.19-1, Page 2 of 4
G020 Fan motor fails to run 2.40E-04 Catawba PRA, Table A.19-6, Page 2 of4
G021 Fan maintenance unavailability 1.30E-03 Catawba PRA (page VIII-3 attached
G022 HWAC seal failure (per demand) 2.50E-04 7.56, Table B-15
G023 Fan motorfails to run 2.40E-04 Catawba PRA, Table A.19-6, Page 2 of 4
G024 HI/AC seal failure (per demand) 2.50E-04 7.56, Table B-15

The applicable pages from the Catawba PRA report are reproduced on pages VIII-2 through Vlll-3. The
HVAC fault tree is Illustrated on page VlI -4.
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DATA

Three Dam sheets are a=sced.

* Eun failure e o n AMU
* Start Filu on Demand for AHU
* And Eat Huan ErBr probability of Operator causing a bypass of an airlock system. Used

for BYPASSLHE event

The run failure rae is used to derive a common cuse failure rite using an assuned beta of 0.1.

Mission time is awued to be 24 hou=s.

Maintenance unavailability is based on run failure rae with a 72 hour repr time

TA _ 72 =6.54E -04

-+TR 1 +72
A 9.09E - 06

'he maintenancc is doubled an the smndby tain to account for either train being in standby.
Thus the maintenance UA of thc sndby tain is 13 IE-03.

ZATAO GA 9KA DAT T ) eAc; 2 o4C 2.
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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 9S operating system. The Inhalation and submersion dose calculation spreadsheets
are based on Equations IX-1 through IX-4 and calculate offsite Q.e., 5.000 meter) doses for each organ
and the whole body for a ground-level radiological release.

LO0 Equations

2.1 Inhalation Dose Calculations

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

DJ.K() = [SJ.KQ)^ N ^ RFK ^ MFK * BR ^ [IOIR (IX-1)

where

DJ.K(I) = 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)
RFK = 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)

MFK = 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 (m3/sec)
[XIQ]R z atmospheric dispersion coefficient at site boundary distance R for assumed

meteorological conditions and duration of release (sec/m 3)
SAK (I) - inhalation source term for organ J from radionuclide group K (rem per fuel assembly

or canister)

L2 Submersion Dose Calculations

The equation used to calculate the submersion dose Is as foflows:

DJ.K(S) = CSJ.K(S) N RFK * MFK [I CQ]R (IX-2)

where

SJ.K (S) = submersion source term for organ J from radionuclide group K (rem/sec per
FA/m0 or rern/sec per canister/m3)

DJK(S) = submersion doses that organ J receives as a result of the exposure to the
radionuclide group K (rem)
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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:

DN1) = £ DJ.K(l). (sum over K, radionuclide groups); for J = 1 to 8 (IX-3)

and

DJ(S) = DQkK(S), (sum over K radionuclide groups); for J = I to 10 (IX-4)

where

Dim) = 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 PWAR 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 particulate filtration Is available with an efficiency of 3.OE-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 bumup of 39,560 1
MWD1MTU, 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
radionuctides 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 radionucide 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 IX-3, Column (A2) as
1.04E+9 rem/FA (inserted in Column (1) of Table IX4 page 2).

2. The number of 50% PWR assumed to be damaged is 8. This value appears in Column (2) of
Table IX4 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.OE-1 = 4.27E-6

The release fraction appears in Column (3) of Table IX4 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 m3/sec In Column (5) of Table IX-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/r 3 (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 (IX-1).

Columns (1) through (3) of Table IX-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 IX 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 IX-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 numbers In column headings of
Table IX-4, page 9):

1. The PWR 50% source term perfuel assembly forthe whole body is found in Column (3). Table
IX 4, page 9 as 6.58E-1 remlsec per FAtm3, and Is transcribed to Column (1) of Table IX-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).

Civilian Radioactive Waste Management Svstem
Management & Operating Contractor



Title: Preliminary Design Basis Event Calculations for the MGR
Di No.: BC0000000-01717-0210-00001 Rev 00

Attachment IX
Page: IX4 of IX-26

5. The atmospheric dispersion factor for a ground release at 5000 m Is 1.44E-05 sec/M 3 (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 S-assembly drop of 50% PWR fuel assemblies:

D = 6.58E-01 rem-s'-FA` -m 3 x 8 FA x 3.OE-02 x 1.0 x 1 .44E-5 sec/M 3

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 IX-3. the total inhalation doses to the breast for each radionudide 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 IX4 page 10. Column (9) of Table IX4
page 10 sums the Inhalation and submersion doses for. all organs and the whole body.

3.4 Verification by Hand Calculation

Figure IX-1 shows the hand calculations perforrned 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 an nudides which fal within the 99.9% cumublaive dose for at least one organ. Tritiurn and 1-129 have also been
Included, regardless of rank. per guidance In NUREG-1536.

10-Year PWR DEP Inhalation Source Term

. Group Isotope Gonad
renlFude Assembly

Breast Lung R Marrow B Surface Thyroid Remainder Whole Body

es
Cs
Cs
h

p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
pp

Sr

Cs-134
Ru-10B
Cs-137
H-3
1-129
Pu-239
Pu-240
Pu-242
Pu-241
Sb-125
U-234
Pu-235
AM-241
Pm-147
AM-242m
Cmn-243
Aan-243
Cd-`113M
Crn-244
Eu-155
CoO-6
Eu-1 54
Y-90
Sr-9O

Z18E+08
1.41E406
1.76E+09
1.75E*04
B.73E00
8.69E+09
1.45E+10
4.97E+07
4.70E510
1.01E+06
6.095+03
1.10E+11
1.255411
1.28E-02
1.54E+09
1.30E-09
2.07E+09
4.47E+05
1.29E+11
1.694E06
2.34E+07
1.50E+08
7.15E+04
3.65E*08

1.82E+08 1.98E+08
1.03E+06 1.13E+09
1.58E+09 1.77E+09
1.75E+04 1.75E+04
1.62E+01 2.43E+01
289E*05 2.34E+11
5.24E+05 3.91E+11
1.90E+03 1.34E+09
3.64E+06 5.41E+11
1.17E+08 6.11E+07
6.16E*03 6.&5E+08
4.64E+08 3.38E+12
1.03E-07 7.095+10
5.60E02 1.20E+09
6.62E404 2.02E+08
3.95E+05 1.22E+09
9.67E+05 1.13E+09
4.47E+05 3.t7E+07
8.43E+06 1.56E+11
2.91 E+06 5.84E+07
9.06E+07 1.70E+09
1.98E508 1.015+09
7.15E+04 1.29E+09
3.65E+08 5.15E+08

1.98E+08 1.85E+08 1.67E+08
1.01E+06 1.75E+05 1.67E+06
1.67E+09 1.60E+09 1.59E+09
1.75E*04 1.75E-04 1.75E504
1.08+E01 1.07E+01 1.21E+05
4.768+10 5.055+11 2.72E+05
7.955+10 9.93E+11 4.55E+05
2.72E+08 3.40E+09 1.82E+03
2.43E-11 3.03E+12 1.56E+06
1.51E+o6 2.75E406 9.12E+05
1.68E+05 2.6W+06 6.095+03
6.12E+11 7.65E+12 4.07E+06
6.705+11 8.36E+12 6.16E+06
2.50E+07 3.13E+08 3.085+02
8.11E+09 1.025+11 2.71E+04
7.41E+0W 9.23E510 2.40E+05
1.10E+10 1.38E+11 5.27E+05
4.47E-05 4.47E+05 4.47E+05
7.60E+11 9.48E+12 6.18E+08
6.78E+07 7.20E508 1.14E+06
8.47E507 6.65E+07 7.98E+07
1.36E+09 6.69E509 9.14E+07
2.10E506 2.09E+06 7.15E+04
4.64E510 1.00E+11 3.65E+08

