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1. Purpose

The purpose of this study is to document the resuits 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 80 (Ref. 7.53). A piimary 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:

s System description documents (SDDs)
LA design

s Quality Assurance (QA) and seismic classification of SSCs

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

1) Carrier/Cask Transport System

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

4) Canister Transfer System

5) Assembly Transfer System

8) Disposal Container Handling System

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

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

2. Method
2.1 Introduction

Preliminary preclosure design basls event (DBE) scenarics for the susface and subsurface
operational areas of the MGR were developed and analyzed. Events which could potentially result in
a radiological release were identified based on multiple sources, including the Preliminary MGDS
Hazards Analysls (Ref. 7.10), reference VA design drawings, discussions with the Surface Design
organization, and analyst experience and judgement. Calculations were then performed to detenmine
both the frequency of occurrence and the radiological consegquences 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 f210?
2 10° <f<10?
Beyond Design Basis Event s

The focus of the analysis was on Caiegory 1 and Category 2 events, consistent with guidanca 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 esvents were

Civilian Radioactive Waste Management System
Management & Operating Contractor
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evaluated similar to Category 1 and Category 2 DBEs. Although ﬁne 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 (ie., worst-case drop from the maximum crane height physically possible) with the HVAC
system unavaflable to mitigate the release. If the initiating event frequency Is assumed to be 7.3E-3
drops per year for all drop events, the two-block event probability Is assumed to be 0.24 (24%), and
the HVAC system unavailabllity 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 dropsfyear) 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 individuat organ dose may be more Emiting 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
mode! uses Input parameters and assumptions which reflect a degree of conservatism that would be
expected In &8 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., Regulalory Guide 1.145, Ref. 7.6). Inputs and assumptions for the best estimate
mode! are expected to be more realistic and contain a higher degree of uncertainty. Best estimale
and conservative doses were calculated for most events because (based on percelved NRC
interpretation of 10 CFR 60) it is befieved 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 1o get a
qualitative sense of the uncertainty range, based on the varable inputs and assumplions. The
specific paramelers 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 intemal DBEs (e.g.,
drop events) and other external DBEs (e.g., loss-of-offsite power events). Consequence anatysis of
selsmic-initiated events indicated whether or not SSCs are important to safety and provided a basis
for assigning a seismic frequency classification {i.e., Frequency-Category-1 or Frequency-Category-
2). The seismic analysis, which addressed each major function of the MGR separately, also produced
design options that would satisfy the radiological dose requirements from 10 CFR 60. The
methodology used for selsmic 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 leve! of detail sufficient for NRC review. Important
to Safety, with reference to SSCs, Is defined in 10 CFR 60.2 as “..those engineered features of the
repository whose function Is: -

(1) To provide reasonable assurance that high—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 individua! located on or beyond any point on the
boundary of the preclosure controlied area.”

Civilian Radioactive Waste Management System
Management & Operating Conlractor



Title: Preliminary Preclosurs Deslgn Basis Event Calculations for the Monitored Geologic Repository
D1 No.: BCO000000-01717-0210-00001 Rev 00 Page: 8 of 46

2.2 Dosa Calculation Parameters U

The general equations for calculating the TEDE dose to the offsite public, for any given event are
provided in Attachment IX, Dose Calculation Data. Altachment IX contains detailed information on
the dose calculation methodology employed in this report, and provides a sample dosa 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 wera 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 analysls and on established nuclear licensing precedence, where applicable
(References 7.3, 7.6, 7.11, 7.18, 7.23, 7.29, 7.41, 7.43, 7.44, 7.53, 7.56, 7.59). The following sections
desciibe the various parameters required to evaluate dose consequences. Conservative and best
estimate assumptions for each parameter are identified in Section 3.1.

221 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 temmn for a given DBE Is a function of the fuel type and fuel
characteristics, including burnup, enrichment and decay time. The conservative model attempted to
capture the worst-case scenario for each DBE and, therefore, used the most conservative fuel
possible from a radiclogical dose perspective. The best estimate model represents the most-likely
scenario and utilized the average fuel type and characteristics for a given event and location. )

The radionuclide source terms are grouped into inhalation and submersion source terms. The J_/
inhalation source terrns are formed by the radionuclides available for release if engineered barriers N
(i.e., cask, canister, disposal comtainer or fuel rod) are breached. The inhalation dose Is received

when a person Is enguifed by the released radicactive 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 extemal 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 temm radionuclides was evaluated for its dose contribution to the gonad, breast,
lung, red mastow, 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 physlcal characteristics (Ref. 7.44). For example, the source tenms for
Cs-134, Cs-137 and Ru-106 were combined into a single "Cesium"” source tenmn to facilitate the dose
calculations. The radionuclide groups included Particulates, Noble Gases, lodines, Ceslum, Tritium,
Strontium, and Crud (surface deposits on fuel rods whose primary radionuclide Is Co-60). For

additionat detail regarding the source temn 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 conseryative 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 PVWR and BWR assembilies, 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 sinca it bounds
the inhalation dose for the bone surface and whole body, when compared with other glass waste

Civillan Radioactive Waste Management System
Management & Operating Contractor
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(Ref. 7.11). Other types of canistered waste, including canistered PWR/BWR and N-Reactor fuel,

were also evaluated for events in the canister transfer system (CTS).

For DBEs Involving individual commercial spent nuclear fuel (SNF) assemblies, the 100% Bounding
(PWR) fuel was used for the Conservative case whereas the 50% Average SNF inventory was used
for the Best Estimate source term. The 50% Average SNF source terms (Curies/Assembly) were
obtained from the LWR Radiological Characteristics Database (Ref. 7.12), based on the average fuel
characteristics specified in the Controlled Design Assumptions Document (Key 004, Ref. 7.7). The
50% Average fuel is Intended to estimate the fuel characteristics of the average commercial SNF

assembly that will be received at the repository (see Table 2.2-2).

Tables 2.2-1 and 2.2-2 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
Fue! Container Best Estimate (rem/FA) Conservative (rem/FA)
Transportation Cask 50% Average ENF PWRBWRDBF
CSNF Assembly 50% Average SNF 100% Bounding PWR
. . DHLW DBF, PANR/BWR DBF and | DHLW DBF, PWR/BWR
Disposable Canister N-Reactor DBF and N-Reactor
Disposal Container 50% Average SNF ' PWR/BWR DBF
Table 2.2-2 - Fuel Characteristics
Fue! Characteristics
Burnup, Enrichment | Decay Time ;

_Fuel Type _ (MWDMTU) (%) yrs) Reference

50% Average PWR 39,560 3.68 25.9° 7.12
| 50% Average BWR 32,240 3.00 27.2° 712
 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 7.41

* 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 25.8 years for output in “Curies by Isotope”

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

2.2.2 Release Fraction

In this report, the tenmn “release fraction” includes the fraction of radioactive gases that is released to
the environment as well as the fraction of airborne radioactive particulates that could be transported
through the air, inhaled, and deposited in the deep lung (Note: the particulate release fraction is

equivalent to the respirable fraction defined in Reference 7.40).

 Release fractions for all of the waste forms evaluated in this calculation (e.g., high-level waste glass,
spent fuel assemblies, etc), for both the conservative and best estimate models, are based on
conservative release fractions accepted by the NRC in NUREG-1536 (Ref. 7.43) for commercial
spent nuclear fuel (CSNF) radionucfides, with the exception of particulates. For particulates, the total
release fraction is equal to the sum of the respirable fraction avaiflable in the fuel matrix and the PULF

fraction (if applicable, as described in Section 2.2.3) generated by impact rupture of the fuel matrix.

Civilian Radioactive Waste Management System
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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 iiradiation in the reactor and normal fuel handiing)
and available for release upon failure of the cladding. The gap release fraction Includes gases,
volatile specles and solids (particulates). The gap fraction of padiculates Is reduced by the

aerosolizable fraction. For dose evaluations, the padiculate 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 ali waste forms evaluated herein.

Table 2.2-3 -Release Fractions for Consequence Analysis

Nuclide Group | Release Fraction Reference
Particulates 2.0E5 7.2

. Crud (Co-60) 0.15 7.43
H-3 030 7.43
Kr-85 0.30 7.43

| lodines 0.10 7.43
Cs-134 2.3E-5 7.43
Cs-137 2.3E-5 7.43
Sr-90 2.3E-5 7.43

223 PULF Fraction

The PULF fraction is the fraction of airbome, 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 |, is based on studies by Mecham (Ref. 7.4) and
Jardine (Ref. 7.5) at Argonne National Laboratory. Since a portion of the impact energy Is absorbed
by the metallic components in a commerclal spent fuel assembly, an energy pattition 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.

2.24 Fuel Rod Failure Fraction

A fuel rod dladding failure probability Is required to determine the source term that is available for
releases during a DBE Involving CSNF. NUREG-1538 (Ref. 7.43) was used as a basis for both
consefvative and best estimate calculations. The values used in this report are expected to be
somewhat conservative In both cases, the fuel rod fallure probability was only applied if the DBE
resulted in an impact that exceeded the assumed design basis of the applicable wasts fornm/container
(i.e., cask, canister, SNF assembly, or disposal container). For example, a disposal contalner drop
from 2.1 meters (2 meters is the disposal container design basls drop height) is assumed to result in
a breach of the disposal container and failure of 10% of the fuel rods insids. In realily, this is
expected to be quite conservative since no credit is taken for energy absorption by the structural
components of the fuel assembly or by the disposal container itself.

Civilian Radioactive Waste Managemenpt Syste
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Y

‘The fuel rod clad failure probability as described hereln 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., & 1-meter DC
drop), it was assumed that no radiological release would occur.

