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1. Purpose

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

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

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

1) Carrier/Cask Transport System

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

4) Canister Transfer System

5) Assembly Transfer System

6) Disposal Container Handling System

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

DBE analysis included calculations for both the event frequencies and the dose consequences (rem) at
the 5-km sute boundary (Key 071, Ref. 7.7). Consequence analysis for Category 2 DBEs (i.e., frequency
between 107 per year and 10° per year)(Ref. 7.53) was conducted using both "Conservatuve and “Best
Estimate” dose assumptions (described in Section 2.1). In addition to intemal 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 muitiple 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 f2102
2 C 10° < f<10?
Beyond Design Basis Event £

The focus of the analysis was on Category 1 and Category 2 events, consastent with guidance in the
10 CFR 60 rulemaking (Ref. 7.53). Events with a frequency less than 10° per year are termed
“Beyond Design Basis Events (BDBEs)", however, the dose consequences of these events were

Civilian Radioactive Waste Management System
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evaluated similar to Category 1 and Category 2 DBEs. Although the implication is that BDBEs will not
influence the design, they in fact will be considered if the consequences are severe or the event
frequency is only marginally below 10°® per year.

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

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

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

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

Two models were used to calculate doses, “Best Estimate” and “Conservative”. The conservative
model uses input parameters and assumptions which reflect a degree of conservatism that would be
expected in a NRC licensing submittal. In most cases, the conservative assumptions used herein are
based on nuclear licensing precedence (e.g., NUREG-1536, Ref. 7.43) or other NRC approved
documents (e.g., Regulatory Guide 1.145, Ref. 7.6). Inputs and assumptions for 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) it is believed that future safety analyses to support LA will reflect best
estimate doses for Category-1 DBEs and beyond design basis events, and conservative doses for
Category-2 DBEs. Another reason for calculating best estimate and conservative doses is to get a
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.

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

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

(1) To provide reasonabie assurance that high-ievel 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 Management System
Management & Operating Contractor




Title: Preliminary Preclosure Design Basis Event Calculations for the Monitored Geologic Repository
DI No.: BC0000000-01717-0210-00001 Rev 00 Page: 6 of 46

2.2 Dose Calculation Parameters

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

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

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

nuclear safety analysis and on established nuclear licensing precedence, where applicable }AK
(References 7.3, 7.6, 7.11, 7.18, 7.23, 7.29,7+36; 7.41, 7.43, 7.44, 7.53, 7.56, 7.59). The following W2l9s
sections describe the various parameters required to evaiuate dose consequences. Conservative ‘
and best estimate assumptions for each parameter are identified in Section 3.1.

2.21 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, including 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 mode! represents the most-likely
scenario and utilized the average fuel type and characteristics for a given event and location.

The radionuclide source terms are grouped into inhalation and submersion source teims. The
inhalation source tenms are fonmed 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 offsite 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 (TEDE) is the sum of the 50-year committed effective dose equivalent (inhalation) and the
external effective dose equivalent (submersion) (Ref. 7.1).

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

The pressurized-water reactor (PWR) and boiling-water reactor (BWR) design basis fuel (DBF)
characteristics used to calculate conservative doses for events involving commercial spent nuclear
fuel (CSNF) were based on Reference 7.7, Source Terms for Design Basis Events Analyses. These
fuel characteristics bound 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
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(Ref. 7.11). Other types of canistered waste, including canistered PWR/BWR and N-Reactor fuel,
were also evaluated for events in the canister transfer system (CTS).

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

Tables 2.2-1 and 2.2-2 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 (rem/FA) Conservative (rem/FA)
Transportation Cask 50% Average SNF PWR/BWR DBF
CSNF Assembly 50% Average SNF 100% Bounding PWR
Cispesavl Canisr | Dt 2. PSR DO ard | DAL OEF, P
Disposal Container 50% Average SNF PWR/BWR DBF

Table 2.2-2 - Fuel Characteristics

Fuel Characteristics
Fuel Type (Ms\%)r}:ﬂ?l"U) Ennz:o[r:;\ent Dec(ay ):s‘l)’lme Reference
50% Average PWR 39,560 3.69 25.9* 7.12
50% Average BWR 32,240 3.00 27.2* 7.12
PWR DBF 48,086 4.20 10 7.7
BWR DBF 49,000 3.74 10 7.7
100% Bounding PWR 74,600 5.07 10 7.11
HLWC DBF N/A N/A N/A 7.11

* Conservatively used a standard 20-year decay to derive the radionuclide inventory because the CDB

would not allow the standard decay time to be scaled to 25.9 years for output in “Curies by Isotope”

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

2.2.2 Release Fraction

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

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

Release fractions for all of the waste forms evaluated in this calculation (e.g., high-level waste giass,
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. .

Cwullan Radioactive Waste Management Svstem
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The gap release fraction applies only to CSNF and is the fraction of each radionuclide inventory that
is present in the fuel-cladding gap (as a result of irradiation in the reactor and nommal fuel handling)
and available for release upon failure of the cladding. The gap release fraction includes gases,
volatile species and solids (particulates). The gap fraction of particulates is reduced by the
aerosolizable fraction. For dose evaluations, the particutate fraction is reduced further by the
respirable fraction.

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

Table 2.2-3 —Release Fractions for Consequence Analysis

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

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

The PULF equation, described in Attachment 1, is based on studies by Mecham (Ref. 7.4) and
Jardine (Ref. 7.5) at Argonne Nationa! Laboratory. Since a portion of the impact energy is absorbed
by the metallic components in a commercial spent fuel assembly, an energy partition factor (EPF) of
0.2 was applied for spent fuel assemblies to account for the fraction of impact energy absorbed by the
brittle UO, fuel. This EPF is assumed conservative for commercial spent nuclear fuel. Due to the
brittle nature of DHLW glass and the fact that it contains no other structural materials, an EPF fraction -
of 1.0 was conservatively applied for dose calculations involving DHLW glass. The same EPF
fractions were also used by MacDougall, et. al. (Ref. 7.3) in a preliminary preclosure radiological
safety analysis of the Yucca Mountain conceptual design.

2.2.4 Fuel Rod Failure Fraction

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

2.25 Atmospheric Dispersion Factor

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

Table 2.2-5 — Atmospheric Dispersion Factors

Dose Model ¥/Q Value (sec/m®) Basis

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

Best Estimate 1.44E-5 50% Yucca Mountain x/Q
226 Breathing Rate

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

2.2.7 Dose Conversion Factor

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

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

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

228 Mitigation Factor

The mitigation factor, as defined herein, is the fraction of airborne radioactive particulate material that
is retained by a confinement area through natural mechanisms (e.g., gravitational settling) and/or
engineered systems (e.g., filtration). In this scoping report, gravitational settling was not considered.
The sole contributor to the mitigation factor in this report is the fraction of particulate retention
provided by high efficiency particulate (HEPA) filters, which are a component of the HVAC system.
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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-um 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-um (assumed to be the cutoff diameter for respirable particulates). The number of HEPA
filters considered is also conservative, based on the current HVAC design (Ref. 7.17), which indicates
a bank of three filters in series for secondary confinement ventilation areas and an additional standby
ventilation exhaust system for primary confinement ventilation areas. Based on the nominal single-
stage filter efficiency stated above, a mitigation factor of 3.0E-4 (i.e., 1.0-.9997) was applied to all
particulate radionuclide releases postulated to occur when the HVAC system is available (see Section
2.2.9). This mitigation factor was used for both best estimate and conservative dose calculations.

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

2.2.9 HVAC Availability

HVAC availability is the probability that the HVAC system will be available to mitigate a radiological
release when an accident occurs. While HVAC availability is not an explicit parameter in the dose
equation (see Attachment IX), 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) it impacts the event
frequency calculation and may be the difference between an event being classified as Category-1,
Category-2 or BDBE; and (2) it impacts the event consequence (dose at the site boundary) by
determining whether a mitigation factor is applied. For example, if HVAC is unavailable at the time of
an accident, radiological releases are allowed to escape the Waste Handling Building (WHB)
unfiltered; if HVAC is available, radiological releases are mitigated by the HVAC/HEPA filters and
result in a negligible dose at the site boundary. : '

The current HVAC design analysis, Surface Nuclear Facilities HVAC Analysis (Ref. 7.17), describes

three confinement zones for the WHB: primary, secondary and tertiary. Primary confinement

ventilation zones are “‘nommally contaminated areas...where nuclear material is exposed and

unprotected by any qualified process enclosure, sealed shipping or disposal container, or the transfer i
pool water, and the associated ventilation system.” Secondary confinement ventilation zones are

“areas with high potential for contamination...where the handled nuclear material is in a process

enclosure, in unloading preparation stages, in lid welding stages, or in the transfer pool, and the

associated ventilation system.” Tertiary confinement ventilation zone “areas are usually free of

radioactive material, except only in approved container” (Ref. 7.17).

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

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

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

Assembly Transfer System Pools Secondary 4 8E-4

Canister Transfer System Secondary 4 8E-4

Disposal Container Handling System Secondary : 4.8E-4

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

3. Assumptions
3.1 General Assumptions

311 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.

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

This assumption is used in all offsite dose calculations.

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

This assumption is used in all offsite dose calculations.

3.14 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
involving the corresponding fuel types (e.g., PWR DBF).

This assumption is used in all offsite dose calculations.

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

This assumption is used in all offsite dose calculations.

3.16 1t is assumed that an additional fraction of respirable-size particulates, termed the
PULF fraction, is generated and made available for release as a result of energetic
events that, in effect, pulverize the fuel matrix. The PULF fraction, as defined in
Attachment |, is assumed to be a linear function of the equivalent drop height for a
given event. . .
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3.1.10

3.1.1

3.1.12

3.1.13

This assumption is used in all offsite dose calculations.

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

This assumption is used in all offsite dose calculations.

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

This assumption is used in all offsite dose calculations.

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

This assumption is used in all offsite dose calculations.

it is assumed that an adutt at the site boundary has a breathing rate of 3.3E—4 mss.
This is based on the “reference man” breathing rate established in Reference 7.47. °

This assumption is used in all offsite dose calculations.

The unavailability of the HVAC system is calculated to be 4.8E-4/yr (see Attachment
VIll) 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 VIl

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

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

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

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

This assumption is used in all-offsitevdose calculations involving mitigated DBEs.
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3.2

3.1.14

3.1.18

3.1.16

3.1.17

it is assumed that the initiating frequency for a loss-of-offsite-power event is 0.2 per
year. This is a conservative assumption based on historical data from commercial

nuclear power plants (Ref. 7.61).

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

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

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

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

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

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

Carrier/Cask Transportation and Handling Assumptions

3.21

3.22

3.23

3.24

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.

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

Y

This assumption is used in Section 5.1, Section 6.1 and Attachment {i.
The average heavy-lift drop frequency is 1.4E-5 per lift, based on heavy-lift crane data

fromlhet*:esxivy (Attachment X). This assumption is used in Section 5.1, Section
6.1 and Attachmyent Il.
ana Atae enNt.wpoc\— News Shigbulding  JAE wlz|ag

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

3.3 Canister Transfer System Assumptions

Assumptioﬁs 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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3.31 It is assumed that the maximum number of canisters arriving at the repository during
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 6.2 and Attachment lIl.

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

3.33 For drop events, it is assumed that the average crane drop frequency for nommal
operations is 1.4E-5 drops per lift, based on heavy-lift crane data from #re-t-=6—Mavy~
(Attachment X). Newgoct News Shigbul

Y4k niadeg

This assumption is used in Section 5.2, Section 6.2 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., 0.61 meters (2 feet) higher than the
high hook height).

This assumption is used in Section 5.2, Section 6.2 and Attachment 111

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 6.2 and Attachment Ill.

High Level Waste Canisters
Assumptions 3.3.6 through 3.3.9 apply specifically to DBEs involving 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 liI.

3.3.7 The probability of a canister drop from a height greater than its design basis assumes
that the hard stop, which prevents a HLWC from being raised above the nomal
operating height, was omitted as a result of human error after maintenance of the
crane. Forthe 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 drop event tree (events CTS001-CTS007)
shown in Attachment H1.
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3.3.8

3.3.9

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

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

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

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

N-Reactor Fuel

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

3.3.10

3.3.1

3.3.12

It is assumed that the total number of MCOs arriving at the repository over 20 years is
400, or an average of 20 MCOs per year. This is based on preliminary information
from Reference 7.64, page |-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 lil.

It is estimated that 1 out of 400 MCOs received at the repository contains quantities of

hydrogen and uranium hydride that could potentially challenge the integrity of the WHB

HEPA filters. This is based on: :

a) the conservative assumption that after the cold vacuum drying process at Hanford,
50% of the MCOs (i.e., 200 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;

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

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

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

it is assumed that during the MCO packaging operation in the Waste Handling Building,
an MCO is lifted from the cask by a crane and is transferred to either lag storage or to a
disposal container (DC). During this operation, it is assumed that the MCO 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 lll.
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3.3.43

3.3.14

3.3.15

3.3.16

3.317

3.3.18

3.3.19

3.3.20

It is conservatively assumed that 80% of the 400 MCOs received at the repository will
have a pressure higher than 25 psig. This is based on information in Reference 7.65,
which indicates a low MCO pressure of 9 psig, a bounding pressure of 133 psig, and a
best-estimate pressure of 38 psig.

This assumption is used in Section 5.2, Section 6.2 and Attachment 1.

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

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

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

This assumption is used in Section 6.2 and Attachment ill.

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

This assumption is used in Section 6.2 and Attachment iil.
it is assumed that there is an initial non-reactive particulate mass of 7-kg (Ref. 7.51) in

each MCO. It is further assumed that this non-reactive particulate mass is 100% UO,
(Ref. 7.51). It is also assumed that there are no reactive particles immediately

_remaining after the cold vacuum drying process (Ref. 7.51). Reference 7.51 shows

that most of the non-reactive particulates are UO,.
This assumption is used~in Section 6.2 and Attachment Ill.

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

This assumption is used in Section 6.2 and Attachment lil.

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

This assumption is used in Section 6.2 and Attachment ill.

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

This assumption is used in Section 6.2 and Attachment IIL.

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

3.4 Assembly Transfer System Assumptions

3.4.1

342

343

3.44

345

346

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

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

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

it is assumed that the throughput schedule for waste packages (WPs) containing fuel’
assemblies is as shown in Table 3-9 of the CDA (Ref. 7.7). A high value of 368 WPs

containing commercial spent nuclear fuel assemblies is assumed to be emplaced in the

year 2016. In that year, it is assumed that the wet assembly transfer machine will

transfer 10,519 assemblies from the cask unioading 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,

I

Both the conservative and best estimate drop events are assumed to occur with the
lifting grapples in the assembily lifting machines raised to the maximum height. 1t is
conservatively assumed that there is no intervening equipment to shorten the drop
between the dropped assembly/basket and the target assembly/basket, or between the
target assembly/basket and the floor.

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

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

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

The PWR fuel type for 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
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.

347 |Itis assumed that a drop of a spent fuel assembly or basket of assembilies will result in
a breach of 10% of the fuel rods for conservative calculations and 100% of the fuel rods
for best estimate calculations, regardless of the drop distance. This is assumed to be

conservative, however, there is no licensing precedence which suggests a design basis
drop height for commercial spent fuel assemblies.

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

3.48 Reserved.

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.
3411 In a loss-of-offsite power event, the mechanical failure rate (per demand) of the
" assembly transfer machine brake clutch to engage and prevent the drop of a
suspended load is assumed to be 3.04E-04 per demand (Ref. 7.55).

This assumption is used in the ATS loss-of-offsite power event tree (events ATS 026
through ATS029) in Attachment 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 ltis assumed that the sealed DC is designed to withstand a vertical drop from a height
of 2-m on its end without breaching (Ref. 7.9, TBV-245).

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

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.

3,54 Itis assumed that the sealed DC is designed to withstand a 2.3MT object falling 2-m
onto the end of the DC without breaching (Ref. 7.9, TBV-245).

This assumption is used in Section 5.4, Section 6.4 and Attachment V.
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3.55

3.56

3.5.7

3.5.8

3.5.9

3.5.10

3.5.11

It is assumed that the sealed DC is designed to withstand a tipover from a vertical
position with siap 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.

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 Sectidn 5.4, Section 6.4 and Aftachment V.

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

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

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

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

It is assumed that the initiating event frequency for a crane drop is 1.4x107 per lift,
based on heavy-lift crane data from-the-U.S-Nawy.(Attachment X).

Newgord News Shiebuiiding 34K nhalqs
This assumption is used in Section 5.4, Section 6.4 and Attachment V. -

It is assumed that the two-block crane event (i.e., drop from the maximum height
physically possible) probability is 0.24. In effect, this assumes that 24% of all crane
drops are two-block events. This is based on heavy-lift crane data from the-5-6—Nevy-
(Attachment X). ' Newgoex Neus Shipbuldin

This assumption is used in Section 5.4, Section 6.4 and Attachment V. aax “\)2’1 7%

It is assumed that the equivalent drop height for a DC slapdown/tipover (for particulate
release calcuiation) is equal to the distance from the ground to the top of the longest

DC (6.20-m).

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

-

3.6 Waste Emplacement and Subsurface Facility System Assumptions

3.6.1

36.2

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

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

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

This assumption is used to calculate offsite doses in Section 5.5, Section 6.5 and
Attachment V1. :
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4. Use of Computer Software

L

\\\\'L\qq

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

All frequency and dose calculations performed to support this prefiminary “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
caiculation from beginning to end. Attachment IX also provides hand calculations for a sample
problem, which verify the resuits 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.

cnacactenstie s
The LWR Radislegieat-P€ Database (Ref. 7.12) was utilized to generate the radionuclide source
terms (in units of Curies/Fuel Assembly) for the 50% Average PWR and 50% Average BWR fuel
characteristics (see Sec)t_ion 2.2.1). All other source terms were taken from Reference 7.11, Source
Terms for Design Basis Event Analyses. The Charackes1s 11¢s Databsse and all modules
afe *To BE Nenewd” (TeN-455) pending feliew of Defetency Repoct #yag .

Calculations .qu/vl 0-9%-D-132.

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

5.1.1 System Description/Function (Refs. +¥2;7.67, 7.68)

A RATA A8 )
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 handiing facilities or for leaving the repository. This
system will house the equipment and support systems required for receipt/dispatch of

transportation casks, removalfinstaliation of personnel barriers and impact limiters, inspection of

transportation casks, and staging carriers awaiting transfer to other repository facilities or offsite.
The Carrier Preparation Building Material Handling System receives and inspects rail and truck
shipping casks from the Carrier/Cask Transport System. Carrier preparation operations for
carriers/casks received at the MGDS include performing a radiation survey of the carmier 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 (Carrier/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 carriers, truck cask
carriers, remotely operated overhead bridge cranes, gantry cranes, gantry mounted manipulator,
impact limiter sling/spreader bars, water washdown device, lifting yokes, and transfer carts.

5.1.2 Preliminary DBEs

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

" The dose consequences for twelve different casks, with a capacity range from 7 to 61 BWR
assemblies and 3 to 26 PWR assemblies, and with drop heights from 4.1 meters (61-BWR) to 7.2
meters (various 2-block events), were determined for carier/cask drop events (Attachment Il).
The removal of the impact limiters changes the design basis drop height from 9-m (30-ft)
(Assumption 3.2.2) to an unknown height because analysis of cask drops without impact limiters
are not required by 10 CFR 71 (Ref. 7.59). It was assumed that the design basis drop height
without impact limiters is 2-m (approximately 6.6 feet) (Assumption 3.2.2) due to Tabile 5.1.1-2 of
RAI 12-8 of the responses to the NRC's RAIl 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 RAl 12-8. Table 5.1-1 lists the preliminary intemal DBEs considered for the CCTS, CMHS and
CCHS.

Table §.1-1 - Preliminary Internat DBEs

Carrier/Cask Transport System

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

Drop from carrier cradle during transport to CPB

‘| Carrier Preparation Building Material Handling System

Impact limiter sling/spreader bar failure

Drop of impact limiters onto cask by CPB bridge crane

Canister/Cask Handling System

Crane two-block drop of cask

Crane drops cask during normal lifts

Crane drops cask onto transfer cart during normal lifts

Cask slapdown after drop during normal lift

Cask slapdown due to failure of transfer cart support

The cask arrival scenario (Key 001 of Reference 7.7, Assumption 3.2.4) combined with the
heavy-haul drop frequency (Assumption 3.2.3) was used to determine the frequency of cask drop
events. The frequency of the postulated DBEs range from 1.4E-6 to 2.5E-3 per year. These
events are credible and are classified as Category 2 per 10 CFR 60.
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Refer to Section 6.1 for a more detailed discussion of the DBE results.
5.2 Canister Transfer System (SU11)
5.2.1 System Description/Function (Ref. 7.70)

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

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

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

The maximum, normal lift height for a Multi-Canister Overpack (MCO) loaded with N-Reactor fuel is
approximately 6.3 meters (20.6 feet) above the operations floor. The worst-case postulated MCO
design basis event considers a drop of one canister from the maximum height of the crane (i.e., 9.2
meters [30.2 feet]). Since the MCO is designed to withstand only a 0.6-meter (2.0-foot) (Ref. 7 52)
vertical drop on reinforced concrete, the MCO is not expected to withstand a drop from the nomal lift
height of 6.3 meters (20 6 feet) or from the MCO 2-block crane height of 9.2 meters (30.2 feet) in the
CTS.

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

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

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

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

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

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

It is estimated that 1 out of 400 MCOs (see Assumption 3.3.11) received at the repository contains
amounts of hydrogen and uranium hydride that could potentially chalienge the integrity of the WHB
HEPA filters. Therefore, the probability of failing the WHB HEPA filters due to H,/UH3 explosion
overpressure is equal to 2.5E-3 (=1/400). 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=298E-3

An event tree (see Attachment ll) 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 oxidation
(i.e, no ignition) of metallic uranium inside the MCO. A frequency of 1.34E-6 drops/yr is calculated for
this event. The same event with HEPA filters available, i.e., CTS-106, has a frequency of 4.48E-4
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 (SU10)
5.3.1 System Description/Function (Ref. 7.69)

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

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

The Carrier/Cask Handling System interfaces with the ATS by transferring loaded casks and empty
casks, receiving and shipping dual-purpose canister (DPC) overpacks off-site, and unloading and
loading DPC overpacks on carriers. Three identical Assembly Transfer Lines are provided in the
WHB. Each line includes an airlock, cask preparation area, poo! 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 Opérations

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

For casks containing assemblies without canisters, the cask is placed in the cask unloading pool and

~ the inner shield plug is removed underwater. For casks containing a DPC, the cask outer and inner
lids are remotely removed in the cask preparation pit. There the DPC is remotely sampled, vented
and cooled. A DPC lifting fixture is remotely attached and the cask is placed in the cask unloading
pool.

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

Using the Wet Assembly Transfer Machine, the assembly baskets are transferred from the basket
staging rack to the incline transfer canal cart. The assembly baskets are then transferred through the
inclined transfer canal by the incline transfer cart to the Assembly Handling Cell. Using the Dry
Assembly Transfer Machine, the assembly baskets are transferred into one of the two assembly
drying vessels. Each drying vessel has a capacity of six assembly baskets. The drying vessel is
loaded with the number of assemblies that will exactly fill the respective DC being filled. If a DC with
a capacity of 21 PWR spent fuel assemblies is being filled, then the appropriate number of baskets
containing the 21 fuel assembilies 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 ioad port. After
installation of the DC inner lid sealing device, the DC is transferred by the DC transfer cart to the DC
decontamination cell. Here the top area of the DC, the DC lifting collar, and the DC inner lid sealing
device are all decontaminated and the DC is intemally inerted. The DC is then transferred to the DC
Handling System for lid welding.

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

5.3.3 Preliminary DBEs

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

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

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

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

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

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

Table 5.3-1 ATS Preliminary DBEs

Event Group Design Basis Event

Scenario Description

Vertical Drops | Assembly vertical drop in the cask

and End unioading pool or the assembly staging
Collisions pool during transfer from a
transportation cask or DPC into an
assembly basket

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

"

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

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

Approximately 30- to 40-foot drop of a basket containing 4-
PWR or 8-BWR assemblies onto another basket of 4 PWR
or 8 BWR assembiies in the drying vessel (from the
maximum height from the dry assembly transfer machine
assembly basket hoist) with all assemblies breached. In

| addition, this event sequence was also examined

assuming a loss-of-power initiator. This event will bound
the drop of an individual assembly into the dryer as the
assemblies are being moved into the DC.

Approximately 2- to12-foot drop of one SNF assembly
(PWR, BWR, respectively) onto the cell floor (from
maximum height in the dry assembly transfer machine fuel

assembly enclosure) with one SNF assembly breached
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Event Group Design Basis Event

Scenario Description

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

maximum height in the dry assembly transfer machine fuel
assembly enclosure) with one assembly breached

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

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

Approximately 10- to 16-foot drop of a basket containing 4-
PWR assemblies or 8-BWR assemblies, respectively, onto
another basket of 4-PWR assemblies or 8-BWR .
assemblies in the assembly drying station (from the
maximum height from the dry assembly transfer machine
assembly basket enclosure) with all 8 or 16 assembiies
breached

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

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

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

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

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

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

54 Disposal Container H'andling System (SU13)
541 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), tiit DCs to horizontal,
and load DCs onto the Waste Emplacement transporter. The system also transfers DCs to the Waste
Package Remediation System as needed. It should be noted that DCs are assumed to be waste
packages (WPs) when the outer DC lid is successfully welded and tested. The term WP is used
throughout this analysis to indicate a DC that has been loaded and successfully sealed.

Loaded, unsealed DCs enter the DCHS from either the Canister Transfer System (CTS) or the
Assembly Transfer System (ATS). DCs from the CTS arrive without a lid whereas DCs from the ATS
come equipped with a temporary inner lid sealing assembly. The DC is lifted a total of 3-4 times in the
DC Handling System. The DC is first lifted a nominal height of 0.6-m (2.0 feet) onto the welding
station tumntable or lifted a nominal height of 0.3-m onto the DC staging area fixture for temporary lag -
storage prior to welding. After the weiding operation, the DC is either transferred to the staging area

- for lag storage or transferred to the Tilting Station where it is fifted a nominal height of 2.0-m (6.6 feet)
onto the tilting fixture. The DC is then tilted to a horizontal position, placed on the horizontal transfer
cart, and transported to the DC Transfer/Decontamination cell. The DC is horizontally lifted to a
nominal height of 1.4-m (4.6 feet) in the Transfer/fDecontamination cell, the horizontal transfer cart is
removed, the DC is positioned onto the subsurface transporter, and the DC is transported to the
underground emplacement area.

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

54.2 Preliminary DBEs

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

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

Table 5.4-1 - Potential Events in the DCHS

Event Group Event Description

Vertical crane drop of sealed WP or unsealed DC from normal operating lifts ranging from
0.6-m to 2.0-m . :

Drops 2.5-m horizontal drop of sealed WP from horizontal lifting system

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

DC transfer cart coliision with shield door

Collisions
DC transfer cart collision with heavy object

Unsealed DC slapdown from transfer cart

Unsealed DC slapdown from welding station turntable

Slapdowns/Tipovers
Unsealed DC slapdown from staging area fixture

DC slapdown from Tilting Station

DC bridge crane falls onto unsealed DC

Falling Mass Horizontal lifting system falls onto sealed WP

Welding equipment falls onto unsealed DC

Other Welding burnthrough of inner DC lid

Table 5.4-2 contains the preliminary design basis events (DBEs) that were selected for further
evaluation. Frequency and consequence analyses were conducted on the DBEs shown below to
quantify their frequency of occurrence and estimate the public dose at the 5-km site boundary.
Detailed calculations and related event trees for each event analyzed (DC01, DCO02,... etc.) are
shown in Attachment V. In addition to the intemnally initiated events (e.g., crane drops), two loss-of-
power events were also analyzed for comparison.
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Table 5.4-2 - Preliminary DCHS DBEs

Event Group Event # DBE Description Location
Vertical Drop DCO1, DCO2 ?‘a’i'l‘u‘r’:)”i“' Drop (2-Biock Crane DC Titting Station
Horizontal Drop DCO5, DCO6 | 2.5-m Horizontal Drop of DC Transfer/Decon
DCO03, DC04 | LOP & 2-m Vertical Drop DC Tilting Station
Loss-of-Power
DC07, DCO8 | LOP & 1-m Horizontal Drop Transfer/Decon
Weldin - . ) .
Bumthroggh 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 (S501)

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

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

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

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

e« 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. -

e A gantry camier 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.

e A pair of transport locomotives is used to move the transporter from the WHB, into and down the
North Ramp, into the East or West Main, and to the vicinity of the designated emplacement drift.
At the pre-selected emplacement drift location, one locomotive is uncoupled to allow the
transporter, with the transporter doors facing the dnft entrance, to be pushed into the
emplacement drift turnout. Once the transporter is partway in the tumout, 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):

s Access to the underground

« Emplacement of waste packages

+ Openings to allow safe and secure work conditions
e Preserves the natural barrier :

e Preserves the engineered barrier system.

5.5.2 Preliminary DBEs

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

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

Because of the division of functions, the potential DBEs included in the study of subsurface facilities
include some events that may occur at or near the surface, i.e., during the transport of waste
packages from the Waste Handling Building, through the North  Portal, and down the North Ramp.

" Other events may occur only in the subsurface in or near emplacement drifts. The transport and
emplacement operations occur during the 24 years of active emplacement operations of the
preclosure phase and during a caretaker period should a retrieval campaign be initiated. Other
events like rockfall in the emplacement and main drifts may potentially occur during the entire
monitored preclosure. phase which mdy extend to 300 years.

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

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

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

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

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

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

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

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

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

55.2.2 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 extemal events, however, potentially
affect only the portion of the transport operations on the surface and were qualitatively screened out,
particularly by assuming that operational rules will preclude transport and emplacement operations
whenever there are local forecasts of severe weather, wind, temperatures, or range-fire conditions.
Moreover, the consequences of such events are likely to result in derailment of the transporter train
without impact beyond the design bases of the WP. Several external events are the subject of
separate analyses and were not examined in this analysis. These events include aircraft crash, fire
(range), industrial activity, military activity, and tornado. ’

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

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

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

E'\(lznt Event Descripti on(!) DBE Category. fo;sl;elease
. Scenarios
1 ' Transporter Derailment in Ramp or Main Drift BDBE
2A Emplacement Gantry Derailment - Normal Speed | BDBE
2B Emplacement Gantry Derailment - Gantry Runaway BDBE
3 Waste Package reusable car is ejected out of BDBE
Transporter
5 Runaway Transporter (with WP) Category-2
7 Emplacement Gantry WP Lifting Mechanism Fails BDBE
10 Rockfall/Ground Support Fall onto Transporter BDBE
1 Rockfall/Ground Support Fall onto Locomotive BDBE
13A Rockfall and/oq Ground St(:gport Collapse onto Waste Treat as Category-2 ™
Package - Static Rockfall
138 Rockfall and/or Ground Support Collapse onto Waste BDBE
Package - Seismic Induced, Beyond DB Earthquake
15 Fire/Explosion Deferred to future analyses
- 16 Thermal Cycling of Waste Pagkage Deferred to future analyses
17 Thermal Cycling of Emplacement Drift Ground Support Deferred to future analyses

Notes:

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

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

(3) This column summarizes the potential radionuclide release scenarios that were considered. Events
categorized as BDBE (Beyond Désign Basis Events) are sequences of events whose frequencies are
below the threshold of 1E-8/yr.
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5.6 Waste Treatment Building (SU04) (Ref. 7.75)

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

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

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

5.7 Criticality Safety Summary

For the preclosure phase of the MGDS, 10 CFR 60.131(h) requires that the waste package be
designed such that “nuclear criticality {ker 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 tater this year to confirm that it meets the definition of “unlikely”
in 10 CFR 60.2. However, to meet postclosure criticality requirements, the waste packages will
generally be designed such that they will be subcritical when flooded and correctly loaded.