2.34E+08
1.30E+07
1.83E+09
1.75E+04
9.13E+00
219E+10
3.65E+10
1.25E+08
1.02E+11
4.088E06
Z43E+05
Zt9E-11
3.01E+11
2.43E+07
3.59E+09
3.62E+09
4.92E+09
1.76E+07
3.87E+11
5.26E+07
1.77E+08
1.45E+09
5.35E-08
4.64E+08

2.11E+08
1.40E+08
1.74E+09
1.751+04
3.63E+03
6.04E+10
1.01E+11
3.45E+08
2.28E+11
S.29E+06
8.23E+07
8.22E+11
4.61E+11
1.64E+08
5.51E+09
5.21E+09
7.59E+09
1.02E+07
5.435+11
5.32E+07
2.91E508
9.89E+08
3.15E+08
8.4E+09

' DOF - Design Sasis 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 al nucides which faN within the 99.9% cunulative dose for at least one organ. Tritium and 1-129 have also been
Included. regardless or ranK. per guidance In NUREG-1 536.

10-Year 100% Bounding PWR Inhalation Source Term

rermlFA
|Group Isotope Gonad Breast Lung R Marrow U Surface Thyroid Remainder Whole Body

Cs
Cs
Cs
h

p
p
p
p
pp
p
p
p
p
p
p
p
p
5,

Cs-134
Ru-10S
Cs-1137
Ht-3
1-129
PU-239
PU-240
Pu-242
PU-241
Sb-125
PU-238
Amn-2411
Pmn-147
Cm-243
Amn-243
Cmn-244
Eu-155
Eu-154
Y-90
Sr-9o

&17E*03
1.84E.06
2.75E209
1.67E+04
1.06E+01
9.68E209
1.81E+10
1.17E+08
7.30E+10
8.67E+05
Z.57E211
2.01E+11
1.80E-02
3.03E+09
6.18E+09
5.47E+11
1.02E*06
1.84E+08
1.02E+05
5.22E206

Z64E+08 Z88E*08 Z88E+08
2.52E+06 1.47E+09 2.49E+06
2.46E+09 2.77E209 8t1E+09
1.67E+04 1.67E204 1.67E+04
2.56E+01 3.85401 1.71E+01
3.22E+05 2.61E+11 5.30E+10
6.52E+05 4.882411 9.89E+10
4.47E+03 3.16E+09 S.43E+08
5.66E+06 8.41E411 3.78E+11
1.00E+06 5.23E+07 1.29E406
1.09E207 7.90E+12 1.43E+12
1.65E+07 1.14E+11 1.08E212
7.85E+02 1.69E+09 3.51E207
9.19E+05 2.84E+09 1.72E+10
2.SE+06 3.37E+09 3.282+10
3.58E+07 6.64E+11 3.23E+12
1.76E+06 3.42E+07 4.11E+07
2.43E+08 1.24E+09 1.624w09
1.02E+05 1.84E+09 3.00E+06
5.22E208 7.37E+08 6.64E210

2.69#+08 2.71E+08
228E+06 2.44E+06
2.49E+09 2.49E+09
1.87E+04 1.67E+04
1.69E+01 1.91E+05
8.62E+11 3.02E+05
1.24E212 5.66E+05
8.03E+09 382E+03
4.71E+12 Z42E+06
2.36E+08 7.80E+05
1.79E+13 9.53E+06
1.34E+13 9.89E+06
4.38E+08 4.32E+02
2.15E+11 5.60E+05
4.11E+11 1.57E206
4.03E+13 3.48E+07
4.36E+05 6.89E2+S
8.20E+09 1.12E+08
2.98E+06 1.02E+05
1.44E+11 6.22E*08

3.39E+08
1.70E+07
2.86E+09
1.67E+04
1.45E+01
2.44E+10
4.55E+10
Z94E+08
1.59E+11
3.49E+06
67GE+111
4.83E+11
340E+07
8.42E209
1.47E210
1.64E+12
3.19E+07
1.77E+09
7.65E+08
6.64E+08

3.06E+08
1.83E+08
2.71E+09
1.67E+04
5.75E+03
6.72E+10
1.25E+11
8.156+08
3.54E 11
7.95E+06
1.92E+12
7.40E211
2.30E+08
1.21E+10
2.26E+10
2.31E+12
3.22E+07
1.21E+09
4.512+08
1.282+10
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Table iX-t. SOURCE TERM GROUPING INFORMATION (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose Includes all nudides which fall within the 99.9% cumulate 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

remrFA
Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body

es

h
I
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
sr

Cs-137
Cs-134
H-3
1-129
Pu-240
Pu-242
Pu-2411
Pu-238
U-234
v-mo
Pu-239
Eu-154
Eu-I155
Cm-242
Amn-243
Cd-I1 13m
Cm-243
Am-242m
Cni-244
Co-S0
Arn-241
Sr-go

1.16E+09
5.54E.06
8.71E+03
5.63E.00
1.19E+10
4.1aE.07
2.78E.10
6.74E+10
6.19E+03
4.69E.04
8.12E+09
5.02E+07
3.14E.05
11.88E.+07
1.51E.09
2.21E+05
7.34E+08
1.29E.09
5.191E+10
5.6012+06
1.84E+11
2.39E+08

1.04E+09
4.69E*06
8.71E+03
i.35E+0t
4.30E.05
1.59E+03
2.15E+06
2.85E+06
6.26E+03
4.69E+04
2.70E+05
6.65E+07
5.42E+05
3.12E+04
7.05E+05
2.21E+05
2.232+05
5.54E+04
3.39E+06
2.17E.07
1.51E107
2.39E+08

1.17E*09 1.10E+09
5.12E+06 5.12E+08
S.71E*03 i.71Et03
2.03E201 9.07E00
3.21E+11 6.53E+10
1.13E+09 2.29E-+08
3.20E+11 1.44E+11
2.07E*12 3.76E+11
&96E+08 1.692+05
6.44E108 1.381+06
2.192+11 4.45E+10
3.40E+08 4.55E+08
1.05E+07 1.26E+07
5.12E+08 1.29E+08
8.26E+08 8.03E+09
1.92E'07 2.21E.05
6.881E08 4.16E+09
1.69E+08 6.782+09
6.30E+10 3.06E+11
4.06E+08 Z02E*07
1.04E*11 9.84E+11
3.382+08 3.05E+10

1.052E09 1.056209
4.78E+06 4.S2E+06
8.71E403 &71E+03
8.94E+00 1.01E+05
8.15E+11 3.73E+05
2.86E+09 1.36E+03
1.79E+12 9.21E+05
4.70E.12 Z50E+06
264E+08 6.9DE.03
1.37E+06 4.69E+04
5.56E+11 2.54E+05
2242+09 3.06E+07
1.34E+08 IZ12E-05
1.61E+09 3.11E+04
1.OiE+11 3.852+05
2.21E+05 2.21E+05
5.21E+10 1.3612+05
8.51E+10 226E804
3.82E+12 3.29E+06
1.59E+07 t.91E+07
1.23E+13 9.05E+06
6.59E+10 2.39E+08

1.2iE+09
6.04E+06
8.71E+03
7.64E+00
3.00E210
1.05E+08
6.05E+10
1.78E+11
2.48E+05
3.51E+08
2.04E+10
4.85E+08
2.79E+06
8.09E+07
3.59E*09
8.72E+06
2.04E+09
3.002+09
1562E11
4.24E207
4.42E+I1
3.05i+08

1.14E+09
5.44E*06
S.71E+03
3.04E+03
S.28E+10
Z90E+08
1.352+11
5.05E+11
8.371+07
Z07E+08

.64E+10
3.32E+08
9.90E+06
1.54E+08
5.54E09
5.04E+06
2941209
4.61E+09
2.191211
6.96E+07
6.78E+11
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 a1 nudides wlich fag within the 99.9% cunulative dose for at least one organ. Tritiun and 1-129 have also been
included, regardless of rank per guidance in NUREG-153.