225 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 XJ).
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 2.2-6 — Atmospheric Dispersion Factors

Dose Model £/Q Value (sec/im’) Basis

Conservative 4.20E-5 85% Yucca Mountain y/Q

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

An adult breathing rate of 3.3E-4 m*/s (20 liters/min) was assumed for afl dose calculations, including
both conservative and best estimate. This is based on the breathing rate for “reference man®
established in Reference 7.47 and accepted by the NRC for accident analysis (Ref. 7.43). This
breathing rate is based on the volume intake of air for “light aclivity™ and is considered to be

appropriate for DBE accident scenarios resulting in short-term (< 8-hour) exposures to the public at
the 5-km site boundary. ,

227 Dose Conversion Factor

Dose conversion factors (DCFs) for converting source temms 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 DCF's Is consistent with NRC guidance in NUREG-1536 (Ref. 7.43).

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

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

2.28 Mitigation Factor

The mitigation factor, as defined hereln, Is the fraction of sirbome radioactive particulate material that
Is retained by a confinement area through natural mechanisms (e.g., gravitationa! 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 fittering 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 cuirent HVAC design (Ref. 7.17), which indicates
a bank of three fillers In serles 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 (.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 bariers, 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 varlous waste bariers 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.

229 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
caleulating event frequencies. HVAC availability was considered as a conditional probability in every
event sequence evaluated. The significance of HVAC availability is twofold: (1) t 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 fiters and
result in a negligible dose at the site boundary.

The current HVAC design analysis, Surface Nuclear Facilities HYAC Analysis (Ref. 7.17), describes
three confinement zones for the WHB: primary, secondary and tertiary. Primary confinement
ventilation zones are "normmally contaminated areas...where nuclear materal is exposed and
unprotected by any qualified process enclosure, sealed shipping or disposal container, or the transfer
pool water, and the associated ventilation system.” Secondary confinement ventilation zones are
*areas with high potential for contamination...where the handled nuclear material is in a process
enclosure, in unloading preparation stages, in lid welding stages, or in the transfer pool, and the
associated ventilation system.” Tertiary confinement ventilation zone “areas are usualily 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 pressurs differential and
tertiary confinement zone having the highest negative pressure differential.

The particular HVAC system ventilation zones are important to this analysis because of their impact
on the mitigation factor which is applied in DBE consequence analysis calculations. Based on a
review of Reference 7.17, it is assumed that tertiary ventilation confinement zones will not have a
HEPA-filtered ventilation exhaust systern, 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 HYAC unavailabiiity assoclated 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 assoclated HVAC unavailabilities are applicable to
this analysis (see Attachment Vil for fault tree calculation of HVAC Unavailability):

WHE 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 4.8E4

Canister Transfer System Secondary 4.8E-4

Disposa! Container Handling System Secondary 4.8E-4

The calculated HVAC unavailabllities (see fault tree, Attachment VIli) are based on a simplified,
conservative modet 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 seres (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 avallability numbers, as appropriate.

3. Assumptions
3.1 General Assumptions

3.4.1 ks 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 fo select the atmospheric dispersion factors for calculating offsite doses.

This assumption Is used in ali offsite dose calculations.

3.1.2 ltis 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 assumplion is used in all offsite dose calculations.

3.1.3 The preliminary DBE analysls 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 comresponding fuel containers (e.g., disposal contalner).

This assumption is used in all offsite dose calculations.

314 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., PYWR DBF). ‘

This assumption is used in all oﬁéite dose calculations.

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

This assumption is used in ali offsite dose calculations.

3.16 It is assumed that an additiona! 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 1, Is assumed to be & finear function of the equivalent drop height for a
given event.
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317

3.1.8

3.1.9

3.1.10

31N

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 fom
{e.g., transportation cask, dispesal 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 assembilies), 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 Mountaln 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 adult at the site boundary has a breathing rate of 3.3E-4 m¥s.
This is based on the “reference man” breathing rate established in Reference 7.47.

This assumption is used in all offsite dose calculations.

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

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

HVAC system unavailability is assumed to occur as the result of a single fan motor
failure or seal failure. Furthemmore, it is conservatively assumed that without active
HVAC ventilation there will be a loss of pariculate confinement, and radioaclive
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 fiter has an efficlency of 99.97%
(0.9597) for particles less than 0.3-um diameter (Ref. 7.38). This efficiency Is assumed
to be conservative for filtering radionuclide parliculates with a aerodynamic equivalent
diameter (AED) of less than 10-um (assumed to be the cutoff diameter for respirable
particulates). Based on this filter efficlency, a mitigation factor of 3.0E-4 (i.e., 1.0-
.9997) is assumed to be applicable for all particulate radionuclide releases postulated
to occur when HVAC ventilation is available.

This assumption is used in all offsite dose calculations involving mitigated DBEs.
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3.2

3.1.14

3.1.15

3.1.16

31147

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

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

It is assumed that passive HEPA filters remain functional for 24-hours foliowing 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 &8l offsite dose calculations Involving DBEs initiated by a
loss-of-offsite power.

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

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

Carrier/Cask Transportation and Handling Assumptions

3.21

322

323

324

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

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

The design baslis drop height for transportation casks Is @ meters (30 feet) (Ref. 7.59)

-with impact limiters and 2 meters (6.6 feet) without impact limiters (Ref. 7.60).

This assumption Is used in Section 5.1, Section €.1 and Attachment Il

The average heavy-lift drop frequency Is 1.4E-5 per lift, based on heavy-fift crane data
from Newport News Shipbuilding (Attachment X). This assumption is used in Section
5.1, Section 6.1 and Attachment .

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 I

3.3 Canister Transfer System Assumptlbns

Assumptions 3.3.1 through 3.3.5 may apply to DBES involving any éanistered fuel, including high
leve! waste canisters (HLWCs), commercial SNF (CSNF), N-Reactor fuel or MCO particulate
inventory:
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3.34

3.3.2

3.3.3

334

3.3.5

High

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 Ill.

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 lited once - out of the transportation cask and into the disposal container.

This assumption is used in Section 5.2, Section 8.2 and Attachment lll.

For drop events, it is assumed that the average crane drop frequency for normal
operations is 1.4E-5 drops per liit, based on heavy-lift crane data from Newport News
Shipbuilding (Attachment X).

This assumption is used in Section 5.2, Section 8.2 and Attachment 11l

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 hock height).

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

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 IIl.
Capi

Assumplions 3.3.6 through 3.3.9 apply specifically to DBES involving HLWCs and canistered CSNF:

336

3.3.7

It is assumed that canisters received in the CTS are able 10 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 8.2 and Attachment 1ll.

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 nommnal
operating height, was omitted as a result of human eror after maintenance of the
crane. For the screening event tree shown In Attachment ll], it was assumed that an
efror 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 assumgption Is used in the “canister drop™ event tree (events CTS001-CTS007)
shown in Attachment l11.
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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 & 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 “joss-of-offsite power event trees
(events CTS002-CTS003 and CTS010-CTS01 1) shown in Attachment IIl.

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

This assumption is used in the “canister drop® event tree (events CTS004-CTS005)
shown in Aftachment itl.

N-Reaclor Fuel

Assumptions 3.3.10 through 3.3.21 apply spedﬁca!ly to DBES Involving N-Reactor fuel and MCO
particulate inventory in the CTS:

3.3.10 ltis assumed that the total number of MCOs arriving at the repository over 20 years Is

331

3312

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

This assumption Is used in Section 5.2, Section 6.2 and Attachment Ili.

It Is estimated that 1 out of 400 MICOs recelved 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 assumpfion 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 reposttory (Ref. 7.50);

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

C) a probability of 0.5 that the amount of residua! water will be underestimated due to
human ermor (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 transfemred fo either lag storage orto a
disposal container (DC). During this operation, it Is assumed that the MCO is lited to a
height of 20.€ feet, then accidentally dropped onto the CTS ficor and breached. Since
the MCO is deslgned to withstand only a 0.6-meter (2.0-fool) (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 feef) in the CTS. However, since there Is no data to rule
out the possibility that an MCO will remain intact afler impact, an MCO breach
probability of 0.98 is assumed.

This assumption is used In Section 5.2, Section 6.2 and Atiachment Ill.
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3.3.13

3.3.14

3.3.15

3.3.18

33.17

3.3.18

3.3.19

3.3.20

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

This assumption is used in Section 5.2, Section 6.2 and Attachment lil.
Since the MCO Is expected to be pressurized above 25 psig by hydrogen and/or water

vapor, an airthomne 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 11l

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 bul 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 8.2 and Attachment lll.

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 seif-
sustained oxidation (.e., combustion) are very similar (Ref. 7.40).

This assumption Is used in Section 8.2 and Attachment ).

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 ar@ no reactive particles immediately
remalning 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 inifial 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 III.

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 Ill.

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

341

34.2

343

344

345

3.4.6

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

This assumption Is used in Section §.3, Section €.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 fioor {i.e., the assemblies and baskels are ralsed up to the fixed stops that limit
further lifting In the assembly transfer machines), thereby maximizing the distance that
the baskets are assumed to fall In the various DBEs analyzed. These distances will
differ for the PWR and BWR baskets and assemblies due to the difference in basket
and assembly heights (or lengths). Furthermore, the shortest BWR assembly and
assembly basket is conservatively assumed in the analysts 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 commerclal spent nuciear fuel assemblies is assumed to be emplaced in the
year 2016. in that year, it is assumed that the wet assembly transfer machine will
transfer 10,519 assemblies from the cask unloading pool to the assembly staging pool
into assembly handling baskets (one lift per assembly is required). Also In year 2016,
the wet assembly transfer machine Is assumed to load a total of 2088 basketls (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,

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

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

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

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

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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3.5

347

3438
349

34.10

3.4.11

length of 111.8 in (Ref. 7.13). The BWR fuel type is assumed {o 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 8.3 and Aftachment IV.

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

This assumption is used in Section 5.3, Section 6.3 and Attachment IV.
Not Used.

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

This assumption is used in Section 5.3, Section 8.3 and Attachment V.

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

This assumption is used in Section 5.3, Section 8.3 and Attachment IV.
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.

Disposal Container Handling System Assumptions

3.51

3.5.2

353

354

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

This assumption is used in Section 6.4 and Attachment V.