Since multiple waste package designs are required to cover the wide range of commercial spent
nuclear fuel assembly characteristics, misloading of a waste package with fuel which exceeds the
criticality design basis of the package is a potential event which must be considered. Waste Package
Operations has performed an analysis of the frequency of misload for PWR and BWR packages
based on the preliminary loading procedures, the expected distribution of packages and their
associated fuel assemblies, and standard methods for estimating the probabilities of operator errors
and equipment failures. A decision tree was developed to determine the probabilities for all possible
endstates of the loading operation (Ref. 7.66). The endstate probabilities for sequences resulting in
misload of fuel that exceeds the criticality design basis of a package are summed to determine the
total probabllrty of mnsload The total misload probability for all PWR waste packages is in the range
of 5x10° to 6x10° per waste package (Ref. 7.66). The total misioad probability for all BWR waste
packages is 9.65 x10°° per waste package (Ref. 7.66). Based on these frequencies and the CDA Key
Assumption 003 estimate of 4,792 PWR waste packages, and 2,875 BWR waste packages (Ref. 7.7),
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misload of a package with fuel that exceeds the design basis is not likely to accur once during the
operational period (Ref. 7.66). Therefore, misload is also considered an unlikely event, and does not
have to be considered in combination with a flooded waste package.

5.8 Preliminary Seismic DBE Analysis

A seismic source-term and potential consequence analysis was performed as part of the effort to
identify potential SSCs important to radiological safety. The purpose of this seismic DBE analysis
was to identify those SSCs that must be designed to withstand a Design Basis Earthquake (DBEQ).
Since two categories of vibratory-ground-motion DBEQs have been defined for the MGR, a principal
objective of this analysis was to determine the appropriate seismic frequency category DBEQ that
each SSC important-to-safety must be designed for. The two DBEQs are identified as Frequency-
Category-1 and Frequency-Category-2, which are distinguished by difféerent 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 classifications based on the
dose assessment of the applicable seismic event. Once an SSC is designed to withstand a given
DBEQ, it is assumed to remain functional to prevent or mitigate a release of radionuclides during and
after that level of DBEQ. It should be noted that this seismic classification addresses only -
radiological issues; more conservative seismic designs may be imposed due to other considerations
such as throughput cost, or investment risk. Effects of fault displacement DBEQs are not analyzed in
this study. The primary defense against fault displacements is avoidance.

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

6. Results

All results presented in this calculation shall be treated as unqualified data. This document will not
directly support any construction, fabrication, or procurement activity and thererfore is not required to be
procedurally controllied as To Be Verified or To Be Determined in accordance wuth 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 11
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Table 6.1-1 — Bounding Internal DBEs for
the Carrier/Cask Transport & Handling Systems

DBE TEDE Dose at
Event# | Event Description c 5-km (rem)
ategory - .
Conservative Best Estimate
CH10 | 6.9-m 2-Block Drop of 61-BWR Cask, No HVAC 2 >5 1.4
CH11 | 8:8-m 2-Block Drop of 61-BWR Cask, HVAC 5 0.013 5064
Available : :
CH46 | 7.1-m 2-Block Drop of 26-PWR Cask, No HVAC 2 - >5 0.85
CH47 7.1-m 2-Block Drop of 26-PWR Cask, HVAC 5 0.010 3.0E4
Available
CHO7 | 4.1-m Drop of 61-BWR Cask, No HVAC 2 >5 0.97
CHO8 | 4.1-m Drop of 61-BWR Cask, HVAC Available @ 2 0.56 © 3.8E4
CH43 | 4.1-m Drop of 26-PWR Cask, No HVAC 2 >5 0.58
CH44 | 4.1-m Drop of 26-PWR Cask, HVAC Available @ 2 0.59 2.2E4

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

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

6.2 Canister Transfer System (SU11)

Attachment 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 (CTS006, CTS007) and a 30.3-foot drop of one MCO
(CTS-106, CTS-107) onto the CTS floor. The conservative TEDE dose for the bounding DBE -
involving a commercial SNF canister, with HVAC (includes single HEPA filter) available, is 1.1E-2 rem
at the 5-km site boundary. Without HVAC available, the event frequency (see CTS-007 in
Attachment Hl) is beyond design basis. .

The conservative TEDE doses for the analyzed DBE involving an MCO are 4.7E-3 rem with HEPA
filters and greater than 5 rem without HEPA filters at the 5-km site boundary. HEPA filtration is

* currently included for the CTS in the reference VA design. The best estimate TEDE dose resulting
from a breached MCO, whether mitigated or unmitigated, is expected to be much smaller than the
conservative value.

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

o8E TEDE Dose at

inti §-km (rem

Event# | Event Description Category m (rem)

Conservative | Best Estimate

28.2-foot vertical drop of CSNF Canister (44

CTS006 | BWR Assemblies) from 2-block crane 2 1.1E2 3.6E4
position to floor, HVAC Available
28.2-foot vertical drop of CSNF Canister (44 )

CTS007 | BWR Assemblies) from 2-block crane gpge M >5@ 1.0E+0
position to floor, HVAC Unavailable
20.6-foot vertical drop of MCO from normal lift _

CTS-106 |} qight to floor, HVAC Available 2 4783 TBD
20.6-foot vertical drop of MCO from normal lift

CTS-107 | peight to fioor, HVAC Unavailable 2 >S TBD

(1) BDBE = Beyond Design Basis Event (<107/yr).
(2) For comparison purposes only - Best Estimate is used for BDBEs.

6.3 Assembly Transfer System (SU10)

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

Table 6.3-1 Bounding Internal DBEs for the Assembly Transfer System
DBE TEDE Dose at
Event# | Event Description Category 5-km (rem)
. Conservative Best Estimate
_ATS001, | 16.5-foot 4-PWR basket drop onto “ gdg/f-:V?/R A (535251;3\%
ATS003 | another 4-PWR basket, HVAC Available ATS001) ATS003)
ATS002 16.5-foot 4-PWR basket drop onto >5© 2.0E-01
" | another 4-PWR basket, HVAC BDBE ¥ (100% PWR, (50% PWR,
ATS004
Unavailable . . ATS002) ATS004)
ATS005, | 25-foot 8-BWR basket drop onto 3.56-03 (BMSF'SSF
ATS007 | another 8-BWR basket, HVAC Available (50% BWR, ATS005) ATS007) '
25-foot 8-BWR basket drop onto @ 4,1€-01
ATS006, @ >5
another 8-BWR basket, HVAC BDBE o (BWR DB8F,
ATS008 Unavailable (50% BWR, ATS006) ATS008)

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

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

A mitigation factor of 0.9997 (Assumption 3.1.13) was applied to all ATS event that considered HVAC
available. The HVAC availability, presented as a conditional probabiiity 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 ATS005/ATS007. The frequency
of event ATS001/003, involving a 4-PWR basket drop onto another basket with the HVAC/HEPA filters
available, is 1.14E-02 events/year; therefore, this event is a Category 1 DBE. The frequency of event
ATS005/007, involving a 8-BWR basket drop onto another basket with the HVAC/HEPA filters
available, is 7.40E-03 events/year, a Category 2 DBE.

The bounding loss-of-offsite power event occurs when the brake clutch on the dry assembly transport
machine fails to engage due to loss-of-offsite power, resulting in the drop of a PWR assembly basket
onto another in an assembly dryer. The consequences of this event with and without HVAC/HEPA
filters available, depicted by event trees ATS026/ATS028 and ATS027/ATS029, are identical to the
consequences of the 4-PWR basket drop events illustrated by ATS001/ATS003 and ATS002/ATS004,
respectively. Loss-of-offsite power events assume that the passive HEPA filters remain functional for
24-hours following the event, and that leakage from the ATS is through the HEPA filters.

6.4 Disposal Container Handling System (SU13)

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

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

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

6-m vertical drop from DC bridge crane (2- ~

DCOT | block), HVAC Avaitable i 2 7.283 6.1E-4
6-m vertical drop from DC bridge crane (2- %)

DCO2 | piock), HVAC Unavailable BOBE >5 6.08-1
2.5-m horizontal drop from horizontal lift

DCOS | ystem, HVAC Available 2 4.58-3 S.4E-4
2.5-m horizontal drop from horizontal lift m

DCo6 system, HVAC Unavailable - BDBE >S 3.68-1

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

The bounding radiological events in the DC Handling System are a 6-m two-block DC drop by the
bridge crane (DCO1, DC02) and a 2.5-m horizontal drop by the horizontal lift system (DCO0S, DCO6).
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 DCQS5) 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 10° 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 HVAC (HEPA fiter) available in order to
assess the impact of HVAC on the offsite dose consequences. The current design concept for the
DCHS includes a single train HEPA filter (Ref. 7.17, Section 2.2.9). A detailed description of each
event sequence analyzed for the DC Handling System is included in Attachment V.

In general, the DBE sequences with HVAC available have a frequency of occumrence in the Category 2
range or below, and have mitigated dose consequences well below 5-rem at the site boundary. The
DBE sequences without HVAC available fall into the Beyond Design Basis Event category (<10'6/yr)
and do not require any further analysis.

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

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

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

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

Table 6.5-1 — Bounding DBEs for the Subsurface

TEDE Dose at

- . DBE g
Event# | Event Description . Category 5-km (rem)
Conservative | Best Estimate
<] Rockfall onto Waste Package, 21-PWR 2 >5M 3.0E-1
5 Rockfall onto Waste Package, 44-BWR .2 >5® 3.9E-1
13A Transporter Runaway, 21-PWR 2 >5 M 1.1E+0
13A Transporter Runaway, 44-BWR : 2 >5 M 2.0E+0

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

The Waste Treatment Building was not analyzed for potential preclosure internal and external DBEs.
It is assumed that there will not be a sufficient radiological source term available which, if released
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during a DBE, could exceed the offsite dose limits for Category 1 or Category 2 DBEs. Additional
design and DBE 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 (SU16), (SU08), (SU09)

6.9-m 2-Block Drop of 61-BWR Cask (Attach. Il - 2 >5 1.4
CH10), No HVAC )
6.9-m 2-Block Drop of 61-BWR Cask (Attach. II - o .
CH11), HVAC Available 2 1382 5.2E-4
7.1-m 2-Block Drop of 26-PWR Cask (Attach. i - : . .
CH486), no HVAC 2 >S 0.85
7.1-m 2-Block Drop of 26-PWR Cask (Aftach. Il - | R

CH47), HVAC Available 2 1.08-2 3.0e4
4.1-m Drop of 61-BWR Cask (Attach. Il - CHO7) , . .
no HVAC ~ 2 >3 0.97
4.1-m Drop of 61-BWR Cask (Attach. Il - CH08) , .

HVAC Available 2 S-6E-1 3.884
4.1-m Drop of 26-PWR Cask (Attach. Il - CH43), N .
no HVAC 2 >5 0.58
4.1-m Drop of 26-PWR Cask (Attach. Il - CH44) , ~

HVAC Available 2 5.9E-1 2.2e4
Canister Transfer System (SU11)

28.2-foot HLWC vertical drop from 2-block crane

position to floor (Attach. Ill - CTS006), HVAC 2 1.1E-2 3.6E4
Available

20.6-foot MCO vertical drop from normal lift height

to floor (Aftach. Il — CTS-106), HVAC Available 2 4783 T8D
Assembly Transfer System {SU10)

4-PWR basket drop onto another 4-PWR basket

(Attach. iV — ATS001, ATS003), HVAC Available 1 - 4.9E-3 7.4E5
8-BWR basket drop onto another 8-BWR basket

(Attach. IV — ATS005, ATS007) 2 3583 1.564
DC Handling System (SU13)

6-m vertical drop from DC bridge crane (Attach. V _

— DCO1), HVAC Available 2 7283 6.1E4
2.5-m horizontal drop from horizontal lift system

(Attach. V — DCO5), HVAC Available 2 4.56-3 5.4E4
Waste Emplacement (SS17) and Subsurface Facility {SS01) Systems

Rockfall onto 44-BWR Waste Package (Attach. Vi

— Event #5) No HVAC 2 >s 3.9
Transporter Runaway with 44-BWR Waste

Package (Attach. VI — Event #13A), No HVAC 2 >5 2.0E+0

* Current design concept does not have mitigation (i.e., HEPA filter). These resuits are shown for information only.
** MCO contains N-Reactor fuel.
NE = Not Evaluated
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Attachment | - Release Fractions and PULF Data
1. Purpose

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

2. Definitions

Gap Release Fraction ~ the fraction of airbormne respirable size (<10um) 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 airbome, respirable size (<10um) particulates that are generated from the
fuel matrix as the result of an energetic impact event that ruptures the fuel rods and pulverizes the fuel.
The PULF fraction is added to the particulate gap release fraction for energetic DBEs such as drops and
slapdowns. The equation below estimates the respirable particulate fractions generated in an event,

" based on the equivalent potential energy density of a material with density (d) at a specific height (h):

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

A = correlation coefficient = 2x10™ (cm>/J)

d = UO, density = 10 g/cm®

g = gravitational acceleration = 980.7 cmv/s?

h = height, cm

¢ = conversion factor = 107 JIErg

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) [unitiess]

Respirable Fraction (RF) — the fraction of airborme material present in particulate form that could be
transported through the air, inhaled, and be deposited in the deep lung. For particulates, RF is equal to
the sum of the gap release fraction and the PULF fraction.
3. Comparison of PULF & Release Fractions from Historical Literature
Where appropriate, the following scenario was assumed to compare the results:
= Standard 40' (12.2 meter) Drop, equivalent to an energy density of 1.2 Jiem® (1.2E7 ergs/cm3)
= Burst Rupture of Fuel
= Compare respirable fraction (RF) of gamculate
3.1 MacDougal (Ref. 7.3)

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

d=10 g/cm

g-981cm/s

h=1219 cm

EPF = 0.2 for SNF PULF (SNF) = 4.8E-5
EPF = 1.0 for DHLW PULF (DHLW) = 2. 4E-4
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3.2

3.3

34

3.5

3.6

3.7

3.8

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

RF (DHLW) = 2.4E-4

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

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

RF (SNF) = 1E-4

RF (DHLW) = N/A

* Based on 0.3% strain on container

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

RF (SNF) = 1.2E-4*

RF (DHLW) = 3.0E-4

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

DOE-HDBK-3010 (Ref. 7.40)

RF (SNF) = 2.4E-4"

RF (DHLW) = 2.4E-4

* Based on MacDougall, without EPF

PRA Procedures Guide (Ref. 7.41)

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

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

RF (Phase ) = 2E-6* Burst Rupture*

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

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

1) Total RF = Gap Release + PULF

2) Use gap release fractions from NUREG-1536
- H-3=.30 ‘
- Kr-85=.30
- -129= .10

Cs-134,137 = 2.3E-5

- Sr-80=2.3E-5

- Ru-106 = 1.5E-5

- Co-60 = .15

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

4) Use PULF fraction from MacDougall for energetic events
- Particulates = 1.96E-7 x EPF x h
- h = drop height (cm)
- EPF = 0.2 for SNF
- EPF = 1.0 for DHLW
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Figure I-1: Particulate Respirable Release Fractions
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Attachment Il - Carrier/Cask Transport (SU16), CPB Material Handling (SU08), and
Cask/Canister Handling (SU09) System Event Trees and Supporting Documentation
Receive Cask from Deliver cask to Measure External Inspect for
offsite Transportation CPR Material Radiation, Contamination,
(CRWMS) (Ref. 7.26) |— | Handling || Remove || External
System Personnel Temperature
Barriers
J
L Remove Transport to Deliver Cask
impact limiters | Carrier/Cask —P| to ATS or
Handling System CTSs
3 Table ll-1: Summary of Events Analyzed
5-km Best 5-km
Ev: nt DBE Description Location Source Term (Epv;n; :ar;guency Cat. $§gr2a[t)zse ?ggséeg\:) astLve
) (rem) (rem)
CHO1 | Maximum annual cask drop (year 2016) Carrier Bay Blended® 7.4E-4 wio hvac 2 T8D T8D
CH02 | Maximum annual cask drop (year 2016) Carrier Bay Blended 7.4E-4 w hvac® 2 TBD 8D
CHO03 | Maximum annual cask drop (year 2016) Carrier Bay Blended 3.6E-7 w/o hvac BDBE { TBD 8D
CHO04 | Maximum annual cask drop (year 2016) Carrier Bay Blended 2.3E-4 w/o hvac 2 TBD T8D
CHO5 | Maximum annual cask drop (year 2016) Carrier Bay Blended 2.3E4 w hvac 2 TBD TBD
CHO6 | Maximum annual cask drop (year 2016) Carrier Bay Blended 1.1E-7 w/o hvac BDBE | TBD 78D
CHO7 " | 4.1-m vertical drop of BWR cask Carrier Bay 61 BWR assem. 1.4E-3 wlo hvac 2 9.7€-1 >5
CHO8 | 4.1-m vertical drop of BWR cask Carrier Bay 61 BWR assem, 1.4E-3 w hvac 2 3.8E4 5.6E-1
CHOS | 4.1-m vertical drop of BWR cask Carrier Bay 61 BWR assem. 6.8E-7 w/o hvac BDBE | 9.7E-1 >5
CH10 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 61 BWR assem. 4.5E-4 w/o hvac 2 1.4E+0 >5
CH11 | 6.9-mvertical drop of BWR cask (2 Block) Carrier Bay 61 BWR assem. 4.5E4 w hvac 2 5.2E-4 1.3E-2
CH12 | 6.9-mvertical drop of BWR cask (2 Block) Carrier Bay 61 BWR assem. 2.1E-7 wlo hvac BDBE | 1.4E+0 >5
CH13 | 4.1-mvertical drop of BWR cask Carrier Bay 44 BWR assem. 6.3E-4 w/o hvac 2 7.0E-1 >5
CH14 | 4.1-m vertical drop of BWR cask Carrier Bay 44 BWR assem. 6.3E-4 w hvac 2 2.7E4 4.1E-1
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Table lI-1: Summary of Events Analyzed

5-km Best 5-km

Ev:nt DBE Description Location Source Term :E;;n;el;r:;guency Cat. $§g?:’ggse ?gBSEeB‘; "’:L\'e
(rem) (rem)

CH15 | 4.1-m vertical drop of BWR cask Carrier Bay 44 BWR assem. 3.0E-7 w/o hvac BDBE | 7.0E-1 >5
CH16 { 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 44 BWR assem. 2.0E-4 w/o hvac 2 1.1E+0 >5
CH17 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 44 BWR assem. 2.0E4 w hvac 2 3.8E4 9.2E-3
CH18 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 44 BWR assem. 9.5E-8 w/o hvac BDBE | 1.1E+0 >5
CH19 | 4.1-m vertical drop of BWR cask Carrier Bay 24 BWR assem. 3.0E-4 w/o hvac 2 3.8E-1 >5
CH20 | 4.1-m vertical drop of BWR cask Carrier Bay 24 BWR assem. 3.0E-4 w hvac 2 1.6E-4 2.2E-1
CH21 | 4.1-m vertical drop of BWR cask Carrier Bay 24 BWR assem. 1.4E-6 w/o hvac 2 3.8E-1 >5
CH22 | 7.1-mvertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assem. 9.4E-4 w/o hvac 2 5.8E-1 >5
CH23 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assem. - 9.4E4 w hvac 2 2.1E4 5.6E-3
CH24 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assem. 4 5E-7 wlo hvac BDBE | 5.8E-1 >5
CH25 | 4.1-m vertical drop of BWR cask Carrier Bay 17 BWR assem. 9.6E-5 w/o hvac 2 2.7€-1 >5 .
CH26 | 4.1-m vertical drop of BWR cask Carrier Bay 17 BWR assem. 9.6E-5 w hvac 2 1.1E4 1.6E-1
CH27 | 4.1-m vertical drop of BWR cask Carrier Bay 17 BWR assem. 4.6E-8 w/o hvac BDBE | 2.7E-1 >5
CH28 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 17 BWR assem. 3.0E-5 w/o hvac 2 4 0E-1 >5
CH29 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 17 BWR assem. 3.0E-5 w hvac 2 1.5E-4 3.5E-3
CH30 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 17 BWR assem. 1.5E-8 w/o hvac BDBE | 4.0E-1 >5
CH31 | 4.1-m vertical drop of BWR cask Carrier Bay 9 BWR assem. 3.6E-4 w/o hvac 2 1.4E-1 3.1E+0
CH32 | 4.1-m vertical drop of BWR cask Carrier Bay 9 BWR assem. 3.6E4 w hvac 2 5.6E-5 8.3E-2
CH33 | 4.1-m vertical drop of BWR cask Carrier Bay 9 BWR assem. 1.7E-7 w/o hvac BDBE | 1.4E-1 3.1E+0
CH34 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 9 BWR assem. 1.1E-4 wlo hvac: 2 2.2E1 >5
CH35 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 9 BWR assem. 1.1E-4 w hvac 2 7.9€E-5 1.8E-3
CH36 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 9 BWR assem. 5.5E-8 w/o hvac BDBE | 2.2E-1 >5
CH37 | 4.1-m vertical drop of BWR cask Carrier Bay 7 BWR assem. 5.1E-4 w/o hvac 2 1.1E-1 2.4E+0
CH38 | 4.1-m vertical drop of BWR cask Carrier Bay 7 BWR assem. 5.1E-4 w hvac 2 4.3E-S 6.5E-2
CH39 | 4.1-m vertical drop of BWR cask Carrier Bay 7 BWR assem. 2.5E-7 w/o hvac BDBE | 1.1E-1 2.4E+0
CH40 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 7 BWR assem. 1.6E-4 w/o hvac 2 1.7E41 4.0E+0
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Table lI-1: Summary of Events Analyzed
5-km Best 5-km
Ev:nt DBE Description Location Source Term :E;;n;el;rsguency Cat. 523?7;2“ gggéegg a;;ve
{rem) (rem)
CH41 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 7 BWR assem. 1.6E-4 w hvac 2 6.1E-5 1.5E-3
CH42 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 7 BWR assem. 7.7€-8 wlo hvac BDBE | 1.7E-1 4.0E+0
CH43 | 4.1-m vertical drop of PWR cask Carrier Bay 26 PWR assem. 1.9E-3 w/o hvac 2 5.8E-1 >5
CH44 | 4.1-m vertical drop of PWR cask Carrier Bay 26 PWR assem. 1.9E-3 w hvac .2 22E4 5.9E-1
CHA45 | 4.1-m vertical drop of PWR cask Carrier Bay 26 PWR assem. 9.3E-7 w/o hvac BDBE | 5.8&-1 >5
CH46 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 26 PWR assem. 6.1E-4 w/o hvac 2 8.5E-1 >5
CH47 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 26 PWR assem. 6.1E-4 w hvac 2 3.0E4 1.0E-2
CH48 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 26 PWR assem. 2.4E-7 wlo hvac BDBE | 8.5E-1 >5
CHA48 | 4.1-m vertical drop of PWR cask ' Carrier Bay 24 PWR assem. 2.0E-3 w/o hvac 2 5.4E-1 >5
CH50 | 4.1-m vertical drop of PWR cask Carrier Bay 24 PWR assem. 2.0E-3 w hvac 2 2.0E4 5.56E-1
CH51 | 4.1-m vertical drop of PWR cask Carrier Bay 24 PWR assem. 9.7&-7 w/o hvac BDBE | 5.4E-1 >5
CH52 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 24 PWR assem. 6.4E-4 w/o hvac 2 7.5E-1 >5
CH53 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 24 PWR assem, 6.4E4 w hvac 2 2,764 9.1E-3
CH54 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 24 PWR assem. 3.1E-7 w/o hvac BDBE | 7.5E-1 >5
CH55 | 4.1-m vertical drop of PWR cask Carrier Bay 12 PWR assem. 2.5E-3 w/o hvac 2 2.7E-1 >5
CH56 | 4.1-m vertical drop of PWR cask Carrier Bay 12 PWR assem. 2.5E-3 w hvac 2 7.8E4 2.7E-1
CHS57 | 4.1-m vertical drop of PWR cask Carrier Bay 12 PWR assem. 1.2E-6 wio hvac 2 2.7E-1 >5
CHS58 | 7.1-mvertical drop of PWR cask (2 Block) Carrier Bay 12 PWR assem. 7.7E-4 wlo hvac 2 3.8E-1 >5
CHS8 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 12 PWR assem. 7.7E-4 w hvac 2 1.4E-4 4.6E-3
CH60 | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 12 PWR assem. 3.7E-7 w/o hvac BOBE | 3.8E-1 >5
CH61 | 4.1-m vertical drop of PWR cask Carrier Bay 7 PWR assem, 4.6E-4 w/o hvac 2 1.6E-1 4.1E+0
.CH62 | 4.1-m vertical drop of PWR cask Carrier Bay 7 PWR assem. 4.6E-4 w hvac 2 5.9E-5 1.6E-1
CHB3 | 4.1-m vertical drop of PWR cask Carrier Bay 7 PWR assem. 2.2E-7 wlo hvac BDBE | 1.6E-1 4.1E+0
CHB4 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay" 7 PWR assem, 1.4E-4 w/o hvac 2 2.2E-1 >5
CH65 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 7 PWR assem. 1.4E4 w hvac 2 8.0E-5 2.6E-3
CHE6 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 7 PWR assem. 6.9E-8 w/o hvac BDBE | 2.2E-1 >5

Civilian Radioactive Waste Management System

Management & Operating Contractor




Title:  Preliminary Preclosure Design Basis Event Calculations for the M.. . Geologic Repository Attachmen
DI No.: BC0000000-01717-0210-00001 Rev.00 , Page Ii-4 of 1I-10
Table 1I-1: Summary of Events Analyzed
5-km Best 5-km
Ev:nt DBE Description Location Source Term :E; ;n;lesguency Cat. E?I;'Eal;zse (T:E’Bséegoasﬁeve
(rem) {rem)
CH67 | 4.1-m vertical drop of PWR cask Carrier Bay 4 PWR assem. 7.1E-4 w/o hvac 2 9.0E-2 2.4E+0
CH68 | 4.1-m vertical drop of PWR cask Carrier Bay 4 PWR assem. 7.1E-4 w hvac 2 3.4E-5 9.1E-2
CH69 | 4.1-m vertical drop of PWR cask Carrier Bay 4 PWR assem. 3.4E-7 w/o hvac BDBE | 9.0E-2 2.4E+0
CH70 | 7.2-m vertical drop of PWR cask (2 Block) Carrier Bay 4 PWR assem. 2.3E4 w/o hvac 2 1.3E-1 3.9E+0
CH71 | 7.2-m vertical drop of PWR cask (2 Block) Carrier Bay 4 PWR assem. 2.3E4 w hvac 2 4.5E-5 1.6E-3
CH72 | 7.2-m vertical drop of PWR cask (2 Block) Carrier Bay 4 PWR assem. 1.1E-7 w/o hvac BDBE | 1.3E-1 3.9E+0
CH73 | 4.1-m vertical drop of PWR cask Carrier Bay 3 PWR assem. 9.0E-4 w/o hvac 2 6.7€-2 1.8E+0
CH74 | 4.1-m vertical drop of PWR cask Carrier Bay 3 PWR assem. 9.0E4 w hvac 2 2.5E-5 6.8E-2
CH75 | 4.1-m vertical drop of PWR cask- Carrier Bay 3 PWR assem. 4.3E-7 wlo hvac BDBE | 6.7E-2 1.8E+0
CH76 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 3 PWR assem. 2.8E4 w/o hvac 2 9.8£-2 3.0E+0
CH77 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 3 PWR assem. 2.8E4 w hvac 2 3.6E-5 1.2E-3
CH78 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 3 PWR assem. 1.4E-7 w/o hvac BDBE | 9.8E-2 3.0E+0
CH79 | Cask tip over/Slapdown (5.3-m)" Carrier Bay 61 BWR/26 PWR 1E-3 2 26.5/19.2
DmpﬁmanmerCmdm° Site during 1E-3
CHB80 | 1.5-m for Rail Carrier movement/ 61 BWR/26 PWR 2 9.6/7.1
1.2-m for Tfuck Canigr _ ‘ Carrier Bay 9 BWR/4 PWR 1.2/0.95

CH81 E;r:éessl:;neo;ric::: r;o n|1gor':/|t‘:'>n of the diesel fuel 18D 18D
R B e
CHB83 | Aircraft crash into parked shipping cask TBD 18D
CH84 | Cask Drop due to Loss of Offsite Power Event Carrier bay 61 PWR assem, 6.0E-5 2 1.4E+0 >5

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

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

€ Year 2016 Key 001 Controlled Design Assumption.

9 Event trees provided for bounding events only.

T8D -

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

Table |I-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 2275
10) WE Large 44/21 205 278 706.1 23.17
6) NAC-STC 26 PWR 193 290 736.6 24 .17
9) WE Small 24/12 204 279 708.7 2325
1) GA-9 9/4 198 285 723.9 2375
2) TN-8 7 BWR 201 282 716.3 23.50
4) TN-8-TN 8L 3PWR 192 291 . 739.1 24.25
8) IF-300 SAR 71 18/7 210 273 693.4 22.75

3Number corresponds to Cask number in Table 1, Transportation Cask Physical Parameter
Data, of the Transportation Cask Physical Envelope Study.

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

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

Table 11-3: Maximum Annual Cask Throughput

Cask Type Maximum Annual Throughput CDA Table®
BWR-7 48 3.1
BWR-9 34 31
BWR-17 9 * 3.2
BWR-24 280 . 3.3 (includes large can 22-BWR)
BWR-44 59 - 3.3
BWR-61 133 * 32833
PWR-3 84 3.1
PWR-4 67 3.1
PWR-7 43 3.2
PWR-12 230 3.2&33
PWR-24 : 189 : 3.3 (includes med. Can 21-PWR)
PWR-26 182 3.2

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

Drops
Cask systems without impact limiters shall be designed and certified to withstand a drop event without
any significant impact to their important-to-safety design functions. Maximum permmissible drop heights
are specified in Table 5.1.1-2 for specific systems currently included in the CISF design.