50% 8WR INHALATION SOURCE TERM

10ou Iotope
Cs CS-137
Cs Cs-134
H H4-3

1-1129
P, Pu-240
P Pu-242
P Pu-241
P Pu-238
P U-234
P Y-90
P Pu-239
P Eu-154
P Eu.155
P Cm-242
P, Arn-243
P Cd-113m
P Cmi-243
P, Arn-242rn
P, Crn-244
P Co-6O
P Amn-241
SR Sr-9O

-

Gonad
9.67E+08
4.34E+05
7.87E.03
4.77E.00
1.00E+10
3.98E.07
Z55E+10
5.26E*10
5.24E.03
3.80E204
8.80E.09
4.01E-07
2.52E205
1.95#+07
1.40E209
1.84Ee05
8.59E+08
1.34E*09
4.80E 10
4.02E+08
1.70E211
1.94E+08

Breast
8.65E+08
3.61E*06
7.6TE703
1.15E+01
3.61E+05
1.52E+03
1.982E06
Z22E+08
5.30E+03
3.80E+04
2.20E+05
5.31E+07
4.352E05
3.23E+04
8.53E205
1.84E+05
2.03E+05
5.74E.04
3.OIE*00
1.5GE+07
1.39E+07
1.94E-08

remlFA
Lung R Marrow B Surface Thyroid

9.73E+08 9.1E808 0,76E+08 8752+08
3.94E+06 3.04E+06 3.67E+08 371E+08
7.87E+03 7.87E+03 7.87E+03 7.67E+03
1.72E+01 7.68E+00 7.57E4W0 8.56E+04
2.69E+11 5.47E+10 .U4E-11 3.13E.05
1.07E+09 2.18E+08 2.72E+09 1.29E203
2.94E211 1.32E+11 1.65E+12 8.46E205
1.82E212 2.93E+11 3.66E812 1.95E+06
5.89E+08 1.43E+05 2 23E+06 5.24E.03
6.85E+S08 1.12E+06 1.11E+06 3.80E204
1.7E+11 3.62SE10 4.52E+11 2.06E*05
2.71E+03 3.83E208 1.79E+09 2.44E+07
8.43E+06 1.01E+07 1.08E+08 1.70E+05
5.31E+08 1.34E+08 1.67E+09 3.22E204
7.84E+08 7.43E+09 132E210 3.56E+05
1.G0E+07 1.84E205 1.84E+05 1.84E+05
6.27E208 3.81+E09 4.75E+10 1.24E205
1.75E+0J 7.03E+09 882E210 2.35E+04
5.58E+10 2.71E 11 3.38E*12 2.92E+06
2.92E+08 1.45E207 1.14E+07 1.37E+07
9.S1E+10 9.09E211 1.132+13 8.36E506
2.74E+08 2.47E210 5.34E+10 1.94E+08

Remainder
1.01 +09
4.64E+06
7.67E+03
6.48E+00
2.52E+10
9.98E207
5.572E10
1.38E+11
2.10E+05
2.85E208
1.66E*10
3.87E+08
7.8GE+0S
8.39E*07
3.32E+09
7.26E+06
1.88E-09
3.11E+09
1.38E+11
3.04E+07
4.08E+11
2.47E 08

9.52E+08
4.19E+06
7.87E+03
2E58+03
6.94E+10
2.76E+08
1.24E211
3.94E+111
7.09E+07
1.68E.08
4.59E+10
2.651.08
7.95E*06
1.60E+08
5.13E+09
4.20E+06
2.6E8+09
4.78E+09
1.94E+11
5.00+E07
6.26E+ 11
4.76E+09
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Table iX-t. SOURCE TERM GROUPING INFORMATiON (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose Indudes al eucldes wich n vwhin the 9g.% cuimulative dose for et least one organ. Tritium and 1-129 have also been
included, regardless o rank, per guidance hi NUREG-1536.

10-YEAR OLD BWR DBF INHALATION SOURCE TERM

c s

cs
Cs
h

p
p
p
p
p
p
p
p
p
p
P
P

p
p
p
p
p
p

pP
r

rem1FA

-

Isotope
Cs-137
Ru-106
Cs-134
H-3
1-129
Pti-238
Pu-241
Pu-239
Pu-240
Pu-242
Sb-125
Am-241
EU-154
Eu-155
Cm-242
Ani-243
Cd-113m
Crn-243
Am-242m
Cmn-244
Cmn-245
Co-GO
Y-90
sr-SO

-

Gonad
7.48E208
6.25E*05
9.66E+07
7.44E+03
2.992+00
6.31E+10
2.19E.10
3.492+09
A.25E+09
2.59E407
4.48E-05
6.00E+10
7.16E+07
8.54E+05
1.55E207
1.32E409
2.21tE05
9.07E+08
1.06E+09
1.07E+111
4.31E+07
7.81E+06
2.84E+04
1.45E+08

Breast Lung
&6.E+08 7.63E208
7.19E+05 4.20E*08
J.03E+07 J.77E+07
7.44E+03 744E203
7.19E+00 1.08E+01
2.67E+06 1.94E-12
1.702+06 2.53E-11
1.16E+05 9.39E+10
Z26E*05 1.68E#11
9.894E02 6.98E+08
5.17E+05 2.701207
4.93E+06 3.40E210
9.48E*07 4.85E+08
1.47E+06 2.85E207
2C6E.04 4.20E+08
6.14E+05 7.109+08
221E-05 1.92E207
2.76E205 8SCOE08
4.54E+04 1.38E208
A.98E+06 1.291211
J.554E03 2.30E+07
3.02E+07 5.66E+08
2.94E+04 5.12E*08
1.45E+08 2.0SE.08

-

R Marrow
7.08E+08
7.11E+05
8.77E+07
7.44E+03
4.82E+00
3.52E+11
1.14E211
1.91E+10
3.42E10D
1.42E*08
A.65E+05
321E+11
6.49E+08
3.43E-07
t.06E-08
8.991209
2.212+05
5.17E+09
5.57E+09
a.29E+11
229E+08
2.82E207
8.35E+05
1.85E+10

-

B Surface Thyroid
6.78E+08 877E+08
6.512+05 6.95E.05
t.1E+07 8.25E+07
7.44E+03 7.44E+03
4.75E+00 5.37E+04
4.40E.12 2.34E+06
1.41E+12 7.27E205
2.392+11 1.09E205
4.28E+11 1.96E805
1.78E+09 8.44E202
1.22E+06 4.03E205
4.01E+12 2.65E+06
3.20E209 4.37E+07
3.65E+08 5.76E+05
1.32E209 2.55+E04
8.77E210 3.35E+05
2.21E*05 2.21E+05
6.44E+10 1.68E+05
6.98+E10 1.86E+04
7.85E+12 6.77E+08
2.862+09 4.70E+03
2.21 E+07 2.66E807
8.302405 2.84E+04
3.99E210 1.45E+08

Remainder
7.78E+08
4.85E+08
1.03E+08
7.44E+03
4.06E+00
1.66E211
4.782+10
8.782E09
1.57E+10
6.50E207
1.802+06
1.442+11
6.91E+OB
2.66E+07
6.65E+07
3.13E209
8.73E+06
2.852E09
2.48E+09
3.21E+11
1.02E+08
5.91E+07
2. 13E+08
1.85E+08