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

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

It is assumed that 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 8.4 and Attachment V.

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

This assumption is used in Section 5.4, Section 8.4 and Attachment V.
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355

3.56

3.5.7

358

3.5.9

35.10

3.5.11

It is assumed that the sealed DC is designed to withstand a tipover from a vertical
position with slap down onto & fiat, unyielding surface without breaching (Ref. 7.9, TBV-
245).

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

it is assumed that the heaviest DC is the Naval Fuel DC with a loaded mass of £3,000-
kg (Ref. 7.8).

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

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

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

It is assumed that the DC outer diameter Is between 1.25m (4.1 f) and 2.00 m (6.6 f1)
(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 1.4x10° per Uift,

‘based on heavy-lift crane data from Newport News Shipbuilding (Attachment X).

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

It Is assumed that the two-block crane event (i.e., drop from the maxdmum height
physically possible) probability Is 0.24. In effect, this assumes that 24% of all crane
drops are two-block events. This Is based on heavy-lit crane data from Newport News
Shipbuilding (Attachment X).

This assumption Is used in Section 5;4. Section 6.4 and Attachment V.

It is assumed that the equivalent drop height for a DC slapdownAipover (for particulate
release calculation) Is equal to the distance from the ground to the top of the longest
DC (6.20-m).

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

3.6 Waste Emplacement and Subsurface Facility System Assumptions

3.6.1

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, Section 6.5 and
Attachment V1. )

It is assumed that the WP, while in a vertica! orientation, can withstand the impact of a
25 MT (55,000 1bs.) object falling 3.1-m onto the side of the WP without breaching (Ref.
7.9, TBV-245).

This assumption is used to calculaie offsite doses In Section 5.5, Section 6.5 and
Attachment Vl.
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4., Use of Computer Software
4.1 Software Approved for QA Work

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

4.2 Software Routines

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

The variable input parameters used to calculate doses are described in Sections 2.2.1 through 2.2.8.
The process which was used to calculate doses is described in Attachment IX, and includes a sample
calculation from beginning to end. Attachment IX also provides hand calculations for a sample
problem, which verify the results obtained from the spreadsheet routine. All dose resuits presented in

this calculation were generated by the spreadsheet routine and verified by visual inspection and/or
hand calculations.

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

5. Calculations

5.1. Carrier/Cask Transport System (CCTS){SU16), Carrier Preparation Building Material
Handling System (CMHS)(3U08) and Carrier/Cask Handling System (CCHS)(SU09)

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

The Carrier/Cask Transport System moves transportation casks (rail and truck) and their carmiers
between the waste entry point of the MGR, the cask staging shed, and the waste handling
facilities. The Camier Preparation Building (CPB) facilitates the preparation of a waste
transportation cask for entering the waste handling facilties or for leaving the repository. This
system will house the equipment and support systems required for receipt/dispatch of
transportation casks, removalfinstallatien of personnel bamiers and impact limiters, inspection of
transportation casks, and staging carrlers awaiting transfer to other repository facilities or offsite.

The Carrier Preparation Building Material Handling System receives and inspecis rail and truck
shipping casks from the Canier/Cask Transport System. Carmier preparation operations for
camlers/casks received at the MGDS include performing a radiation survey of the camier 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 Irnpact fimiters, radiclogica! 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 muitiple cask
handling stations to maintain the waste emplacement and shipping schedules. Incoming casks
are prepared for waste unioading by unloading the casks from the carrler (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 camiers, truck cask
carriers, remotely operated overhead bridge cranes, gantry cranes, gantry mounted maniputator,
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 intemal events
postulated for the CCTS included a diesel fue! fire inifiated by the site prime mover (SPM) and a
drop of the transportation cask from the canier cradle initiated by gross failure of the carsier 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
qulescent ambient conditions, to provide an average emmissivity coefficient of at least o 9, with
an average flame temperature of at least 800°C (1475°F) for & 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 helights from 4.1 meters (61-BWR) to 7.2
meters (various 2-block events), were determined for camier/cask drop events (Attachment ).
The removal of the impact limiters changes the design basis drop height from &-m (30-)
(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 (approxdmately 6.6 feet) (Assumption 3.2.2) due to Table 5.1.1-2 of
RAI 12-8 of the responses to the NRC's RAI on the CISF TSAR (Ref. 7.60). Consequently, it was
assumed that a drop greater than 2-m would cause a breach of the cask. This assumption must
be revised if drop heights lower than 2-m (80 inches) are obtained for cask systems nol contained
in RAl 12-8. Table 5.1-1 lists the preliminary internal DBEs considered for the CCTS, CMHS and
CCHS.

Table 5.1-1 - Preliminarv Internal DBEs

Carrler/Cask Transport System

Fire/explosion &s result of ignition of diesel! fuel of site prime mover
Drop from carrier cradle during transport to CPB

Carrler Preparation Building Material Handling System
Impact limiter sling/spreader bar fafiure

Drop of impact imiters anto cask by CPB bridge crane
Canister/Cask Handling System

Crane two-block drop of cask

Crane drops cask during nommal 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 amival scenario ((ey 001 of Reference 7.7) combined with the heavy-haul -drop
frequency (Assumplion 3.2.3) was used lo determine the frequency of cask drop events. The
frequency of the postulaled DBEs range from 1.4E-6 to 2.5E-3 per year. These evenis are
credible and are classified as Categosy 2 per 10 CFR €0.
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Refer to Section 6.1 for a more detailed discussion of the DBE results.

5.2 Canister Transfer System (SU11)
5.21 System Description/Function (Ref. 7.70)

The Canister Transfer System (CTS) receives transportation casks without impact [imiters 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
direclly 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 temn (handled in a Multi-Canister Overpack (MCO)) was
obtained and used for the dose assessment of DSNF in the Canister Transfer System. Other source
terms may be more limiting than the N-reactor fuel and will be considered in future analyses, as
additional information becomes available.

Each of the two identical canister transfer lines contains an airlock, cask preparation and
decontamination area, and a canister transfer cell. Remote handling equipment consists of cask
transfer carts, cask preparation manipulators, and equipment for sampling, cask unbolting, lid
removal and decontamination. The canister transfer hot cells include a canister transfer station and
DC transfer cart supported by remote handiing 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 commerdial SNF
canister will require one [ift from the transportation cask to the disposal container. The maximum,
normal lift height for the HLWC is approximately 6.7 meters (22 feef) above the operations floor. The
worst-case postulated HLWC design basis event considers a drop of one canisler 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, nomal lift height for a Multi-Canister Overpack (MCO) loaded with N-Reactor fuel is
approximately 8.3 meters (20.8 feet) above the operations floor. The worst-case postulated MCO
design basls 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 0.8-meter (2.0-foot) (Ref. 7.52)
veitical drop on reinforced concrete, the MCO is not expected to withstand a drop from the nomal lift

height of 6.3 meters (20.6 feef) 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 temms for cther types of DOE-owned spent nuclear fuel become available, additional
analyses will be performed.

5.2.2 Preliminary DBEs

Reference 7.25 contains the intemal HLWC DBE scenarios considered for the CTS. Seismic initiated

DBEs were not analyzed in Reference 7.25. Seismic DBEs are presenfed 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 coliisions, drops onto
sharp objects, slapdowns, and potentia! 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 commerclal SNF may be received at the reposiiory, this
repori 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 maxdimum crane height onto the CTS fioor 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 [l

Reference 7.49 evaluated the internal MCO DBE scenarios considered for the CTS. Reference 7.50
determined that the bounding MCO DBE for the CTS is a 30.3-foot crane drop. This event is a drop
from the maximum crane height onto the CTS floor resulting in the breach of a single MCO. Based
on Assumption 3.3.10, the calculated MCO drop frequency is 5.6E-4 drops per year. Therefore, since
this frequency is between 1 0E-6/yr and 1.0E-2/yr, the bounding MCO drop Is determined to be a
Category 2 event.

Preliminary MCO DBE analyses (References 7.4 and 7.50) have been performed to calculate
maximum allowable radionuclide releases from the Waste Handiing Buliding (WWHB) and expected
buliding 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 Hy/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 lmit on an MCO is to prevent a hydrogen/uranium hydride
explosion/combustion event that could potentially result in overpressure failure of the WHB building
HEPA filters.

A total of 400 MCOs are expected to be received at the proposed repository after 20-40 years of
interim storage at Hanford CSB. Based on & review of data on bound water and particulate content in
the MCO, it Is apparent that after the cold vacuum drying process, some MCOs will not meet the
Disposability Interface Specification (DIS) requirement of 1.3-kg of water per MCO (Ref. 7.58). Itis
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 cha!lenge the integrity of the
VWHB HEPA filters from being received at the repository

It is estimated that 1 out of 400 MCOs (see Assumplion 3.3.11) received at the repository contains
‘amounts of hydrogen and uranium hydride that could potentially challenge the integrity of the WHB
HEPA fillers. Therefore, the probability of failing the WHB HEPA filters due to Hy/UH; explosion
overpressure Is equal to 2.5E-3 (=1/400). The -probability of HVAC or HEPA filter unavailability Is
4 BE-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+25E-3=208E-3

An event tree (see Attachment i) was constructed for the CTS DBEs using a crane failure and MCO
drop from the normal lift height of 20.6 fi 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-8 drops/yr Is calculated for
this event. The same event with HEPA filters available, i.e., CTS-108, has a frequency of 4.48E-4
dropsiyr.

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

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. 7.59)

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 operaled equipment to peiform 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 sufficlent to maintain the planned waste emplacement
schedules, and the system is designed with interchangeability and redundancy such that failures and
maintenance operations will not impact the schedule. The system is semi-automatic, such that the
operator initiates the function to be performned, and the system aulomatically performs the tasks

required for that function. The operator can operate the system manually and override the automatic
operation at any time.