Tabie 5,1.1-2 Loaded Cask System Maximum Drop Heights

Lift/Drop e Cask System Type
Heights VECTRA .
(distance above | FSTAR | NUHOMS® "I\‘,’l‘ffg‘g;‘s‘t’:ﬁf Sierra TranStor™
grade or floor) NAC STC MP187 System
Operation TSC 1 SC TC SC TC Can SC TC | XC
Maximum 80" "I N/A 80" 30" 108" 209.25" | 12" 80" | 218.25"
Vertical
Lift/Drop
Maximum N/A " N/A 60" 70" 108" N/A N/A N/A | N/A
Horizontal '
Lift/Drop

*Abbreviations:

Can - Canister

TSC - Transportable Storage Cask
SC - Storage Cask

TC - Transportation Cask

XC - Transfer Cask

N/A - Not Applicable
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BWR-61 CASK DROP DROP HEIGHT HEPA FILTRATION Sequence DBE Cat. | Frequency | TEDE Dose | TEDE Dose
Name Besl Est. | Conservative
Slerra Nuclear TranStor Normal Lift Helght -13° 6° HEPA Fitralion not In current {rem) {rom)
(4.1m), Two-block 6.9m design for system .
NORMAL UNAVAILABLE
HO7 2 1.41E-03 9.7E-1 >5
CASK DROP 7.60E-01
1.86E-03 2 BLOCK UNAVAILABLE
H10 R 4.46E-04 1.4E40 >5
2.40E-01 ‘
3
Cask Drop Frequencies based on current VA Design (NoConfinement C\CAFTA-W\BWR6G1B.ETA |  9/16/98 Page 1
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BWI-01 CASK DROP DROP HEIGHT - HEPA FILTRATION Sequence DBE Cat. Frequency | TEDE Dose | TEDE Dose
Name Best Esl. Consarvative
Sletra Nuclear TranStor Normal Lift Helght -13' 8* (rem) {rem)
(4.1m), Two-block 6.9m
AVAILABLE
Ho8 2 1.41E-03 3.8E-4 5.60-1
NORMAL 9.99E.01
7.60E-01 . UNAVAILABLE
Ho9 BDBE 6.79E-07 9 7E-1 >5
CASK DROP 4.80E-04 :
1.86E-03 . ) AVAILABLE
: H11 R 4.46E-04 5.2E-4 1.3E-2
2 BLOCK 9.99E-01
2.40E-01 UNAVAILABLE :
H12 BDBE 2.14E-07 1.4E+0 >5
4.80E-04 .
3
Cask Drop Frequencies based on Preclosure Safely Strategy (Conf . , CACAFTA-WABWRG1A.ETA , 9/15/98 ’ Page 1
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PWR-26 CASK DROP OROP HEIGHT HEPA FILTRATION Sequence DBE CAT | Frequency | TEDE Dose | TEDE Dose
NAC-STC Normal Lit Helght -13'6* | HEPA Fitration not n current | o ey | romative
(4.1m), Two-block 7.2m design for system
NORMAL UNAVAILABLE
H43 1.948.03  [5.8E-1 b5
CASK DROP 7.60E-01
2.55€-03 2 BLOCK UNAVAILABLE .
H46 6.12E-04 3.5E-1 >5
2,40E-01
P
Cask Drop Frequencies based on current VA Design (No Confinemen ] C\CAFTA-W\PWR26B.ETA 9/16/98 ] Page 1
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FrWI. 20 C,\gk U"[).:'—“ UI_(GI—'TIEIGIII HEPA EILIRATION Saquonco DBE CAT Frequency | TEDE Dose | TEDE Dose
- Name Best Est. Conservative
NAC-STC Normal LIft Helght -13° 8* (rem) (rem)
(4.1m), Two-block 7.2m
AVAILABLE :
H44 2 1.94E-03 D.2€-4 5.0E-1
NORMAL 9.99€-01
7.60E-01 UNAVAILABLE
H45 BDBE 9.30E-07 5.8E-1 >5
CASK DROP 4.80E-04
2.55E-03 AVAILABLE
H47 P 6.12E-04 3.0E-4 1.0E.2
2 BLOCK 9.99E-01
2.40E-01 UNAVAILABLE
CH48 BOBE 2.94E.07 8.5E-1 b5
4.80E-04
2
Cask Drop Frequencies based on Preclosure Safety Strategy (Conf C:\CAFTA-W\PWR26A.ETA 9/15/98 l Page 1
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Attachment lll - Canister Transfer System (SU11) Event Trees and Supporting Documentation

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

Vertical Drop of Disposable Canister onto Another Disposabie 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
lit (i.e., less than 22 feef) 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;

e+ 1.4E-2is 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), muitiplied 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.

o 1.06E-3 is the probability of a defecti\;e 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-4is the unavailability for a single train HVAC system (see Attachment VIlI). This probability is
used in all of the CTS event trees. See Assumption 3.1.11.

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

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

Description: This event is due to the CTS crane dropping a disposable canister that has been lifted
“above its design basis drop height (i.e., greater than 23 feet) onto another disposable canister. All drops
from above the design basis of a canister are assumed to result in a canister breach. The drop resuits 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.
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Input;

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

« 3.0E-3 is the probability of a drop from a height greater than the design basis of the canister. This
probability assumes the hard stop that prevents a canister from being raised above the nommal
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.

s 4 8E-4 is the unavailability for a single train HVAC system (see Attachment VIli). This probability is
used in all of the CTS event trees. See Assumption 3.1.11.

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

= 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 helght
= 35' (1066.8 cm) for canister of vitrified DHLW for above design basis

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

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

Input:

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

e 3.0E-4 is the mechanical failure per demand of the brake clutch to engage and prevent a locad 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 VIil). This probability is
used in all of the CTS event trees. See Assumption 3.1.11.

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

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

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

Input:

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

e 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).

e 0.90 is the praobability 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).

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

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

Event # | DBE Description Location Avaxl‘:gle ';:)iqruyee:?)y Cat, 5{.‘;3; ggizrzzt:r‘")e s}kgg’g %s;is::r:;;e
CTS.006 | 22 e e fuel aroombllos broacneqy || CTS Hot Cel Y 420E-05 | 2 1.06E-02 364E-04
CTS.007 | B e e tuel seoomblls brascnery | CTS Hot Cell N 22608 | BDBE >5 1.01E+00
CTS-006 33}35&’3{12?lé;fﬁil?é‘?ﬁﬁ'?&?Z's“si'n?ﬁ.?e‘i‘“ ¢ CTS Hot Cell Y 4.20E-05 2 9.19E-03 3.15E-04
brt.aa::hed)
CTS-007 53.33&?{12Tlé‘;ﬁ'ﬁi'sféﬁ’\ﬁﬁ*?ui?Z'shsi'r.fﬁu?ii"" ‘ CTS Hot Cell N 2208 | BDBE >5 8.47€-01
breached)
CTS-006 3lttsrif(i1e %Gg.}sl-w)b\r/ee:éﬁ:ldt;rop onto floor (1 canister of | ~ro it cay v 4.20E-05 2 435E.04 : 4 49E.05
cTso7 | 35 (1050.5 ¢) vertioal d‘;mp onto floor (1 canister of | rq ot cel N 22E-08 | BDBE 1.45E+00 4.97€-01
CTS-002 zg;“(gl?fff,',:‘r)“}’:;"[‘)’;'L‘\’,’\;’gr‘;:‘c‘;‘:2;’"‘“ canister (1 | c1g Hot Cell Y 1.48E-05 2 2.75E-04 9.43E-05
CTs003 | 22 O e DHLW breachat)y - carister (1 | o1 ot Cell N 7.106-09 | BDBE 9.17E-01 3.14E-01
CTS-010 | Loss of Electrical Power CTS Hot Cell Y 8.36E-08 | BDBE 2.75€-04 9.43E-05
CTS-011 | Loss of Electrical Power © CTS Hot Cell N 3.056-11 | BDBE 9.17E-01 3.14E-01
CTS-004 | 22 (0 O et DL breenay e @ | TS Hot Cell Y 156E-08 | BDBE §.50E-04 1.89E-04
CTS005 | 22 O o ot oot o @ | cTsHotcen |y 750E-12 | BDBE 1.83E+400 6.29E-01
MCO EVENTS
CTS-106 tzé)ﬂi-‘f:ot vertical drop of MCO from normal lift helght CTS Hot Cell v 4.48E-04 2 4.70E-03 TBD
CTS-107 ?fhz-‘f:ot vertical drop of MCO from normal lift height CTS Hot Cell N 1.34E-06 2 5 180
SEISMIC EVENTS
49’ (1493.5 cm) roof collapse onto DHLW canisters ® | CTS Hot Cell Y 1.00E-04 2 3.49E-02 8.68E-03
49' (1493.5 cm) roof collapse onto DHLW canisters @ | TS Hot Cell N 1.00E-04 2 -5 >5

Assumptions; (all parameters below are specified in Section 3.1 (General Assumptions) or Section 3.3 (CTS Assumptions))
X/Q for Best Estimate is 1.44E-5 and X/Q for Conservative is 4.2E-5.
Assume design basis of DHLW-canister for drop events is 23 feet. Any drop from greater than 23 feet results in a breach of confinement.
Assume an efficiency of 99.97% for HEPA filtration.
Dose calculations for commercial fuels are based on design basis BWR fuel for conservatlve and best estimate cases.
Assume drop of 1 DHLWC canister for LOP event from normal operating height (l.e., within design basis).
Seismic event assumes 40 canisters of DHLWC in lag storage and 1 canister of commerclal BWR fuel are breached.

DNhWN -~
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CANISTER DROP " DROP HEIGHT DEFECTIVE CANISTER HVAC AVAILABLE Description F(requencg Event No.
per year
CANISTER INTACT NOT REQUIRED
No Release 1.39E-02 CTS-001
9.99E-01
HVAC AVAIL.
Fillered Rel. |1.48E-05  |CTS-002
1 DEFECTIVE CANISTER 9.99E-01
BELOW DESIGN BASIS ,
1.08E-03 HVAC UNAVAIL. .
9.97E-01 BDBE 7.40E-09  |CTS-003
4.80E-04
HVAC AVAIL.
. BDBE 1.56E-08  |CTS-004
CANISTER DROP 2 DEFECTIVE CANISTERS 9.99E-01 /
1.12€-08 HVAC UNAVAIL.
1.40E-02 BDBE 7.50E-12  |CTS-005
4.80E-04
HVAC AVAIL.
, Fillered Rel. |4.21E-05  |cTS-008
ABOVE DESIGNBASIS  CANISTER BREACH 9.99E-01
3.01E-03 HVAC UNAVAIL.
BDBE 2.026-08  |CTS-007
4.80E-04 .
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LOSS OF OFFSITE POWER| CRANE BRAKE FAILURE | DEFECTIVE CANISTER HVAC AVAILABLE Description l:requencgv Event No.
per year,
CRANE FAILS SAFE NO DROP/BREACH NOT REQUIRED ,
No Rel 2.00E-01 CTS-008
9.99E-01
LOSS OF OFFSITE POWER INTACT/NO BREACH NOT REQUIRED
No Release 5.99E-05 CTS-009
2.00E-01 0.09E-01
CRANE DROPS LOAD
HVAC AVAIL.
3.00E-04 8DBE 6.36E-08 CTS-010
DEFECTIVE CANISTER 0.99E-01
1.06E-03 HVAC UNAVAIL.
BDBE 3.05€-11 CTS-011
4.80E-04
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TS CRANE FAILURE|MCO CONTAINMENT | PRESSURIZED MCO [METALLIC URANIUM|  VENTILATION Description | Frequency |[Event Numbe
AND MCO DROP RELEASE IGNITION SYSTEM . (per Year)
1.00E-02 '
No Rel 561E-06  [CTS-101
INTACT
9.97E-01
Filtered Rel. |4.07E-05  |cTs-102
9.00E-01 AVAILABLE
NO 2.98E-03 .
5.60E-04 BDBE 1496-07 |cTs-103
1,00E-01 UNAVAILABLE | .
MCO DROP
NO 9.97E-01
Fillered Rel. |5.53E-08  |CTS-104
1.00E-01 AVAILABLE
3
) YES 2.98E-03
BDBE 1656-08  |CTS-105
9.90E-01 : UNAVAILABLE
BREACHED 9.97E-01
Pres. Fill. Rel.| 4.48E-04  |CTS-108
9.00E-01 AVAILABLE
NO : 2.08E-03
‘ Worst Case 1.34E-06 CTS-107
9.00E-01 UNAVAILABLE
YES 9.97E-01
Pros. Filt. Rel.| 4.97E-05  |CTS-108
1.00E-01 AVAILABLE
YES 2.98E-03
BOBE 1496-07  [cTs-108
UNAVAILABLE
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Attachment IV - Assembly Transfer System (SU10) Event Trees and Supporting Documentation

Receive Cask ‘ > Vent and Purge > Unload SFASs in SFAs Moved | > SF Baskets I SFAs
from Carrier/ Cask in Cask Cask Unloading to Assembly Transferred to Individually
Cask Handling Prep Pit, move Pool Staging Pool Assembly Loaded Into
System to pool ' Drying Station DC
Table IV-1 Design Basis Events
(bounding credible events shown in bold) .
Event | DBE Description Location | Numberof | Event Frequency Cat. Fuel 5 km Fuel § km Best
No. Breached (per year) Type Conservative Type | Estimate TEDE
SFAs TEDE Dose Dose
(rem)
* ,Events Associated with Dropping of PWR Basket(s)
(ATS 16.5 ft. (Approximate) Assembly 8 PWR 1.14E-02 w/HVAC 1 100% 4.9E-03 rem 50% 7.4E05 rem
001, Basket Drop (4-PWR) Handling . PWR PWR
003) Onto Another Basket of Cell
4 PWR SFAs in Dryer
(ATS 2 ft. (Approximate) Basket “ 4 PWR 1.14E-02 w/HVAC 1 100% 8.4E-04 rem 50% 2.0E-05 rem
001, Drop (4-PWR) Onto Cell PWR PWR
003) Floor ]
(ATS 16.5 ft. (Approximate) ‘ 8 PWR 2.79E-07 w/o BOBE | 100% >5 rem 50% 2.0E-01 rem
002, Basket Drop (4-PWR) HVAC PWR PWR
004) Onto Another Basket of 4
: PWR SFAs in Dryer
Events Associated with Dropping of BWR Basket(s)
(ATS | 25 ft. (Approximate) Assembly | 16 BWR 7.40E-03 w/HVAC 2 BWR 3.5E-03 rem 50% 1.5E-04 rem
005 Basket Drop (8-BWR) Handling DBF BWR
. 007) Onto Another Basket of Cell DBF
8 BWR SFAs in Dryer :
(ATS 8 ft. (Approximate) Basket “ 8 BWR 7.40E-03 wHVAC 2 BWR 8.6E-04 rem 50% 3.9E-05 rem
005, Drop (8-BWR) Onto Cell DBF BWR
007) Floor DBF
(ATS | 25 ft. (Approximate) . 16 BWR 1.81E-07 wlo BDBE } BWR >5 rem 50% 4.1E-01 rem
006 Basket Drop (8-BWR) HVAC DBF BWR
008) Onto Another Basket of 8 DBF
BWR SFAs in Dryer

Civilian Radioactive Waste Management System

Management & Operating Contractor




Title: r seliminary Preclosure Design Basis Event Calculations for the MGk

Di No.: BC0000000-01717-0210-00001 Rev 00

Attachment IV
Page: V-2 of IV-11

Table IV-1 Design Basis Events (continued)

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

(ATS | 10.5 ft. (Approximate) Assembly | 1 PWR 4.04E-02 w/HVAC 1 100% 4 5E-04 rem 50% 7.5E-06 rem
009, Vertical Drop of a SFA Handling PWR PWR .

011) | Onto Cell Floor Cell

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

011) | Into an Empty DC

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

011) | Onto Another SFA in

the DC

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

012) Onto Cell Floor )

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

012) Into an Empty DC

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

012) Onto Another SFA in

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

Event | DBE Description Location Number of Event Frequency Cat. Fuel 5 km Fuel 5 km Best
No. Breached (per year) Type Conservative Type | Estimate TEDE
SFAs ' TEDE Dose Dose
(rem)
: Events Associated with Dropping of BWR SFA
(ATS | 13 ft. (Approximate) Assembly | 1 BWR 5.45E-02 w/HVAC 1 BWR 1.4E-04 rem 50% 6.1E-06 rem
013, Vertical Drop of a SFA Handling DBF BWR
015) Onto Cell Floor Cell DBF
(ATS | 13 ft. (Approximate) ‘ 1 BWR 1.34E-06 w/o 2 BWR 3.4E-01 rem 50% 1.5E-02 rem
014, | Vertical Drop of a SFA : HVAC DBF BWR
016) | Onto Cell Floor , DBF
(ATS | 43 ft. (Approximate) . 1 BWR 5.45E-02 w/iHVAC 1 BWR 3.4E-04 rem 50% 1.4E-05 rem
013, Vertical Drop of a SFA . ‘ DBF BWR
015) Into an Empty DC DBF
(ATS | 43 ft. (Approximate) * 1 BWR 1.34E-06 w/o 2 BWR 1.0E+00 rem 50% 4.1E-02 rem
014, Vertical Drop of a SFA : HVAC DBF BWR
016) Into an Empty DC P , DBF
(ATS | 36 ft. (Approximate) ¢ T28wWR 5.45E-02 wiHVAC 1 BWR 5.9E-04 rem 50% 2. 4E-05 rem
013, Vertical Drop of a SFA DBF BWR
015) | Onto Another SFA in DBF
) the DC .
(ATS | 36 ft. (Approximate) . 2 BWR 1.34E-06 w/o 2 BWR 1.7E+00 rem 50% 6.9E-02 rem
014, Vertical Drop of a SFA HVAC DBF BWR
016) | Onto Another SFA in ‘ DBF
the DC _
Events Assoclated with Dropping of PWR Basket(s) in Pool
(ATS | 40 ft. (Approximate) 8 PWR 1.14E-02 w/HVAC 1 100% 8.1E-04 rem 50% 1.3E-05 rem
017, | PWR Basket Drop Onto Assembly 1 PWR PWR
019) | Another Basket in the Staging Pool
pool
(ATS | 40 ft. (Approximate) . 8 PWR 5.47E-06 wio 2 100% 8.1E-04 rem 50% 1.3E-05 rem
018, | PWR Basket Drop Onto HVAC PWR PWR
020) | Another Basket in the
pool
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Table IV-1 Design Basis Events (continued)

Event | DBE Description Location Number of Event Frequency Cat. Fuel 5 km Fuel § km Best
No. Breached (per year) Type Conservative Type | Estimate TEDE
SFAs TEDE Dose Dose
{rem)
Events Associated with Dropping of BWR Basket(s) in Pool

(ATS | 49 ft. (Approximate) 16 BWR 7.40E-03 wHVAC 2 BWR 6.5E-04 rem 50% 2.3E-05 rem
021, | BWR Basket Drop Onto Assembly : DBF BWR
023) | Another Basket in the Staging Pool DBF

pool
(ATS | 49 ft. (Approximate) . 16 BWR 3.55E-06 w/o 2 BWR 6.5E-04 rem 50% 2.3E-05 rem
022, | BWR Basket Drop Onto HVAC DBF BWR
024) | Another Basket in the DBF

pool

. : Events Associated with Loss-of-Offsite Power

(ATS | 16.5 f. (Approximate) Assembly | 8 PWR 3.04E-05 wHVAC 2 100% 4.9E-03 rem 50% 7.4E-05 rem
026, Basket Drop (4-PWR) Handling PWR PWR
028) | Onto Another Basket of Cell

4 PWR SFAs in Dryer

Due to Loss of Power ,
(ATS | 16.5 ft. (Approximate) " 8 PWR 7.45E-10 wio BDBE | 100% >5 rem 50% 2.0E-01 rem
027, | Basket Drop (4-PWR) HVAC PWR PWR
028) | Onto Another Basket of

4 PWR SFAs in Dryer

Due to Loss of Power
(ATS | 25 ft. (Approximate) * 16 BWR 3.04E-05 wHVAC 2 100% 3.5E-03 rem 50% 1.6E-04 rem
026, | Basket Drop (8-BWR) PWR BWR
028) | Onto Another Basket of DBF

8 BWR SFAs in Dryer

Due to Loss of Power
(ATS | 25 ft. (Approximate) - 16 BWR 7.45E-10 wio BDBE | BWR >5 rem 50% 4.1E-01 rem
027, | Basket Drop (8-BWR) HVAC DBF BWR
029) | Onto Another Basket of

8 BWR SFAs in Dryer
Due to Loss of Power

DBF
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DBE/DROP EVENT FUEL TYPE HVAC AVAILABILITY Frequency Name
HVAC AVAILABLE
1.14E-02  |ATS004
50% PWR FUEL 9.99E-01 .
.00E-01 HVAC UNAVAILABLE
I 5.008 279E-07  |ATS002
PWR BASKET DROP } 2.45E-05
X HVAC AVAILABLE
228802 ' 1.44E-02  |ATSO003
100% PWR FUEL . 9.99E-01
5.00E-01 HVAC UNAVAILABLE
2.79E-07  |ATS004
2.45E-05
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" DBE/DROP EVENT : éuen, TYPE HVAC AVAILABILITY Frequency Name
HVAC AVAILABLE
7.40E-03  |ATS005
50% BWR FUEL 9.99E-01
5.00E-01 - HVAC UNAVAILABLE
1.81E07  |ATS008
BWR BASKET DROP , 2.45E-05
1.48E-02 HVAC AVAILABLE
: ' 7.40E-03  [ATSO007
BWR DBF FUEL . 9.99E-01 :
" 5.00E-01 HVAC UNAVAILABLE
- 1.81E-07  [ATSO008
2.45E-05
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DBE/DROP EVENT FUEL TYPE HVAC AVAILABILITY . Frequency Nama
HVAC AVAILABLE
4.04E-02  |ATSO009
50% PWR FUEL 9.99E-01
5.00E-01 HVAC UNAVAILABLE
. 9.90E-07  |ATS010
PWR ASSEMBLY DROP : . 2.45E-05
8.0BE-02 . : HVAC AVAILABLE
404602  |ATSOMN
100% PWR FUEL . 9.99E-01
5.00E-01 HVAC UNAVAILABLE .
9.90E-07  |ATS012
2.45E-05
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Attachment

DBE/DROP EVENT FUEL TYPE HVAC AVAILABILITY Frequency Name
HVAC AVAILABLE .
545E-02  |ATSO013
50% BWR FUEL 9.99E-01
5.00E-01 HVAC UNAVAILABLE
. 1.34E-08  |ATSO14
BWR ASSEMBLY DROP 2.45E-05
] HVAC AVAILABLE
109801 5456-02 JATSO015
BWR DBF FUEL 9.99E-01
5.00E-01 HVAC UNAVAILABLE
1.34E-08  |ATSO016
2.45E-05
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~FUEL TYPE

DBE/DROP EVENT HVAC AVAILABILIT Frequency Name
HVAC AVAILABLE
1.14E-02 IATS017
50% PWR FUEL 9.99E-01
5.00E-01 HVAC UNAVAILABLE
5.47E-08 ATS018
PWR BASKET DROP - IN POOL 4.80E-04
2.28E-02 HVAC AVAILABLE
1.14E-02 ATS019
- 100% PWR FUEL 9.99E-01
" 5.00E-01 HVAC UNAVAILABLE
5.47€-08 IATS020
4.80E-04
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DBE/DROP EVENT FUEL TYPE HVAC AVAILABILITY Frequency Name
HVAC AVAILABLE
7.40E-03 ATS021
50% BWR FUEL 9.99E-01
5.00E-01 HVAC UNAVAILABLE
3.55E-08 ATS022
BWR BASKET DROP - IN POOL 4.80E-04 .
1.48E-02 . HVAC AVAILABLE
7.40E-03 ATS023
BWR DBF FUEL ) . 9.99E-01
5.00E-01 HVAC UNAVAILABLE
3.56E-06 IATS024
4.80E-04
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LOSS OF POWER EVENT CLUTCH OPERATION FUEL T;be . "HVAC AVAILABILITY Frequency |  Name

MECH. CLUTCH ENGAGES N/A N/A
2.00E-01 ATS025
0.99E-01 .
HVAC AVAIL. |
LOSS OF POWER 3.04E-05  |ATS026 |
50% PWR/50% BWR FUEL 9.99E-01 |
2.00E-01 :
5.00E-01 HVAC UNAVAIL.
7.45E-10  |ATS027
MECH. CLUTCH FAILS : 2.45E-05
3.04E-04 . HVAC AVAIL.
3.04E-05  |ATS028
100% PWR/BWR DBF 9.99E-01
5.00E-01 HVAC UNAVALL.
s 7.456-10  |ATS029
' 2.45E-05
I
|
: i
LOOP HLWC Drop (1 HLWC) O:\SA-DEPT\503.03\CAFTA\LOOP.ETA | 9/16/98 Page 1
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Attachment V - Disposal Container Handling System (SU13)
Event Trees and Supporting Documentation

1.0 Summary

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

. A summary table of alt 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 burnthrough event frequency and
- preliminary equipment design sketches, are included in Section 5.0 of this attachment. The Preliminary
design sketches of specific DC Handling System equipment and dimensions were used to calculate
maximum drop heights for the various events. The sketches, reproduced on pages V-4 through V-10,
were obtained from the MGR Surface Design organization.

2.0 Event Descriptions
6m Verical Drop (2-block DC crane failure) at the DC Tiiting 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-{Re&Z-32)( AHachment N, (8- N-1§ of - lq‘)

Event Sequence Calculations: DC01 1.4E-5 x 524 x 0.24 x 0.9995 = 1.8E-3/year <
DC02 1.4E-5x 524 x 0.24 x 4.8E-4 = 8 4E-7/year fal
ihelee
inputs:

= 1.4E-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 X). If the crane drop
is from the normal operating lift height of less than 2 meters, it's assumed that a radiological release
will not occur (Assumption 3.1.8).

= 4.8E-4 is the unavailability for a single train HVAC system (see Assumption 3.1.11). This probability is
used in all of the DC Handling System event trees.

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

Event Sequence Calculations: DC03 0.20 x 3.0E-4 x 0.9995 = 6.0E-5/year
DC04 0.20 x 3.0E-4 x 4.8E-4 = 2.9E-8/year

inputs;

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

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

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

2.5m Horizontal Drop in the Transfer/Decon Cell
Description: This event is due to the horizontal litting system dropping a DC during a normal operating
lift.

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

Inputs:

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

¢ 524 js the maximum number of DCs handled in a year (Assumption 3.5.1)

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

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

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

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

Civilian Radioactive Waste Management System
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Inputs:

= 0.20 is the initiating event frequency for a loss-of-offsite power event (Assumption 3.1 .14). Thisis a
conservative estimate based on historical data from commercial nuclear power plants (Ref. 7.61).
This is also conservative because it did not consider the use of backup power from diesel generators.
The availability of backup diesel generators would most certainly move the frequency of this event
into the non-credible range.

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

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

Welding Burnthrough of Inner DC Lid at the DC Welding Station

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

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

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

Equivalent PULF height (i.e., height used to calculate particulate release contribution to offsite dose) =
0 meters.
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Receive DC Weld Inner Transfer to Tilt DC to Transfer DC Transport DC
from CTS or and Outer DC Staging Horizortal | | from Cartonto | | to Subsurface | (ref 7.26)
ATS DC Lids at Area or DC Position at Railcar & Emplacement
DC Welding Tilting Station DC Tilting Decon as System
Station Station Necessary
3.0 Summary Table of DCHS Events
5-km §-km Best
Event Tree N
: HVAC Conservative Estimate
Event # | DBE Description Location Available?® l-;n::ueer:r:;( Cat. TEDE Dose TEDE Dose
pery (rem)'* {rem)"
DCco 6-m Vertical Drop (2-Block Crane Failure) | DC Tilting Station Y 1.8E-03 2 7.2E-03 6.1E-04
DCo2 6-m Vertical Drop (2-Block Crane Failure) | DC Tilting Station N 8.4E-07 BDBE >5 6.0E-01
DC03 | LOSP & 2-m Vertical Drop™ DC Tilting Station Y 6.0E-05 2 - Zero® Zero'®
DCO4 | LOSP & 2-m Vertical Drop™ DC Tilting Station N 2.9€-8 BDBE Zero'? Zero®
D'COS 2.5-m Horizontal Drop of DC Transfer/Decon Y 3.2E-04 2 4.5E-03 5.4E-04
DC06 2.5-m Horizontal Drop of DC Transfer/Decon N 1.5E-07 BDBE >5 3.6E-01
DCo7 | LOSP & 1-m Horizontal Drop®™ Transfer/Decon Y 6.0E-05 2 Zero® Zero®
DCO8 | LOSP & 1-m Horizontal Drop® Transfer/Decon N 2.9E-8 BDBE Zero'? Zero®
DC13 | Welding Burnthrough Inner DC Lid Welding Station Y 8.4E-04 2 2.6E-03@ 4.9€-04%
DC14 | Welding Burnthrough Inner DC Lid Welding Station N 4.0E-07 8DBE 1.9E+009 2.0E-01%

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

Notes: (all parameters below are specified in General Assumptions, Section 3.1)
@ HVAC unavailability = 4.8x10 (see Attachment VIII); with HVAC, single-stage HEPA filter mitigates 99.97% of particulate release.

::)’ Crane brake clutch fails to engage and prevent load drop after LOSP event (Ref. 7.55) — maximum normal operating lift height.
Reserved.

“No radiological release since drop height is less than DC design basis.

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

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

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

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

Event Event Numbers Attachment
; Page

Vertical crane drop at DC Tilting Station DC01, DCO2 V-6

Loss-of-offsite power & vertical drop at Tilting DC03, DC04 V-7

Station '

Horizontal drop by horizontal lifting system DC05, DCO6 V-8

Loss-of-offsite power & horizontal drop by DC07, DCO8 V-9

horizontal lifting system

Welding burnthrough DC13,DC14 V-10
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DC CRANE DROP 2-BLOCK EVENT HVAC AVAILABILITY Event # Category | Frequency (per C%%lgg\lnlsuc Best Est. TEDE
Verieal DC Drop of Tiling | Probabiiiy that a 2-block event| Probablliy that HVAC will be year) (rem) (rem)
Station will occur unavailable upon demand
AVAILABLE
DCO1 2 1.75E-03 7.2E-03 6.1E-04
YES 9.99E-01
2.40E-01 UNAVAILABLE
INITIATING EVENT . DCO02 BDBE 8.41E-07 1.7E+01 6.0E-01
4.80E-04
7.30E-03
NO
N/A 2 5.55E-03 No Release |No Release
7.60E-01

DC Handling System - 6m Vertical DC Drop at Tilting Station O:\SA-DEPT\S03.03\CAFTA\DCO1-02.ETA 9/16/98 l Page 1
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Category

Frequency |Deterministic] BestEst.