7.37E+08
5.22E+07
9.32E+07
7A44E+03
1.622+03
4.732+11
1.06E+11
2.42E+10
4.34E+10
1.80E+08
4. 102+08
2.21E+11
4.73E+08
2.69E+07
1.27E+08
4.82E+09
6.05E+06
3.64E+09
3.78E+09
4.49E+11
1.57E+08
9.70E+07
1.25E+08
3.55E209
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Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)

PWR AND 8WR SNF CRUD INHALATION SOURCE TERM
Fuel rem/FA
Type Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body

PWR Co-so 8.72E+05 3.37E+06 6.32E*07 3.1tE-06 2.47E+06 2.97E206 5.59E*06 1.08E+07
BWR Co-60 3.52E05 1.36E+06 2.55E'07 1.27E+06 9.99E+05 1.20E+06 2.66E+08 4.37E+06

AS-POURED iANFORD DHLW GLASS INHALATION SOURCE TERM

Group
Cs

Cs

p
p
p

p
p
p
p
p
p
p
pp
p
p
sr

isotope
Cs-I137
Ru-106
Cs-134
5-129
Pu-239
Pu-240
PU-241
PmV-147
Sb-125
Pu-238
AM-241
Np-237
Cd-1 13m
Eu-1SS
Eu-i 54
Cm-244
CM-242
C-1444
y.90
sr-go

Gonad
1.65E+09
2.40E.07
S. 77+07
5.24E-03
6.26E+07
2.41E+07
2.63E+07
1.21E+03
2.34E*06
2.96E+07
8.94E+10
2.18E+07
2.55E+05
5.42E+05
1.45E207
7.35E+08
1.05E+06
2.64E+07
8.00E-04
4.08E+08

Breast Lung
1.48E+09 1.68E+09
3.29E+07 1.92E+10
4.80E+07 5.24E+07
1.26E-02 1.89E-02

2.08E+03 1.60E+09
8.68E402 6.48E+08
2.04E+03 3.04E+08
5.29E+03 1.14E+10
2.71E+08 1.41E+08
1.25E+03 9.09E+08
5.70E+06 3.93E+10
1.24E+04 1.19E+07
255E+05 2.21E+07
9.34E205 1.81E207
1.93E+07 9.85E+07
4.81E+04 .93E+08
1.74E+03 2.86E.07
3.84E+07 8.72E+10
8.002+04 1.44E+09
4.08E+08 5.77E+08

reml~anister
R Marrow Suface,
1.57E+09 1.50E+09
3.25E+07 2.97E207
5.24E+07 4.88E+07
8.44E-03 8.32E-03

3.43E+08 4.28E+09
1.32E+08 1.65E+09
1.37E+08 1.70E+09
Z372E08 2.95E+09
3.48E+05 6.37E+08
1.65E+08 2.06E+09
3.72E+11 4.63E+12
1.93E+08 Z41E+09
2.55E+05 Z55E+0S
Z18E+07 2.31E+08
1.32E+08 6.50E+08
4.34E+09 5.41E210
7.20E+06 8.99E+07
3.18E+08 5.20E+08
Z35E+06 2.34E+06
5.20E+10 1.12E+11

Thyroid
1.50E+09
3.18E+07
4,93E207
9.41E201
1.96E+03
7.54E+02
8.73E+02
2.91E+03
2.11E+05
1.10E+03
3.42E+08
9.87E+03
2.55E+0S
3.65E+OS
8.88E+08
4.67E+04
1.74E+03
3.22E+07
8.00E+04
4.08E208

Remainder
1.72E209
2.2E+08
8.17E207
7.12E-03
1.58E+08
8.06E+07
5.75E-07
2.29E+08
9.44E206
7.79E207
1.67E+11
1.72E+07
1.00E+07
1.69E207
1.40E+08
2.21E+09
4.52E+06
2.1 1E+09
5.99E-08
5.20E+08

1.63E+09
2.39E+09
5.57E+07
2.83E+00
4.35E+08
1.67E+08
1.28E+08
1.55E+09
2.15E+07
2.21E2+0
2.56E+11
1.07E+08
5.81E+06
1.71E+07
9.61E+07
3.10E+09
8.62E+06
1.12E+10
3.53E+08
1.00E+10

1-I
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Table iX-1. SOURCE TERM GROUPING INFORMATION (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalaion dose inciudes di nucldes which fai within the 99.0% cumuative dose for at least one Warga Tritium and i-129 have also been
included. regardless of rank per g&idance in NUREG-1536.

AS-POURED SAVANNAH RIVER DHLW GLASS INHALATION SOURCE TERM

remlCanister
Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
Cs Ru-106 1.OSE+07 1.482+07 B.67E*09 1.47E+07 i.34E*07 1.43E+07 1.8002+08 1.OSE+09
cs Cs-134 1.62E+07 1.35E+07 1.47Et07 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 7.092,09 8.85E+10 6.52E+04 3.19E+09 4.88E+09
p Pu-239 5.73E+08 1.B1E+04 1.54E+10 3.14E+09 3.92E410 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 1.84E+09 1.102+11 5.65E+04 3.72E+09 8.26E+09
p Pu-240 3682E+08 1.39E+04 1.04E+10 2.11E+09 2.64E+10 1.21E+04 9.70E+08 2.682+09
p Prn-147 7.39E+02 3.22E+03 6.93E+09 1.44E+08 1.80E+09 1.77E+03 1.40E+08 9.45E208
p Pu-238 6.71E+10 2.42E+06 1.76E+12 3.18E211 3.982+12 2.12E+06 1.60E+11 4.28E+11
p Cs-144 8.73E+06 1.27E+07 Z892E10 1.05E+08 1.72E+08 1.07E+07 6.98E+08 3.70E+09
P Eu-155 6.26E+05 1.08E+08 2.09E+07 21E+07 2.67E+08 4.22E+05 1.95E+07 1.97E+07
p Eu-154 2.68E+07 3.65E+07 1.82E+08 2.43E+08 1.20E209 1.64E+07 2.59E+08 1.77E+08
p Co-co 299E+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 .33E+09 4.14E+05 7.68E+09 3.73E+10 4.68E+11 4.02E+0S 1.90E010 2.67E+10
P Y-90 9.16E+04 9.16E+04 1.652+09 2.69E+06 2.67E+06 9.16E+04 6.85E+08 4.04E+08
sr Sr-go 4.57E+08 4.57E+08 6.45+E08 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 (remfhr per FAlm)

Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Skin Eye Lens (1) Whole Body

PWR DBF (48.085 GWDJMTU, 4.2% INtT. ENRICH. 10 YR. OLD)
14.3 O.00E+00 0.00E+00 1.00E+01 0.OOE+00 0.00E+00 O.0E+00 0.0012+00 O.0E+00 O.0E+00 1.21E+W0
Ar-39 8.32E-06 698E-06 6.20E2- 1.24E-05 1.35E-05 8.13E-4 5.24E-0O 5.13E-03 0.00E+00 7.58E-06
Kr-85 5.91E+03 5.16E+03 4.92E+03 6.562+03 7.02E+03 285E+03 4.79E+03 5.32E+05 0.002+00 5.38E+03
TOTAL 5.91E+03 5.16E+03 4.93E+03 6.565+03 7.02E+03 Za5E+03 4.79E+03 5.32E+05 O.OOE+00 5.37E+03