The Camier/Cask Handling System interfaces with the ATS by transfening loaded casks and empty
casks, receiving and shipping dual-purpose canister (DPC) overpacks off-site, and unloading and
loading DPC overpacks on caniers. Three identical Assembly Transfer Lines are provided in the
WHB. Each line Includes an airlock, cask preparation area, pool area, and three hot cells for disposal
canister (DC) loading and transfer operations. The three lines are identical and are independent of

each other. The lines can be operated separately or concurrently to handle the waste transfer
throughputs and to support maintenance operations.

53.2 Overview of the ATS Operations

Transportation casks are transferred into the ATS cask unioading area from the Cask/Camier
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 unlcading 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

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Preclosure Design Basis Event Célculations for the Monitored Geologic Repository
DI No.: BC0000000-01717-0210-00001 Rev 00 Page: 25 cf 46

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
joaded with the number of assemblies that will exactly fill the respective DC being filied. If a DC with
a capacity of 21 PWR spent fuel assemblies Is being filled, then the appropriate number of baskets
containing the 21 fuel assemblies Is placed in the dryer.

After drying, the assemblies are Individually removed from the assembly drying vessel using the Dry
Assembly Transfer Machine. They are placed into &8 DC positioned below the DC load port. After
Installation of the DC inner lid sealing device, the DC is transferred by the DC transfer cart to the DC
decontamination cell. Here the top area of the DC, the DC lifting collar, and the DC inner kd sealing
device are all decontaminated and the DC is internally ineted. 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 Camier/Cask Handling System for shipment off-site (Ref.
7.28).

5.3.3 Preliminary DBEs

The preliminary DBEs evaluated for the ATS are based on events presented in the PHA (Ref. 7.29)
and the current design of the ATS (Ref. 7.28). The decontamination system missile event identified in
the PHA was determined to be not applicable since SNF assemblies are enclosed in either the
transporiation 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
Canier/Cask Handling System (Section 5.1).

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

The preliminary design of the ATS pool system Is being accomplished ln accordance with American
National. Standard ANSVANS-57.7 (Ref. 7.24). This standard stipulates that the heat storage
~ capabllity of the storage pool must allow adequate time for corrective action in case of a breakdown
of the cocling system. In the event of an earthquake or other extireme natural phenomena, sufficient
makeup water must be available to maintain safe storage conditions. R 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 cannol 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 radiclogical 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 veniitation confinement zones.
Therefore, events that occur in the hot cell use an HVAC unavallability 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 maxdmum 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 commerdal 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 Deslign Basis Event

Scenario Description

Vertical Drops | Assembly vertical drop in the cask

and End unloading 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 ficor {from maximum height in the wet
assembly transfer machine assembly handling tubs) with
one assembly breached

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

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

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

Approximately 2- to12-foot drop of one SNF assembly
(PWR, BWR, respactively) 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 Basls Event Scenarlo Description

Appreximately 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- tc 37-foct drop of an SNF assembly
(PWR, BWR, respectively) onto another assembly in the
DC (from maximum height in the dry assembly transfer
machine fue! assembly enclosure) with both assemblies
breached

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

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 assemblies
breached )

The Kist of DBEs can be divided into two groups: those that occur In the cask unloading poo! and the
assembly staging pool (wet drop events) and those that occur in the assembly handiing cell (dry drop
events). There Is a potential to drop assemblies in the poo! areas when being moved with the wet
assembly transfer machine as well as a potential to drop the baskets contalning the SNF assemblies
from the dry assembly transfer machine when they are lifted from the Iinclined transfer canal basket
and placed in the assembly dryer. In addition, there Is a potential to drop individual assemblies when
they are lified 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 calcutated drop frequency, the
expected rate of filling the DCs (one fift per assembly basket to transfer the basket to the dryer and
one lift per individual assembly to transfer each assembly from the dryer o 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 liftbasket x 1.8E-5 dropsfiit). The expecled drop frequency
for PWR assembly basket is 2.28E-2 dropsfyear (1266 PWR basketsfyear x 1 lift/basket x 1.8E-5
dropsfiift). For individual assemblies, the expecled drop frequency is 1.89E-1 dropsfyear (10,519
assembliesfyear x 1 lift/assembly x. 1.8E-5 dropsfliff). 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 Seclion 6.3.

Attachment IV presents the event trees developed for the Initiating events involving drops of individual
assemblies or full baskels containing SNF assemblies from the wet and dry assembly transfer
machines. The event tree sequences indicate the frequency of each drop event, irregardiess of the

consequences of the event. Dose consequernces for each event sequence are presented in Table IV-
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 contalning 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 fouith event trees (events ATS013-016) depict
frequencles for event sequences involving the dropping of individual PWR and BWR fuel assemblies,
respectively. The fifth tree (events ATS017-020) and sixth free (events ATS021-024) depict
frequencles 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 {o 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 Handling System (SU13)
5.4.1 System Description/Function (Ref. 7.71)

The purpose of the DC Handling System (DCHS) is to prepare empty DCs for loading of nuclear
materials, transfer DCs to and from the Assembly and Canister Transfer Systems, weld the inner and
outer lids, temporarily store loaded DCs before or after welding (as needed), 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. 1t should be noted that DCs are assumed to bes 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 ang 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 lited a nominal height of 0.6-m (2.0 feet) onto the welding
station tumtable or lited a nominal height of 0.3-m onto the DC staging area fixture for temporary lag
storage prior to welding. After the welding operation, the DC is either transferred to the staging area
for lag storage or transferred to the Tilting Station where it is lited a nominal height of 2.0-m (5.6 feet)
onto the tilting ficture. 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 (4.5 feet) in the Transfer/Decontamination cell, the horizontal transfer cart is
removed, the DC is positioned onto the subsurface transporier, and the DC is transported to the
underground emplacement area.

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

5.4.2 Preliminary DBEs

The Preliminary MGDS Hazards Analysis (Ref. 7.10) and the reference VA design drawings (Ref.
7.28) were used as a basis for identifying events that could potentially result in a radiological release.
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Potential impact and drop events assoclated with normal handling of unsealed DCs were consldered
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
§8Cs to initiate an event which exceeded the DC design basis. The vedical lit of the DC onto the
DC Tiiting 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, slapdownstipovers, falling masses and a welding bumthrough.

Slapdownsftipovers of an unsealed DC could occur at the welding station tumtable or the staging
area fidures. Drop events could occur during lifis 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 inltiate 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 Intemal events which
were evaluated for the DCHS.

Table §.4-1 - Potential Events in the DCHS

Event Group Event Description

Vertical crane drop of sealed WP or unsealed DC from normal operating ¥is mnging from
0.6-mtc 2.0-m

Drops 2.5-m hotizontal drop of sealed WP from horizontal kfting system
Off-normal DC drop due to faiture of one or more SSCs

DC transfer cart collision with shield door

DC transfer cart collision with heavy cbject

Unsealed DC slapdown from transfer cart

Unsealed DC stapdown from welding station turntable

Slapdowns/Tipovers
Unsealed DC slapdown from staging area fixture

DC stapdown from Titing Station

DC bridge crane falls onto unseated DC

Faling Mass Horizontal fifting system falls onto sealed WP

Welding equipment falls onto unsealed DC

" Other Weiding bumthrough of inner DC %d

Table 5.4-2 contalns the preliminary design basis evenis (DBESs) that were selected for further
evaluation. Frequency and consequence analyses were conducted on the DBEs shown below to
quantify their frequency of occumrence and estimate the public dose at the 5-km site boundary.
Detailed calculations and related event trees for each event analyzed (DCO1, DCO2,... 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.

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Preclosura Design Basis Event Calculations for the Monitored Geoclogic Repository
DI No.: BC0000000-01717-0210-00001 Rev 00 Page: 30 of 48

Table 5.4-2 - Preliminary DCHS DBEs

Event Group Event# DBE Description Location
VeticalDrop | DCO1, DCO2 m&" Drop (2-Biack Crane DC Tilting Station
Horizontal Drop DCO5, DCO8 | 2.5-m Horizontal Drop of DC Transter/Decon
DCO03, DC04 | LOP & 2-m Vertical Drop DC Tilting Station
Loss-of-Power
DCO7, DCO8 | LOP & 1-m Horizontal Drop Transfer/Decon
Bu‘:'vnmh DC13, DC14 | Welding Bumthrough Inner DC Lid Welding Station

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

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

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

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

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

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

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

s 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.

s A gantry camier for gantry transfer between the emplacement drifts and/or to the maintenance

facilitles. 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 info the shielded transporter at the surface
WHB. A remotely controlled loading mechanism moves the rall car into and out of the
transperter. The loading mechanism will be an integral part of the transporter.

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

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

Access to the underground

Emplacement of waste packages

Openings to allow safe and secure work conditions

Preserves the natural barrier

Preserves the engineered barrier system.

5.5.2 Preliminary DBEs

This section presents an abbreviated summary of a preliminary analysis of potential Design Basls
Events (DBEs) which was performed on subsurface operations In FY-97 per the QAP-3-2 analysls
entited 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 intemal and extemnal initiating events. Reference 7.44 was based on the
Preliminary MGDS Hazards Analysis (Ref. 7.10) which was & 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 faflures: the Initialing event
and breach of a waste package. Because of uncertainties, the prior analysis took & 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 Seclion 2.0 to arrive at the results
specified in Section 6.5.

Because of the division of functions, the potential DBEs included in the study of subsurface facilities
include some events that may occur at or near the surface, Le., during the transporl 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 inifiated. Other
events like rockfall in the emplacement and main drifts may potentially occur during the entire
monitored preclosure phase which may extend to 300 years. .