LOSS-OF-OFFSITE POWER DROP LOAD HVAC AVAILABLE Event # TEDE TEOE
Initiating event frequency for LOSP| Brake clutch fallure per demand Probability that HVAC will be (per year) (rem) (rem)
unavallable upon demand

YES

DCO03 2 6.00E-05 No Release |No Release
YES 9.99E-01 -

3.00E-04 NO

INITIATING EVENT DCO04 BDBE 2.88E-08 No Release [No Release
4. 80E-04
2.00E-01
NO
N/, 1 2.00E-01 No Release |No Release
9.99E-01

DC Handling System - 2m Vertical Drop Initiated by LOSP ‘ O:\SA-DEPT\503.03\CAFTA\DCO03-04.ETA | 9/16/98 Page 1
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HORIZONTAL DC DROP . HVAC AVAILABILITY Event# | Category Frequency | Deterministic{ Besl Est.
2.5-m DC Drop by horizontal lift system | Probability that HVAC is unavaltable upon ' (peryear) | TEDE (rem) | TEDE (rem)
demand .
AVAILABLE
DCO05 2 3.20E-04 4.5€-03 5.4E-04
INITIATING EVENT 9.99E-01
3.20E-04 UNAVAILABLE
DC08 BDBE 1.54E-07 8.3E+00 3.6E-01
4.80E-04
3
DC Handling System - 2.5m Horizontal DC Drop - l O:\SA-DEPT\503.03\CAFTA\DCO5-06.ETA | 9/16/98 Page 1
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LOSS-OF-OFFSITE POWER DROP LOAD HVAC AVAILABILITY Event # Category | Frequency {per| Delerminislic | Best Estimate
Initiating event requency for Fallure of brake clutch | Probabllity that HVAC will be year) TEDE (rem) | TEDE {rem)
LOSP available upon demand )
AVAILABLE
0CO07 2 8.00E-05 No Release. jNo Release
YES 9.99E-01
3.00E-04 - UNAVAILABLE
INITIATING EVENT DCo8 BDBE 2.88E-08 No Release [No Release
4.80E-04
2.00E-01
NO
N/A 1 2.00E-01 No Release [No Release
9.99E-01
DC Handling System - 1m Horizontal Drop Initiated by LOSP | O:\SA-DEPﬂ503.03\CAFTA\DCO7-08.ETA_ 9/16/98 Page 1
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WELDING BURNIHROUGH HVAC AVAILABILITY Event # Category Frequency (per| Deterministic |8est Est. TEDE
Bumnthrough DC Inner Lid at Welding Station (8] Probability that HVAC will be unavallable upon year) TEDE (rem) (rem)
hr operation) demand
AVAILABLE

DC13 2 8.40E-04  [26E-03 4.9E-04

9.99E-01

8.40E-04 UNAVAILABLE

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

4.80E-04

DC Handling System - Welding Burnthrough of DC Inner Lid I O:\SA-DEPT\S503.03\CAFTA\DC13-14.ETA I 9/16/98 Page 1
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5.0 Supporting Information
The fault tree developed for the welding burnthrough event is shown on Page V-12.
Pages V-13 through V-19 contain the prefiminary 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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Opatator Falls © Sop
Walder [per hour) [Ref.
7.20, Table 20-:

{G010]
=

Weldet Falls to Stop
{protective relay fails, per
how [Ret, 7.18, pg. 175)

[0013]
. ‘ 1L71E08

Welding Burnthrough of DC Inner Lid

| C:\CAFTA-WAWELDER.CAF

9/4/98

Page 1
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FIGURE 7. ]-6
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Attachment VI - Waste Emplacement System (SS17) and Subsurface Facility System (SS01)
Calculations and Supporting Documentation

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

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

Detailed event trees and fault trees for the subsurface internal events are contained in Reference 7.44,
The radiological dose calculations for the two bounding radiological events were performed using a
slightly different model than was used in Reference 7.44. The source terms, release fractions, and other
assumptions required to perform the consequence analysis were as defined in Section 2.2 of this
document. The resuits 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 [X.
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Table VI-1: Grouping of Internal Events for Subsurface Facilities'”

platform

Radio- Subsection for Frequency
E;‘/Iznt Event Descriptlon“’ Location Potential Consequences'® IogIcaI or Screening Analysis'®
: Upset?
1 Transporter Derailment in In Ramp or Main Drift during Full-speed derailment may have roll-over, R 7.25.5
Ramp or Main Drift transporting WP into Main Drift | but impact on WP less than Runaway
_ : consequences
2 Emplacement Gantry In Emplacement Drift during Drop of WP onto another WP or pedestal; R . 7.25.71,7.257.2
Derailment Emplacement of Waste or slap of WP against gantry frame and/or
Package wall
3 Waste Package Reusable | fn Ramp or Main Drift during Potential drop of WP onto tracks, impact R 72586
Car is Ejected out of transporting WP into Main Drift | similar to Derailment
Transporter
In Turnout During Transport of | Potential drop of WP onto tracks, impact R 72586
WP to Emplacement Drift similar to Derailment
4 Reusable Car Collision with | In Emplacement Drift during Impact on WP if gantry in partially lowered U See Event No. 7,
Emplacement Gantry Transfer of WP position; jamming; Consequence 2)
5 Runaway Transporter (with | In Ramp or Main drift during 1) Derailment, crash in to wall, potential 1)R 1)7.253
WP) transport of WP worst case for single WP events.
2) Crash into ground suppott; initiate 2)R 2)7.253
rockfall and/or trolley wire discharge and/or
fire.
In Turnout During Transport of | Equivalent to Derailment at full speed; see R 7.255
WP to Emplacement Drift Event No. 1
6 Runaway Transporter in Ramp or Main Drift during Roll back down to collide W|th another R 7254
(without WP) return to Surface transporter train; impact on WP similar to
. collision or derailment
7 Emplacement Gantry WP In Emplacement Drift during 1) Drop of WP onto another or onto a 1R 1)7.25.7.3
Lifting Mechanism Fails Transfer of WP pedestal;
2) Unable to complete operation; stuck 2)U
8 Transport Cask Internal off | In Drift during Transfer of WP 1) Unable to complete operation; similar to 1HU 1) See Event No. 7,
Loading Mechanism Fails at Emplacement Drift No. 7, consequence 2) Consequence 2)
L 2) Spurious actuation, similar to No, 3 2)R 2) Combine with Event No. 3
9 "“Transport Cask Door Jams | At WHB During transfer into Not feasible due ta geometry and design; N/A None
Waste Package Transporter lower edge of the door is below level of

Civilian Radioactive Waste Management System
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Table VI-1: Grouping of Internal Events for Subsurface Facilities"”

supply cable; ingress of
combustible fuels or vapors
from development side

Transfer of WP to Gantry

car and WP, if sufficient energy imparted to
WP, .release may exceed runaway scenario

Event Location Radio- Subsection for Frequency
Event Descriptlon(" Potential Consequencesm logical or Screening Analysis'®
No. Upset?.
In Turnout/Emplacement Drift | Not feasible due to geometry and design; N/A None
during Transfer of WP lower edge of the door is below level of
platform
10 Rockfall/Ground Support in Ramp, Main Drift or Turnout | Impact/Breach of transporter car and WP R 7.25.9
Fall onto Transporter during transporting WP
11 Rockfall/Ground Support fn Ramp Drift during Transfer | 1) Halt train. Nu 1) None
onto Locomotive of WP at Emplacement Drift 2) Fall of trolley wire; initiation of electrical 2)R 2)7.259
discharge and/or fire or missite; a potential
threat to WP
In Turnout during Transport of | 1) Halt train. 1Hu 1) None
WP or Transfer of WP 2) Fall of trolley wire: initiation of electrical 2)R 2)7.259
discharge and/or fire or missile; a potential
threat to WP
12 Rockfall/Ground Support | | In Main Drifts or Turnout Halt relocation; no WP present u None
onto Gantry & Carrier
During Relocation
13 Rockfall/Ground Support In Emplacement Drift During Damage to WP, depending on mass falling R 7258
Collapse onto Waste Storage on WP; may damage multiple WPs
Package concurrently
14 Loss of Waste Package In Rampl/drift during See Event No. 3 See Event | Combined with Event No. 3
Cart Restraint in Sloped transporting WP into Main Drift No. 3
Emplacement Drift In Emplacement Drift during Does not apply to reusable railcar concept N/A See Event No. 2
Emplacement of Waste
Package into drift
15 Fire/Explosion: from In Ramp or Main Drift during Unlikely but potential damage to transporter R None, deferred to future
locomotive backup-power transporting WP car and WP, if sufficient energy imparted to analysis
batteries; trolley supply e WP, release may exceed runaway scenario
rectifier alcove; power- In Emplacement Drift during Unlikely but potential damage to transporter R None, deferred to future

analysis
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Table VI-1: Grouping of Internal Events for Subsurface Facilities”

Radio- Subsection for Frequency
E:It;nt Event Description(" Location Potential Consequences'” Iogical or Screening Analysis'®
. Upset?
16 Thermal Cycling of Waste | in Emplacement Drift during Induce crack growth in WP, depending on R None ¥
Package Emptacement of WP or After rapidity of temperature changes; open
Drift Closed fissure for release of radionuclides (e.g.,
surface CRUD) but unlikely to cause
_ damage to waste form
17% | Thermal Cycling of in Emplacement Drift during Induce deterioration of ground support R None, deferred to future
Emplacement Drift Ground | Emplacement of WP or After strength; enable rockfall and/or lining fall; analysis
Support Drift Closed damage to multiple WPs
189 Loss of Subsurface in Emplacement Drift, Turnout, | Backflow of radioactive air from U None, qualitative screening
Ventilation System and Main during Emplacement | emplacement drift; requires precondition of per 7.25.2
of WP or After Drift Closed undetected teaking WP ’
Notes:

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

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

(3) Events added to PHA list.

(4) Analysis not in scope of Subsurface Design.

(5) Potential consequences are developed from References. 5.1, 5.13, 5.10, 5.11, and 5.25 of Reference 7.44, DBE/Scenario Analysis for
Freclosure Repository Subsurface Facilities.

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

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

pr g Release Scenario Screening/
E"\;z"t Event Description'" Inmatu;g F;:ﬂ%:"“"y' Frequency DBE Category for Release
: pery per year' Scenarios'
. . 6.7E-4 to 1.5E-2 1E-7 to 3.4E-6 )
1 Transporter Derailment in Ramp or Main Drift BE: 3.2E.3 BE:7 3E-7% BDBE
2A Emplacement Gantry Derailment - Normat Speed 7.2E6 7.7E-9 BDBE
28 Emplacement Gantry Derailment - Gantry Runaway 8.2E-5 < 1E-6 BDBE
3 Waste Package reusable car is ejected out of 3.3E-6t0 1.7E-4 8E-9 to 1.8E-7 BDBE
Transporter BE: 1.7E-4 BE:3.8%8
. S FT: 6.2E-5 to 1.2E-3 5.4E-4
5 S:Ir;)away Transporter (loaded train colliding with Act: 7.8E-5 to 4.7E-3 2.6E-8 to 5.9E-79 Category-2®
BE: 6.0E-4 BE:1.2E-7%
: Runaway Transporter (empty returning train 1E-10to 2.3E-9 (2
8 | colliding with loaded train) 21E8 BE:5E-10% BDBE
8.2E-3to 1.4E-3
7 | Emptacement Gantry WP Lifting Mechanism Fails BE:3.4E-3 Al BDBE®
1.6E-5 (whole train)
10 Rockfall onto Transporter 5.3E-6 (transporter) < §E-7 BDBE
11 Rockfall onto Locomotive 1.6E-5 <1E-6 BDBE
13A" | Rockfall and/or Ground Support Collapse onto 2.7E-5t0 0.42 1.4E-10 t03.4E-4 BE: Treat as Category-2 ™
‘| Waste Package - Static Rockfall BE: 8.3E-4 ’ 42E-8
138 | Rockfall and/or Ground Support Coilapse onto <1E-4 BE: 5E-O/yr 8DBE™
Waste Package - Seismic Induced, Beyond DB Beyond DBEQ
Earthquake®®
15 Fire/Explosion Deferred to future analyses
16 Thermal Cycling of Waste Package Deferred to future analyses;
not in scope of Subsurface
Design
17 Thermal Cycling of Emplacement Drift Ground Deferred to future analyses
Support
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Notes:

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

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

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

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

(5) “"BE"is a best estimate; “FT" Is a result of fault tree analysis; “Act’ is based on actuarial data.

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

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

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

141 Design Basis Earthquakes — Frequency Categories

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

Seismic Hazard Frequency-Category-1 | Frequency-Category-2
Vibratory Ground Motion | 1 x 10~ per year 1 x 10™ per year
Fault Displacement 1x10™ peryear 1 x 10 per year

The Topical Report presents design approaches and acceptance criteria for the design of SSCs for
vibratory ground motion in Sections 3.2 (surface facilities), 3.3 (underground openings), 3.4 underground
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
categories and the radiological dose limits for Design Basis Events (DBEs) specified in 10 CFR 60. It is
clearly stated (page 2-2, Ref. 7.30) that “for Frequency-Category-1 DBEs, Section 60.111(a) invokes the
limits of 10 CFR 20 ... for exposure of workers and members of the public...” The report quotes 10 CFR
20 as *0.1-rem total 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, 3.7.2, 3.7.3, and 3.7.10
of NUREG-0800 (Ref. 7.62) are noted to “provide appropriate acceptance criteria for the preclosure
vibratory ground motion design of repository surface facilities that are important to safety” (Note, Section
3.4 of the Topical Report commits the subsurface SSCs to the same design approaches by reference to
Section 3.2.). The primary exceptions to NUREG-0800 are those that refer to reactor-specific events
that are not applicable to the MGR. A key exception, however, is the commitment that “references to
Category-1 SSCs [in NUREG-0800] will be treated as “references to SSCs important to safety in
accordance with the definition of this termin ... 10 CFR 60."
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A more significant exception to NUREG-0800, however, is that the requirements of 10 CFR 100,
Appendix A, do not apply. In particular, it is stated (Ref. 7.30, pg. 3-8) that reqmrements for the
“operating basis earthquake and safe shutdown earthquake ground motions do not apply.” Further, the
Topical Report states that “repository SSCs that are lmportant to safety will have a single design basis
earthquake (Frequency-Category-1 or -2, as appropriate).” This commitment is addressed in this
analysis. Addressing this commitment is important to the design of the SSCs because items that must
withstand a Frequency-Category-2 DBEQ have to be designed to withstand higher earthquake loading
(e.g., higher peak ground accelerations) than items which are oniy required to withstand a Frequency-
Category-1 DBEQ. :

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

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

- That are required to mitigate the consequences of a credibie event that could result in a dose
exceeding regulatory limits; '

- Whose failure could initiate an event that could result in a dose exceeding regulatory limits; or

- That are required to monitor or control SSCs important to radiological safety.

To determine which SSCs meet any of these criteria requires: (1) an 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 60.136 (for Category 2
DBEs, e.g., 5-rem TEDE), or only exceeds 10 CFR 20 (for Category 1 DBEs, e.g., 100 mrem per year
public dose) given the loss of the SSC's function, the SSC is classified as having to withstand a
Frequency-Category-2 or Frequency-Category-1 DBEQ, respectively. That is, the SSC must be able to
maintain the function important to radiological safety during and following the DBEQ category assigned to
it.

In addition, QAP-2-3 requires evaluation to determine if an SSC is Important to Potential Interaction
(QA-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 priori. Instead, radiological release scenarios were postulated based on evaluation of MGR
operations and all potential ways in which a seismically induced failure of an SSC could cause damage
to a waste form and lead to,a release of radioactivity.

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

This analysis uses “‘what-if?" earthquake scenarios and dose comparisons with 10 CFR 60 criteria to
identify the seismic design criteria for SSCs. It does not imply that the SSCs in question will fail in an

- earthquake. Further, the estimated offsite doses are not intended to be used in a licensing submittal.

The purpose of seismic design is to prevent or mitigate doses as necessary to meet regulations.
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The analysis was carried out for potential event sequences that could be initiated by an earthquake of
any magnitude, since the seismic design criteria are assumed not to be specified until after the need is
established through analysis.

The analytic steps of the seismic strategy are the following:

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

2. 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 forms and SSCs that could interact with those handling or storing waste forms.

3. Using conservative assumptions for source terms (e.g., those accepted by the NRC for dry-storage
facilities), calculate the offsite dose that 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. If the individual offsite dose is greater than or equal to 10 CFR 60.136 limits, then the SSC must
be designed to meet DBEQ Frequency-Category-2.

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

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

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

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

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

This process was applied to the reference VA design as a baseline. In addition, a discussion is provided
in each section on the impact of applying the tenets of the Preclosure Safety Strategy, which was
developed to provide a safety basis for designing the MGR (Ref. 7.42). This analysis also assesses
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 UO; or DHLW glass was taken as proportional to the energy imparted to the
waste form using the PULF correlation described in Section 2.2.3. The source terms for the various
DOE waste forms are under development and were not considered in this analysis. Once developed, the
~ impact of the DOE waste forms on seismic classification will be evaluated.

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

Potential criticality scenarios were not analyzed in-detail in the present seismic classification study, but
avoidance of potential criticality is recognized for storage racks in the fuel handling pools. Additional
seismic criticality scenarios will be investigated if results of an ongoing internal-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 foliowing subsections.

3.1.1 Scoping Analysis: Consequences of Collapse of Waste Handling Building

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

Other sections of this attachment address the second consideration of the need for the building
structures to provide a seismically designed confinement to mitigate releases due to seismic failures of
other SSCs.

VA Design - In this analysis, the Waste 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 calcutated doses
(unmitigated) at 5 km exceed the Category 2 limits of 10 CFR 60.136 by factors of 5 to 500. Therefore,
it is concluded that the roofs and supporting structures of all WHB operations areas must be designed to
withstand a Frequency-Category-2 DBEQ.
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The Waste Treatment Facility has not been analyzed for seismic events but is not expected to pose any
significant DBE issues considering the fact that the facility will handle only low-level radioactive waste.

Preclosure Safety Strateqy — 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 large inventory of radionuclides that may be present.

3.1.2 Receipt of Waste

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

Waste is received at the YMP site in transport casks via railcar or trucks. While en-route, transportation
of radioactive wastes is governed by 10 CFR 71. The principal safety design criteria for transport casks,
per 10 CFR 71, are to withstand the impact equivalent to a 9-m vertical drop, a normal drop of 0.3 m,
and a drop of 1 m onto a soft iron bar. The qualification tests and structural analyses of such casks take
credit for impact 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
conceming the CISF TSAR (see Attachment 1l) which indicated that transportation casks can withstand
drops of approximately 2 m (80") without impact limiters. Therefore, it is assumed that the design basis
drop height for casks without impact limiters is approximately 2 m (6 ff). 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 resuiting dose is twice
that from the counterpart intemal event. Table 7-2 summarizes the offsite dose caleulations for various
areas associated with waste receipt. It is noted that the assumed breach of a transport cask and breach
of 100% of the fuel rods contained therein would result in an offsite dose greater than 5 rem. Since
these doses exceed 10 CFR 60.136 limits, the breach of one or more transport casks must be prevented
or mitigated by SSCs that withstand a Frequency-Category-2 DBEQ.

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

3.1.2.1 Between Site Boundary and the Carrier Preparation Building

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

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

The cask is then moved from the 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 vuinerable to earthquakes via cask ejection from the carrier or the fall of the
carrier and cask if the bridge collapses. The offsite doses for either scenario are essentially the same as
for the Carrier Preparation Building and exceed the Category 2 DBEs. Therefore, such doses must be
prevented or mitigated in a Frequency-Category-2 DBEQ. 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 stapdowns); requiring casks to be certified to withstand drops greater than 2 m without impact
limiters; or extending the Exclusion Area Boundary to greater distances.

Preclosure Safety Strateqy- Radiological safety for the Receipt of Waste function is achieved by the
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 altemnative solutions still hold. As noted eartier, it is assumed that the cask
structure will be designed to withstand the accelerations of Frequency-Category-2 DBEQ. The Carrier
Preparation Building could be designed to provide “confinement via facility,” but may not be warranted.
A simpler solution might be to keep the impact limiters on the cask or to consolidate the Carrier
Preparation Building functions into the Carrier Bay, thereby allowing the casks to be transported into the
Carrier Bay with impact limiters intact. There are no cask lifts in this area, so defense-in-depth safety
strategy does not apply here.
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3.1.2.3 Carrier Bay Building

VA Design - The Carrier Bay is the area where transport casks are unloaded from railcars. Dual tracks
enter the Carrier Bay. Two gantry-mounted manipulators, one on each track, remove the cask restraints.
Two bridge cranes are available to upend and lift casks from carrier cars on either track, and transport
them to the entrance of either the Canister Transfer System or the Assembly Transfer System where
they are placed on a transfer cart. The Carrier 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 seismic-induced release scenarios in the Carrier Bay
include: :

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

Cask drops to floor

Cask drops onto transfer cart

Slapdown from transfer cart

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

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

= 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

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

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

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

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

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

3.1.3 Assembly Transfer System

The Assembly Transfer System receives and unloads transport casks containing commercial spent
nuclear fuel assemblies. Note: The Canister Transfer System, described in Section 3.1.4, receives and
unloads Defense High-Level Waste (DHLW) canisters and canistered spent 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 seismic-initiated events in the Assembly Transfer
System. Table 7-5 summarizes the seismic classification of SSCs of the Assembly Transfer System for
two alternative design strategies: Mitigation and Prevention. For the containment strategy, credit is
taken for the building confinement and HEPA filtration system to mitigate potential radiological releases.
In this case, the building (i.e., roof and walls) and the HVAC system are assumed to be seismically
designed to withstand a Frequency-Category-2 DBEQ. For the prevention strategy, it is assumed that
seismic-initiated events which have the potential to exceed the regulatory dose 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.

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 resuiting in a drop or slapdown of a cask beyond its design basis
(assumed to be > 2 m onto an unyielding surface)

« Uncontrolled or unconstrained motion of the cart resulting in a collision with the walls or airlock doors
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The unmitigated dose at 5 km for either of these scenarios, assumed to occur 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:

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

= Alternatively, if it is decided to design the SSCs of the airlock to withstand a Frequency-Category-2
to provide confinement for Category 2 seismic releases scenarios in other 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 uBcC.

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

« 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 transfeming 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

= 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 resuit
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 Airfock (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-1 DBEQ (or perhaps to UBC).

One design altemnative 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.

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

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

If the Cask Preparation and Decontamination functions are performed within a hot cell, the SSCs of the
hot cell and its filtered ventilation system and other mitigation features (e.g., gas holdup tanks) have to
be classified as Frequency-Category-2. This precludes offsite doses in excess of the Category 2 DBE
dose limits given the occurrence of a Frequency-Category-2 DBEQ. As in the case of the VA design, the
operating equipment contained therein could be designed to withstand a Frequency-Category-1 (or
perhaps to UBC). The Confinement by Facility feature is not required except as secondary defense, but
would have to be Frequency-Category-2 to assure dose limits are met at the lower frequency
earthquake.. Prevent Dropping of Bare 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 Lifts of Canister Beyond Design Heights
« Secondary: Prevent Dropping Canisters
« Defense-in-Depth: Confinement by Facility

Since the Cask Preparation and Decontamination operations do not involve 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 tumn, 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 shieiding
and confinement of particulate radionuclides that are released into the water from the normal operations
of handling assemblies with cladding defects and surface crud as well as radionuclides that are released
in DBE situations. In addition, in the VA Design, the pool water provides an air seal between the wet and
dry operations of the Assembly Transfer System. Therefore, potential seismic radiological events
include scenarios in which the pool water remains intact or pool water is lost. The offsite -dose
consequences are investigated for both cases.

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

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

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

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

« Primary: Confinement by Pool/Hot Cell
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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 Design - This portion of the pool pemmits the movement of loaded or empty assembly baskets
between cask unloading lines. A basket is ioaded 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-Line Transfer Canal can be designed to
withstand a Frequency-Category-1 DBEQ, or UBC based solely on offsite dose consequences.

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

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

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

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

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

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

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

VA Design - The incline transfer canal cart brings the fuel basket up 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 airbome
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 5 km was calculated for a representative assembly basket drop onto
another assembly basket, resulting in the breach of all fuel rods (either 24 PWR or 48 BWR assemblies). '
Table 7-4 presents the dose for (1) the mitigated case, with credit for the 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-1 DBEQ,
or UBC based solely on offsite dose consequences.

Preclosure Safety Strateqy - 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 impiement the
proposed defense-in-depth feature in the design. However, the seismic classification of the dry
assembly transfer machine can be designed to withstand a Frequency-Category-2 DBEQ to provide the
defense-in-depth for earthquake scenarios.

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

3.1.4 Canister Transfer System

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

Two independent and parallel operational paths are provided. In each path, transport casks are carried
upright on a transfer cart from the Carrier Bay, through a corridor, through an Air Lock cell, and into a
Cask Preparation cell. Cask preparation includes detensioning and removal of 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

o It is assumed that acceptance criteria will require that canisters for the other wastes also withstand a
dropof 7m

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

« The bridge crane appears to be sufficiently massive that a fall onto a canister or storage rack is likely
to cause a breach of the canister confinement; dose calculations were performed to assess the
potential 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 7-1. This event exceeds the dose limits for
Category 2 DBEs and must be mitigated or prevented by SSCs that withstand a Frequency-Category-2
DBEQ. With mitigation by the hot cell (i.e., building confinement and HEPA filtration), the doses are
reduced to .005 rem and .032 rem for 10 DHLW canisters in the cask preparation or decontamination
areas and 40 canisters in the storage racks, respectively, which are within the dose limits for Category 1
DBEs. Therefore, the bridge crane rails and supports need only withstand a Frequency-Category-1
DBEQ. The lifting mechanisms and 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
initiate an uncontrolled motion that could resuit in a canister impact with a wall or other canisters.

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

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

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

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

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

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Preclosure Design Basis Event Calculations for the MGR Attachment VI
DI No.: BC0000000-01717-0210-00001 Rev 00 Page: VII-15 of VII-32

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 jib cranes, weld turntables, horizontal -
transfer cart, horizontal lifting system, and decontamination and inspection manipulator.

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

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

« welding bumthrough

« vertical DC 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-km offsite boundary exceed the dose limits for Category 2 DBEs;
therefore, the SSCs important to radiological safety must be designed to withstand a Frequency-
Category-2 DBEQ.

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

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

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

Another design option is to modify the design bases for the DCs so they could withstand greater impacts
without breaching. This would eliminate many of the potential slapdown and drop events in Table 7-8.
Remaining would be the slapdown of an unsealed DC from a transfer cart and the welding burnthrough.
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-1.

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

For the case of Before Sealing — Bare Fuels, the primary safety feature is confinement by the hot cell;
the secondary feature is confinement by the facility surrounding the hot cell; and the defense-in-depth
feature is to prevent lifting and tipping of a loaded, unsealed DC. With this strategy, offsite dose
requirements could be met by designing the hot cell ventilation system to withstand a Frequency-
Category-2 DBEQ. The Preclosure Safety Strategy does not specifically address the seismic-initiated
event of a heavy object falling onto and breaching a DC. However, regardless of the release scenario, if
the building structure and HEPA filter are designed to withstand a Frequency-Category-2 DBEQ, the
offsite 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 Before Sealing — Canister Fuels, the primary safety feature is to prevent lifting and
tipping of a loaded, unsealed DC. At present, we have not assessed the potential seismic consequences
associated with canistered wastes other than DHLW vitrified glass. Assuming a DC drop and/or
slapdown from normal operating lift heights could breach a canister and result in doses exceeding the
limits for Category 2 DBEs, SSCs required to prevent lifts and slapdowns would have to be designed to
withstand a Frequency-Category-2 DBEQ. Given that the same SSCs handie 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 Confainment by Canister, which leads to a requirement that any heavy
objects (e.g., falling cranes) capable of breaching a canister must be designed to withstand a Frequency-
Category-2 DBEQ. Defense-in-depth for this case relies on confinement by the facility, which is currently
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 After Sealing, the primary safety feature is containment by the WP inner barrier;
secondary is containment by the WP outer barrier; and the defense-in-depth safety feature is to prevent
lifting and tipping of WP. Both the primary and secondary safety features rely on the WP for
containment of radionuclides; therefore, the WP and any SSCs that could potentially cause (or interact
with another SSC to cause) a breach during a seismic-initiated event must be designed to withstand a
Frequency-Category-2 DBEQ. In this analysis, the bridge crane and the horizontal lifting system were
the only SSCs identified that could potentially exceed the WP design basis by falling onto the WP during
a DBEQ. Implementing the defense-in-depth feature would serve to preserve the WP containment and
ensure that no radiological release is possible due to a drop or slapdown event.

3.2 Subsurface Facilities
3.2.1 Summary

in FY97, a preliminary analysis was performed to identify and screen potential DBEs for the subsurface
facilities (Ref. 7.44). That analysis included both inteal and external events. Section 5.5 (of the
present report) summarizes the analysis of subsurface intemnal events. External events inciuded
earthquakes and noted that event scenarios initiated by earthquakes are largely covered by the intemal
event analyses. The exception being the potential for common-cause initiation of more widespread
collapse of ground support and rockfall. Reference 7.44 also considered the safety implications of a
loss-of-offsite power, which can also be initiated by an earthquake. Thus, this analysis for seismic
classification of subsurface SSCs draws upon the analyses of Reference 7.44.
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The seismic classification applies the procedure described in Section 2 of this report. The principal
SSCs (by function) were examined individually for potential scenarios that might occur if the SSC were
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 rockfall or runaway transporter exceed the limits for Category 2
DBEs and must be prevented or mitigated in the event of a Frequency-Category-2 DBEQ.

If an earthquake of magnitude beyond the design basis of the ground support occurs, it is considered a
common-cause initiator that can simuitaneously induce rockfall in all emplacement drifts. The bottom
portion of Table 7-10 illustrates the bounding offsite dose that might be realized if all emplacement drifts
were to experience rockfall throughout and breach all the emplaced waste packages. The conservative
rockfall doses from the upper part of the table were scaled by the number and content of waste packages
and summed. As indicated, the sum of the 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 desugn 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 sybsurface 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-1 DBEQ.

Another potential consequence of a runaway of the transpdrter train, whether seismic-initiated or
otherwise, is destruction of ground support members. If steel sets are used in the curve, then several
steel sets would be expected to be displaced and destroyed by the impact of the train at the bottom of
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the ramp, possibly resulting in a localized rockfall. This would complicate cleanup and recovery but is
not likely to generate a rockblock of sufficient mass to breach 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 tuff) was estimated
to be 25 MT and was set as a design basis (Ref. 7.23). The conditional probability of a waste package
being breached is the product of (1) the probability that the rockblock is greater than the design limit of a
full-strength waste package (i.e., 25 MT), and (2) the probability that one or more waste packages are
struck by the falhng monohth The probability analysis from Table 7.2-14 of Reference 7.44 indicates a
range of 1.3 x 10 to 1 x 1073, with a best estimate of 1 x 10 as the conditional probability of striking a
waste package and having sufﬁc:ent 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, intemal event), the probability of breaching a single waste
package per event was also considered. For a population of 10,213 emplaced waste packages at risk
during an earthquake that could cause simultaneous failure of all ground supEort in all emplacement
drifts, there is a conditional probability of approximately 1.0 (multiplied by 10~ or 10 for Frequency-
Category-1 and Frequency-Category-2, respectively) that at least one waste package will be breached.
The resulting dose for one breached waste package, unmitigated, is more than 5 rem so the event must
be prevented or mitigated in the event of a Frequency-Category-2 DBEQ. For prevention of the potential
release as well as to ensure accessibility and retrievability, it is recommended that ground support for the
emplacement drifts be Frequency-Category—Z Should future analyses show that the probability of a
large rockblock is significantly less than 1 x 10", the design requirements of the ground support can be
reduced to Frequency-Category-1, or UBC.