BWR DBF (43.0 GWDlOTU. 3.74% INIT. ENRICH., 10 YR. OLD)
H-3 O.OOE00 0.00E+00 4.26E+00 0.OOE+O0 O.0E+00 0.00E+00 0.00E+00 O.OOE+00 0.002+00 5.12E-01
Ar-39 4.10E-06 3.44E-08 3.0BE-OS 6.14E-08 5.64E-00 4.01E-08 2.58E-06 Z53E-03 0.00E+00 3.74E-06
Krc-S 2.28E+03 1.99E.+03 1.90E+03 253E+03 2.71E+03 1.10E+03 1.85E+03 2.05E+05 Q.OOE+00 2.07E+03
TOTAL 2.28E+03 1.99E+03 1.90E+03 2.53E+03 271E+03 1.10E+03 1.85E+03 2.05E+05 0.002+00 2.07E+03

DHLW GLASS (ALL TYPES)
WA

1997 BOUNDING PWR (58.0 GWDMTU, 3.32 INIT. ENRICH., 10 YR. OLD)
t-3 0.00E+00 0.002+00 1.19E+01 0.002+00 O.OOE+00 0.00E+00 0.0E+0O 0.00E+00 0.00E+00 1.43E+00
Ar-39 1.11E-05 9.27E-06 8.24E-06 1.B5E-05 1.79E-05 1.08E-05 8.96E-06 -. 82E-03 0.00E+00 1.01E-05
Krs85 6.51E+03 5.68E+03 5.42E+03 7.23E+03 7.73E+03 .14E+03 5.28E+03 5.88E+05 0.nOE+0o 5.91E-03
TOTAL S.1E+03 5.68E+03 5.43E+03 7.23E+03 7.73E+03 3.14E+03 5.28E+03 5.86E+05 O.OOE+00 5.91E+03

100% BOUNDING PWR (74. GWDMIMTUt 5.07% INIT. ENRICH., 10 YR. OLD)
r-3 0.00E+00 0.00E+00 9.5E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.15E+70
Kr-85 7.4E-03 5.47E203 4.72E+03 6 23E+03 0 .81E+03 4 .58E+03 6 .01E+03 3867E+-0 0.002+00 5.73E+03
TOTAL 7.42E+03 S.47E+03 8.t8E+03 8.231E+03 J.d11E+03 3.5BE+03 Q.0tE+03 s.67E+oS O.OOE+W0 6.73E+03

soX pWR (39. U GWD/~UT. 3.69 INtT. ENRICH, 25.9 YR5 OLDF11
IS3 O.WOE+oo QW0E+W0 4.99E+W0 O.ooE+00 O.001E+OO 0n0E*O O.OOE+OO O.001+00 O.OOE+OO 5.99E-Ot
Ar-39 6.90E-06 5.79E OS 5.14E-OS 1.N3E-OS 1.12E-M S.74E-M 4.34E-0S 4.25E-03 O.W0E+W0 8.2SE-08
Kr-SS 2.11E+03 z28E+03 2.77E+03 2.90E*03 3.10E+03 1.2SE-03 2.12E+03 2.35E+05 0.00E+00 21.7E+03
TOTAL 2.S1E-03 Z28E403 2. 18E+OJ 2.90E#03 3.10E+03 1.26E+03 2.12E*03 2.35E+05 Z37E+03

50% BurR (32.4 GWOi1Tu. 3.00 INIT. ENRICH.. 27.2 YRS OLD ql_
H-3 o.00E+00 QOOE+Oo 4.39E+W0 O.OOE+W QOO0E+W0 O.00E+00 O.OOE+W O.OOE+OO QW0E+OO 5 27E-01
Ar-39 8.43E-OS 5.39E-08 4.79E-OS 9.82E-os t.O4E-05 8.2SE-08 4.05ES 3.96E-03 QOOE-oo0 &BSE-OS
Kr-85 2.11E+03 1.94E*03 1.75E+03 134E+03 2.50E+03 1.02E+03 1.71E*03 1.90E*05 O.OOE Oo 1.91E+03
TOTAL 2.11E+03 1.84E+03 1.75E+03 Z34E-03 250E+03 1.02E+03 1.71E+03 1.90E+05 0.002+00 1.912+03

(1) The source term for the rens of IM eye is iven as zemo (0) rIhee prIncipal conrlbiuor. Vs-83m wvh a hal-We of I dha s decayed to negigihle actvly after I 0 years
(2i Conservallvely used 30 year decay gm* the COB would not allow the siandard decay Imes lo be scaled for oupu nCues by Iscope

Civilian Radioactive Waste Manacrement System
Management & Operating Contractor
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Table IX-3. Grouped Sources (Aggregated Source Tenns for 50%PWR Fuel)

I 50% PWR Fuel (Age=25&9 Years, 39.56 GWDJMTU, 3.69Y)

1 sotopic
lGroup
r(ClUrnrn -No.)
Pailiculate

Noble Gas

Iodine

Cesium

Tritlum

Crud

Strontium

Grouping Gonad
per Tab. KX-2 fremlFA)

(Al)
p 3.655411

NJA NIA

I 5.63E+00

Cs 1.17E609

h 8.711+03

PWR 8.72E405

Nr 2.39E+08

(rem1FA)

4.14608

WA

i.35E4Oi

i.04E409

8.71E+03

3.37E+06

2M3E+08

(rmlIFA)

3.101E+12

NIA

2.03E+C1

1.i8E+09

8.71E403

6.32E*07

3.38E408

-

R. Marrow B. Surface Thyroid
JromIFA) (remIFA) (remFTA

(A4) (AS) (A6[
1.94E+12 2.42E+13 6.72E+07

WA WA NIA

9.07E+O0 8.94E600 1.01 E605

1.116+09 1.05E+09 1.05E+09

8.71E+03 8.71E403 8.71E+03

3.15E"O6 2.47E+06 2.9?7E06

3.05E+i0 6.59E10 2.39E+08

Reminder
(remIFA)

(A7)
B.97E+1 1

WA

7.64E*00

1.22E+09

9.71Ei03

6.59E+06

3.05E+08

Whole Body I
remiFA)

1.69E+12

NIA

3.04E+03

1.15E+09

8.71E.03

1.08E407

5.87E+09

D0-
25
0 ;

0=

g L"

C2

Cba
2

x P

o P

'U

0)

Table IX-3. Page 1 of I



3f _ Table X4. BEST ESTIMATE INHALATION DOSE TO THE GONAD o

|und g Fd .Bound t i n* jotim on i bie 100 MI biis s--II'

-l itboplc Gonad Jod Release U11bgallo Rain Rta rem YA rem * run
QSo 0 r euo ar6FAG FAa Fractlo Factor m^31ggg seclma3 10m secl 43 100Gem sechn43 5000n

I8iU!UNSJ ~IltTabb Ul Z 14 .7I -05 &799 Ua bW- 35SEv11l -5 27641 3AoE44 13.3E44 5.U9E04 32EJ .54 3J76E406 1.445 I7EAl

I Nobbe Gan WA a 3.X0E-2 1.00E400 3.30E4- 5.48E4- 5.15E4- 1.44E-05

3 lodhie 5.3E+00 S 1.00E42 t0XI 3.30E-04 5.485E-4 .14E-0 6.t15E5- 9.14E-1 1.445-0 2.14E49I Cesurm 1.17E5*9 S 427E5-06 3.E-4 3.304 A48E44 216E5-06 .155-0 2.43E4- 1.44E-05 5.BEW-08

Tritum 371E503 3 3.00E-02 l.E0050 3.30E-04 58E-44 3.78E-04 15E-06 42#4-05 1.44E-05 MM93E4S _.