The primary defense against release of radionuclides for the subsurface operations is the sealed
boundary of the WP. The design bases of the WP preclude breach by dropping or Impact during
operational mishaps like derailment of transporter and emplacement equipment and dropplng during
handling operations. In addition, the WP Is designed not to breach when impacted by a 25 MT
(55,000 bs.) 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 resulfs 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 ali be Beyond
Design Basis Events (BDBESs) and the only credible scenarios will be those involving defective WPs.
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5.5.21 Internal Event Screening

The frequency and screening analysis in Reference 7.44 identified five internal scenarios as credible
DBEs and having the potential for WP damage that could result in the release of radionuclides. The

following scenarios were identified as either Category 2 DBEs or Beyond Design Basis Events with
significant uncertainty:

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

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

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

Emplacement Gantry WP Lifting Mechanism Fails with drop and breach of defective WP; and
Rockfali 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 percelved operational conditions and procedures for the repository); and b)
limited fault tree analyses of early design representations of mechanical, electrical, and contro}
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 intemnal events, including
frequency ranges for both the initiating event and the sequence of events resulting in a release.
Frequency ranges are assumed to be lognormally distributed and the best estimate is taken as the
median. It is noted that the upper limit of the release frequencies extend above the 1E-5 /yr threshold
for credible events, but the median values are all below the threshald.

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 FY93 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 FYS9 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. Aftachment V1
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 extemal events, loss of offsite power and seismic events can potentially affect all suiface
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 susface and were qualitatively screened out,
particularly by assuming that operational rules will preciude 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 extemal events are the subject of
separate analyses and were not examined in this analysis. These events include alrcraft crash, fire
(range), industrial activity, military activity, and tomado.

A qualitative analysis of DBESs 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 5.86E-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 Iocomotive 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 VWaste Handling Building and the North Portal has a frequency of about 1.2E-5/yr. The frequency
of a direct Eghtning 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 radioactivily in the subsurface are
described as Events in Repository Development Side that can impact the emplacement side; e.g.,

explosions creating missiles. No resulis are available at this time.
prefiminary DBEs that were identified for the subsurface facilities.

Table 5.5-1 contains the

Table §.5-1 - Summary of Internal and Externa! Events for Subsurface Facilities

E;Jrent Event Descripti on) DBE Category forake!ease
o- SGenarSos( )
1 Transpotter Derailment in Ramp or Main Drift BDBE
2A Emplacement Gantry Derailment - Norma! Speed BDBE
28 Emplacement Gantry Derailment - Gantry Runaway BDBE
3 Waste Package reusable car is ejected out of BDBE
Transporter
5 Runaway Transporter (with WP) Cetegory-2
7 Emplacement Gantry WP Liting Mechanism Fails BDBE
10 Rockfal/Ground Support Fall onte Transporter BDBE
11 | Rockfall/Ground Support Fall onto Locomotive BDBE
. Treat as Category-2 ¥
13A | Rockfall and/er Ground St&:poﬂ Collapse cnto Waste
Package - Static Rockfall
13B Rockfall and/or Ground Support Collapse onto Waste BDBE
Package - Seismic Induced, Beyond DB Earthquake
15 Fire/Explosion Deferred to future analyses
16 Thermal Cycling of Waste Package Deferred to future analyses
17 Thermal Cycling of Emplacement Drift Ground Support Deferred to future analyses
Notes:

(1) Event categories are from PHA (Ref 7.10); the particular initiators and event sequences analyzed in
the present study has been modified to reflect concurrent conceptual desagn activities or events that

were not considered in the PHA

{2) Uncertainties In parameters used in ana!ysis give a frequency range of 1.4E-100yr to 3.4E-4/yr which
extends into the credible range, however, the best estimate frequency is BDBE. A probabilistic key
block enalysis is planned to reduce this uncertainty. This eventis treated as a Category 2 event until

additional planned studies are completed.

3) This column summarizes the potential radionuclide release scenarios that were considered. Events
categorized as BDBE (Beyond Design Basis Events) are sequences of events whose frequencies are

below the threshold of 1E-6/yr.
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5.8 Waste Treatment Building (SUC4) (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
controlied 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 polential preclosure intemal DBEs. Rt is
assumed that there will not be a sufficlent radiological source term available which, if released during
a DBE, could exceed the offsite dose limits for Category 1 or Category 2 DBES. This assumption will
be verified In fulure 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 occumed 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
likekhood 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 quantitalive estimate of the frequency of
accidental moderation is planned for later this year to confirm that it meets the definition of “unlikely”
in 10 CFR 60.2. However, to meet postclosure criticality requirements, the waste packages will
generally be designed such that they will be subcritical when flooded and comrectly loaded.

Since muitiple 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 decislon tree was developed to detenmine 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 ciriticality design basis of a package are summed to detemmine the
total probabaltty of misload. The total misload probability for all PWR waste packages is in the range
of 5x10° to 8x10° per waste package (Ref. 7.68). The total misload probability for all BWR waste
packages is 9.85 x10° per waste package (Ref. 7.66). Based on these frequencies and the CDA Key
Assumption 003 estimate of 4,792 PVR 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 occur once during the
operational period (Ref. 7.66). Therefore, misload s 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 perfonmed 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 selsmic frequency category DBEQ that
each SSC important-to-safety must be designed for. The two DBEQs are identified as Frequency-
Category-1 and Frequency-Category-2, which are distinguished by different magnitudes (e.g.,
Frequency-Category-2 has a higher value of peak ground acceleration) (Ref. 7.30).

It should be noted that different values of the peak ground acceleration and other parameters are
assigned to surface facilities than to subsurface facilities for either category of DBEQ; l.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 kmpact on the respective facility design may be substantially different. This analysis
does not address the mechanical or structura! 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 selsmic frequency dassifications 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 invesiment risk. Effects of faull displacement DBEQs are not analyzed in
this study. The primary defense against fault displacements Is avoidance.

A systematic frequency analysis and dose assessment of selsmic-Initiated events in the MGR surface
and subsurface facilities is presented in Attachment Vil.

6. Results

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

6.1. Carrier/Cask Transport and Handling Systems

The DBESs shown in Table €.1-1 were Identified &s 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 Altachment il

Civilian Radiocactive 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: 36 of 46

Table §.1-1 -~ Bounding Intemal DBEs for
the Carmrier/Cask Transport & Handling Systems

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

CH10 | 6.9-m 2-Block Drop of 61-BWR Cask, No HVAC " 2 >5 1.4

6.8-m 2-Block Drop of 81-BWR Cask, HVAC
CH11 Available @ 2 0.013 5.2E-4
CH46 | 7.1-m 2-Block Drop of 26-PWR Cask, No HVAC 2 >5 0.85

7.1-m 2-Block Drop of 26-PWR Cask, HVAC
CH47 Available @ 2 0.010 3.0E-4
CHO7 | 4.1-m Drop of 81-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 fadtors; the curmrent operational step of removing the impact limiters in the CPB, and the
fack of HVAC confinement for operations conducted in these systems.

6.2 Canister Transfer System (SU11)

Attachment lil contains the complete results of the frequency and dose calculations performed for
events in the CTS. The credible bounding events ara a 28.2-foot drop of one commercial SNF
canister containing 44 BWR fuel assemblies (CTS008, CTS007 and a 30.3-foot drop of one MCO
(CTS-108, CTS-107) onto the CTS floor. The conservative TEDE dose for the bounding DBE
involving a commercial SNF canister, with HVAC (includes single HEPA filter) available, Is 1.1E-2 rem

at the 5-km site boundary. Without HVAC available, the event frequency (see CTS-007 in
Attachment Ill) is beyond design basis.

The conservative TEDE doses for the analyzed DBE involving an MCO are 4.7E-3 rem with HEPA
filters and greater than 5 rem without HEPA filters at the 5-km site boundary. HEPA filiration 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 preduce greater radiological releases that would also require mitigation such as HEPA
filtration to comply with applicable radiological release limits. The bounding internal DBEs for the
CTS are shown In Table 6.2-1. Event trees and dose calculations for events considered in the CTS
are included in Attachment IIl.
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Table 6.2-1 ~ Bounding Internal DBEs for the Canister Transfer System

TEDE Dose at
5-km (rem)

Event# | Event Description . DBE
: Conservative | Best Estimate

Category

28.2-foot vertical drop of CSNF Cenister (44
CTS006 | BWR Assemblies) from 2-block crane 2 1.1E-2 3.6E4

posttion to floor, HVAC Available '
28.2-foct vertical drop of CSNF Canister (44 .
CTS007 | BWR Assemblies) from 2-block crane ‘| epBe ™ >5® 1.0E40
position to floor, HYAC Unavailable

CTS-106 20.6-foot vertica! drop of MCO from nommat fift

height to floor, HVAC Avallable 2 4763 TBD
20.6-foct vertical drop ¢f MCO from normal lift ’
CTS-107 | peight to floor, HYAC Unavailable 2 >5 TED

(1) BDBE= Beyond Design Basis Event (<107/yr).
(2) For comparison purpeses 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 consldered
are presented In Attachment IV, .

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

TEDE Dose at
. DBE
Event# | Event Description Category 5-km (rem)
Conservative Best Estimate
ATS001, | 16.5-foot 4-PWR basket drop onto @ m‘,‘égfﬁm (S-t’);}zEP.SVSR
ATS003 | another 4-PWR basket, HVAC Available ATSOO1) ATS003)
ATS002 16.5-foot 4-PWR basket drop onto S5 2.0E-01
ATS004 | @nother 4-PWR basket, HVAC BDBE @ (100% PWR, (50% PWR,
Unavailable ATS002) ATS004)
ATS005, | 25-foot B-EWR basket drop onto 9 35E-03 (B{Ni?‘ggf_.
ATS007 | ancther 8-BWR basket, HVAC Available {50% BWR, ATS005) ATS007)
ATS006 25-foot 8-EWR basket drop onto o : >5® - 4.15-31
: | another 8-BWR basket, HVAC BDBE (BWR DBF,
ATS008 | \yoovaiiable (50% BWR, ATS006) ATS008)
(1) Beyond Design Basis Event.