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

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

Note 1 Note 2 Note3 Noted Note 5 Note 6 Note 7 Note 8 Note 9
Max. Roof
Roof Min. Roof  Thickness  Conservalive Offsile Dose - No Conservative Offsite Dose -
Waste Handling Bullding Worst Case Maximum Inventory  VARoof  Helght Roof Area, A Mass,M  [ti=M/(d"A)] Mitigation (rem) with Mitigation (rem)
Operations Area Wasle Form (PWR/BWR) DHLW Material (m) (m*2) . (MT) (m) Canister PWR BWR Canister PWR BWR
Waste Treatment Steal 9.14 4,831
Carrler Bay Cask 52/122 Steel 3.35 1,691 66 6.39 >>5 »>5 1.8E-02 2.5E-02
ATS Cask Prep/Air Lock  Cask 78/183 Steel 21.64 260 10 6.43 >>5 >»5 6.4E-02 8.9E-02
Pool Area (Note 10) SFA 792/1584 Steel 21.64 kk 0.04 0.02 »>>5 >>§ 7.38-01 8.3E-01
DC Hot Cell (dryer) SFA 1261264 Concrete 1524 130 0.06 0.24 >>§ »>5 8.6E-02 1.0E-01
DC Load/Decon (ATS) DC 63/132 Concrete 8,23 146 20 74.51 v 25 31 7.5E-03 9.3E.03
CTS Corridor Canister 10 Stoel 18.29 752 1 0.18 >5 7.50E-03
CTS Cask Prep/Decon  Canisler 10 Steel 12.18 260 1 0.79 >§ 5.10E-03
CTS Lag Storage Canister 40 Concreta  19.51 37 1 11.48 »>5 3.20E-02
DC Load Area (CTS) Canister 10 Concrete  19.51 272 1 1.57 >5 8.10E-03
DC Handling Cell DC 1057220 Concrete 18.29 1,208 9 4.06 »>»5 >»5 8.3E-02 1.0E-01
DC Staging Area DC 420/880 Concrete  18.29 637 9 1.70 >>5 55" 2.9E-01 3.6€-01
DC Transfer/Load oC 21/44 Concrete  9.14 242 18 40.64 >5 >S5 7.5€-03 9.3E-03
WP Remediation pc " 21144 Concrete  4.88 195 34 94.25 >5 >§ 7.5€-03 9.3E-03
Notes:

1 Worst case waste form handled from a dose consequence perspective’
2 Max. polential Inventory based on Ref. 7.26

3 Based on input from Surface Facility Designers

4 Esfimated roof heights based on Relerence 7.27, Figures 8-9.
5 Estimated cell areas based on Reference 7.27, Figure 4.

6 Minimum roof mass equivalent to a waste form drop from above the design height

7 Assumes roof is homogeneous with a density equal to steel or concrete

8 Deterministic TEDE dose wilh PWR/BWR/OHLW DBF source term, PULF and no HEPA filtration

10 Max inventory source term assumes no water is present in the pools

Assumed
Assumed Max. Design Basis
Waste Loaded Mass End-Drop
Form. (L)) Helght (m)  Basis for Assumption
Cask 1.11E+02 20 ISF TSAR, Table 5.1.1.-2, "Loaded Cask Syslem Maximum Drop Heights" (see Atlachment Ii)
Canisler 2.20E+00 7.0 s h River Company Canister Procurement Specification (Ref. 7.19)
SFA 8.83E-01 1.0 Best estimate from WP Design
oC 8.30E+01 20 V) istered SNF System Description Document (Ref. 7.8)

Calcutation method: Using the design basis drop height for each waste form, equated the potential
energy of the waste form mass dropping from ils design basis height to the potential energy of the
toof mass dropping from the roof height.

MxgxH = mxgxh
M = Roof mass
H = roof height
m = waste form mass

h = design basis drop height

Concrete

Steel

Density, d
1b/lt*3 MT/m*3
146.6 1.85E-03
4865 6.13E-03

‘9 Deterministic TEDE dose with PWR/BWR/DHLW DBF source term, PULF and single-stage HEPA filtration
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Table 7-2 Selsmic Dose Calculations: Recelpt of Waste
PULF Source Term | Mitgated Offsite | Unmitigated Offsite
Equlvalent Drop | # Assemblies Dose (rem) Dose (rem)
System/Operational Sequence Equipment Potential DBE S$SC Fallure Helght (m) PWR | BWR | PWR | BWR PWR BWR
Carrier/Cask Transport System
Onsite Transfer to CPB Site Mover Diesel Fire 26 61 NR NR NR NR
Ralit Carrier Drop lrom Carrier Cradle Carrier Cradle 1.5 28 61 NR NR NR NR
Truck Cartler Drop from Carrler Cradle Carrler Cradle 12 4 9 NR NR NR NR
CPB Material Handling System
A. Measure External Radiation
B. Remove/Retract Personnel Barrier
C. Inspect for Radiation Contamination
D. Measure External Cask Temperature
E. Remove/Retract Impact Limiters impact Limiter Sling/Spreader Bar NA
Handling Equipment Drops on
CPB Bridge Crane {10 ton) Cask Crane 26 91
Handling Equipment Drops on
CPB8 Gantry Mounted Manlpulator Cask Gantry 26 91 NR NR NR NR
F. Haul Carrier to WHB Using Site Prime
Mover Rail Carrier Drop lrom Carrier Cradle Carrier Cradie 15 26 61 213E-03 288E-03 >5 >5
Truck Carrier Drop from Carrier Cradle Canter Cradle 12 4 9  2.85E-04 3.60E-04 0.95 12
Onsite Mover Diesel Flre 26 61 NR NR NR NR
Bridge collapse Bridge >15 26 61 213E.03 288E.03 >5 >5
Carrler/Cask Handling System
Catrier Washdown Station Water Washdown Device NA
Carrier Bay
Handling Equipment Drops on
A.Detenslon Hold-Downs Gantry Mounted Manlpulator ~ _ Cask Gantry 26 61 NR NR NR NR
B. Upright Cask Lifting Yoke
Bridge Crane Slapdown onto carrier Crane, Yoke 5.3% 26 61 576E.03 7.95E.03 >5 >5
C. Lift Cask Oft Carrier Liing Yoke
Bridge Crane Drop onto fioor Crane, Yoke 6.474.1¢ 52 122 9.21E.03 1.27€.02 >5 >5
D. Transfer cask to cask cart Lifting Yoke
Bridge Crane Drop onto transfer cart Crane, Yoke a5 52 122 8.04E-03 1.10E.02 >5 >5
Transfer Cart .
E. Move Cart into airlock Transfer Cart Slapdown from Transfer cart Transfer Cart 53¢ 52 122 1.16E.02 1.59E-02 >5 >5
Notes: )
* Carrler Bed height per David Rhodes, Rall - 60", truck 48*,
P Stapdowns assume to be equivalent to height of tallest cask 210"
° Nominal Lift Height 13'6", Two-Block 20'10°
4 Transfer Cart height 2
e No Release
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Table 74 Seismic Dose Calculations: Assembly Transfer System

Source
PULF Term
Equivatent Mitigated Dose (rem) Unmitigated Dose
Drop Helght g pwr/BWR g 5-km (rem) @ 5-km
ATS Location/Activity Equipment Potentlal DBE $SC Fallure {In) SFAs PWR BWR" PWRY BWRW
Recelve Trans. Cask from CCHS Cask transfer cart Slapdown from transfer cart Cask Transfer Cart 210 78/183 25602 3.1E-02 >5 »5
A. Transfer from CCHS Collision with ATS Airdock Door
Cask Prep and Decon Room
A. Remote cask cavity gas sampling Cask lransfer cart Slapdown (rom transfer cart Yoke
B. Cask venting Cask unloading area bridge crane Cask drop from bridge crane into pit Bridge Crane 129 781183 1.9E-02 223E-02 >5 >5
C. Cask gas and water cool-down Cask ptep manipulator Handling equipment drops on cask Lifting Fixtures.
D. Outer lid removal Cask fid liting fixture ’
E. Inner shield plug lifting fixture attachment Dry cask liting yoke
F. DPCs remotely sampled, vented, cooled Large, small DPC liting fitures
G. DPC lifting fixtute remotely attached Wet cask [ifting yoke
Cask Unloading Pool \
A. Cask placed in pool, inner shield plug out Large, smalt DPC overpacks Handling equipment drops on cask Liting grapples
B. Cask inner shield plug removed Large, small DPC fid severing tools ~ Handling equipment drops on DPC Note (2)
C. Cask containing OPC put Into pool Wet assembly lifting grapple Cask drop from bridge crane Into pool Bridge Crane N/A 78/183 7.56:03 7.4E-03 7.5E-03 74E0)
0. DPC removed from cask, put In overpack Wet assembly transfer machine Assembly drop onto pool floor, cask Wet assembly
E. OPC kd severed and removed Pool, downstream vaives and drains ' transfer machine
F. Assemblies taken from DPC/cask (o baskets
Teansfer Corridor - Note (2)
A. Translers individual loaded or empty Cross-line transfer canal cart Assembly basket drop onto pool floor, Wet assembly N/A 12/24 1.2E03 9.7E.04 12603 9O.7E-04
bly baskets bet lines Assembly baskels transfer cart, other baskets transfer machine
Transfer cart
. Assembly baskets
Assembly Staging Pool Note (2)
A. Assembly baskets from staging rack to Incline transfer canal cart Assembly baskat drop onto pool floor, Wet assembly N/A 24/148 23€.03  19E-03 23E.03 19E03
incline transfer canal cart Assembly baskets transler cart, other assembly baskets transfer machine
B. Baskels lransferred by cart to Assembly Basket staging rack Transfer cart
Handling Cell Assembly baskets
Staging rack
Assambly Handliing Cell
A Baskets loaded individually into Assembly Assembly handling cell bridge crane  Assembly basket drap onte floor, onto Dry assembly 198/300 24/48 7.4E03  1.6£.02 >5 >5
Drying Vessels Assembly handling cell manipulator  another basket, into dryer, into OC transfer machines
B. Aftet drying, assemblies Individually moved Dry sssembly transfer machine Handling equipment drop onto basket, Bridge Crane
from drying vessels and loaded Into a OC Dry assembly lifting grapples dry transfer machine Grapples
C. DCinner lid sealing device is installed Assembly drying vessel shield plug
D. DC moved to DC Decontamination Cell Assembly drying vessels
DC load port shield plug
DC lid lifting device
OC load port mating device

Notes:

OC Inner lid sealing device
Transfer corridor bridge crane

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

(2) Pool mitigatas 100% of particulates
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Table 7-8 Ssismic Classification of SSCs for Assembly Transfer System

SEEMIE Strategy:. Mitlgation SETSMIE Strategy: Prevention
Equipment Frequency Frequency "
Location/Equipment Identifier SSC Selsmic Fallure Category!? _ |Basis or Design Assumption @ Category ! _|Basis o Design Assumption a
Alrfock
Roof; walls N/A Concrete mass falls onto cask FC-2 Prevent roof collapse onto transportation cask FC-2 Prevent roof collapse onto transportation cask
. during DBEQ
Cask transfer cart PU-CR-110 Slapdown from transfer card; impact with cell walls FC-1 (or UBC)" Mitigated dose less than 5 rem; credit for FC-2 Prevent slapdown or collision of transpornt
. confinement, otherwise FC-2 cask due to DBEQ
Cask transfer cart - control & motive PU-CR-110 Coflision with Aiffock Door; breach cask; o breach FC-1 (orUBC)"!  Mitigated dose less than 5 rem; credit for FC-2 Prevent stapdown or collision ol ransport
systems building confinement confinement, otherwise FC.2 cask due to DBEQ
Alrlock doors NA Fail to maintain building confi t FC-1 (or UBC)Y  Maintai fi t for A bly Transfer FC-2 Prevent loss of confinement for ATS cell
Cell ‘ during DBEQ
Cask Prep and Decon Room
Root; walls NA Concrete mass falls onto cask FC.2 Prevent roof collapse onto portation cask FC-2 Prevent roof collapse onto transportation cask
during DBEQ during DBEQ
Cask unloading area bridge crane - liting PU-CN-110 Cask drop from bridge crane into pit FC-1 {or UBC)!  Mitigated dose less than 5 rem; credit for FC-2 Prevent drop of ransport cask during DBEQ
mechanisms & controls . confinament, otherwise FC-2 .
Cask unloading area bridge crane - PU-CN-110 Uncontrolled motion- collision bayond cask design basis  £C.4 (or UBC)*! Mitigated dosae less than 5 rem; credit for FC-2 Prevent drop of transport cask during DBEQ
location motive & control confinement, otherwise FC-2
Cask unloading area bridge crane - rails PU-CN-110 Crane falls onto cask (ses below) FC-1 (or UBC)"!  Mitigated dose less than 5 rem; credit for FC-2 Prevent crane drop onto tansport cask during
and suppoits confinement, otherwise FC-2 DBEQ
Cask prap manipulator PU-EM-110 Handling equipment drops on cask uBC Insufficient mass to breach transportation cask usc tnsufficisnt mass to breach transportation
. cask
Cask lid lifting fixture PU-FX-110 Handling equipment of lid drops on cask UBC Insufficient mass to breach transportation cask usc Insufficient mass to breach transportation
cask
Dry cask lifting yoke PU.FX.100 Drop cask uBcC Cask designed to withstand drop from normal FC-2 Prevent drop of transpornt cask during DBEQ
opetational heights
Large, small OPC lifting fixtures PU-FX-123, PU- Drop OPC . usc Cask designed to withstand drop from normal FC-2 Prevent drop of DPC during DBEQ
FX-124 operational heights
Wet cask lifting yoke PU-FX-101 Drop cask usC Cask designed to withstand drop from normal FC-2 Prevent drop of transport cask during DBEQ
operationat heights
Cask Unloading Pool {part of poof}
Pool structure and liner N/A Drainneak from pool -Loss of radionuclide retention in FC-2 Prevent breach of pool confinement FC-2 Prevent breach of poal confinement
water, loss of water seal to Assembly handling cell;
heatup of fuel assemblies
Pool, downstream valves and drains N/A (same as for pools structure & liner) FC-2 Prevent breach of pool confinement FC-2 Prevent breach of pool confinement
Large, small DPC overpacks PU.CA.121, PU DPC drops on overpack inside pool uBC DPCs designed to withstand impact of falling FC-2 Prevent damage to DPC/SNF due to
CA-122 onto overpack underwater equipment failtailure duting DBEQ
Large, small DPC lid severing tools PU-ME-110, PU Handling equipment drops on OPC UBC Insufficient mass to breach DPC FC-2 Prevent damage to DPC/SNF due to
ME-112 - squipment tallfailure during OBEQ
Wet assembly lifting grapple PU-FX.113 Cask drop from bridge crane into pool UBC Casi/DPC designed to withstand impact of FC.2 Prevent damage to SNF assembflies due to
drop onto pool floor equipment fallfailure during DBEQ
et assembly transfer machine PU.MA-112 Assembly drop onto poot floor, cask FC-1 {or UBC)*!  Mitigated dose less than 5 rem; credit for FC-2 -~ Prevent damage to SNF assemblies due to
. confinement, otherwise FC.2 equipment failfailureftue! drop during DBEQ
Bridge crane - lifting mechanisms & PU-CN-110 Drop of equip t onto blies during equip t FC-1 (or UBC)Y)  Mitigated dose less than 5 rem; credit for FC.2 Prevent damage to SNF assemblies due to
controls movement confinement, otherwisa FC.2 equipment drop during DBEQ
Bridge crane - rails and supports PU-CN-110 Crane falls into pool; damages pool liner and/or FC-2 Prevent breach of pool confinement FC-2 Prevent damage to poo! due to crane fall
structure/assemblies R during DBEQ
Transfer Corridor {part of pool)
Cross-line transter canal cart PU.CR-113 Assembly basket drop onto pool fioor, breach of FC-1 {or UBC)") Mitigated dose less than S rem; credit for FC-2 Prevent damage to SNF assemblies due to
assemblies confinement, otherwise FC-2 can failure during OBEQ .
Assembly baskets PU.CA-114, PU Basket allows assemblies to fail on floor of pool, bteach  £C.1 (or UBC)*}  Mitigated dose less than 5 rem; credit for FC-2 = Prevent damage to SNF assemblies due to
CA-115, PU.CA of assemblies confinement, otherwisa FC.2 basket tailure/assembly drop dunng DBEQ
127
Wet assembly transfer machine PU-MA-112 Orops basket of assemblies onto floor or onto other FC-1 {or UBC)Y  Mitigated dose less than 5 rem; credit for FC.2 Prevent damage to SNF assemblies due ta

baskets in rack . confinement, otherwise FC-2 equipment falifailusefuel drop duting OBEQ
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—SEEMmT Sirategy: Mitlgation SEEMIT Strategy. Prevention
‘|Equipment Fraquency Frequency .
Location/Equipment Identifier SSC Setsmic Fallure Category ! _|Basis or Design Assumption @ Category ) _|Basis or Design Assumption m
Assembly Staging Pool
Cask unioading area bridge crane PU-CN-110 Crane falls onto fuel storage rack £C-1 (or UBC)Y  Mitigated dose less than § rem; credit for FC-2 Prevent damage to SNF blies due to
confinement, otherwise FC-2 crane fall onto fuel storage rack duting DBEQ
Incline transfer canal cart PU-CR-111 Drops basket of assemblies onto floor or onto other FC-1 (or UBC)!*!  Mitigated doze less than S rem; credit for FC.2 Prevent damage to SNF blies due to
baskets in rack confinement, otherwise FC.2 cart failure during DBEQ
Basket staging rack PU.SR-110 Racks fail, allows assembly baskets to fall on floot of FC-1 (or UBC)"™  Mitigated dose less than 5 rem; credit for FC-2 Prevent damage to SNF blies due to
pool, breach of assemblies confinement, otherwise FC-2 equipment failure during DBEQ
Assembly Handling Call
Rool; walls N/A Concrete mass falls onto assembly dryer FC.2 Prevent roof collapse onto SNF bli FC-2 Prevent roof collapse onto SNF assemblies,
loss of confinement, during DBEQ loss of confinement duue to DBEQ
Transfer cortidor bridge crane - rails &  AR-CN-100 Crane falls into pool inctine; breaches pool liner and FC-1 (o¢ UBC)Y)  Mitigated dose less than 5 rem; credit for fFC-2 Prevent crane drop onto SNF assemblies due
suppoits; motion & control systems structure; loss of pool water; interaction with walls of confinement, otherwise FC-2 to DBEQ
containment buildlng, falls onto loaded usembly dryer
or dry bly tr g breach of
waste form
Transfer cortidor bridge crane-lifting AR-CN-100 Orops heavy load; b hes pool finer and  Fc.4 (or UBC)!Y!  Mitigated dose less than 5 rem; credit for FC.2 Prevent crane from dropping equipment onto
mechanism & controls structurs; drop load onto loaded dryer or dry fuel transter confinement, otherwise FC-2 SNF assemblies during DBEQ
machine, breach of waste form
Assembly handling cell bridga crane . PU-CN-113 Crane falls into pool incline; # mass enough, breaches FC-1 (or UBC)Y  Mitigated dosa less than 5 rem; credit for FC.2 Prevent crane drop onto SNF assemblies
rails & supports pool liner.and structure; loss of pool water, interaction . confinement, otharwise FC.2 during DBEQ, p ts loss of confi it
with walls of containment bullding; falls onto loaded :
assembly dryer or dry assembly transfet machine,
. causing breach of waste form
Assambly handling cell bridge crane « PU-CN-113 Drop of toad onto fuet dryer or transfet machine FC-1 (or UBC)* Mitigated dosae less than 5 rem; credit for FC-2 Prevent crane from dropping equipment onto
fifting mechanism & controls confinement, otherwise FC-2 SNF assemblies during DBEQ
Assembly handling ceil manipulator PU-EM-111 Fall into open fue) dryer or OC; breach waste form FC-1 (ot UBC)™  Mitigated dose less than S rem; credit for FC-2 Prevant equipment from falling onto SNF
confinement, otherwise FC.2 assemblies during DBEQ
Dry assembly transfer machine PU-MA-115 Drop tusl onto floor, into dryat, of into DC FC-1 {or UBC)® Mitigatsd dose less than 5 rem; credit for FC-2 Prevent basket drops and bare assembly
confinement, otherwise FC-2 ° drops dus to DBEQ
Dry asssmbly lifting grapples PU-FX-111 Drops fuel onto floot, into dryer, of into DC FC-1 (or UBC)"!  Mitigated dose less than 5§ rem; credit for FC-2 Prevent basket drops and bare assembly
confinement, otherwise FC-2 drops dus to DBEQ
Assembly drying vessel shield plug PU-HA-111 None identified uBc No safety issue UBC No safety issue
Assembly drying vessels N/A None identified, dryers are fixed in place in the concrete uBc No saflety issue usC No safety issue
fioot of the hot cells
DC load port shileld plug PU-HA-112 None identified uec No safety issue uBC No safety issue
OC lid lifting device PU.DE-118 None identified uBC No safety issua UBC No safety issue
DC load port mating device PU-DE-111 None identified usc No safety issue uec No safety issue
DC innet lid sealing device PU.DE-119 None identified [V]: o3 No safety issus UBC No safety issue

Notes

(1) FC-1 = Frequency Category 1 based on offsite dose between 100 mrem and 5 rem;
FC.2 = Frequency Category 2 based on offsite dose greater than 5 rem;
UBC = Uniform building Code based on offsite dose less than 100 mrem;

FC-tw) = raquired Frequency.C

gory-1b

of worker dose;

in-depth

FC-1(d) = elective Fi y.Cat

v-1 for def

[v4] Mmgaﬁm strategy hkn credit for HVAC syttem and usumu HEPA filters mmga!o the release; assumes that DBEs of drop events involving transport casks of bare fuel will be p

(3) P tion strategy f on p

{4) Assigned FC-1 for defanse.in-d

,.“‘; may bo d

tad th

gh design changes ot opesational changes

Yy y qualifying any SSCs that interact with spent fuel; and assumes no credit for mitigating features (e. g HEPA filter)
ded to UBC based solely on dose consequence
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Table 7-6 Seismic Classification of SSCs for Canister Transfer System

Seismic VA Des'gn
Frequency
Location/Equipment Part Number  |SSC Seismic Failure Category " |Basis or Design Assumption
Airlock/Cask Prep/Decon
Alrlock Isolation Door PC-DO-110 Fallure to maintain confinement after DBEQ FC-2 Loss of confinement in hot cell
CTL Alrlock Prep Isolation Door PC-DO-111 Side impact to cask/canister uBcC Insufficlent mass to damage cask; no loss of confinement
CTL Cask Transfer Cart PC-CR-110 Derailment causes tipover of cask usc Assume confinement of hot cell; slapdown of cask within
design basls of cask

CTL Cask Prep Manlpulator PC-EM-110 Drop onto cask : uBc Insufficlent mass to damage cask
CTL Cask Decon Device PC-DC-110 Drop onto cask : usc Insufficlent mass to damage cask
CTL Crane Maintenance Access Hatch PC-DO-114 Drop onto cask uBcC Insufficient mass to damage cask; no loss of confinement
Delid/Transfer/Loading
CTL Canister Bridge Crane-85 Ton PC-CN-110 Lifting mechanism/controls drop'onto caniste  Fc.4 {or UBC)® Assume credlt for HVAC and hot cell
CTL DC Loading Maniputator PC-EM-111 Drop onto DC usc Insufficlent mass to damage DC
CTL DC Transfer Cart PC-CR-111 Deraliment causes tipover of cask FC-1 (or uac)ﬂ) Assume confinement of hot cell; slapdown of cask within

: design basls of cask
CTL Delid/Transfer Shield Door PC-DO-112 Side impact to cask uBC Insufficient mass to damage cask
CTL Cask/Lid Lifting Fixture PC-FX-110 Drop onto cask UBC Insufficient mass to damage cask
CTL Large Canister Lifting Fidure PC-FX-111 Drops canister or permits slapdown FC-1 (or UBC)*® Within design basis of canister; assume no breach
CTL DC Load Shield Door PC-DO-113 Side impact to cask/canister uBC Insufficlent mass to damage cask; no loss of confinement
CTL Small Canister LiRing Fixture PC-FX-112 Drops canister or permits slapdown FC-1 (or UBC)™® Within design basis of canister; assume no breach
Small Canister Staging Rack PC-SR-110 Slapdown of 40 canisters FC-1 (or UBC)™@  Slapdown Is within design basis of canister
CTL Cask Lid Lifting Fixture PC-FX-110 Drop onto cask UBC insufficlent mass to damage cask
CTS Handling Cell '
CTS Control & Tracking System N/A None identified UBC No release Identified
CTS Hot Cell Structure N/A Concrete mass falis onto cask/canister FC-2 Required for confinement of particulate release
CTS HVAC N/A Fan fallure, ducting crushed FC-2 Required for mitigation of particulate release

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

(2) Assigned FC-1 for defense-in-depth; may be downgraded to UBC based solely on dose consequence
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Table 7-7 Seismic Dose Calculations: Disposal Container Handling System

Mitigated Dose  Unmitigated Dose
PULF < Yerm (¢ —lreml @ 5-km {rem) @ S-km
Equivalent Drop PWR/BWR
DCHS Location/Activity Potential DBE Height (m) $SC Fallure SFAs) PWR gwr PWR BWR
Receive DG from CTS or ATS Slapdown of led OC from fer cart (0.5m high) [1} 67 Cart 21/44 0.007 0.009 >5 >5
. Unsealed DC collision (shie!d door) Bounded by ] 0 0 0 1]
Slapdown
DC Welding Station .
Remove DC outer lid Slapdown of led OC from welding fixture (0.5m high) (1] 6.7 Welding  63/132 + SHLWC 002 0.03 >5 >5
A Tumtable
Aftach DC to turntable <2m drop onto floor or welding turntable <2m Crane 1] NR NR NR NR
Remove inner lid seal with jib crane .
Weld inner and perform NDE Welding bumthrough 1] Welding Robot 63/132 + SHLWC 0.002  0.003 >5 >5
Evacuate and fill with helium Fire NC
Place outer lid on DC with jib crane
Woeld outer fid and perform NDE
DC Staging Area Storage Stapdown of unseated DC from staging fixture (0.1m fixture) {1] 6.3 Staging Fixture 420/880 0139 0.157 >>5 >>5
Vertical drop (normal op) onto fleor or staging fixture <2m Crane 1] NR NR NR NR
i NR NR
Tilt DC from a vertical to a horizontal 2m vertical Drop {normal op) onto floor or titting station 19 Crane 0 NR NR NR NR
position with bridge crane .
6m vertical Drop (2-block) onto floor or titting station 6.0 Crane 21144 0.007 0.007 >5 >5
Handling equipment (>3.5MT) drops on DC (e.9.,100-ten bridge crane) 133 Crane 63/132 + SHLWC 0024 0.027 >5 >5
Slapdown from titting station (2m fixture) (2) 8.2 Crane, Fixture 21144 0.008 0.010 >5 >5
Place DC on horizontal transfer cart DC coflision (WP exit shield door) NR 0 0 . 0 0 0
fe! o fo 1m falt off horizontal transfer cart f2) 0.86 Cart 1] NR NR NR NR
jad sfer (1) tie
Lift DC and return transfer cart to DC cell 1m horizontal drop (normal op) from horiz. lifting system 1.0 Lift System 0 NR NR NR NR
2.5m horizontal drop (brakes fait) from horiz, lifting system 25 Lift System 21/44 0.003 0.004 >5 >5
Decon and sample DC Pressurized projectile punctures DC NR [ 0 0 0 0
Move emplacement ralicar under OC
Lower DC onto railcar
Move DC to WP Transfer Comidor OC coltision (WP airlock isolation door) NR (] [+] 0 0 0
: Fall from horizontal transfer cart (2} 0.86 Cart 0 NR NR NR NR

(1) Calculations assume that an unsealed DC is breached after any energetic event.

(2) Caleulations assume that a sealed DC is breached if the equivalent drop height is greater than 2-meters. If the DC is designed to withstand all postutated stapdown events
(Uncanistered DC SDD criteria 1.2.2.1.6), no release will oceur. )
(3) PWR DBF and BWR DBF are assumed in this analysis.