Cnud 8.72E505 3 t50E-01 lOOE-04 3.30E44 5.48E44 5.684-05 15E-06 6.37E-07 1.U45-0 1.49E-06

Sronthium 2.39E003 8 427E-06 3.00E-04 3.30E-04 5.48E-04 4.43E-07 5.15E-06 4.98E-09 1.44E-05 1.16E43 8o

(A

Toebl 7.72E404 3.675-0 203E5-0o

,o

0
Table IX-41. Page 1 of 10
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0
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Table DC.4. BEST ESTIMATE INHALATION DOSE TO THE BREAST

50% FW R loundna Fuel ____________b__________________________

i~iI iii15iF~ii. bss 1000. ovfite Doss SODOM ofsiis 1
hotopic Ereast # of Release Utiation Rate XrQ rem XJo rem TQ rAm
Group ImIFAI Fit Fraction Factor mnshec secimn3 100 in eachmS 100Ca sachn'3 5000M

Nocble Gas

Crud

W NA

1.04E.09

L7IE*03

3.3?E.06

-

M

Sf

a

pi)
2ri17EW0

SU0E02

t00E-02

4.27E.08

3.OOE-02

1.50E-01

-

14)

4.0E400

100E400

&OOE.04

3.3E.04

3.30E.04

-

(51

5F4-8E-04

SABL-O4

&5E-8E.4

5ABE-84

&48E-04

5.4tiE-04

Ua4E-04

ISGBE-07l

1.34E-OS

3.78E-04

2.20E04

4.43E-07

L80E44

ILI5E-08

6.ASE.06

6.1BE-06

6.15E46

S.ISE-05

-

0.00E'O0

2.20E-09

2.8E-O8

4.25E00

2.46E-05

4.98E-09

6.74-OS

-

(101

1.44E-05

iA4E-05

IAE-05

IA4!-O5

1.44E-05

IA4E-05

-

O.COEE00

3.09E.O8

3.93E.O0

5.77E-CO

1.15K-OS

1.SIE-4

Sbsng=u 2.39E.08 8 4.27E.C 3.OOE-04 3.30E.04

.Total

I i
I.

-Is

54L"

Ia)

ff

Table (4, Page 2 of 10
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE LUNG

50% PWit I

NCashxs

Cesoum

rndtm

Skwgonif

3ounding Fuel
Breathing 100m OfflthU Dose 100m Offalta Dose 5000m -OfffteDod

Lung JOf Releao Migatlon Rab XKo ram MCI rem x11 ram
fromWFAI FAa Fractlon faecto ma3Iee sadm^m 0lrm aecs J3 1000m s*cW3 500im |

1 1t6 TsM IXE3 0) (44 0) MS u . ) (1
&1E+*12 8 2.17E45 3.-06 . 3.30SE04 s.48E44 2.93E03 T 15E-8 3.29E-05 1i.E4 05 .B69E

WA 8 3.00E-02 1.00E00 3.30E-04 5.48E4-4 O.E100 6.1 SE-OS O.00E40 1.44E-5 O.0E+00

2.030110 8 1.00E-02 1.00E00 3.30E04 £48E104 2.94E4- G.151E 3.30E9 1A4E4-S 7.73E49

1.181E09 8 4.27E-06 3.E-04 3.30E-04 5.48E-04 2.18E-06 .15 2.45E-0 1.44E-05 S73E108

&.71E+J a 8 OOE402 1.00E100 3.30E-04 £48E-04 &781.04 .15E-06 4.25E-06 1.44E-05 9.93E-06

.321+07 8 1501E-01 D00E04 3.3E-04 5.48E-04 4.12E-03 5.15E4S 4.62E4-5 1.440S 1.0UE-04

£381E.0 6 4.27E-05 3001.04 330E104 .4BE-04 82707 6.1t51E- 7.04E-09 1.44E15 1.8E-08

Totl 7.431-43 8.33E4- 1.151E-04

Lz-"

p.

0

a0

.2

Table IX-4. Page 3 of 10



Table DIX4. BEST ESTIMATE INHALATION DOSE TO THE MARROW

* 10% FWR Boun#ilP Fuet __ _ Wf.
3lira~iin;100 Ibttiii~boeioo m 0W1. Dos. 100o m lffl.s se

_. botopic Marrow #sf Release Mligufton Rate xIQ rem XIo rem X1I mm
GOroup IrermA Fk Fr cdlon Factor maSlsec snchn^3 100t sechbom 1000 n ecdma3 5000o m

r %ftc In PtX IS) t P 00t

aParjae IA 212 5 2.17E46 3E0-04 330E44 &48E.04 1.3E43 L15E46 2A05245 1.44E405 4.t1E45

C) Noe Gas WA S 300E202 1.00 3-30244 5.48E04 OOOE40 615E46 O."E08 . 1.44E-S5 O.0E00 6

CT WM g.07E+O0 a 1.00E42 1.00E+00 3.30E-04 L482E44 1.31E47 6.15E46 1A.7E-9 1.44E45 3.45E49

Ceskxm 1.11E.09 8 427E46 3.00t44 3"30244 5.48E04 2.C5E46 6.15E46 230E48 1.44E45 539E-48

Tdwum S.71E403 a 3.OOE42 100E+00 330244 548E44 l7tE44 E15E48 4.25E4 1.44E45 0.3E3461

Crud 3.15E#S 6 1.50E-01 3lDE044 3.30E-04 545E44 2.05E44 15E48 2.30E46 1.44E45 539E46

Slronutum 3.05E.10 8 427E46 3.00E44 3130E44 548E44 5.66E45 L15E4- 6.35E47 1.44E45 1.A9E46

TOta 247E43 L77E4S 6A49E45

*~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ St

Fkr.U1 W-A 1.... A -F 4fkA
I W. - W



Table IX4. BEST ESTIMATE INHALATION DOSE TO THE BONE SURFACE

S .50 PWR Bowflng Fuel
*lathiwng 100 liebosb Doi n t00 m Offlb Dosz 500 n ote Doae W i

isotopic I Suface Mo 5Io l Rals Uiltlgatlon Raft XIQ ran XJO rem XIQ rem
. OGroup frem/) FAsa atiox Factor m431sma sechnA3 10m swJmAS 1000m c"dmA3 00wMm

10 (CoW. he 43l t 41 (5 (6) O)m fu 0n
5 Parihiab P.4213 2.17E0 3.00E4 3.30E-04 &48E44 2.29E-02 &.15E06 2.57E44 1.44E-05 6.04 ow

Nobb G NWA a 3.00E42 1.00E+00 3.30E-04 5.4E-04 0.004E00 L15EE-0 0. O00E00 1.44E4-5 0.O0E_00

lodhoe 8.94E+W 8 1.001-02 1.00E+00 330E-04 &48E-04 1.29E14 .15E-05 1.45E409 1.44E-05 3.40E-09 _

o Ceshum 1.05m*09 a 4.27E-06 3.E-04 330E-04 S.48E-04 1.96E4- 6.156E40 2.20E-0 1.44-5 5.14E4-8 I
TitM= 8.71E103 a 3.00-E42 1.001400 3.30-04 5.48E04 &78E104 815E40 425E4- 1.44E-05 9.931E-06 _

Crud 2.47E4 .50E-01 3.00E-04 330E-04 5.48E-04 1.61E-04 6.151-06 1.31E-06 1.44E-05 4.23E-06 I

Stonillum 6.59E+10 8 427E-0 3.00E-04 3.30E-04 48E-04 1.22E-04 8151-061 1.37E1- 1.44E-05 3.21E-0 8

Total 2a. 42 2.64E44 411-W441

T)

Tablo K 1, PagsofSO 10 . ,-

a_ / _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1~
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Tablb IX4. BEST ESTIMATE INHALATION DOSE TO THE REMAINDER

SO% PWR Boundjn 1 Fudl -

Puibdat.