(2) Doses limits for Categoty 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 IV), refiects the fuel being handled when
the event is assumed to occur. Nomiinal fuel (fabeled as 50% BWR and 50% PWR fuels) bounds the
characteristics of approximately half the fuel to be handied 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 fue! (either 100% PWR fuel or BWR Design
Basis Fuel). Therefore, based on the characteristics of all fuel to be handied in the ATS, it is assumed
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that there is equat probability that either nominal or bounding fuel will be in the ATS when a drop event
oceurs.

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

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

The bounding loss-of-offsite power event occurs when the brake clutch on the dry assembly transport
machine fails to engage due to loss-of-offsite power, resulting in the drop of a PWR assembly basket
onto another in an assembly dryer. The consequences of this event with and without 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.

8.4 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 frequencles and dose calculations
for all of the intemal DCHS events which were considered. Extemnal 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 5-km (rem)
Conservative { Best Estimate

§-m vertical drop from DC bridge crane (2-

DCOT 1 biock), HVAC Available 2 7.263 6.1E4
5-m vertical drop from DC bridge crane {2- w

DC02 | piock), HVAC Unavailable BDBE >5 6.0E-1
2.5-m horizontal drep from horizontal lift

DC05 system, HVAC Available 2 4.5E-3 5.4E-4
2.5-m horizontal drop from horizontal lift m

bcos system, HVAC Unavailable BDBE >5 3.6E-1

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

The bounding radiofogical events in the DC Handling System are a 6-m two-block DC drop by the
bridge crane (DCO01, DCO2) and a 2.5-m horizontal drop by the horizontal lift system (DC05, DC06).
Event sequences considered the probability that the HVAC system will be both avallable and
unavailable when the event occurs. Both event sequences with HVAC avallable (DC01 and DCO05) fall
within the Category-2 frequency range. Evenis 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 filter) available in order to -
assess the impact of HVAC on the offsite dose consequences. The current design concept for the
DCHS includes a single train HEPA filter (Ref. 7.17, Section 2.2.9). A detailed description of each
event sequence analyzed for the DC Handling System Is Included in Attachment V.

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

6.6 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 remaln 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-analysls of the consequences of those original bounding
scenarios from Reference 7.44, using the source terms described in section 2.2.1. The results are
presented in Table €.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 selecls two events, the
transporier 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 V1.

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

Table 6.6-1 - Bounding DBEs for the Subsurface

- DBE TEDE Dose at
Event# | Event Description Cetegory §-km (rem)
Conservative { Best Estimate
5 Rockfall onto Waste Package, 21-PWR 2 >5 M 3.0E-1
5 Rockfall onto Waste Package, 44-BWR 2 >5 3.6E-1
13A | Transporter Runaway, 21-PWR 2 >5 ™ 1.1E+0
13A | Transporter Runaway, 44-BWR 2 >5 M 2.0E+0

(1) For comparison purposes only - Best Estimate is used for BOBES,

6.6 Waste Treatment Building (SU04)

The Waste Trealment Building was not analyzed for potential preclosure Internal and extema! DBEs.
It is assumed that there will not be a sufficlent radiological source term avallable 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 intemal DBEs that were identified in Sections 6.1
through 6.7. A preliminary frequency and dose assessment of seismic initiated events for the MGR
surface and subsurface facilities is presented in the Seismic DBE Analysis, Attachment Vil.

Table 6.7-1 — Summary of Bounding Internal DBEs

DBE TEDE Dose at
Internal Events Category 5-km (rem)
Conservative | Best Estimate
Cask/Carrler Transport & Handling (SU18), {SU03), (SUD9)
6.9-m 2-Block Drop of 61-BWR Cask (Aftach. [i - 2 5 14
CH10}, No HVAC 3
6.9-m 2-Block Drop of 61-BWR Cask (Attach. Il - e -
CH11), HVAC Available 2 1362 524
7.1-m 2-Block Drop of 26-PWR Cask (Aftach. II - 2 >5 0.85
| CH48), no HVAC ;

7.1-m 2-Block Drop of 26-PWR Cask (Attach. i} - . -
CHAT7), HVAC Available 2 1.08-2 3.0E4
4.1-m Drop of 81-BWR Cask (Attach. Il - CHO7) , -
no HVAC 2 >5 0.97
4.1-m Drop of 81-BWR Cask (Attach. Il - CH08), 4o -
HVAC Available 2 S.6E-1 3.8£4
4.1-m Drop of 26-PWR Cask (Aftach. Il - CH43) ,

ne HVAC 2 >5 0.58
4.1-m Drop of 26-PWR Cask (Attach. ii - CH44}, 4 -
HVAC Available 2 5.9E-1 22E4
Canister Transfer System (SU11)
28.2-foot HLWC vertical drop from 2-block crane

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

20.6-foot MCO vertical drop from normal lift height
to floor (Attach. I}l - CTS-108), HVAC Available 2 ATES T8D
Assembly Transfer System (SU19)

4-PWR basket drop onto another 4-PWR basket 1 4.9E-3 7.4E-5
(Attach. IV — ATS001, ATS003), HVAC Available : )
8-BWR basket drop onto another 8-BWR basket
(Attach. IV — ATS005, ATS007) 2 3.5E-3 1.584
DC Handling System (SU13)

8-m vertical drop from DC bridge crane {Attach. V
- DCO1), HVAC Available 2 1283 6.1E-4
2.5-m horizontal drop from horizontal lit system

Attach. V — DC05), HVAC Available 2 4.5E-3 S4E4
Waste Emplacement (3517) and Subsurface Facility (SS01) Systems

Rockfall onto 44-BWR Waste Package (Attach. VI 2 >5 3.9E-1
~ Evsnt #5), No HVAC .
Transporter Runaway with 44-BWR Waste 2 >5 2 0E+0
Package (Attach. VI — Event #13A), No HVAC )

* Current design concept does not have mitigation (i.e., HEPA filter). These results are shown for information only.
** MCO contains N-Reactor fuel.
NE = Not Evaluated
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DBE Analysis, LV.SA.RPM.05/08-063, Department of Energy (DOE) Civilian Radioactive Waste
Management System (CRWMS), Management and Operating Contractor (M&O), Las Vegas,
NV, May 26, 1898. MOL.1€980729.0463.

7.51 MCO Characterization Data, CLB-06-98, C. L. Bendixson, National Spent Nuclear Fuel Program
- (NSNFP} to D. Stahl (CRWMS M&O), Aprl 7, 1898. MOL.19980730.9149-.01 51.

7.52 Multicanister Overpack Topical Report, HNF-SD-SNF-SARR-G05, Rev. 0, Department of Energy
Hanford Stte, DESH, Richland, WA, May 1897. MOL.19981102.0083.

7.53 10 CFR Part 60, Disposal of High-Leve! Radioactive Wastes in Geologic Reposttories, Nuclear
Regufatory Commission, Federal Register: December 31, 1896, Volume 61. Catalog #232802.
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7.54 Not Used.

7.55 Component Failure-Rate Data with Potential Applicability to a Nuclear Fuel Reprocessing Plant,

pp. 10-38, A.H. Dexter & W.C. Perkins, Westinghouse Savannah River Company, Table 1l, Page
13, July 1982.. MOL.19981102.0003.

7.56 Review of Proposed Dry-Storage Concepts Using Probabilistic Risk Assessment, EPRI NP-
33835, Electric Power Research institute, February 1984. Catalog #103555.

7.57 Not Used.

7.58 Monitored Geologic Repository Draft Disposability Interface Specification, BO0C00000-01717-
4800-00108 Rev 018, CRWMS M&O, Las Vegas, NV, July 1998. MOL.19981102.0001.

7.59 10 CFR Part 71, Packaging and Transportation of Radioactive Material, Nuclear Regulatory
Commission. Catalog #238422.

7.60 Correspondence to NRC dated May 1, 1997, with enclosure of Revision 0 of Department of
Energy’s (DOE) Centralized interim Storage Facility (CISF) Topical Safety Analysis Report
(TSAR), pp. 116-127. MOL.19931102.0002.

7.61 EPRI NP-2301, Loss of Off-Site Power at Nuclear Power Plants: Data and Analysis, Interim
Report, March 1982, (Enclosure of Table 3-1, LOSP Event Frequency Estimates).
MOL.199381102.0004.

7.62 NUREG-0800, Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants, LWR Edition, U.S. Nuclear Regulatory Commission, June 1987. Catalog #203394.

7.63 EPA 402-R-93-081, Federal Guidance Report No. 12, External Exposure To Radionuclides in
Air, Water, and Soil, U.S. Environmental Protection Agency, September 1993. Catalog #225472.

7.64 Waste Quantity, Mix, and Throughput Study Report, BO0O000000-01717-5705-00059 Rev 01,
OCRWM M&O, August 15, 1997. MOL.19971210.0628.

7.65 K-Basins Particulate Water Content, Behavior, and Impact, HNF-1523, Rev. 0, Duke

Engineering & Services Hanford, Inc., Richland, WA, November 1997. (Enclosure of Table 2-1:
MCO Pressure Estimates, atm). MOL.19981102.0005.

7.66 Frequency of SNF Misload for Uncanistered Fuel Waste Package, BBA000000-01717-0210-
00011 Rev 00, CRWMS M&O, Las Vegas, NV, July 1998. MOL.19380806.0604.

7.67 Carrier Preparation Building Material Handling System Description Document (SU08),
BCB000000-01717-1705-00001 Rev. 00, September 1988. Pre-assigned MOL.19981029.0144.

7.68 Camier/Cask Handling Systemn Description Document (SU09), September 1998. BCB000000-
01717-1705-00025 Rev 00. Pre-assigned MOL.19981027.0018.

7.69 Assembly Transfer System Description Document (SU10), BCB000000-01717-1705-00023 Rev.
00, July 1998. Pre-assigned MOL.19981029.0153.

7.70 Canister Transfer System Description Document (SU11), BCB000000-01717-1705-00024 Rev.
00, April 1998. MOL.19980505.0087.