NR = No Release
NC = Not Credible
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sble 7-8 Selamie Classification of $3Cs for OC Handling System

Selsmic Srategy: Confinement Seismic Strstegy: Prevention™
Frequency Frequency
1¢ stiorvE quipment PartMumber |25 Setemic Fature ot Lausts or 0o sign Assumption Cotogory ™ _|P#31s or Design Assumption
2 Handiing Celt
20f, walty NA Concrele mass fals onlo OC FC-2 Potential fot radiclogical release > 8 rem FC-2 Potential for radiological releasa > 5 ram .
{AC Stnactursl Supports NA Collapse of HVAC structural supports FC-2 Requirad to mitigats polertisl radologicat release > § rem FC-2 Required to mitigale potential adiclogical release > 8 rem
L OC wansler cant PUCR-112  Unsesied WP stapdown from transfer cotinATS or  FC.q {or UBC)'? Mitigated dose less than 5 ram; credit for confinement, ctherwise FC-2 FC-2 Prevent unsealed WP slapdowns
OCHS
L OC transfer cart PC-CR-111  Unsesied WP siapdown from renster cart InCTS of -4 (or UBC)'? Mtigated dose less than S rem; credt for confinemant, otharwise FC-2 FC-2 Prevent unsesled WP slapdowns
OCHS
oty DC wransfer eart PO-CR-101  None idenitified usec No safety lssue usc No safely issus
CHS corirals & racking NA U d motion da [T] ed WP, FC.t (or UBC)!) Mtigated dose less than § rem; credit for confinement, ctherwise FC-2 FC-2 Prevart lad WP drops, stsp and colial
brasches seaked WP, or breaches bidg. confinemant .
anster Cart Rl NA Unsealed WP siapdown om ransfer carl FC-1 (or UBC)™ Mitigated dose less than § rem; cradt for confinemnant, othermise FC-2 FC-2 Pravent led WP slapdi o collsl
C Cet Bridge Crane {83 Ton) PD-CN-100  Unsealed WP drop from bridge crane onto foor FC-1 {ar UBC)™ Mitigated dose lese than 8 rem; cradi for confinement, oiherwise FC-2 fC-2 Pravent ursealed WP &rops
C Col Bdge crane - ralls and supports PD-CN-100  Crane fals onto unsealed WP FC-1 (or UBC)") Mitigated dose less than 3 rem; credt for conflnement, otherwise FC-2 Fc-2 Prevent heavy mass fating onto unseated WP
C Transter Corridor Bridge Crane (50 Ton) PD-CN-103  Crane fats orlo foor of maintenance bay vec Na safety tssve usc No safety Issue
€ Liting Colar PO-FX-117  Unsealed WP drop om bridge crane onto hoor FC-1 (or UBC)' Mitigated dose lass than § rem; cradi for cornement, otherwise FC-2 FC2 Pravent umealed WP drops
€ LHing Yoke PD-FX-100  Unsealed WP drop from bridge crane onto floor FC-1 (or UBC)Y® Mitigated dose lnss than S rem; eredit for confnement, othermise FC-2 FC-2 Prevent unsesled WP drops
C Base Colse PD-FX-118  None Idenitifed une No safely it usc Na salely lssuve
C Cel Crane Mairt. Shield Door PO-DD-108  None Idenitited ueC No safety lasue uac No safely lssue
€ Cel Orane Maint. Access Match PD-HA-101AL8 None idanitifled uvac Mo salety Issue usc No safely issus
C Cel Tratster Halch PD-HA-100AZ8 None ideritifed usc No salety Issue usc No safely lssue
nar Lid Sealng Assembly PU-FX-119  None Idenitifed vec Na safely Issue use No aalety lssue
leiding Station M Crene (4 Ton) PD-CN-1024-D A crane falls onto umasied WP and damages Aol tBC frouticient mase to cause relesse which axcaeds S ram af she boundary 1)1~} frouficient mass to cause release which exceeds 5 rem o she boundary
C Weidng Station Tumtable PD-ME-1024-H Tumtable stops rotating snd bunthrough occurs FC-1 (or UBC) Mitigated dose less than 5§ rem; credi for confnemant, cthereise FC-2 FC-2 Prevent weldng bumihrough
C Waldng/inspection Robot N PD-ME-101A-H Weidng robot malunctions and burnthrough ocours FC-1 (or UBC)? Mitigaied dose less than 5 rem; credt for confinement, otherwiss FC-2 FC-2 Prevent weldng bumttvough
C Weldng Station Gartry Crane (0.5 Ton)  PD-CH-101AH Waelding gantry crane fatid orto unmesied WP snd usc Instficlert mass to cause relense which exceeds 8 rem ot ole boundary usc frsufiicient mass lo cause refease which axcands 5 rem ot she boundary
damages Al :
C Wekiing Station ShieMd Door PO-DO-100A-H None identtifed vac Ho safely Issue uBsc No safely lssue
C inerting Manttold PD-PV-100A-H None Idenitifed usc No sslaty lssve use No safety issue
C Outer Uid Uting Fiture PD-FX-102  Nons ldenitified usc No safely Issue uvsc No salety sue
C Niing Fixtwre PO-FX-103  Tiking fxdwre colapses and DC shapdown ocours FC-t (or UBC) Seated WPs designed lo withstand stapdown FC-1 (or UBC)'? Saated WPs designed lo withstand slapdawn
C Titing Fixdure Manipulsior PO-EM-100  Tiking fixture manipulaior falls onta sesled WP vac Imuiiciert mass to braach sesled WP usc Insuficient mass to breach sealed WP
P Horlzontal Transfer Cant PD-CR-100  seaied WP fals off horlzontal ranfer cart uac sesled WPs desighed lo withstand stspdown usc sesled WPs desligned (0 withstand slapdown
C Cel Edt Shield Door PD-DO-101  None Henitited uae No safety Issus veac No safety e
raded OC Maging
sof, wals WA Concrete mass fats onlo losded DCo FCc-2 Potertial for radiclogical celense > § rem FC2 Potential for ndological relense > § rem
/AC Structursl Supports NA Cob: o HVAC FC-2 Requived lo mitigate dokgical telease > 8 rem FC-2 Required to mitigate potential radiohogicsl release > § rem
> Staging Fhrre PO-FX-101  Staging fixtwe colapses snd DC stapdown ocours FC-1 (or UBC)™ M Sxtures fal, mitigatad offsite dose betwaen 100 mrem and 5 rem ({3} W ixtuwres bk, mNigated offsite doss batween 100 mrem snd § rem
¢ TransferDecon . .
of, wets NA Concrete masy fals onlo sealed WP Fc.2 Potential for radiologicst release > 8 rem fC-2 Polertisl for adiolopical release > § ram
IAC Structursl Supports NA Colapse of HVAC structral supports fFC-2 Requiced to mtigate potentisl radiological relesse » 5 rem FC-2 Requiced lo miligate potential radaloglcal relente > 5 rem
P Decon Sample Pass-Thu PO-FT-100  Note idenitified e No safety lasue uac Ho safety Issue
P Horizortsl Liting System , 00 ;‘::wid IRing system drops hortzontal OC onto FC-1 (or UBC)Y sesled WPs designed to withstand drop fom normat operating IR height FC-1 (or UBC)) sesied WPs designed 1o withstand drop fom normal operating It helght
O surtace
P Morlrordsd Uifting System « rais and NA Ut system fabs orto DC

poorty
P Deconvinspection Maniputstor
P Decon Device

: Transporiet Load
wf, valt

1AC Stractural Supports
P Aidock s oletion Door

PD-EM-10TARS Manipudator fals onto sesied WP
PD-OC-100A48 Decon device faks orio seaied WP

NA
NA
PD-OD-103

Concrate mass fats onto sealed WP
Colapse of HVAC structural supports
Fall to maintain buliding confinement

FC-1 {or UBCYY Miigated dove less than § rem; credt for confinement, otherwise FC-2

usc Isuficient mass l:; braach sealed WP

usc Inrsuticlent mase to braach sealed WP

fC-2 Potertial for adologicsl teleass > § 1em

fC-2 Required to mitigate potertisi radiological release > 5 rem

FC-1 (or UBC) Malntaln confinement for el snd waste handing bulking

FC-2 Prevent heavy mass faling onto and breaching sesled WP

usc frsuficient mass to braach sealed WP

vec Insufiiclent mass to breach senled WP

FC-2 Potential for radiclogical release > § rem

FC-2 Required to mtigate potential tadickogical release > 5 rem

FC-1 {or UBC)"! Maintsin confinement for cef snd waste handing bullkdng

Rea

1 FC-1 = Frequency Category 1 based on offske dose between 100 rwem and § rem;
FC-2 » Frequency Category 2 based on offsie dose greater than 5 term;

UBC = Uniform

butidng Code based on offsite dose less than 100 mrem;

FC-(w) = required Frequency-Category-1 because of worker dose;
FC-1{) = etective Frequency-Category-1 for defetrte-in-depth
1 ConAnemert strategy takes cradit for HW\C system and nwm: HEPA fiRers mitigate the release

1 Prevedtion strategy focuses on pr

'y qualtying

k] y
) Astigred FC-1 for defense-i-depth; may be downgraded to UBC based solely on dose consequence

.

any SSCs that interact with spent fuet; and assumes no credit for mitigating fastizes (o §., HEPA flar)
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Table 7-9 Seismic Classification of SSCs for Subsurface Facllity (Emplacement Side)

Location/Equipment

SSC Selsmic Failure

Seismic Frequency
Category ™

VA Design

Basis or Design Assumption

Waste Emp.lacement System
Transparter Locomatives-general

Transporter Locomotives-drive &
power systems

Transporter Locomatives-control &
communication/on board

Transporter Locomotives-brake
mechanical, air, & controls

Transporter Locomotives-
interconnection to transporter car

Transporter Car -general

Transporter Car -brake mechanical
& air

Transporter Car -door/reusable
railcar drives & controls
Transporter Car -reusable railcar
restraint/fasteners
T porter Car -radiation shield
and doors

Transporter Car -carriage

Emplacement gantry - general
Emplacement gantry - structure
Emplacement gantry - lifling

mechanisms

Emplacement gantry -
control/communication on board

Rail System
Rails - main drifts & North Ramp

Switches (switchtracks) &

instrumentation/controis
Rails- emplacement drifts

Ground Support System
Inverts - Main Drifts

{nverts - Main Drifts

Derail; tip over; initiate fire; pull transponter
along (see transparter); loss of
wheels/camage - abrupt stop

Iniliate uncontrolled motion; fail to provide
dynamic braking in descent

Initiate uncontroiled motion; failure of on-

board &/or communication to secandary

locomotive &/or central control

Failure to control descent speed; Cauld be

common-cause failure with failure of

drive/dynamic braking of loco & with

transporier car, etc.

Loss of hard-wire connection of control and

air & hydraulic lines to transporter brakes

airline but expect no loss of braking on

transporter on loss of fluids; loss of tractive

force for transporter in up grades

Derail; tip over; eject waste package; loss of

biological shield in tipover; fire in neutron

shield

Failure to control descent speed; Could be
In-cause mechanical failures with

failure of drive/dynamic braking of loco &

with transporter car, etc.

Eject waste package during transport

Eject waste package during transport; railcar

rolls into drift; drops waste package;
damages gantry &/or shadow shield
Loss of biological shisld

Derail; tip over; loss of wheels/camiage -
abrupt stop

Derails - drops WP; derails - impacts
emplaced WP

Drop WP; jam/misalign WP while
liflower/carmy

Drop WP; jant/misalign WP while
iflower/carnry

Initiate uncontrolled movement in drift;
uncontrolled raise.flower WP; drop WP

Buckle; deform; cause derailment
transporter

Deform; change stale; cause derailment
transporter

Buckle; daform; cause derailment gantry;
impact or puncture of waste package(s)

Induce distortion of rails, cause derailment
of transporter
Lose base of g d

4

pport fing e

FC-1 {or UBC)®
FC-1 (or UBC)®
FC-1 (ar UBC)®

FC-1 (or UBC)®

FC-1 (or UBC)®

FC-1 (or UBC)P
FC-1 (or UBC)®
FC-1 (or UBC)®
FC-1 (or UBC)®

FC-1

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

FC-1

FC-1 (or UBC)®
FC-1 (or UBC)®
FC-1

FC-1 (or UBC)®

FC-1 (or UBC)®

No release-within design basis of WP

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

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

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

No release if just derailment; Potential release > 10
CFR 20 but mechanism for brake failure due to loss
of air may be physicalily impossible; also, no rei

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 if impact
limitec for WP or imum impact within desig
basis of WP -

No release if impact limiter or within design basis of
WP, potential dose to workers

No release-within design basis of WP; worker dose
from direct radiation

Potential dose to workers - direct radiation

Direct interaction with hielded waste package; no
release in drop within design basis of WP; polential
dosae to workers in recovery

Direct interaction with unshielded waste package; no
releasa in drop within design basis of WP; polential
dose to workers in recovery

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

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

Direct interaction with unshielded waste package; no
release in drop within design basis of WP; potential
dose o workers in recovery

No release-within design basis of WP
No release-within design basis of WP

No rel ifdrop & p forces within design

basis of WP; need to verify

No release-within design basis of WP

No release if maximum impact within design basis of
WP; potential worker dose from direct radiation;
unabls to perform cieanup or EQ recovery untii re-
excavation/construction
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Table 7-3 Seismic Classificatlon of SSCs for Subsurface Facility (Emplacement Side)

Location/Equipment

SSC Seismic Failure

SeIsmic rrequency
Cateqary "

VA Design

Basis or Design Assumgtion

Ground support - main drifts &
North Ramp

Ground support - main drifts &
North Ramp

Inverts - Emplacement Drifis
Ground support - Emplacement
Drifts

Ground support - Ventilation Drift

Ventllation System
Ducts - in ventilation drift

Duct supports - in ventilation drift

-

Ducts - in
drifts

from emp

Duct supports - in raises from
emplacement drifts

Diversion valves - emplacement
.raises

Air monitoring - tubing, instruments,

power
Fans & motors & control system (+
communication to tral contral)

(Electrical supply)

Diversion valves - to HEPA filters (i
installed)

Emplacement drift isolation doors -
structure

Fall of moderateiy iarge mass of structural
steel &/or rocks onto transporter; loss of
bialogical shield; potential impact on waste
package

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

Induce distortion of rails, cause derailment
of amplacement gantry; thrust rails to
potential puncture WP

Fall of rocks of various sizes onto virtually all
waste packages in emplacement

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

Breakup, collapse - Potential loss of all flow
paths of all ducts; common-cause failure

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

Breakup, collapse - Potential foss of all flow
paths of all ducts; common-cause failure

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

Blocks flow from all emplaéement drifts

Loss of monitorability of emplacement drift

Loss of ventilation flow; loss of filtration

Loss of vertilation flow; loss of filtration

Laoss of filtration

Open - disrupt preferred cooling

FC-1 (or UBC)?®

FC-1 (or UBC)®

FC-1
FC-1 (or UBC)®

FC-1 (or UBC)®

FC-1 (or UBC)®

FC-1 (or UBC)®

FC-1 (or UBC)®

FC-1 (or UBC)®

FC-1 (or UBC)?

FC-1

FC-1 (or UBC)®

FC-1 {or UBC)®

FC-1 (or UBC)®

FC-1 (or UBC)®

No releasa if maximum rockfall/steel impact within
design basis of WP; potential worker dose from
direct radiation; unable to perform cleanup or EQ
recovery until re~excavation/construction

No reiease or loss of biological shielding —
disruption af throughput; unable to perform cleanup
ar EQ recovery unlil re-excavation/construction
Has same seismic critena as gantry structure; but
no release if drop & puncture forces within design
basis of WP .

No release if largest rockblock within design basis of
WP; otherwise, potential wide-spread-common-
cause breach of all emplaced WPs

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

No release; no loss of essential critical mitigation;
loss of preferred ventilation flow in event of release
during emplacement; loss of ventilation cooling of
emplacement drifts; loss of personnel air supply;
No refease; no loss of essential critical mitigation;
loss of preferred ventilation flow in event of release
during smplacemant; ioss of ventilation cooling of
emplacement drifts; loss of parsonnel air supply;
foss of emplacement drift air monitoring; no extreme
exposure to repair/replace
No rel ; no loss of tial critical mitigation;
foss of preferred ventilation flow in event of release
during emplacement; loss of ventilation cooling of
emplacement drifts; loss of personnel air supply;
loss of empl t drift air monitoring ; high-
exposure to repair/replace
No release; no foss of essential critical mitigation;
loss of preferred ventilation flow in event of release
during emplacement; loss of ventifation coaling of
emplacement drifts; loss of personnel air supply;
loss of emplacement drift air monitoring ; high-
exposure to repairi/replace
No rel ; no loss of tial critical mitigation;
foss of ventilation coaling of emplacement drifts;
foss of personnel air supply; potential interaction
with air monitoring; no undue exposure to
repair/replace
No release - no loss of mitigation; Loss of
information on post-earthquake conditions
No release, no loss of essential mitigation.; loss of
preferred vestilation flow in event of release during

pl t. Stagnation of air, potential retention
of particulates in subsurface (but, loss of filtration if
needed to mitigate doses) .
No rel , no loss of tial mitigation.; loss of
preferred ventilation flow in event of release during
emplacement. Stagnation of air, potential retention
of particulates in subsurface (but, loss of filtration if
needed to mitigate doses)
No release, no loss of essential mitigation.
Stagnation of air, potential retention of particulates in
subsurface (but, loss of filtration if needed to
mitigate doses)
No immediate release, no loss of essential
mitigation. loss of preferred ventilation flow in event
of ref during I t. Potential

quential rel of promise of waste

isolation, if rapid cooldown affects WP integrity
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Tabile 7-9 Seismic Classification of SSCs for Subsurface Facility (Emplacement Side}

Location/Equipment

SSC Seismic Failure

Seismic Frequency
Category "

VA Design

Basis or Design Assumption

Emplacement drift isolation doors -
actuator & controls

Rall Efectrification System
Transporter locomatives - motive &
controls

Transporter car - doors & reusable
« railcar drives

Emplacement gantry - motive &
liting

Emplacement gantry - controis &
communication

Empl t drift isolation doors -
position monitors; motive power

Rail system - switches & signals

Overhead trolley supply cable &
supports

Rectifier for DC supply to trolley
cables

Backup diesei-generator (if
provided)

Backup battery pack (if provided)

Radiation Monitaring Systems
Detectors, transmitters, amplifiers,
alarms

Communication System - General

Radio, telephone, video cameras &
lights

Lighting
General lighting

Emergency lighting

Open - disrupt preferred coaling

Loss of power to transporter locomotives -
motive & conirols .

Loss of bower to transporter car - doors &
reusable railcar drives

Loss of power lo emplacement gantry -
motive & lifting o

Loss of power to emplacement - controls &
communication

Loss of power - stall, jamming
Loss of power - loss of control & signals

Collapse; sparks; initiate fire in transporter
car

Break looss, collide with transporter train;
fire; loss of power to emplacement
operations

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

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

Loss of indications

Loss of communications - general &
essential

loss of lights

Loss of essential fighting

FC-1 (or UBC)®

uec
FC-1
FC-1
FC-1
FC-1
FC-1 (or UBC)®
uBc
FC-1
_ FC-1

FC-1

FC-1

uscC

usc

FC-1 (or UBC)®

No immaediate release, no loss of essential
mitigation. loss of preferred ventilation flow in event
of releasa during emptacement. Potential
consequential release or compromising waste
isolation, If rapid cooldown affects WP integrity

Stalf; no motion untif restoration of power (unless
backup power); no release or foss of mitigation;
patentiai uncontrolled motion if surge on power -
restoration

Halt of operation in loading/unloading transporter;
need to resume safe operation after earthquake;
patentiat worker dose from direct radiation during
recovery actions

Halt of operation in loading/unioading transporter;
need to resume safe operation after earthquake;
potential worker dosa from direct radiation during
recovery actions

Halt of operation in loading/unloading transporter;
need to resume safe operation after earthquake;
potential worker doss from direct radiation during
recovery actions

Halt of operation in icading/unloading transporter;
need to resume safe operation after earthquake;
potential worker dose {rom direct radiation during
recovery actions

Failure to change state of switch in timely manner;
Remain failed upon restoration of power -induce
derail t but no rel foss of switch position
indication;

No rel less fire ign basis of WP;
no loss of mitigation; potential electrocution of
workers; halt of transport but not essential for safe
operations R

No relsase unless fire sxceeds design basis of WP;
no loss of mitigation; potential electrocution of
workers: need to r safe empl t
operations after earthquake

No release uniess 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 properly and causes impact > design
basis of WP; potential worker dose in recovery
operations; no loss of mitigation; fire unlikety to
affect WP, fire & acid personnel hazards

de d

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

No release; no loss of mitigation; potential loss of
essential communication for personnel safety & post
earthqua ident gement

Emergency lighting available; need to demonstrate
no interaction with emergency system

No release; no loss of mitigation; potential loss of
essential lighting personnel safety & post-
earthquake accident management; minimal drift
emergency lighting and supports/batieries withstand
FC-2
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Table 7-8 Selsmic Classification of SSCs for Subsurface Facllity (Empiacement Side)

Location/Equioment

SSC Seismic Failure

Se1smic Frequency
Category

VA Design

- {Basis or Design Assumption

Control & Communication
System-Remaote
Control of locomotives - remote

Control of emplacement gantry -
remote

Video & voice communications

Central Control Room
TransporEmplacement activities

General

Fire Water
Piping from surface through drifts

Pipe supports

Initiate uncontrolled motion; common-cause
failures of on-board &/or communication to
secondary iocomotive &/or central control

Initiate uncontrolled motion; spurious lms or
drops of waste packages

Loss of visual information in drifts; loss of
voice communication with personnel

see Control & Communications -
uncontrolled motion/action of transporter
locomotive &/or emplacement gantry

Loss of all essentiai instrumentation, control
& communication to subsurface equipment

Pipe rupture

Fspe segmen( fall onto rails, or onto
ion, or
mstrumentauon components

"FC-1 (or UBC)®

FC-1

FC-1 (or UBC)®

FC-1

UBC (or FC-1 if

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

No release, drops within design basis of WP but
direct handling of unshielded waste package;
patential dose to warkers in recovery & repair

No release; no loss of mitigation; potential loss of
information affecting personnel safety & post-
earthquake accident mianagement (minimal video
and communications to be FC-2}

Emplacement gantry handles unshielded waste
packages

No release; no loss of mitigation; potentia! loss of

essential communication for personnel safety & post
earthquake accident management

No release; no loss of mitigation; depending on

adverse int tion)

UBC (or FC-1 if
adverse interaction)

trical arangement: focalized flooding;
potentnal spray interaction with electrical supply,
instrumentation & communication to emplacement
equipment, essential communication for personnel
safety & post-earthquake accident management
No releass; no loss of mitigation; depending on
geometric arrangement : consequential pipe break
with localized fiooding; potential physical impact of
pipe and/or spray intaraction with electrical supply,
instrumentation & communication, essential
communication for personnel safety & post-
earthquake accident management

Notes:

(1) FC-1 = Frequency Category 1 based on offsite dose between 100 mrem and 5 rem;
FC-2 = Frequency Category 2 based on offsite dosa greater than 5 rem;
UBC = Uniform building Code based on offsite dose less than 100 mrem;
FC-1(w) = roqu:md Frcquency-Category-*l because of wurker dose;

def,

FC-1(d) = electi

() Assigned FC-1 for defet:se-m-depth wmay be downgraded to UBC based solsly on dose consequence

y-1 for
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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 Offsite Dose (rem)
Fuel per Waste Package,
Location/Activity Equipment Potential DBE Assemblies without HVAC
Rockfall in emplacement drift PWR 21 SFA Best estimate release 21 0.10
Rockfall in emplacement drift PWR 21 SFA Conservative 21 >5
Rockfall in emplacement drift BWR 44 SFA Best estimate release 44 0.39
Rockfall in emplacement drift BWR 44 SFA Conservative 44 >5
Rockfall in emplacement drift DHLW'5 canisters (Savannah River) Conservative 5 >5
Rockfall in emplacement drift DOE SNF N/A N/A N/A
Runaway transporter PWR 21 SFA Best estimate release 21 1.10
Runaway transporter PWR 21 SFA - Conservative 21 >5
Runaway transporter BWR 44 SFA Best estimate release 44 2.00
Runaway transporter BWR 44 SFA Conservative 44 >5
Population of Waste Package  Maximum Number of Fuel
Types When MGR is Full Assemblies Present Maximum Dose if All WPs Breached - Conservative Dose (rem)
21 PWR 4239 Number WPs x dose per 21 PWR WP >>5
12 PWR 553 Number WPs x dose per 21 PWR WP x 12/21 >>5
44 BWR 2826 Number WPs x dose per 44 BWR WP >>5
24 BWR 49 Number WPs x dose per 44 BWR WP x 24/44 >>5
-|DHLW 1663 Number WPs x dose per DHLW WP >>5
DOE SNF 883 Number WPs x dose per 21 PWR WP (scoping) >>5

Total Maximum Potential Offsite Dose

>>>5
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tral Room C System R

T Rav. ot

(tage 200 4)°
R PAILORE
MMM® - ORSCRIPTION RATE FACTOR  PROBABILITY.
YYOODOIDHD Deaper CR-D-1 Fulls Yo Open 0o Demand _4,008-03 W™ 1N 4.001-03
YYCODOI0MT Dacper C-D-1 Spurious Operation 3,76807 M M1 6.488-06
* YVOODUZIM0 Dimper CR-D-2 Faili To Open On Demand “~4.00t-03 ¥’ 1N 4.008-03
" YYOODOZIHT Oweper CR-U-2 Spurious Operation 270807 M SeAHl 1.522-04
FYO0D0ODN0 fsper CR-D-3 Pails To Open Ou Demaod: 4.00¢-03 N 1N 4.002-03
¥YCOOUIDHT Danper CR-D-3 Spuricus Cparation 2.70€-07 SeA N 1.52€-04
. 7 VWGmINR Pan CA-M(U-1 Tells To Rug Por The Requited Tine 1.00C-05 ¥ M Q@/— -
-, VYCAHUIFNS fan CR-ANU-) Palls To Start Os Ooweod . 6.002-04 X 1M 6008
* YWCMUZINR Fan CR-MIfU-2 Talla To Run For The Required Tims 1.00£-05 H Mn 2.400-04
VICLHUZYS fan CR-AHD-2 Peils To Start Ov Desand . 6.008-04 ¥ 18 6.00E-04
" YVCIHUROON Comson Cawse failure Of Control Moo A Paas to tmn T 2.400-05 4 2.402-05 O
YVCCRLIRT? Ralsy CRIX (Swoks Detector Ralsy) Transfecs Position 1.002-06 H 4K 2.402-05
YVCRAIRTD Relay ILRMI1 Pails To Operate On Oesand 1.002-04 X 1 1.008-04
YVCRA4IRTT Relay ILRA4IIA Spurious Opsration 1.002-06 H 4N 2.408-05
VVCTRNBTRN YC Train 8 in Maintsnanoe 2.76e-02  2.765-2
YICO0USWVT HNanusl Valve 11C3 Transfars Closed 3.70£-08 H 1H 808207
YYCOO13CYO Check Velve 1EC13 Taile to Open 2006040 BN 20064 T
VICDO1ICYT Chack Valve ITCI3 Trsnsfers Closed 2.002-07 N 41U 4.808-06
YYCOOL4CVO Check Valve 1TC14 Pails to Open 2.002-04 X 1% 2.008-04
VICOOICYT Check Valve 17C14 Transfers Closed 2.008-07 1 48 4.B0E-06
_ YICO0ISVYE * Masual VAI# 1YCIS Trencfers:Closed 3.702-08 H N 8.08E-07
YICO0259¥T Manca) Valve ITCZS Transfers Closed 3.70¢-08 R M 808007
YICO026TVY Nanmel Valve 17C26 Transfers Closed 370008  SGAH  2.098-05
YICO0Z8YYT Wanual Valve 1YC28 Transfers Closed ) 3706084 . MK 0.880-07
YYCOO29¥¥T Mazual Yalve 17029 Treasfers Closad 3.70L-08 § M N 0.88E-07
VICOUIGVYT Nanoal Valve ITCI6 Tranafers Closed 3708081 S M 2.098-05
YICODAIWY Macual Valve 17C41 Transfers Closed 1.70t-08 4 S K 2.096-05

P
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DATA

Three Data sheets are attached.

e Run failure rate on AHU
e Start Failure on Demand for AHU
e And Latent Human Error probability of Operator causing a bypass of an airlock system. Used

for BYPASSLHE event )

The run failure rate is used to derive a common cause failure rate using an assumed beta of 0.1.

-

Mission time is assumed to be 24 hours.

Maintenance unavailability is based on run failure rate with a 72 hour repair time

Ix 12 — 6.54E — 04

-I—+TR L +72
9.09F -06

The maintenance is doubled an the standby train to account for cither train being in standby.
Thus the maintenance UA of the standby train is 1 31E-03.

~ATAWBA ORA DATA , PAGE 1 0F 2

Civilian Radjoactive Waste Management System

Management & Operating Contractor
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Primary Confinement HVAC
Unavailable
jgatd]
. 255
 ows 1
Common Cause Failure of Failure of Operating Fan
Operating and Standby and Standbdy HVACSystem
Fans to Run (Catawba PRA]
[Gote]
. 240E05 . 1.2E-6
Secondary Confinement Standby HVAC Systsm
HVAC Unavailable - Failure Probability
Operating Fan Failure
Probability
E3H Go]
. 49E4 24E3
-~
= o 1 f—— 1
Fan Motor Fails to Run for Seal Failure [Ref. 7.56] Fan Motor Fails to Start Fan Maintsnance
24 Hrs (Catawba PRA] [Catawba PRA] Unsvailable [Catawba PRA]
[Goz3] Go24] o [eo) jGa21 |
240504 ‘ 2.50E-04 . 6.00E-04 1.31E03
Fan Motor Fails to Run for Saal Failure {Ref. 7.56]
24 Hrs [Catawba PRA]

G020} [Goz2]
240804 250604

Civilian Radioactive Waste Management System
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Attachment IX - Dose Calculation Data

1.0 Purpose

The purpose of this attachment is to provide the equations and additional data required to reproduce the
results of the dose calculations provided in the report text. The Best Estimate doses presented in
Attachment [V for events ATS001 and ATS003 will be reproduced as an example.

The spreadsheet for the calculation of radiological doses was created in Lotus 1-2-3 Release 5 and runs
under the Windows 95 operating system. The inhalation and submersion dose calculation spreadsheets
are based on Equations IX-1 through IX-4 and calculate offsite (i.e., 5,000 meter) doses for-each organ
and the whole body for a ground-level radiological release.

2.0 Equations

21 Inhalation Dose Calculations

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

Dik() = [Sux()* N] * RF¢ * MF¢ * BR * [x/Qlr (1X-1)

where

Dsk(l) = 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)

RFy = 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
(dimensioniess)

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 aduit person dunng the event (mslsec)

[x/Qk = atmospheric dispersion coefficient at site boundary distance R for assumed
meteorological conditions and duration of release (seclm3)

S;k () = inhalation source term for organ'J from radionuclide group K (rem per fuel assembly

or canister)
2.2 Submersion Dose Calculations

The equation used to calculate the submersion dose is as follows:

D;«(S) = [Syx(S)" N] * RFc* MFx * [x/Qlr . (). &)
where .
Syk (S) = submets:on source term for organ J from radionuclide group K (rem/sec per
FA/m° or rem/sec per camster/m’)
D,k(S) = submersion doses that organ J receives as a result of the exposure to the

radionuclide group K (rem)

Civilian Radioactive Waste Management System
Management & Operating Contractor
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2.3 Total Dose Calculations

The total dose to a given organ at various distances from the releases for each exposure pathway is
calculated by summing over contributions from all radionuclide groups:

Dy() = Z Dyx(D), (sum over K, radionuclide groups); forJ=11t0 8 (IX-3)
and

D,(S) = T D, k(S), (sum over K, radionuclide groups); forJ=1to 10 (IX-4)
where

D) = inhalation doses that organ J receives as a result of the exposure to all

radionuclides released

and

Dy(S) = submersion doses that organ J receives as a result of the exposure to all

radionuclides released.
3.0 Sample Calculation

The dose calculation that follows represents the following scenario: 16.5-foot drop of a basket containing
4 PWR assemblies onto another basket of 4 PWR assemblies in the assembly drying station (from the
maximum height from the dry assembly transfer machine assembly basket enclosure) with the 8
assemblies breached. HVAC particulate filtration is available with an efficiency of 3.0E-4. For the Best
Estimate calculations, a fuel rod cladding failure probability of 0.10 was used.

The fuel types and fuel characteristics used in this calculation are 50% PWR with a bumup of 39,560
MWD/MTU, a 3.69% enrichment, and 25.9 years of decay for the Best Estimate calculation (see Table
IX-1 of this attachment).

The radionuclides that contribute at least 99.9% of the dose for all organs are shown in Tables [X-1 and
1X-2 for inhalation and extemal exposures, respectively. For the inhalation dose calculation, the
radionuclides are combined into six radionuclide groups according to their similarity in chemical and/or
physical characteristics. The sum of each group is shown in Tabie IX-3.

3.1 inhalation Dose Calculation

The dose contribution to each organ and the whole body from each radionuclide group is calculated and
then summed per Equation IX-1. The inhalation dose due to a release from 50% PWR fuel from the
cesium group to the breast can be found as follows:

1. The cesium group 50% PWR source term for the breast is found in Table 1X-3, Column (A2) as
1.04E+9 remV/FA (inserted in Column (1) of Table IX-4 page 2).

2. The number of 50% PWR assumed to be damaged is 8. This value appears in Column (2) of
Table IX-4 page 2.

Civilian Radioactive Waste Management System
Management & Operating Contractor
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3. The release fraction for cesium is calculated as follows. See Section 2.2.2 of this report for the
gap release fraction and Section 2.2.3 of this report for a description of the PULF fraction.

[Gap Release Fraction + PULF Fraction] x 50% PWR Failure Fraction
or (2.3E-5 + 1.97E-5) x 1.0E-1 = 4.27E-6

The release fraction appears in Column (3) of Table X-4 page 2.

4. The mitigation factor for the 50% PWR drop DBE is 3.0E-4 (HEPA filtration) and is shown in
Column (4) of Table IX-4 page 2.

5. The breathing rate is 3.3E-4 m>/sec in Column (5) of Table 1X-4 page 2.

6. The atmospheric dispersion factor for a restricted boundary with ground release and no depletion

for 5,000 meters is 1.44E-5 sec/m® (see Column (10) of Table IX-4 page 2).

7. The product of the six factors above is the potential dose to the breast from the cesium group at a
5,000-meter restricted area boundary from an 8-assembly drop of 50% PWR fuel assemblies:

D = (1.04E+9) x (8) X (4.27E-6) x (3.0E~4) x (3.30E-4) x (1.44E-5)
= 5.09E-8 rem (to the breast from the cesium group)
The dose is calculated in Column (11) on Table IX-4 page 2 using Equation (1X-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 caiculated 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 iens 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 per fuel assembly for the whole body is found in Column (3), Table
_ IX-4, page 9 as 6.58E-1 rem/sec per FA/m’, and is transcribed to Column (1) of Table 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 1X-4 page 9.

3. Table 1X-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 [X page 9).

4. The mitigation factor is 1.0 (Coiumn (4) of Table [X-4 page 9).

Civilian Radioactive Waste Management System
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5. The atmospheric dispersion factor for a ground release at 5000 m is 1.44E-05 sec/m’ {Column
(9) of Table 1X-4 page 9).