kb)**a

cehsiu

TaIMM~

ca~hwn

remaing 100 m Oflto DoS 1000 m Offlst Dose 500G m Offs:to Dose
Ramainder $of Rdlsso Mtiaon Raft X/Q rem XIQ rm MO rem
Ir mlFA) FAs Frctio Factor m43ftas sscWm8 1Cl. sochnTm S 100Gmt saen 1 S 500m

) Itswcokxnx 6 (3) 14) rr) (1 (84 ItO)

E978411 a 217E40 3.00E04 3.30E.04 &4aE44 8.46E-04 515E-6 950E-06 1.44-06 2.22E05

WA a J O01-2 1.0 00 13E0-04 5.48E-04 9001E400 6.15-E45 O.COE*. 1.44E45 01.OE00

7.64E10 a 1.0CE-02 1.00E400 3.305-04 148E.04 1.11E-07 15E46 1.24E-09 1.44E-05 Z9OE49

1221409 a 4.27E4- 3.E0-04 3.30844 648E414 2.268-6 tL15E-06 2.534-08 1.44E-05 L934-0

S.71E403 8 300-02 1.00E400 3.30E-04 5.48E804 178E104 6.15E-0 4.25E-06 1.44E-5 9.93E4-

&59E+06 8 1.50E-01 3.00-04 1308-04 5.48E-04 4291-04 .151E-0 4824-0 1.44E8-0 1.13E-05

3.058E08 O 4278-06 18E-04 3.30-04 648E-04 .8E1-07 115E-06 1.35E-09 1.44E-05 1.49E4-

Total 1.661-03 1.6E-05 4.35E-5

a40

iti

Bc1
a

! rr

xI
iOI

Table IX-4. Page 7 of 10
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Table IX4. BEST ESTIMATE INHALATION DOSE TO THE WHOLE BODY

50% PWR BoundIng Fuel ..

facstopic
Groupw

Nable Gas

Tdfium

Breathing 100 m oWllie Dope 1000 m Olisle Dose S0Ornm Oaltse Dose
TAW* Zody 4d Release Iitigallon Rate XIO Tom 2UQ Fm X10 em

_JremIlFAl FAS Fraction Factor mft1sec seclm13 loo Iec/mAS 1000m siun rn' 1000 in

LI VShr" " - m t 4) P5| s~.g e I ; 5g 16) (a silE0
1.69E+12 a 2.176 .OOE-04 3.0-04 648E44 S9E-03 BL15E48 1.70GE45 44E-O5 4.9E45

NtA 8 3.00-02 1.005E440 3.30E04 I48E-04 0.OOE+00 6.181 O.OOE0OO IME-0O 0.004E00

&04E403 8 1.OE-02 1.00500 .30E-04 .4E5-04 4.40E-05 8.1510E 4.24E-W 1.44E-05 1.16E-08

1.15E409 8 427E-06 3 E0-04 330E44 A8E.04 2.133E-0 6.15E508 2.39E08 1.44E.05 L5E-08

.71E+03 a 3.00E-02 1.005E00 330E44 548E504 3.70E-04 6.15E6-0 4.25E- 1.44E-05 99348

1085E07 a 1.50M-01 J&OOE44 S30E-04 L48E-04 7.0E04 6.15E-08 7.90E4- 1.44E45 1W645

5671409 6 42M-0 3.00E-04 3.30E44 S4SE-04 1.09E45 6.15E406 1.22E- 144E-05 2.6E047

Total 2.73E43 3.07E45 7.18E-0S

U.
:1W9

I',
II

Table Dt 4. Page E of 10



I Table K-A BEST ESTIMATE EXTERNAL DOSE (SUBMERSION)

SOURCE TERM Units: rwmrmf per FAIM43 we
Isotope Gonad Brest Lung R M 1ow 5 Surtace Thyroid Remalndat Skin Eye Lane Whole &ody 0
rAu~lHJ (1) ( 42) Ql Pl ) (7 Pl tn III
507; FWR tlM ; )MIa

O H-3. OE.+00 O.OOE+0 499EOO O.OOEOO 0001)+0 0.OXE+00 0.00E+00 0.00E00 0.0000 5M9E-01
xv w5 2A81EC03 2281+03 2.17E103 2.90E403 3.10+E03 1.26E0E3 2121E03 2.35E0s 000E1CO 2.371E03.

Todal 2 2 273 2 3a 3T03 "3+05 O001E0 2o
Tesouc ter f orn bnn Wm of therd eye Is givn as zm O) sine Me prnimpal cm*Mubw Kr-3 ha decyd la neoligib aclivity after U0 years.4 b4t
CONVERSION OF SOURCE TERM 6

Source Convuslon Source n n
(refl"w Factor (remse pr

i Gonao aLS~~~~tsul T ~SOE it5EaI 4) C.)1112

Breast 2.28E403 3.S0E403 6.33E41
Lune L17E103 3.OE003 6.04E41
R M Mn 2.901.03 3.OE603 3.06E41

B Surace 3.10E40 33 3.0E403 3SE1.01
Thri 1.26E+03 3.60E#03 3.50E-01
RemaInder 2.12E103 .SOE403 SlME-O
Sldn 2351405 3.60E103 .531401
EY Lena 0.001E0 3.60E03 0.001E00
Uhn Body 237E.03 3.601E03 5.58E41 o

OFFSITE DOSES FOR GROUND RELEASE No Filtration Credit for Gas _ _ _ _ _ _
sourc n omsW Oa tCOOrnm Offate bDore 00 O5t boas.

ruafsee per Not Release Uhtatlon X1o loom x1G Doe XIQ Dosn
PFAlm^3 FAa Fracion Factor sechur e IsacW3 rum sechn| 3 rem,

tCA&Wem) okkME (2)3 141 ( Or4 i p11JR- I
Breast .3314i1 3.00E-02 1.00100 5.54E04 421E-05 S.84E-06 1.04E-06 144E-OS 2.19E-0
Lung h.0441 * 3.00E-02 1.00E+. h.54E-04 S.03E4s5 6.U45-6 9.11E47 144E-05 2.09E-06
R Manu, 3.06E41 6 3.00E-02 1.0010 S.E4-4 1074-04 8.84E14 1.32E1- 1.44E-0S 2.78E-14
aSurface Sw S.lE141 3.010E2 1.00E400 5.54E-04 1.14E-4 6.84E- 0 1.41E44 JA4E-05 2.98E-06
Thytrod 3.50E41 8 30E-02 1.0E0400 5.54E44 4.65E-0 .S4E140 5.74E47 1.44E-05 121E44 -
Reminder 5.89141 3 3WE042 1.00E+*0 5.54E-04 7.314- 5.6E415 9.S66E47 1ME4E-5 2UE4-0 R
SkIn 6.53E+01 a 3.00E-02 1.001+0 5.54E-04 8.681403 8.841-06 1.07E144 1A4E-O5 226E-04
Eye Len .00ooEo 8 3.OE42 1.0100 5.54E44 O.OE400 5.84104 0.0oE+00 1u4S-05 0.00 . ' 0
Whole Body 1.58E-01 a 3Qe0E42 1.00E400 5.54E-4 67SE1-O 8.84104 1.AeE456 1.44E4-5 2.23E-06

TC
Table IX-4. Page 9of i0
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Tide: Preliminary Design Basis Event Calculations for the MGR Attachment IX
Dl No.: BCOOOOOOO-01717-0210-00001 Rev 00 Page: IX-24 of IX-26

Figure xK-l. Hand CAlCulation (Page 1 of 3)
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me: a-reiaminary Ueszgn Basis Event Calcufations for the MGR Attachment IX
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Figure IX-1. IIaz�d Calculation (Page 2 of 3)
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Figure IK-1. Hand Calculation (Pa2e 3 of 3)

_ . .. _ __ _ _ ___ ... ' .

apmL pDo .s . L 5!i,4 a. lXd,3 i12- 3, -iQD. i~g-:4. -..... ;..-

Managemen , O : ,erating C.. .o.ntrac. t or..