7.71 Disposal Container Handling Systemn Description Document (SU13), BCB000000-01717-1705-
00026 Rev 00, CRWMS M&O, Las Vegas, NV, September 1998. Pre-assigned
MOL.19980910.0676.
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7.72 Not Used.
7.73 Subsurface Facilify System Description Document (SS01), BCA000000-01717-1705-00014 Rev.
00, July 1958. MOL.18580826.0161.
1.74 Waste Emplacement System Description Document (SS17), BCA000000-01717-1705-00017
Rev. 00, April 1998. MOL.19980519.0234.
7.75 Waste Treatment Building System Description Document (SUO4), September 1898.
BCB0O00000-01717-1705-00014 Rev 00. MOL.19981030.0192.
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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 airbome respirable size (<10um) particulates that are present in
the fuel-cladding gap of a spent fuel rod as a result of norma! operations and handling at the reactor. The
gap fraction in each fuel rod is available for release upon breach of the fuel rod cladding.

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

PULF Fraction - the fraction of airborne, respirable size (<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
stapdowns. The equation below estimates the respicable 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 glcm®

g = gravitational acceleration = 980.7 cnvs?
h = height, cm

¢ = conversion factor = 167 JErg

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) [uniuess]

Respirable Fraction (RF) - the fraction of airbome material present in particulate form that could be
transported through the air, inhaled, and be deposited in the deep fung. 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 scenano was assumed to compare the results

= Standard 40' (12.2 meter) Drop, equlva!ent to an energy densuty of 1.2 J/em® (1.2E7 ergs/cm®)
= Burst Rupture of Fuel

=« Compare respirable fraction (RF) of particulates

3.1 MacDougal (Ref. 7.\3)
PULF=(2E-4)(d)(@)(h(EPF)(1E-7)
d= 10 g/cm

g=981cnvs’

h=121¢ 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 ANSI5.10 - Airbome Release Fractions at Non-Reactor Nuclear Facilities (Ref. 7.35)
RF (SNF) = 7E-5*
RF (DHLW) = 2.4E-4
* Bounding for energy densily between 10-100 J/cm*3 (1E-6-1E-4 Ergs/cm?3)
3.3 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
3.4 Mishima, NUREG-1320, Nuclear Fuel Cycle Facility Accident Analysis Handboaok (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 _
3.5 DOE-HDBK-3010 (Ref. 7.40)
RF (SNF) = 2.4E-4*
RF (DHLW) = 2.4E-4
* Based on MacDougall, without EPF
3.8 PRA Procedures Guide (Ref. 7.41)
RF (SNF) = 6E-6*
* ARF=2E-4, Respirable Fraction = .03
3.7 Lorenz, Fission Product Release from Highly Irradiated LWR Fuel (Ref. 7.39)
" RF (SNF) = 2E-5 Burst Rupture
3.3 Wilmot, SAND80-2124 (Ref. 7.2)
RF (Phase 1) = 2E-6* Burst Rupture*®
RF (Phase 2) = 2E-5* Burst Rupture + Oxidation
* Release fractions from Lorenz (Ref. 7.39) reduced by a factor of 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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&, Summary of Release Fractions from Literature (see Figure I-1 on next page}

Author SNE. 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
- §r-90 = 2.3E-5

- Ru-106 = 1.5E-5

- Co-60=.15

3) For particulate gap fraction, use release fraction from Wilmot - 2.0E-6
4) Use PULF fraction from MacDougall for energetic events

- Particulates = 1.96E-7xEPF x h

- h = drop height {cm)
- EPF = 0.2 for SNF
- EPF = 1.0 for DHLW

Civilian Radioactive Waste Management System

Management & Operating Contractor



Title: Preliminary Preclosure Design Basis Event Calculations for the MGR Attachment |

Dt No.: BC0000000-01717-0210-00001 Rev 00 Page: F4 of I-4
Figure [-1: Particulate Respirable Release Fractions
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Attachment Il - Carrief/Cask Transport (sU‘ia). CPB Material Handling (SU083), and
Ceask/Canister Handling (SU0S) 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) |——y! Handiing ,‘Zm' »| External

System Barries Temperature
)
L Remove Transport to Deliver Cask
impact limiters ¥ Carier/Cask » 10 ATS or
Handgling System CTsS

Table i-1: Summary of Events Analyzed

. 5-km Best §-km

Ev:nt DBE Description Location Source Termn (Epve?y!:;:)sm Cat. %g?g:se ?:gze:::vc
{rem) {rem)
CHO1 | Maximum annual cask drop (year 2016) Cerrier Bay Blended® 7.4E-4 wio hvac 2 78D TBD
CHOZ | Maximum annual cask drop (year 2016} Carrier Bay Blended 7.4E4 whvac" 2 T8D TBD
CHO3 | Maxdmum snnual cask drop (year 2016) Carrier Bay Blended 3.6E-7 wio hvac BDBE | TBD TED
CHO4 | Maximur annua!l cask drop (year 2016) Carrier Bay Blended 2.3E4 wio hvac 2 8D TBD
CHOS | Maximum annua! cask drop (year 2016} Carrier Bay Blended 2,364 whvac 2 T8D TBD
CHOE | Maximum annual cask drop (year 2016) Carrier Bay Blended 1.1E-7 wio hvac BDBE { TBD TBD
CHO7 { 4.1-m vertical drop of BWR cask Carier Bay 61 BWR assem. 1.4E-3 wio hvac 2 8.7E-1 >5
CHO8 | 4.1-m vertical drop of BAR cask Carrier Bay 61 BWR assem. 1.4E-3w hvac 2 3.8E4 5.6E-1
CHOS | 4.1-m vertical drop of BWR cask Camier Bay 61 BWR assem.’ 6.8E-7 wio hvac BDBE | 8.7E-1 >5
CH10 | 6.8-m vertica! drop of BWR cask (2 Block) Carrier Bay 61 BWR assem. 4.5E-4 wio hvac 2 V.4E+0 >5
CH11 | 6.9-m vertical drop of BWR cask (2 Biock) Carrer Bay 61 BWR assem. 4.5E-4 w hvac 2 5.264 1.3E-2
CH12 | 6.8-m vertica! drop of BWR cask (2 Block) Cartier Bay 61 BWR assem. 2.1E-7 wio hvac BDBE | 1.4E+0 >
CH13 | 4.1-m vertica! drop of BWR cask Carrier Bay 44 BWR assem. 6.3E-4 wio hwac 2 7.0E-1 5
CH14 { 4.1-m vertical drop of BWR cask Cartier Bay 44 BWR assem. 6.3E-4 w hvac 2 2.7E4 4.1E-1
ivilian Radioact te Management Syste|
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Table I-1: Summary of Events Analyzed

5-km Best 5-km
Ev: nt DBE Description Location Source Term (E::’n;:;‘e)suency Cat. :’E.I;E ;m ;EDE D‘:::i”

{rem) {rem)
CH15 | 4.1-m vertical drop of BWR cask Carrier Bay 44 BWR assem. 3.0E-7 wio hvac BDBE | 7.0E1 >5
CH18 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 44 BWR assem. 2.0E-4 wio hvac 2 1.1E+0 >5
CH17 | 7.1-m vertical drop of BWR cask {2 Block) Carrier Bay 44 BWR assem. 2.0E-4 whvac 2 3.3E4 9.2E-3
CH18 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 44 BWR assem. 9.5E-8 wio hvac BDBE | 1.1E+D >§
CH19 | 4.1-m vertical drop of BWR cask Carrier Bay 24 BWR assem. 3.0E4 wo hvac 2 3.8E-1 >5
CH20 | 4.1-mvertical drop of BWR cask Carrier Bay 24 BWR assom. 3.0E4 w hvac 2 1.5E4 2.2E-1
CH21 | 4.1-m vertical drop of BAVR cask Carrier Bay 24 BWR assem. 1.4E-8 w/o hvac 2 3.3€-1 >5
CH22 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assem. 9.4E-4 wio hvac 2 5.8E-1 >5
CH23 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assem. 9.4E-4 w hvac 2 2.1E4 5.6E-3
CH24 | 7.1-m vertical drop of BWR cask (2 Block) Carrier Bay 24 BWR assem. 4.5E-7 wio hvac BDBE | 5.8E-1 >5
CH25 | 4.1-m vertical drop of BWR cask Carrier Bay 17 BWR assem. 9.6E-5 wio hvac 2 2.7 >5
CH268 | 4.1-m vertical drop of BWR cask Carrier Bay 17 BWR assam. 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 wio 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 wio hvac 2 4.0E-1 >5
CH29 | 6.9-m vertical drop of BWR cask (2 Block) Carrier Bay 17 BWR assem. 3.0E-5whvac 2 1.5€4 3.5€-3
CH30 | 6.9-m vertical drop of BWR cask (2 Block) Carvier Bay 17 BWR assem. 1.5E-8 wio hvac BOBE | 4.0E-1 >5
CH31 | 4.1-m vertical drop of BWR cask Carrier Bay 9 BWR assem. 3.6E-4 wio hvac 2 1.4E-1 3.1E+0
CH32 | 4.%-m vertical drop of BWR cask Carrier Bay 9 BWR assem. 3.6E-4 whvac 2 5.6E-5 8.3E-2
CH33 | 4.1-m vertical drop of BWR cask Cartier Bay 9 BWR assem. 1.7E-7 wio hvac BOBE | 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 wio twac 2 2.2E-1 >5
CHI5 | 7.2-m vertical drop of BWR cask (2 Block) Carrier Bay 9 BWR assem. 1.1E4 w hvac 2 7.9e-5 1.9E3
CH36 | 7.2-m vertical drop of BWR cask (2 Block}) Catrier Bay 9 BWR assem. 5.5E-8 wio hvac BDBE | 2.2E-1 >5
CH37 | 4.1-m vertical drop of BWR cask Carrier Bay 7 BWR assem. 5.1E-4 wo hvac 2 1.1E1 2.4E+0
CH38 | 4.1-m vertical drop of BWR cask Carrier Bay 7 BWR assem. 5.1E-4 whvac 2 4.3ES 6.5E-2
CH39 | 4.1-m vertical drop of BWR cask Carrier Bay 7 BWR assem. 2.5E-7 wio hvac BOBE | 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 wio twac 2 1.76-1 4.0E+Q
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“%  Table ll-1: Summary of Events Analyzed