6. The product of the five factors above is the potential external dose to the whole body at a
5,000-meter restricted area boundary from an 8-assembly drop of 50% PWR fuel assembilies:

D = 6.58E-01 rem-s--FA-m® x 8 FA x 3.0E-02 x 1.0 x 1.44E-5 sec/m’
= 2.28E-6 rem (to the whole body)

_ The dose is calculated in Column (10) of Table IX-4 -page 9.
3.3 Total Dose Calculation
Using Equation IX-3, the total inhalation doses to the breast for each radionuclide group at 5,000 meters
are summed in Column (3) of Table 1X-4 page 10. Using Equation [X-4, the submersion doses for the
whole body at 5,000 meters are summed in Column (6) of Table IX-4 page 10. Column (9) of Table IX-4
page 10 sums the inhalation and submersion doses for all organs and the whole body. :
34 Verification by Hand Calculation
Figure IX-1 shows the hand calculations performed to verify the sample calculation taken from events

ATS001 and ATS003. The hand calculations show the same results as the Lotus 1-2-3 spreadsheet
used for the ATS001 and ATS003 calculations.

Civilian Radioactive Waste Management System
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Table IX-1. SOURCE TERM GROUPING INFORMATION

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and 1-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

10-Year PWR DBF* Inhalation Source Term

rem/Fuel Assembly
Group I1sotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
cs Cs-134 2.18E£+08 1.82E+08 1.98E+08 1.98E+08 1.85E+08 1.87E+08 2.34E+08 2.11E+08
cs Ru-106 1.41E+06 1.93E+06 1.13E+09 1.91E+06 1.75E+06 1.87E+06 1.30E+07 1.40E+08
cs Cs-137 1.76E+09 1.58E+09 1.77E+09 1.67E+09 1.60E+09 1.59E+09 1.83E+09 *1.74E+09
h H-3 1.75E+04 1.75E+04 1.75E+04 1.75E+04 1.75E+04 1.75E+04 1.75E+04 1.756E+04
{ 1-129 6.73E+00 1.62E+01 2.43E+01 1.08E+01 1.07E+01 1.21E+05 9.13E+00 3.63E+03
p Pu-239 8.69E+09 2.89E+056  2.34E+11 4,76E+10 5.95E+11 2.72E+05 2.19E+10 6.04E+10
p Pu-240 1.45E+10 5.24E+05  3.91E+11 7.95E+10 9.93E+11 4.55E+05 3.65E+10 1.01E+11
p Pu-242 4.97E+07 1.90E+03 1.34E+09  2.72E+08 3.40E+09 1.62E+03 1.25E+08 3.45E+08
p Pu-241 4.70E+10 3.64E+06 541E+11 2.43E+11 3.03E+12 1.56E+06 1.02E+11 2.28E+11
p Sb-125 1.01E+06 1.17E+06  6.11E+07 1.51E+06  2.75E+06 9.12E+05 4.08E+06 9.29E+06
p U-234 6.09E+03 6.16E403  6.85E+08 1.66E+05  2.60E+06  6.09E+03 2.43E+05 8.23E+07
p Pu-238 1.10E+11 4.64E+06 3.38E+12  6.12E+11 7.65E+12 - 4.07E+06 2.89E+11 8.22E+11
p Am-241 1.25E+11 1.03E+07 7.09E+10  6.70E+11 8.36E+12  6.16E+06 3.01E+11 4.61E+11
p Pm-147 1.28E+02 5.60E+02 1.20E+09  2.50E+07 3.13E+08 3.08E+02 2.43E+07 1.64E+08
P -Am-242m  1.54E+09 6.62E+04  2.02E+08 8.11E+09 1.02E+11 2.71E+04 3.59E+09 5.61E+09
p Cm-243 1.30E+09 3.95E+05 1.22E+09 7.41E+09 9.23E+10  2.40E+05 3.62E+09 5.21E+09
p Am-243 2.07E+09 9.67E+05 1.13E+09 1.10E+10 1.38E+11 5.27E+05 4.92E+09 7.569E+09
p Cd-113M  4.47E+05 4.47E+05 3.87E+07  4.47E+05  4.47E+05  4.47E+05 1.76E+07 1.02E+07
p Cm-244 1.29E+11 8.43E+06 1.56E+11 7.60E+11 9.48E+12 8.18E+06 3.87E+11 5.43E+11
p Eu-155 1.69E+06 2.91E+06 5.64E+07  6.78E+07 7.20E+08 1.14E+06 5.26E+07 5.32E+07
p Co-60 2.34E+07 9.06E+07 1.70E+09 8.47E+07 6.65E+07 7.98E+07 1.77E+08 2.91E+08
p Eu-154 1.50E+08 1.98E+08 1.01E+09 1.36E+09  6.69E+09  9.14E+07 1.45E+09 9:89E+08
p Y-90 7.15E+04 7.15E+04 1.29E+09  2.10E+06 2.09e+06 7.15E+04 5.35E+08 3.15E+08
sr Sr-90 3.65E+08 3.65E+08 5.15E+08  4.64E+10 1.00E+11 3.65E+08 4.64E+08 8.94E+09

* DBF - Design Basis Fuel
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Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)
TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
inhalation dose includes alf nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and 1-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

10-Year 100% Bounding PWR Inhalation Source Term

rem/FA
Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder = Whole Body
cs Cs-134 3.17E+08 2.64E+08  2.88E+08  2.88E+08  2.69E+08 2.71E+08 3.39E+08 3.06E+08
cs Ru-106 1.84E+06 2.52E+06  147E+09  249E+06  2.28E+06  2.44E+06 1.70E+07 1.83E+08
cs Cs-137 2.75E+09 246E+09  277E+09 . 2.61E+09  249E+09  249E+09 2.86E+09 2.71E+09
h H-3 1.67E+04 1.67E+04 1.67E+04  1.67E+04 1.67E+04 1.67E+04 1.67E+04 1.67E+04
i I-129 1.06E+01 2.56E+01 3.85E+01 1.71E+01 1.69E+01 1.91E+05 1.45E+01 5.75E+03
p Pu-239 9.68E+09 3.22E+405 261E+11 5.30E+10  6.62E+11 3.02E+05 2.44E+10 6.72E+10
p Pu-240 1.81E+10 . 6.52E+05  4.86E+11 9.89E+10 1.24E+12  5.66E+05 4.55E+10 1.25E+11
p Pu-242 1.17E+08 447E+03  3.16E+09 6.43E+08  B8.03E+09  3.82E+03 2.94E+08 8.15E+08
p Pu-241 7.30E+10 5.66E+06  8.41E+11 - 3.78E+11 471E+12  2.42E+06 1.69E+11 3.54E+11
p Sb-125 8.67E+05 1.00E+068  523E+07  1.29E+06  2.36E+06  7.80E+05 3.49E+06 7.95E+06
[ Pu-238 2.57E+11 1.08E+07 = 7.90E+12  1.43E+12 1.79E+13  9.53E+06 6.76E+11 1.92E+12
p Am-241 2.01E+11 1.65E+07  1.14E+11 1.08E+12 1.34E+13  9.89E+06 4.83E+11 7.40E+11
p Pm-147 1.80E+02 7.85E+02 1.69E+09  3.51E+07  4.38E+08  4.32E+02 3.40E+07 2.30E+08
p Cm-243 3.03E+09 9.19E+05  284E+09  1.72E+10  2.15E+11 5.60E+05 8.42E+09 1.21E+10
p Am-243 6.18E+09 2.88E+06  3.37E+09  3.28E+10 4.11E+11 1.67E+06 1.47E+10 2.26E+10
p Cm-244 5.47E+11 3.58E+07  6.64E+11 3.23E+12  4.03E+13  3.48E+07 1.64E+12 2.31E+12
p Eu-155 1.02E+06 1.76E+06  3.42E+07  4.11E+07  4.36E+08  6.89E+05 3.19E+07 3.22E+07
p Eu-154 1.84E+08 2.43E+08 1.24E+09  1.66E+09  8.20E+09 1.12E+08 1.77E+09 1.21E+09
p Y-90 1.02E+05 1.02E+05  1.84E+09  3.00E+06  2.98E+06 1.02E+05 7.65E+08 4.51E+08
sr Sr-90 5.22E+08 5.22E+08  7.37E+08  6.64E+10 1.44E+11 5.22E+08 6.64E+08 - 1.28E+10
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Table 1X-1. SOURCE TERM GROUPING INFORMATION (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and |-129 have also been
included, regardiess of rank, per guidance in NUREG-1536.

50% PWR INHALATION SOURCE TERM

rem/FA
Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder  Whole Body
cs Cs-137 1.16E+09 1.04E4+09  1.17E+09  1.10E+08  1.0SE+09 1.06E+09 1.21E+08 1.14E+09
cs Cs-134 5.64E+06 469E+06 S512E+06  5.12E+06  4.78E+06  4.82E+06 6.04E+06 5.44E+06
h H-3 8.71E+03 8.71E+03  B8.71E+03  8.71E+03  8.71E+03  8.71E+03 8.71E+03 8.71E+03
i -129 5.63E+00 1.35E+01 2.03E+01 9.07E+00  8.94E+00 1.01E+05 7.64E+00 3.04E+03
p Pu-240 1.19E+10 430E+05  3.21E+11 6.53E+10  8.15E+11 3.73E+05 3.00E+10 8.28E+10
P Pu-242 4.18E+07 1.59E+03  1.13E+09  2.20E+08  2.86E+09 1.36E+03 1.05E+08 2.90E+08
p Pu-241 2.78E+10 2.15E+06  3.20E+11 1.44E+11 1.79E+12  8.21E+05 6.06E+10 1.35E+11
p Pu-238 6.74E+10 2.85E+06  2.07E+12  3.76E+11 470E+12  2.50E+06 1.78E+11 5.05E+11
p U-234 6.19E+03 6.26E+03  6.96E+08  1.69E+05  2.64E+06  6.19E+03 2.48E+05 8.37E+07
p Y-90 4.69E+04 4.69E+04  8.44E+08 1.38E+06 1.37E+06  4.69E+04 3.561E+08 2.07E+08
p Pu-239 8.12E+09 2.70E+05  2.19E+11 4.45E+10  5.56E+11 2.54E+05 2.04E+10 5.64E+10
p Eu-154 5.02E+07 6.65E+07  3.40E+08  4.55E+08  2.24E+09  3.06E+07 4.85E+08 3.32E+08
p Eu-155 3.14E+05 5.42E4+05  1.05E+07 1.26E+07 1.34E+08  2.12E+05 9.79E+06 9.90E+06
p Cm-242 1.88E+07 3.12E+04  5.12E+08 1.29E+08 1.61E+09  3.11E+04 8.09E+07 1.54E+08
p Am-243 1.51E+09 7.05E405  B8.26E+08  8.03E+09  1.01E+M1 3.85E+05 3.59E+09 5.54E+09
p Cd-113m  2.21E+05 2.21E+05 1.92E+07 2.21E+05  221E+05  221E+05 8.72E+06 5.04E+06
p Cm-243 7.34E+08 2.23E+05  6.88E+08  4.18E+08  5.21E+10 1.36E+05 2.04E+09 2.94E+09
p Am-242m  1.29E+09 5.54E+04 1.69E+08  6.78E+09  8.51E+10  2.26E+04 3.00E+09 4 61E+09
p Cm-244 5.19E+10 3.39E+06  6.30E+10  3.06E+11 3.82E+12  3.20E+06 1.56E+11 2.19E+11
p Co-60 5.60E+06 ‘2.17E+07  4.06E+08  2.02E+07 1.69E+07 1.91E+07 4.24E+07 6.96E+07
P -Am-241 1.84E+11 1.51E+07 1.04E+11 9.84E+11 1.23E+13  9.05E+06 4.42E+11 6.78E+11
sr Sr-90 2.39E+08 2.30E+08  3.38E+08  3.05E+10  6.59E+10  2.39E+08 3.05E+08 5.87E+09

Civilian Radioactive Waste Management System
Management & Operating Contractor




Titlc

D! No.: BC0000000-01717-0210-00001 Rev 00

.« .inary Design Basis Event Calculations for the MGR

Attachment .
Page: 1X-8 of IX-26

Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuclides which fall within the 99.% cumutative dose for at least one organ. Tritium and 1-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

50% BWR INHALATION SOURCE TERM

NMUVUVVDOVOVOVIVUVTOTVTODUVDOVUVUVIO— T

rem/FA
Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
Ccs Cs-137 9.67E+08  B.65E+08 9.73E+08 9.16E408 8.76E+08 8.75E+08 1.01E+09 9.52E+08
cs Cs-134 4.34E+06 3.61E+06 3.94E+06 3.94E+06 3.67E+06 3.71E+06 4 64E+06 4.19E+06
H-3 7.67E+03 7.67E+03 7.67E+03 7.67E+03 7.67E+03 7.67E+03 7.67E+03 7.67E+03
1-129 4.77E400 1.15E+01 1.72E+01 7.68E+00 7.57E+00 8.56E+04 6.48E+00 2.58E+03
Pu-240 1.00E+10 3.61E+05 2.69E+11 5.47E+10 6.84E+11 3.13E+05 2.52E+10 6.94E+10
Pu-242 "3.98E+07 1.52E+03 1.07E+09 2.18E+08 2.72E+09 1.29E+03 9.98E+07 2.76E+08
Pu-241 2.55E+10 1.98E+06 2.94E+11 1.32E+11 1.65E+12 8.46E+05 5.57E+10 1.24E+11
Pu-238 5.26E+10 2.22E+08 1.62E+12 2.93E+11 3.66E+12 1.95E+06 1.38E+11 3.94E+11
U-234 5.24E+03 5.30E+03 5.80E+08 1.43E+05 2.23E+06 5.24E+03 2.10E+05 7.09E+07
Y-90 3.80E+04 3.80E+04 6.85E+08 1.12E+408 1.11E+06 3.80E+04 2.85E+08 1.68E+08
Pu-239 6.60E+09 2.20E+05 1.78E+11 3.62E+10 4.52E+11 2.06E+05 1.66E+10 4 59E+10
Eu-154 4.01E+07 5.31E+07 2.71E+08 3.63E+08 1.79E+09 2.44E+07 3.87E+08 2.65E+08
Eu-155 2.52E+05 4,35E+05 8.43E+06 1.01E+07 1.08E+08 1.70E+05 7.86E+06 7.95E+06
Cm-242 1.95E+07  3.23E+04 5.31E+08 1.34E+08 1.67E+09 3.22E+04 8.39E+07 1.60E+08
Am-243 1.40E+09 6.53E+05 7.64E+08 7.43E+09 9.32E+10 3.56E+05 3.32E+09 5.13E+09
Cd-113m 1.84E+05 1.84E+05 1.60E+07 1.84E+05 1.84E+05 1.84E+05 7.26E+06 4.20E+06
Cm-243 6.69E+08 2.03E+05 6.27E+08 3.81E+09 4,75E+10 1.24E+05 1.86E+09 2.68E+09
Am-242m  1.34E+09 5.74E+04 1.75E+08 7.03E+09 8.82E+10 2.35E+04 3.11E+409 4.78£+09
Cm-244 4.60E+10 3.01E+06 5.58E+10 2.71E+11 3.38E+12 2.92E+06 1.38E+11 1.94E+11
Co-60 4,02E+06 1.56E+07 2.92E+08 1.45E+07 1.14E+07 1.37E+07 3.04E+07 5.00E+07
Am-241 1.70E+11 1.39E+07 9.61E+10 9.09E+11 1.13E+13 8.36E+406 4.08E+11 6.26E+11
R Sr-90 1.94E+08 1.94E+08 2.74E+08 2.47E+10 1.94E+08 2.47€+08 4.76E+09

5.34E+10
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Table 1X-1. SOURCE TERM GROUPING INFORMATION (Continued)

"TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and |-129 have also been

included, regardless of rank, per guidance in NUREG-1536.

10-YEAR OLD BWR DBF INHALATION SOURCE TERM

rem/FA
Group  Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
cs Cs-137 7.48E+08 6.69E+08 7.53E+08 7.08E+08 6.78E+08  6.77E+08 7.78E+08 7.37E+08
cs Ru-106 5.25E+05 7.19E+05  4.20E+08 711E+05  6.51E+05 6.95E+05 4 85E+06 5.22E+07
cs Cs-134 9.66E+07 8.03E+07  8.77E+07 8.77E+07  8.18E+07 8.25E+07 1.03E+08 9.32E+07
h H-3 7.44E+03 7.44E+403  7.44E+03 7.44E+03  7.44E+03 7.44E+03 7.44E+03 7.44E+03
1 1-129 2.99E+00 7.19E+00 1.08E+01 4.82E+00  4.75E+00 5.37E+04 4.06E+00 1.62E+03
p Pu-238 6.31E+10 2.67E+06 1.94E+12 3.52E+11 440E+12  2.34E+06 1.66E+11 4.73E+11
P Pu-241 2.19E+10 1.70E+06  2.53E+11 1.14E+11 1.41E+12 7.27E+05 4.78E+10 1.06E+11
p Pu-239 3.49E+09  1.16E+05 9,39E+10 1.91E+10  2.39E+11 1.09E+05 8.78E+09 2.42E+10
p Pu-240 6.26E+09 2.26E+05 1.68E+11 342E+10  4.28E+11 1.96E+05 1.57E+10 4.34E+10
p Pu-242 2.59E+07 9.89E+02  6.98E+08 1.42E+08 1.78E+09 8.44E+02 6.50E+07 1.80E+08
p Sb-125 4.48E+05 517E+05  270E+07  6.65E+05 1.22E+06 4.03E+05 1.80E+06° 4. 10E+06
p Am-241 6.00E+10 493E+06  3.40E+10 3. 21E+11 401E+12  2.95E+06 1.44E+11 2.21E+11
p Eu-154 7.16E+07 9.48E+07  4.85E+08 6.49E+08 3.20E+09 4.37E+07 6.91E+08 4.73E+08
p Eu-155 8.54E+05 1.47E+06  2.85E+07 3.43E+07 3.65E+08 5.76E+05 2.66E+07 2.69E+07
p Cm-242 1.65E+07 2.56E+04  4.20E+08 1.06E+08 1.32E+09  2.55E+04 6.65E+07 1.27E+08
p Am-243 1.32E+09 6.14E+05 7.19E+08 6.99E+09 8.77E+10 3.35E+05 3.13E+09 4.82E+09
p Cd-113m  2.21E+05 2.21E+05 1.92E+07 2.21E+05  2.21E+05  2.21E+05 8.73E+06 5.05E+06
p Cm-243 9.07E+08 2.76E+05 8.50E+08 517E+09  6.44E+10 1.68E+05 2.62E+09 3.64E+09
p Am-242m  1.06E+09 4.54E+04 1.38E+08 557E+09  6.98E+10 1.86E+04 2.46E+09 3.78E+09
p Cm-244 1.07E+11 6.98E+06 1.29E+11 6.29E+11 7.85E+12 6.77E+06 3.21E+11 4.49E+11
p Cm-245 4.31E+07 8.55E+03  2.30E+07 2.29E+08 2.86E+09  4.70E+03 1.02E+08 1.57E+08
p Co-60 7.81E+06 3.02E+07 5.66E+08  2.82E+07 2.21E+07  266E+07 5.91E+07 9.70E+07
p Y-90 2.84E+04 2.84E+04 5.12E+08 8.35E+05 8.30E+05 2.84E+04 2.13E+08 1.25E+08
sr Sr-90 1.45E+08 1.45E+08  2.05E+08 1.85E+410  3.99E+10 1.45E+08 1.85E+08 3.55E+09
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Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)
PWR ANb BWR SNF CRUD INHALATION SOURCE TERM

Fuel rem/FA .

Type isotope Gonad Breast Lung RMarrow B Surface Thyroid Remainder  Whole Body
PWR Co-60 8.72E+05 3.37E+06 6.32E+07 3.15E+06 2.47E+06 2.97E+06 6.59E+06 1.08E+07
BWR Co-60 3.52E+05 1.36E+06  2.55E+07 1.27€+06  9.99E+05 1.20E+06 2.66E+06 4.37E+06

AS-POURED HANFORD DHLW GLASS INHALATION SOURCE TERM
rem/Canister

Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remainder Whole Body
cs Cs-137 1.65E+09 1.48E+09 1.66E+09 1.57E+09 1.50E+09 1.50E+09 1.72E+09 1.63E+09
cs Ru-106 2.40E+07 3.20E+07 .1.92E+10  3.25E+07  2.97E+07  3.18E+07 2.22E+08 2.39E+09
cs Cs-134 577E+07 . 4.80E+07  5.24E+07  5.24E+07  4.88E+07  4.93E+07 6.17E+07 5.57E+07
i 1-129 5.24E-03 1.26E-02 1.89E-02 8.44E-03 8.32E-03 9.41E+01 7.12E-03 2.83E+00
p : Pu-239 6.26E+07 2.08E+03 1.69E+09 3.43E+08 4.28E+09 1.96E+03 1.68E+08 4.35E+08
p Pu-240 2.41E+07 8.68E+02  6.4B8E+08 1.32E+08 1.65E+09  7.54E+02 6.06E+07 1.67E+08
p Pu-241 2.63E+07 2.04E+403  3.04E+08 1.37E+08 1.70E+09  8.73E+02 5.75E+07 1.28E+08
p Pm-147 1.21E+03 5.29E+03 1.14E+10  2.37E+08  2.95E+09  2.91E+03 2.29E+08 1.55E+09
p §b-125 2.34E+06 2.71E+06 ° 1.41E+08  348E+06 6.37E+06 2.11E+08. 9.44E+06 2.15E+07
p Pu-238 2.96E+07 1.25E+03  9.09E+08 1.65E+08  2.06E+09 1.10E+03 7.79E+07 2.21E+08
p Am-241 6.94E+10 5.70E+06  3.93E+10  3.72E+M1 463E+12  3.42E+06 1.67E+11 2.56E+11
p Np-237 2.18E+07 1.24E+04 1.19E+07 1.93E+08  2.41E+09  9.87E+03 1.72E+07 1.07E+08
p Cd-113m  2.55E+05 2.56E+05 221E+07  2.56E+05  255E+05  2.55E+05 1.00E+07 5.81E+06
p Eu-155 5.42E+05 9.34E+05 1.81E+07  2.18E+07  2.31E+08  3.65E+05 1.69E+07 1.71E+07
p Eu-154 1.45E+07 1.93E+07  9.85E+07 1.32E+08 6.50E+08  8.88E+06 1.40E+08 9.61E407
p Cm-244 7.35E+08 4.81E+04  B8.93E+08  434E+09 541E+10  4.67E+04 2.21E+09 3.10E+09
p Cm-242 1.05E+06 1.74E+03  2.86E+07  7.20E+06  8.89E+07 1.74E+03 4.52E+06 8.62E+06
p Ce-144 2.64E+07 3.84E+07  8.72E+10 3.18E+08  520E+08  3.22E+07 2.11E+09 1.12E+10
p Y-90 8.00E+04 8.00E+04 1.44E+09 2.35E+06 2.34E+06 8.00E+04 5.99E+08 3.53E+08
sr Sr-80 4.08E+08 4.08E+08 S577E+08  5.20E+10 1.12E+11 4.08E+08 5.20E+08 1.00E+10
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Table 1X-1. SOURCE TERM GROUPING INFORMATION (Continued)

TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and I-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

AS-POURED SAVANNAH RIVER DHLW GLASS INHALATION SOURCE TERM

rem/Canister

Remainder

Group Isotope Gonad Breast Lung R Marrow B Surface Thyroid Whole Body
cs Ru-106 1.08E+07 1.48E+07 8.67E+09 1.47E+07 1.34E+07 1.43E+07 1.00E+08 1.08E+09
cs Cs-134 1.62E+07 = 1.35E+07 1.47E+07 1.47€+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 1.28€+09 1.27E+09 1.47E+09 1.39E+09
p Am-241 1.33E+09 1.09E+05 7.50E+08 7.09E+09 8.85E+10 6.52E+04 3.19E+09 4.88E+09
p Pu-239 5.73E+08 1.91E+04 1.54E+10 3.14E+09 3.92E+10 1.79E+04 1.44E+09 3.98E+09
p Sb-125 “1.13E+06 1.31E+06 6.82E+07 1.68E+06 3.07E+06 1.02E+06 4.56E+06 1.04E+07
p Pu-241 1.71E+09 1.32E+05 1.96E+10 8.84E+09 1.10E+11 5.65E+04 3.72E+09 8.26E+09
p Pu-240 3.86E+08 _ 1.39E+04 1.04E+10 2.11E+09 2.64E+10 1.21E+04 9.70E+08 2.68E+09
p Pm-147 7.39E+02 3.22E+03 6.93E+09 1.44E+08 1.80E+09 1.77E+03 1.40E+08 9.45E+08
p Pu-238 5.71E+10 2.42E+086 1.76E+12 3.18E+11 3.98E+12 2.12E+06 1.50E+11 4,28E+11
P Ce-144 8.73E+06 1.27E+07 2.89E+10 1.05E+08 1.72E+08 1.07E+07 6.98E+08 3.70E+09
p Eu-155 6.26E+05 1.08E+06 2.09E+07 2.51E+07 2.67E+08 4.22E+05 1.95E+07 1.97E+07
p Eu-154 2.68E+07 3.55E+07 1.82E+08 2.43E+08 1.20E+09 1.64E+07 2.50E+08 1.77E+08
p .Co-60 2.99E+06 1.16E+07 2.17E+08 1.08E+07 8.49E+06 . 1.02E+07 2.26E+07 3.72E+07
p Cm-244 6.33E+09 4.14E+05 7.68E+09 3.73E+10 4.66E+11 4.02E+05 1.90E+10 2.67E+10
p Y-90 9.16E+04 9.16E+04 1.65E+09 2.69E+06 2.67E+06 9.16E+04 6.85E+08 4.04E+08
sr . Sr-90 4. 57E+08 457E+08  6.45E+08 5.81E+10 1.26E+11 4, 57E+08 5.81E+08 1.12E+10
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Table IX-2. EXTERNAL (SUBMERSION) DOSE SOURCE TERMS (rem/hr per FA/m°)

Isotope Gonad Breast Lung R Marrow B Surface  Thyroid Remainder Skin Eye Lens (1) Whole Body
PWR DBF (48.086 GWD/MTU, 4.2% INIT. ENRICH., 10 YR. OLD)
H-3 0.00E+00 0.00E+00 1.00E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.21E+00
Ar-39 8.32E-06 6.98E-06 6.20E-06 1.24E-05 1.35E-05 8.13E-06 5.24E-06 5.13E-03 0.00E+00 7.58E-06
Kr-85 5.91E+03 5.16E+03 492E+03  6.56E+03 7.02E+03 2.85E+03 4.79E+03 5.32E+05 0.00E+00 5.36E+03
TOTAL  5.91E+03 5.16E+03 4.93E+03  6.56E+03 7.02E+03 _ 2.85E+03 4.79E+03 5.32E+05 0.00E+00 5.37E+03
BWR DBF (49.0 GWD/MTU, 3.74% INIT. ENRICH., 10 YR. OLD)
H-3 0.00E+00 0.00E+00 4.26E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.12E-01
Ar-39 4.10E-06 3.44E-06 3.06E-06 6.14E-06 6.64E-06 4.01E-06 2.58E-06 2.53E-03 0.00E+00 3.74E-06
Kr-85 2.28E+03 1.99E+03 1.90E+03  2.53E+03 2.71E+403 1.10E+03 1.85E+03 2.05E+05 0.00E+00 2.07E+03
TOTAL  2.28E+03 1.99E+03 1.90E+03  2.53E+03 2.71E+403 1.10E+03 1.85E+03 2.05E+05 0.00E+00 2.07E+03
DHLW GLASS (ALL TYPES) ‘
N/A
1997 BOUNDING PWR (58.0 GWD/MTU, 3.92 INIT. ENRICH., 10 YR. OLD)
H-3 0.00E+00 0.00E+00 1.19E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.43E+00
Ar-39 1.11E-05 9.27E-06 8.24E-06 1.65E-05 1.79E-05 1.08E-05 6.96E-06 6.82E-03 0.00E+00 1.01E-05
Kr-85 6.51E+03 5.68E+03 6§.42E+03  7.23E+03 7.73E+03 3.14E+03 5.28E+03 5.86E+05 0.00E+00 5.91E+03
TOTAL 6.51E+03 5.68E+03 543E+03  7.23E+03 7.73E+03 3.14E+03 5.28E+03 5.86E+05 0.00E+00 5.91E+03
100% BOUNDING PWR (74.6 GWD/MTU, 5.07% INIT. ENRICH., 10 YR. OLD)
H-3 0.00E+00 0.00E+00 9.66E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.15E+00
Kr-85 7.42E+03 6.47€E+03 6.17E+03 8.23E+03 8.81E+03 3.68E+03 6.01E+03 6.67E+05 0.00E+00 6.73E+03
TOTAL  7.42E+03 6.47E+03 6.18E+03 8.23E+03 8.81E+03 3.68E+03 6.01E+03 6.67E+05 0.00E+00 6.73E+03
50% PWR (39.56 GWD/MTU, 3.69 INIT. ENRICH., 25.9 YRS OLD'")
H-3 0.00E+00 0.00E+00 4.99E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.99E-01
Ar-39 6.90E-06 5.79E-06 5.14E-06 1.03E-05 1.12E-05 6.74E-06 4.34E-06 4.25E-03 0.00E+00 6.28E-06
Kr-85 2.61E+03 2.28E+03 2.17E+03  2.90E+03 3.10E+03 1.26E+03 2.12E+03 2.35E+05 0.00E+00 2.37E+03
TOTAL 2.61E+03 2.28E+03 2.18E+03  2.90E+03 3.10E+03 1.26E+03 2.12E+03 2.35E+05 2.37E+03
. 50% BWR (32.24 GWD/MTU, 3.00 INIT. ENRICH., 27.2 YRS OLD") .
H-3 0.00E+00 0.00E+00 4.39E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.27E-01
Ar-39 6.43E-06 5.39E-06 4.79E-06 9.62E-06 1.04E-05 6.28E-06 4.05E-06 3.96E-03 0.00E+00 5.86E-06
Kr-85 2.11E+03 1.84E+03 1.75E+03  2.34E+03 2.50E+03 1.02E+403 1.71E+03 1.90E+05 0.00E+00 1.91E+03
TOTAL  2.11E+03 1.84E+03 1.75E+03  2.34E+03 2.50E+03 1.02E+03 1.71£+03 1.90E+05 0.00E+00 1.91E+03

(1) The source term for the lens of the eye Is given as zero (0) since the principal contributor, Kr-83m with a half-life of 1.83h, has decayed to negligible activity after 10 years.
(2) Conservatively used 30 year decay since the CDB would not allow the standard decay times to be scaled for output in "Curies by Isotope”
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Table IX-3. Grouped Sources (Aggregated Source Terms for 50%PWR Fuel)

50% PWR Fuel (Age=25.9 Years*, 39.56 GWD/MTU, 3.69%)