1Th~DL.. ;j i4.o . ;. J,........ Sk4a. .D~ ........

m:4.De.. _ . .^ .. z t~3 ; ZA4 £& .-:. . q.2Sfi5 • -S ...................

I~. g--- -- .I I s . 7 .: .i .- - LE .

.t!p~>. Miy-fi ......... E - 7 12lo6..;_9. .. ~£.S
P tY.~.. ... 'P J .-f... .!.g- .5.< .

tg~~~~~ ER .)- --7.E.-. ..-. 7..8 N .>S.@C. £ 4 .
N.;~~ IX I .sNXs; 06g#-2 QE

Z£ _' _....... .W .t*D . . .. -.-. .

. , , : - . -..-. . ..... .-

*- -_-. .__ .......................- - -....................................... -........ ,*-**-* -*- -. .............

; _..._ . t ._¢, __ ._,4 .s_ .. _._.._, _.-_ _ *_----__ -_-_;__--e__ ~~~~~~~~~~~~~~~j_ *

a_ . .Civilian .adEi- ctie .Waeke Mangeent.................... ,bgfSystem__ '_-__-_-_-- -
Maaeet &D--|S. OpeSQ- L;ratM ;Z E-;_ .ig C-ntracto



Title: Preliminary Preclosure Design Basis Event Calculations Attachment X
Dl No.: BCOOOOOO-G01717-0210-00001 Rev 00 Page: X-1 of X--5

Attachment X - Crane Data from the U.S. Navy

Crane Drop Frequency afn X- 3
The crane drop frequency for heavy crane lifts at the MGR was estim?4 based on crane lift information
from the4+.NoW ' Newport News Shipbuilding facitty (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 faculties. 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 I.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
overall event frequency for a sequence of events and has a material effect on the event category (i.e.,
Cat. 1, Cat. 2 or BOBE). 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 all 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-block
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 oAccident Typeso on page X-4). the
total number of dropped load accidents which ocurred between 10194 and 9196 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-blocksI45 dropped loads).

Civilian Radioactive Waste Management Svstem
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T Jnm Kappes

Fhom: Dave McKercher

Ra: Crane Lift Information
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Page:
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Nohs As discussed, the lift and accident information that we provided

Louie Booth on 11/ J98 came from our crane accident data base. It is

t copy right protected and you are free to use it in the "Crane Drop

Frcquency" 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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Newport News Shipbuilding's Crane Lift Information
0511198

Bridge and Gantry Crane Ufts

,�AK
11112-ITS

1997
1996
Total

MAn~et Craw.s
604,000
57l-000

1,130.000

519,000
4153000
933.X00

I12W
t.12-Z000
299l

2.113.000

I

Number of Dropped Loads

X997
1996
Total

Mitrne Crane
3

7

S
It'

13'
I2
20

UftslDropped Loads

1997
1996

Total

Macnet Crxnes
201,333
t 14,000

1JS.S71

0AU
103,600
S1,17S

71,769

12111
140,250
12.593

105.6s0
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DEPARTMENT OF THE NAW
lDM OHS~~~~~NDONU 0

PAVAL FACLM812UBM COW41=

mmW STOP. on
UCMPS 34M 5720/98-140 0ML atT

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 198-140 in your correspondence.

The cost associated with processing your request have been
waived.

Sincerely,

KATHLEEN M. SCHLICHTING
Freedom of InformaTion
Act Coordinator
By direction of the
Commanding Officer
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* Accidents may be counted In more than one type category.
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'> PRELIMINARY DRAFT

MEMORANDUM

TO: Kelvin Montag=U

CC: Dale Anbos, Paul Fransioli Frederic Godshall, Keith Kersch

FROM: Walt Schalkl Doug Landwehr

RE: 'Rvqeted X/Q values

Date: 07 May 1998

To provide the Design Basis Engineering Group with '¶rerdmfar t smaximum overall
site X/Q and maximum sector XIQ values at the 50%S. exceeded and the 5% exceeded
levels for the 'fJnce-line? dstan e of SOO meters.

xIQ values will be calculated using the methodology outlined in Section 13.1 of NRC
Regulatory Guide 1.145 (RCERO-1.145). The sigma-y and sigma-z curves shown in
Figures I and 2 cf NRC-RG-1.145 were approximated using equations derived by
Tadmor and Gur (1ilt and Mer, 1983), and Martin and Tvilan (T and Meyer. 1983),
respectively. The building wake and plune meander correction faco M curve of NRC-
RG-1.145 equation (3) shown in fgurc 3 is approximated using fh equation used in the
PAVAN code (NRC, 1982).

Queries of the meteorological database and calculatioos by Microsoft Access 97 were
designed to calculate all X/Q values, and select the appropriate value accorting to NRC-
RG-l.14S guidance. A cumulative probability distribudon was constructed for all x/Q
values over the time period using Microsoft Excel 97. Excel 97 was also used to generate
a plot of X/Q versus probability and select the XIQ value that was exceeded SO percent
and 5 percent of the time. The X/Q vlucs were then grouped into 16 sectors based on
wind direction. Excel 97 was used to generate cumulative probability distibutions and
plots of 7.Q versus probability for each sector. The X/Q values for each sector that was
exceeded 50% and 5% of the time were determined.

PRELIMINARY DRAFT
Page I af3
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PRELIMINARY DRAFT

The data required to complete these calculations are hondy wind speed. wind direction.
and stability class. The wind data used are from the 60-meter level of the NTS-60 tower.
and the stability data am fro the 10-meter level of tgm same tower. The NTS-60 tower
is located approximately 1100 meters fom the prposed Repository Operations Area
(North Portal). Tem hourly data used are from 1993 to 1996, inchzsive.

Alm2mndons

Equation (1) in NRC-RG-1.145 includes building wake efects thzough the use of a factor
representing the smallest cross-sectional area of the reactor buldin& Since we do not
ktww the dimensions ofthe proposed facility, we have take the conservative assumption
of O ml for this factor. As a result, this m iizes the zIQ calculated by this equation.

Preliminary Dispersion Estimates at S km from the so0i

MAUMUM MAZAMUM
50% Exceeded 5% Exceeded

__________ JQ (sachn3) 11Q (soim
Overal Site 1.84E06 2.97E05

N 6.1 820 2E97-
NNE 4.345-05 232E-0
HE 1.72E-0 3.02E-05
ENE 228E-07 3.48E-05
1 02.00E7 3.34E-05

ESE 3.04E-08 2.97E-05
SE 285-0 _ 2.99E-05

SSE 3.12E7 1.99E-05
3 1.09E-06 1.60£-05

SSW 1.84E- 2.3E-05
SW 225E 2.074E-05

WSW 4.40E20 141E-05
W 75-E06 3.95E-05

WNW 1.14E-0 4.20E-05
NW 1.448-05 3.972E05

NNW 859E-0 326E-05
MAXIMUM 1.44E45 4.20E-0

VALUE__ _ _ _ _ _ _ _ _ _ _ _ _ _

* PRELIMINARY DRAFT

Page 2 of3
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PRELIMINARY DRAFT

Discusslon:

The calculation msults shown in the previous table arm the maximum 50 pnt and S
percent exceeded X/Q values for the overall site and for each sector. The maximum SO
percent exceeded value is 1.44E-OS seclm3 and the maximum 5 percent exceeded value is
4OE-05 sec/mr.

The recipient is cautioned at these values sre preliminary, and have not under gone the
scrutiny of the QA process. This information will under go the appropriate QA checks in
accordance with QAP-SM-2, and a QA document wM be relased.
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