Isotopic Grouping Gonad Breast Lung R. Marrow B. Surface Thyroid ~ Reminder Whole Body
Group per Tab.IX-2 (rem/FA) (rem/FA) (rem/FA) (rem/FA) (rem/FA) (rem/FA) * (rem/FA) (rem/FA)
(Column No.) (A1) (A2) (A3) (A4) (A5) (A6) (A7) (AB)
Particulate p 3.55E+11  1.14E+08 3.10E+12 1.94E+12 242E+13 6.72E+07 8.97E+11 1.69E+12
Noble Gas N/A N/A N/A N/A N/A N/A N/A N/A N/A
lodine i 6.63E+00 1.35E+01 2.03E+01 9.07E+00 8.94E+00 1.01E+05 7.64E+00 3.04E+03
Cesium cs 1.17E+09 1.04E+09 1.18E+09 1.11E+09 1.05E+09 1.05E+09 1.22E+09 1.15E+09
Tritium h. 8.71E+03 8.71E+03 8.71E+03 8.71E+03 8.71E+03 8.71E+03 8.71E+03 8.71E+03
Crud PWR 8.72E+05 3.37E+06 6.32E+07 3.15E+06 2.47E+06 2.97E+06 6.59E+06 1.08E+07
Strontium sr 2.39E+08 2.39E+08 3.38E+08 3.05E+10 6.59E+10 2.39F+08 3.05E+08 5.87E+09

Table 1X-3, Page 1 of 1
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE GONAD

S0% PWRBounding Fuel _t i o
. Breathing 100 m  Offsite Dose 1000 m Offsite Dose 5000 m  Offslte Dose
tsotople Gonad #of Release Mitigation Rate xQ rem xQ rem xa rem
Group (remiFA) FA's _ Fraction Factor m*3/sec  sec/m*d 100 m sec/mA3 1000 m sec/m*3 5000 m
1): See Column . T2’ 3F 9)=(1F 21 (3 1E=()2) @
(Coumn o)  (iSe0CO? @ ™ - ) (5) ) Masle) ) ) AN (10) RRNATES
Particulate 3 55E+11 8 217€-06 3.00E-04 3.30E-04 5.48E-04 3356-04 6.15E-06 3.76E-06  1.44E-05 8.79E-06
Noble Gas N/A 8 3.00E-02 . 1.00E+00 3.30E-04 5.48E-04 6.15E-08 1.44E-05
lodine 5.63E+00 8 1.00E-02 1.00E+00 3.30E-04 5.48E-04 8.14E-08 6.15E-08 9.14E-10  1.44E-05 2.14E-09
Cesium 1.17E+09 8 427E068 300E-04 3.30E-04 5.48E-04 2.16E-06 6.15E-08 243E-08  1.44E-05 5.68E-08
Tritlum 8.71E+03 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 3.78E-04 6.15E-06 425E-068 1.44E-05 9.93E-06
Crud 8.72E+05 8 1.50E-01 300E-04 3.30E-04 5.48E-04 568E-05 6.15E-06 6.37€-07  1.44E-05 1.49E-08
Strontium 2.39E+08 8. 427E-08 3.00E-04 3.30E-04 5.48E-04 443E-07  6.15E-08 4.98E-09 1.44E-05 1.16E-08
" Total T.72E-04 8.67E-08 2.03E-05
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Table IX-4. BEéT ESTIMATE INHALATION DOSE TO THE BREAST

50% PWR Bounding Fuel _ . f
Breathing 100 m Offsite Dose  1000m  Offsita Dose 5000m  Ofisite Dose
Isotopic Breast #of Release Mitigation Rate xXiQ rem xQ rem XQ rem
Group (rem/FA) FA's  Fraction Factor m*3/sec  sec/m*3 100 m sec/m*3 1000 m sec/m”3 5000 m

: T=(1)(2) () 9)=(1)(2)°(3) M)=(1)12):3)

(CoumnNo)  {J};SeeColma (g) @ “ C} ® I ® o o) (MR
Particulate 1.14E+08 8 217E-08 3.00E-04 3.30E-04 5.48E-04 1.08E-07 6.15E-08 1.21E-09  1.44E-05 2.83E-09
Noble Gas N/A 8 3.00E-02 1.00E+00 3.30E-04 54BE-04 0.00E+00 6.15E-08 0.00E+00  1.44E-05 0.00E+00
lodine 1.35E+01 8 1.00E-02 1.00E+00 3.30E-04 5.48E-04 1.96E-07 6.15E-08 220E-09  1.44E-05 5.15E-09
Ceslum 1.04E+09 8 4.27E-08 3.00E-04 3.30E-04 548E-04 1.94E-06 B.15E-08 218E-08  1.44E-05 5.09E-08
Tritium 8.71E+03 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 3.78E-04 B.15E-08 4.25E-08 1.44E-05 9.93E-08
Crud 3.37E+06 8 1.50E-01 3.00E-04 3.30E-04 548E-04 220E-04 6.15E-08 2.46E-08  1.44E-05 5.77E-08
Strontium 2.39E+08 8 4.27€-08 3.00E-04 3.30E-04 5.48E-04 4.43E-07 6.15E-08 " 4.98€-09 1.44E-05 1.16E-08
Total 6.00E-04 6.74E-08 1.58E-05
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Table 1X-4. BEST ESTIMATE INHALATION DOSE TO THE LUNG

50% PWR Bounding Fue!
: Breathing 100 m Offsite Dose 1000m  Offsite Dose 5000m  Offsite Dose
Isotople Lung #of Release Mitigation Rate x/Q rem x rem XQ rem
Group {rem/FA) FA's Fraction Factor mAl/sec  sec/m*3 100 m sec/m”3 1000 m sec/m*3 5000 m

: =12 9)=(1)(2)"(3)* 1)=(1)(2)*(3)*

(Coumn o), {1 SeeCoking  (2) &) “ oy (©) TR ® ORI oo (SO
Particulate 3.10E+12 8 217E-068 3.00E-04 3.30E-04 5.4B8E-04 293E03 8.15E-08 3.20E-05 1.44E-05 7.69E-05
Noble Gas N/A 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 0.00E+00  6.15E-08 0.00E+00  1.44E-05 0.00E400
lodine 2.03E+01 8 1.00E-02 1.00E+00 3.30E-04 548E-04 2.94E-07 6.15E-08 3.30E-09 1.44E-05 7.73E-09
Ceslum 1.18E+09 8 427E-08 3.00E-04 3.30E-04 548E-04 2.18E-06 6.15E-08 245608 1.44E-05 5.73E-08
Tritlum 8.71E+03 8 3.00E-02 1.00E+00 3.30E-04 5.4BE-04 3.78E-04 6.15E-08 4.25E-08 1.44E-05 9.93E-08
Crud ' 6.32E+07 "8 1.50E-01 3.00E-04 3.30E-04 548E-04 4.12E-03 8.15E-08 4.62E-05 1.44E-05 1.08E-04
Strontium 3.38E+08 8 427E06 3.00E-04 3.30E-04 S548E-04 8.27E-07 6.15E-08 7.04E-09 1.44E-05 1.65E-08
’ Total 7.43E-03 8.33E-05 1.95E-04

Table IX-4, Page 3 of 10
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Table 1X-4. BEST ESTIMATE INHALATION DOSE TO THE MARROW

Jopenuo) SuessdQ 3 uswsbeue

50% PWR Bounding Fuel S
Breathing 100 m Offsite Dose 1000 m  Offsite Dose 5000m  Offsite Dose
Isotopic Marrow  #of Release Mitigation Rate xQ rem xQ rem X rem
Group (rem/FA) FA's  Fraction Factor mA3/sec  sec/m*3 100 m sec/m”3 1000 m sec/mA3 5000 m

1); Sea Colu : T)=(1)(2)(3)" 9)=(1)*(2)*(3)* 1)3=(1)(2)3)°

(Coumnio,) {1} SeaColuma () (&} w (5) ® AR ® R oy (TRUNEES)
Particulate 1.94E+12 8 21708 3.00E-04 3.30E-04 5.48E-04 1.83E-03  6.15E-08 2.05E-05 1.44E-05 4 81E-05
Noble Gas N/A 8 3.00E-02 1.00E+00 3.30E-04 5.4BE-04 0.00E+00  B.15E-06 0.00E+00  1.44E-05 0.00E+00
lodine 9.07E+00 8 1.00E-02 1.00E+00 3.30E-04 5.48E-04 1.31E-07  6.15E-06 147E-09 1.44E-05 3.45E-09
Ceslum 1.11E+09 8 427E-08 3.00E-04 3.30E-04 548E-04 2.05E-06 6.15E-08 2.30E-08 1.44E-05 5.39E-08
Tritium 8.71E403 8 3.00E-02 1.00E+00 3.30E-04- 548E-04 3.78E-04 B.15E-08 4.25E-08  1.44E-05 9.93E-08
Crud 3.15E+06 8 1.50E-01 3.00E-04 3.30E-04 5.48E-04 2.05E-04 6.15E-08 2.30E-08 1.44E-05 5.39€-08
Strontium 3.05E+10 8 4.27E-08 3.00E-04 3.30E-04 548E-04 5.66E-05 6.15E-06 8.35E-07 1.44E-05 1.49E-08
Total 2.47E-03 2.T7E-08 8.49E-05
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE BONE SURFACE

Table 1X-4, Page 5 of 10

50% PWR Bounding Fuel
Breathing 100 m Offsite Dose 1000 m  Offsita Dose 5000 m  Offsite Dose
Isotople B.Surface #of Release Mitigation Rate xXIQ rem xiQ rem xXiQ rem
Group (rem/FA) . FA's _ Fraction Factor mA3/sec  sec/m*3 100 m sec/mA3 1000 m sec/m*3 5000 m

: 1-1.203' 9)=(1)* *(3)° 11)=(1)(2)(3)*

(CoumnNoy  {(JiSeCobne @ @ “ ®) ® A ® AN poy  ORppERO)
Particulate 2.42E+13 8 2176068 3.00E-04 3.30E-04 5.48E-04 2.29E-02 6.15E-08 2.57E-04 1.44E-05 6.00E-04
Noble Gas N/A 8 300E-02 1.00E+00 3.30E-04 5.48E-04 0.00E+00  B.15E-06 0.00E+00  1.44E-05 0.00E+00
lodine 8.94E+00 8 1.00E-02 1.00E+00 3.30E-04 548E-04 12907 6.15E-08 1.45E09 1.44E-05 3.40E-09
Ceslum 1.05E+09 8 4.27E-06 5.00E—04 3.30E-04 5.4BE-04 1.96E-06 6.15E-06 2.20E-08 1.44E-05 5.14E-08
Tritium 8.71E+03 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 3.78E-04 6.15E-08 4.25E-08  1.44E-05 9.93E-08
- Crud 247E+06 8 1.50E-01 3.00E-04 3.30E-04 5.48E-04 1.61E-04 6.15E-06 1.81E-08  1.44E-05 4.23E-08
Strontium 6.59E+10 8 427E-08 3.00E-04 3.30E-04 5.4B8E-04 1.22E-04 6.15E-08 1.37E-08  1.44E-05 3.21E-06
Total 2,35E-02 2.64E-04 6.18E-04
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Table 1X-4. BEST ESTIMATE INHALATION DOSE TO THE THYROID

50% PWR Bounding Fuel

Breathing 100 m Offsite Dose 1000 m  Offsite Dose 5000m  Offsite Dose
isotopic Thyrold #of Release Mitigation Rate xa rem xnQ rem XQ rem
Group (rem/FA) FA's Fraction Factor m*3/sec_ sec/m”3 100 m sec/mA3 1000 m sec/m*3 5000 m

; =121 6 9)=(1)*(2)°(3)* 1)=(1)'(2)"(3)

(CoumaNoy {1 See Colums 2y @ “ ) ® ey ®) AN R (10) (s
Particulate 6.72E+07 8 2.17E-08 3.00E-04 3.30E-04 548E-04 6.34E-08  6.15E-08 7.11E-10 1.44E05 1.68E-09
Noble Gas N/A 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 0.00E+00 6.15E-08 0.00E+00  1.44E-05 0.00E+00
lodine 1.01E+05 8 1.00E-02 1.00E+00 3.30E-04 5.4B8E-04 1.46E-03 6.15E-08 1.64E-05 1.44E-05 3.84E-05
Cesium 1.056+09 8 427E-06 3.00E-04 3.30E-04 54B8E-04 1.96E-08 6.15E-08 2.20E-08  1.44E-05 5.14E-08
Tritium 8.71E+03 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 3.78E-04 6.15E-08 4.25E-068 1.44E-05 9.93E-06
Crud 2,97E+08 .8 1.50E-01 3.00E-04 3.30E-04 5.48E-04 1.93E-04 6.15€-08 217E-08 1.44E-05 5.(58E-08
Strontium 2.39E+08 8 427608 3.00E-04 3.30E-04 5.48E-04 4 43E-07 6.15E-08 498E-09  1.44E-05 1.16E-08
Total 2.04E-03 2.29E-05 5.35E-05
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE REMAINDER

50% PWR Bounding Fuel
. Breathing 100 m Offsite Dose 1000 m  Offsite Dose 5000m  Offsite Dose
Isotoplc Remainder #of Release Mitigation Rate xaQ rem X/iQ rem x/Q rem
Group {rem/FA) FA's _ Fraction Factor mAd/sec  sec/m*d 100 m sec/mAl3 1000 m sec/mA3 5000 m
: Sae Column T=(1)"(2)'(3)* 9)=(1)"(2)'(3)* =(1)'(2)"(3)"
(Comn oy {1): Seo Colimn ) @ “ ) © iR ®) R AR A (10) R InHRCI
Particulate 8.97E+11 8 217E-06 3.00E04 3.30E-04 548E-04 8.46E-04 6.15E-08 9.50E-06  1.44E-05 2.22E-05
Noble Gas N/A 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 0.00E+00  6.15E-06 0.00E+00  1.44E-05 0.00E+00
todine 71.64E+00 8 1.00E-02 1.00E4+00 3.30E-04 548E-04 1.11E-07 6.15E-06 - 1.24E-09 1.44E-05 2.90E09
Ceslum 1.22E+09 8 427E-08 3.00E-04 3.30E-04 548E-04 2.26E-068 6.15E-08 2.53E-08 1.44E-05 5.93E-08
Tritium 8.71E+03 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 3.78E-04 6.15E-08 4.25E-08 1.44E.05 9.93E-08
Crud 6.59E+08 8 1.50E-01 3.00E-04 3.30E04 5.48E-04 4.29E-04 6.15E-08 4.82E-08 1.44E-05 1.13E-05
Strontlum 3.05E+08 8 4.27E-08 3.00E-04 3.30E-04 5.48E-04 5.66E-07 6.15€-06 6.35E-09  1.44E-05 1.49E-08
Total 1.68E-03 1.86E-05 4.35E05
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE WHOLE BODY

50% PWR Bounding Fuel
Breathing 100 m Offsite Dose 1000 m  Offsite Dose 5000 m  Offsite Dose
isotoplc Whole Body #of Relsase Mitigation Rate xaQ rem xiQ rem Xia rem
Group (rem/FA) FA's Fraction Factor mA3isec  sec/m*3 100 m sec/m*3 1000 m sec/mA3 5000 m

1): =(1)(2)'(3)* 9)=(1)"(2)*(3)° =012y

(CoumnNo) {}); Seeoling  2) @) “ ) ® el ® O (10) e
Particulate 1.69E+12 8 217E-08 3.00E-04 3.30E-04 5.48E-04 1.59E-03  6.15E-08 1.79E-05 1.44E-05 4.19E-05
Noble Gas N/A 8 3.00E-02 1.00E+00 v 3.30E-04 5.48E-04 0.00E+00 6.15E-08 0.00E+00  1.44E-05 0.00E+00
lodine 3.04E+03 8 1.00E-02 1.00E+00 3.30E-04 5.46E-04 440E-05 B.15E-08 4.94E-07 1.44E-05 1.16E-08
Caslum 1.15E409 8 427E-08 3.00E-04 3.30E-04 5.48E-04 2.13E-08 6.15E-06 2,39E-08  1.44E-05 5.58E-08
Tritium 8.7T1E+03 8 3.00E-02 1.00E+00 3.30E-04 5.48E-04 3.78E-04 6.15E-08 4.25E-08 1.44E-05 9.93E-08
Crud 1.08E+07 8 " 1.50E-01 3.00E-04 3.30E-04 5.48E-04 7.03E-04 6.15E-08 7.90E-068  1.44E-05 1.85E-05
Strontium 5.87E+09 8 427E-06 3.00E-04 3.30E-04 5.48E-04 1.09E-05 6.15E-08 © 1.22E-07 1.44E-05 2.86E-07
Total 273603 3.07E-05 7.18E-05

Table 1X-4, Page 8 of 10

00 A8 10000-0420-2}210-000000008 -'ON 10

HOW U} 10} SUOIBINDIeD JUBAT siseq ubiseq Ateunuijaid :dOHIL

:abed

9Z-X140 1Z-Xl
X| uswyoeyy




Jopeiuo) BuyesadO B juswabeueWw

Table IX-4. BEST ESTIMATE EXTERNAL DOSE (SUBMERSION)

SOURCE TERM Units: rem/hr par FAJ/m*3 .
Isotope Gonad Breast Lung R Marrow B Surface Thyrold Remalnder Skin Eye Lens  Whole Body
{Column No.) M 2 (3 “ (5) 0] @) (8) (9 (10}
50% PWR .
H-3 0.00E+00 0.00E+00 4.99E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 §.99E-01
Kr-85 2.81E+03 2.28E+03 2.17E+03 2.90E+03 3.10E+03 1.26E+03 2.12E+03 2.35E+05  0.00E+00 2.37E+03 -
Total ~ 2.61E+03 2286403 2.17E+03  2.00E+03  3.10E+03 196403 2126403  2.35E+405  0.00E+00 2376403
The source term for the lens of the eye is given as zero (0) since the principal contributor Kr-83m has decayed to negligible activity after 10 years.
CONVERSION OF SOURCE TERM
Source Conversion Source
{rem/hr per Factor  {rem/sec per
FAImA3) (sec/hr) FA/ImA3)
(Column No.) ' ($)) 2 @)= (1¥2)
Gonad ZB1E¥03 JE0EFUT  1.25E0T
Breast 2.28E+03 3.60E+03 6.33E-01
Lung 2.17€E+03 3.60E+03 6.04E-01
R Marrow 2.90E+03 3.60E+03 8.06E-01
B Surface 3.10E+03 3.60E+03 8.61E-01
Thyrold 1.26E+03 3.60E+03 3.50E-01
Remainder 2.12E+03 3.60E+03 5.89E-01
Skin 2.35E+05 3.60E+03 6.53E+01
Eye Lens 0.00E+00 3.60E+03 0.00E+00
hole Body 2.37E+03 3.60E+03 6.58E-01
OFFSITE DOSES FOR GROUND RELEASE (No Fiitration Credit for Gases)
Source B 100 m Offsite Dose 41000 m Offsite Dose 5000 m Oftsite Dose
rem/sec per #of Release Mitigation xjiQ 100 m xa Dose xXa Dose
FAIm*3 FA's Fraction Factor sec/m*3 rem sec/m*3 rem I sec/m*3 rem
(1); from Col. {(3) 6=y 8)=(11'(2)* =Y 2)
(Couma) above @ @ . W ) e " sl ® e \
Gonad 7.25E-01 8 3.00E-02 1.00E+00 5.54E-04 9.64E05 - 6.84E-06 1.19E08  1.44E-05 2 51E-06
Breast 6.33E-01 8 3.00E-02 1.00E+00 5.54E-04 8.42E-05 6.84E-06 1.04E-06 1.44E-05 2.19E-06
Lung 6.04E-01 8 3.00E-02 1.00E+00 5.54E-04 8.03E-05 6.84E-06 9.91E-07  1.44E-05 2.09E-06
R Marrow 8.06E-01 8 3.00E-02 1.00E+00 5.54E-04 1.07€-04 6.84E-06 1.32E-06  1.44E-05 2.78E-06
8 Surface 8.61E-01 8 3.00E-02 1.00E+00 5.54E-04 1.14E-04 6.84E-06 1.41E-06  1.44E-05 2.98E-06
Thyrold 3.50E-01 8 3.00E-02 1.00E+00 5.54E-04 4.65E-05 6.84E-06 §.74E-07  1.44E-05 1.21E-06
Remainder 5.89E-01 8 3.00E-02 1.00E+00 5.54E-04 7.83E-05 6.84E-06 9.66E-07 1.44E-05 2.04E-06
Skin 6.53E+01 8 3.00E-02 1.00E+00 5.54E-04 8.68E-03 6.84E-06 1.07E-04  1.44E-05 2.26E-04
Eye Lens 0.00E+00 8 3.00E-02 1.00E+00  5.54E-04 0.00E+00 6.84E-06 0.00E+00  1.44E-05 0.00E+00
Whole Body - 6.58E-01 8 3.00E-02 1.00E+00 5.54E-04 8.75E-05 6.84E-06 1.08E-08  1.44E-05 2.28E-06
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BEST ESTIMATE SUMMARY OF DOSE CALCULATIONS

Waste form Inhatation Dose (Rem) I :o!. Submersion/Extemal Dose (Rem) I lor.":l Sum of Inhalation and Submersion (Rem) D?t? Tf"';‘ for

egulation ulatio! gulation

{Coksmn) (8)] @) (3) 4) (5) (M) +(4)  (B)=(2) +(5)  (9)=(3) +(6)

50% BoundingPW  100m 1000 m 5000 m 100 m 1000 m 5000m 100 m 1000 m 5000 m

Gonad ' T.12E-04 8.67E-08 2.03E-05 9.64E-05 1.19€-08 2.51E-08 8.69E-04 9.86E-068 2.28E-05

Breast 6.00E-04 8.74E-08 1.68€-05 8.42E-05 1.04E-08 2.19E-08 6.85E-04 71.78E-08 1.80E-05

Lung T.43E-03 8.33E-05 1.95E-04 8.03E-05 9.81E-07 2.09E-06 7.51E-03 8.43E-05 1.97E-04

R Mamow 2.47E-03 2.771E-05 8.49E-05 1.07E-04 1.32E-08 2,78€E-08 2.58E-03 2.91E-05 6.77E-05

B Surface 2.35E-02 2.64E-04 §.18E-04 <CDE 1.14E6-04 1.41E-08 2.98E-08 2.36E-02 2.656-04 8.21E-04 <CDE

Thyrold 2.04€-03 2.20E-05 5.35E-05 4.865€-05 5.7T4E-07 1.21E-08 2.08€-03 2.34E.05 5.47E-05

Remainder 1.66€-03 1.86E-05 4.35E-05 7.83E-05 9.66E-07 2.04E-08 1.736-03 1.96E-05 4.55E-05

Whole Body 2.73£-03 3.07€-05 7.186-05 <CEDE 8.75E-08 1.08E-08 2.28E-08 <DDE 2.82E-03 3.18E-05 T41E05 <TEDE=CEDE+DDE

Eye Lens NA NA NA <EYE 0.00E+00 0.00E+00 0.00£+00 <EYE 0.00E+00 0.00E+00 0.00E+00 <EYE

Skin NA . N/A NA <SKIN 8.68E-03 1.07E-04 2.26E-04 <SKIN 8.68E-03 1.07E-04 2.26E-04 <SKIN

Note: Bolded quantities are added together to calcutate “CDE + DDE™: 2.36E-02 2.65€-04 6.20E-04 <CDE + DOE
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Title: Preliminary Design Basis Event Calculations for the MGR ' Attachment IX
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Figure IX-1. Hand Calculation (Page 1 of 3)
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Figure IX-1. Hand Calculation (Page 3 of 3)
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Ax
Attachment X — Crane Data from the U.S. Navy a“\\,_(q 13
Crane Drop Frequency ona\ X-3

The crane drop frequency for heavy crane lifts at the MGR was estimated based on crane lift information
from the L-8-blavas Newport News Shipbuilding facility (see page X-2! faxed information from D.
McKercher to L. Booth). The total number of lifts for non-magnet cranes, during 1996 and 1997, was
933,000 (page X-2). Magnet cranes were excluded because magnet cranes are not expected to be used
in the MGR surface facilities. The number of dropped loads for non-magnet cranes during this same time
period was 13 (page X-2). Based on the above information, the crane drop frequency for heavy lifts at
the MGR is calculated to be 1.4E-5 drops per lift (13 drops /933,000 lifts).

This drop frequency was used as the initiating event for crane drop events involving transportation casks,
all types of canisters, and disposal containers. The drop frequency is an integral number to calculate the
overall event frequency for a sequence of events and has a material effect on the event category (i.e.,
Cat. 1, Cat. 2 or BDBE). It is expected that this number will be further scrutinized and refined as
additional information is gathered.

Note: The drop frequency for individual spent fuel assemblies handled in the Assembly Transfer System
is based on historical data on fuel handling accidents at commercial nuclear power plants (see
Assumption 3.4.1 and Reference 7.23).

Two-Block Probability

in a typical two-block crane event the load is lifted up to the highest point physically possible, usually in
an uncontrolied 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. Schiichting to J. Kappes, page X-3 through X-4).

Based upon the Department of the Navy information (see graph of “Accident Types” on page X-4), the
total number of dropped load accidents which ocurred between 10/94 and 9/96 was 45. The graph on
Page X-4 notes that accidents may be counted in more than one type of category. Based on this same
graph, the number of two-block events during the same time period was 11. The two-block events in this
graph are conservatively assumed to be a subset of the 45 total dropped load events. Therefore, the two-
block probability was calculated to be 0.24 (11 two-biocks/45 dropped loads).

Civilian Radioactive Waste Management System
Management & Operating Contractor
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To: Jim Kappes Fax: 702-295-4230

From: Dave McKercher Date:  .11/12M8

Re:  (Crane Lift Information Pages: |

cc:

O Urgent % For Renvow 3 Please Cornmant 3 Plesss Reply ) Plesss Recycle

[ ] M L ] L [ ] L e L J L] L)

Notes: As discussed, the lift and accident information that we provided
~ Louie Booth on 5/11/98 came from our crane accident data base. Itis
| -ﬂpt'copy right protected and you are free to use it in the “Crane Drop
Frequency” paragraph you faxed me on 11/10/98 subject to deleting

{he words “U.S. Navy” in front of Newport News Shipbuilding.
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. . : JAK
Newport News Shipbuilding’s Crane Lift Information S

05/11/98

Bridge and Gantry Crane Lifts

agpet Cranes Qther
1997 604,000 518,000 1,122,000
1996 376,000 415,000 591,000
Total 1,180,000 933,000 2,113,000
Number of Dropped Loads
Magnet Crancs Other otal .
1997 3 [ 3
1996 4 8 12
Total 7 REN 20
Lifts/Dropped Loads
nes Qther Total
1997 201,333 103,600 140,250
1996 144,000 51,875 82,583
Total 168,571 71,769 105,650 y

%r:%;é =

“ez- 295~ 4'2

i"lal— 146~ 425 4/'/‘ D“‘uc’ c‘é’z&k‘#

4p1-380-259%
g @UETIONS

S
CAX e 2

(247) 3807

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Prcclosure Design Basis Event Calculations Attachment X
D! No.: BC0000000-01717-0210-00001 Rev 00 Page: X-‘?'of X-:s;

JAK i3

DEPARTMENT OF THE NAVY
NORTMERN DIVESION )
NAVAL FACLITIES ENGINEERING COMMAND
10 NOUSTRIAL HIGHWAY
ML STOP, 982
LESTER, PA 9113-2090 5720/98-140 W REPLY REFER TO

24 April 1998

MR JAMES KAPPES

DE&S

400 SOUTH TRYON ST
CHARLOTTE NC 26201-1004

Dear Mr. Kappes:

This is in response to your Freedom of Information Act
request dated 16 April 1998. As a matter under the Freedom of
Information Act, it was referred to this office for action.

In accordance with your request, the enclosed information
is provided. Should you have any further inquiries, please
identify control #98-140 in your correspondence.

The cost associated with processing your request have been
waived.

Sincerely,

Y atiot

KATHLEEN M. SCHLICHTIggj;
Freedom of InformaTion
Act Coordinator

By direction of the
Commanding Officer

Civilian Radioactive Waste Management System
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Accident Types

50
[ 10/94-9195
40 - 10/95-9/96

1] DT R AAERE R

204}t

10

Injury Dropped Over- Load Crane Other
Load Load Block Collision Collision

* Accidents may be counted in more than one type category.
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PRELIMINARY DRAFT

MEMORANDUM

TO: Kelvin Montague
CC: Dale Ambos, Paul Fransioli, Frederic Godshall, Keith Kersch

FROM: Walt Schalk, Doug Landwehr

RE: PRELIMINARY DRAFT Requested x/Q values
" Date: 07 May 1998

Objective:

To provide the Design Basis Engineering Group with “prefiminary” maximum overall
site x/Q and maximum sector %/Q values at the 50% exceeded and the 5% exceeded
levels for the “fence-line” distance of 5000 meters.

"Methodology:

2/Q values will be calculated using the methodology outlined in Section 1.3.1 of NRC
Regulatory Guide 1.145 (NRC-RG-1.145). The sigma-y and sigma-z curves shown in
Figures 1 and 2 of NRC-RG-1.145 were approximated using equations derived by
Tadmor and Gur (Till and Meyer, 1983), and Martin and Tikvart (Till and Meyer, 1983),
respectively. The building wake and plume meander correction factor, M, curve of NRC-
RG-1.145 equation (3) shown in figure 3 is approximated using the equation used in the
PAVAN code (NRC, 1982).

Queries of the meteorological database and calculations by Microsoft Access 97 were
designed to calculate all x/Q values, and select the appropriate value according to NRC-
RG-1.145 guidance. A cumulative probability distribution 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 ¥/Q versus probability and select the %/Q value that was exceedéd 50 percent
and 5 percent of the time. The %/Q values were then grouped into 16 sectors based on
wind direction. Excel 97 was used to generate cumulative probability distributions and
plots of ¢/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 1 of 3
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PRELIMINARY DRAFT

Da;a;

The data required to complete these calculations are hourly 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 are from the 10-meter level of the same tower. The NTS-60 tower
is located approximately 1100 meters from the proposed Repository Operations Area

(North Portal). The hourly data used are from 1993 to 1996, inclusive.

sumptiogs:

Equation (1) in NRC-RG-1.145 includes building wake effects through the use of a factor
representing the smallest cross-sectional area of the reactor building. Since we do not
now the dimensions of the proposed facility, we have taken the conservative assumption

of 0 m? for this factor. As aresult, this maximizes the ¢/Q calculated by this equation.

Results:
Preliminary Dispersion Estimates at 5 km from the source
MAXIMUM MAXIMUM

50% Exceeded 5% Exceeded

¢/Q (sec/m3) 1/Q (sec/m?3)
Overall Site 1.84E-06 2.97E-05
N 8.18E-06 2.97E-05

NNE 4.54E-06 263E05
NE 1.7T2E-06 3.02E-05
ENE 2.28E-07 3.48E-05
E 2.00E-07 3.34E-05
ESE 3.04E-08 2.97€-05
SE 2.85E-08 2.99E-05
SSE 351607 1.99€-05
s 1.09E-06 1.60E-05
SSW 1.84E-06 2.38E-05
sw .  2.25E-08 2.74E-05
wWsW 4.40E-06 3.41E-05
w 7.56E-06 3.95E-05
WNW : 1.14E-05 4.20E-05
NW 1.44E-05 3.97E-05
NNW 8.59€-06 3.26E-05
e 1.44E-05 4.20E05

- PRELIMINARY DRAFT
_Page 20f3
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PRELIMINARY DRAFT

iscussion;

The calculation results shown in the previous table are the maximum 50 percent and 5
percent exceeded ¢/Q values for the overall site and for each sector. The maximum 50
percent exceeded value is 1.44E-05 sec/m’ and the maximum 5 percent exceeded value is
4.20E-05 sec/m’.

The recipient is cautioned that these values are 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-SIII-2, and a QA document will be released.
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