(

. 5-km Best 5-km

E':m DBE Description Location Source Term (E‘::,";;t uency Cat. %‘é‘ﬁ” geogssesvozt:ve
{rem) {rem)

CH41 | 7.2-m vertica! drop of BWR cask (2 Block) Carrier Bay 7 BWR assem. 1.6E4 w hvac - 2 6.1E-5 1.5€-3
CH42 | 7.2-4m vertical drop of BWR cask (2 Block) Carrier Bay 7 BWR assem. 7.7E-8 wio hvac BDBE | 1.7E41 4.0E+0
CH43 | 4.1-m vertical drop of PWR cask Carrier Bay 26 PWR assem. 1.9E-3 wio hvac 2  |SeEea »5
CH44 | 4.1-m vertical drop of PWR cask Carrier Bay 26 PWR sssem. 1.89E3 whvac 2 2.26-4 5.8E-1
CH4S | 4.1-m vertica! drop of PWR cask - Carcler Bay 26 PWR assem. 9.3E-7 wip hvac BDBE | 5.8E-1 >5
CH4E | 7.1-m vertical drop of PWR cask (2 Block) Carrier Bay 26 PWR assem. 6.1E-4 w/o hvac "2 8.56-1 >5
CH47 { 7.1«mvertical drop of PWR cask (2 Block) Carrier Bay 26 PWR assem. 6.1E4 w hvac 2 3.0E-4 1.0E-2
CH48 | 7.1.m vertical drop of PWR cask (2 Block) Carrier Bay 26 PWR assem. " 2.4E-7 wio hvac BDBE | 8.5E-1 >5
CH49 | 4.1-m vertical drop of PAR cask Carrier Bay 24 PWR assem. 2.0E-3 Wo hvac 2. | 54E2 >5
CHSO | 4.1-m vertica! drop of PWR cask Carvier Bay 24 PWR assem. 2063 whvac 2 2,0E4 §.5E-1
CHS51 | 4.1-m vertical drop of PWR cask - Carrier Bay 24 PWR sssem. 8.7E-7 wlo hvac BDBE | 5.4E-1 >5
CH52 | 6.9-m vertical drop of PWR cask {2 Block) Carrier Bay 24 PWR assem. B8.4E4 wio hvac 2 7.5E-1 >5
CH53 | €.9-m vertical drop of PWR cask (2 @lack} Carrier Bay 24 PWR gssem. 8.4E4 whvac 2 2.7E-4 8.1E3
CH54 | 6.8-m vertical drop of PWR cask (2 Block) Carrier Bay 24 PWR sssem. 3.1E-T wio hvac BDBE | 7.5E-1 >5
CHSS | 4.1-m vertical drop of PWR cask Carrier Bay 12 PWR assem. 2.5E-3 wlo hvac 2 2.7E-1 >5
CH56 | 4.1-m vertical drop of PWR cask Carrier Bay 12 PWR assem. 2.5E-3 whvac 2 7.8E4 2.7e-1
CHS57 | 4.1-m vertical drop of PWR cask Cerrier Bay - | 12 PWR assem. 1.2E-6 wfo hvac 2 2.7E-1 >5
CHSB | 7.1-m vertica! drop of PWR cask (2 Block) Carrier Bay 12 PWR assem. 7.7E4 wio hvac 2 3.8E-1 >5
CHS58 | 7.1-m verticat drop of PWR cask (2 Block}) Carrier Bay 12 PWR sssem. 7.7E4 w hvac 2 1.4E4 4.6E-3
CHED | 7.1-m vertical drop of PWR cask (2 Block) Carvier Bay 12 PWR sssem. - 3.7€-7 wio hvac BDBE | 3.8E-1 >5
CHE1 | 4.1-m vertical drop of PWR cask Carrier Bay 7 PWR assem. 4.6E4 wio hvac 2 - | 1.6E-1 4.1E+0
CHG2 | 4.1-m vertical drop of PWR cask Casrrier Bay 7 PWR assem. 4.6E-4 w hvac 2 5.9E5 1.6E-1
CHB53 | 4.1-mvertical drop of PWR cask Carvier Bay 7 PWR assem. 2.2E-7 wio hvac BDBE | 1.6E-1 4.1E+0
CHG4 | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 7 PWR assem. 1.4E-4 wio hwac 2 2.2E-1 >5
CHGS | 6.9-m vertical drop of PWR cask (2 Block) Carrier Bay 7 PWR assem. 1.454 w hvac 2 8.0E-5 2.6E-3
CHE6 | 6.8-m vertica! drop of PWR cask (2 Block) Carricr Bay 7 PWR gssem. 6.8E-8 wio hvac BDBE | 2.2E-1 >5
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Table ll-1: Summary of Events Analyzed

5-km Best 5-km !
Ev:nl DBE Description Location Source Term (E;:' n;:ar'o)suency Cat. $;gl2:é‘os. ggg';g::;w
{rem) {rem)
CH67 | 4.1-m vertical drop of PWR cask Carrier Bay 4 PWR assem. 7.1E-4 wo hvac 2 9.0E-2 2,4E+0
CHG8 ) 4.1-mvertical 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 wio hvac BDBE | 8.0E-2 2.4E+0
CH70 |} 7.2-m vertical drop of PWR cask (2 Block) Carrier Bay 4 PWR assem. 2.3E4 wio twac 2 1.3E-1 3.9E+0
CH71 | 7.2-m vertical drop of PWR cask (2 Block) Carrier Bay 4 PWR assem. 2.3E-4 whvac 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 wio hvac BDBE | 1.3E-1 3.9E+0
CH73 | 4.1-m vertical drop of PWR cask Carrier Bay 3 PWR assem. 9.D0E-4 wlo hvac 2 6.7€-2 1.8E+0
CH74 | 4.1.m verticai drop of PWR cask Catrier Bay 3 PWR assem. 9.0E-4 whvac 2 2.5E-5 6.8E-2
CH7?5 } 4.1-m vertical drop of PWR cask Carrier Bay 3 PWR assem. 4.3E-7 wfo 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.BE-4 wio hvac 2 9.8E-2 3.0E+D
CH77 | 6.9-m vartical drop of PWR cask (2 Block) Carrier Bay 3 PWR assem. 2.8E-4 whvac 2 I.SES 1.2E3
CH78 | 8.9-m vertical drop of PWR cask (2 Block) Cariier Bay | 3 PWR assem. 1.4E-7 wo hvac BDBE | 9.8E-2 3.0E+0
CH79 | Cask tip oves/Slapdown (5.3-m)" Carrier Bay 61 BWR/28 PWR 1E-3 2 26.5/19.2
Drop from Carrier (_:radle‘ Site during 1E-3
CH80 | 1.5-m for Rail Camier movement/ 61 BWR/26 PWR 2 9.6/7.1
1.2-m for Truck Carrier Carrier Bay 9 BWR/4 PWR 1.2/0.95
Cra | Fhapln ot o s o I
CH8?2 mi:t:o":n:;;a It‘npacis E'ask while parked T8D T8D
CH83 | Aircralt crash into parked shipping cask T80 T8D
CH84 | Cask Drop due to Loss of Offsite Power Event Carrier bay 81 PWR assem. 6.0E-5 2 1.4E+0 >5

: No HVAC confinement exists for these systems in the current VA deslign.
Assumed (0 be initiated by a Frequency-Category-1 (frequency of 1E-3) seismic event.
€ Year 2016 Key 001 Controlled Design Assumgption.
? Evenl trees provided for bounding events only.
TBD — To Be Determined. .

Civilian Radioactive Waste Management System
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Table 1i-1 summarizes the events considered for the Carrier/Cask Transport and Handling Systems. The
dose shown for the events were calculated using the methodology documented in section 2 of the main
text. The drop heights for the various casks used in the PULF calculations are provided in Table 1i-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 II-3
contains the throughput values used.

Table 1I-2: Transportation Cask Drop Heights

[Cask® Cask Drop height Drop height Drop height
Height {in) {cm) {ft)
5) Sierra Nuclear 61/24 210 273 6934 22.75
10) WE Large 44/21 205 278 706.1 23.17
6) NAC-STC 26 PWR 193 290 736.6 24.17
©) WE Small 24/12 204 278 708.7 23.25
1) GA-8 9/4 ‘ 198 285 7238 '23.75
2) TN-8 7 BWR . 201 282 716.3 23.50
4) TN-8-TN 8L 3IPWR 192 281 739.1 24 .25
8) IF-300 SAR 71 1877 210 273 693.4 22.75

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

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

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

Table 11-3: Maximum Annual Cask Throughput

Cask Type Maximum Annual Throughput CDA Table®

BWR-7 48 3.1

BWR-9 34 3.1

BWR-17 ) 3.2

BWR-24 280 3.3 (includes large can 22-BWR)
BWR-44 59 33

BWR-61 133 32&33

PWR-3 84 3.1

PWR-4 67 3.1

PWR-7 43 3.2

PWR-12 230 32&33

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

Reference 7.7

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

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

Table 5.1.1-2 Loaded Cask System Maximum Drop Heights

H|. eni'Dg r:_&p T — Cask System Type*

(distance above [ HMSTAR | nprowse "”‘/’gg“g;‘s‘;:f: Siema TranStor™ -
Operation TSC SC TC SC TC Can SC TC | XC
Maximum 80" N/A a0" 30" 108" 209.25" | 12" _ | 80" | 218.25"
Vertical

Lift/Drop

Maxdimum 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

Civilian Radioactive Waste Management System
Management & Operating Contractor
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BWR-81 CASK DROP DROP HEIGHT HEPA FILTRATION Sequence | DBCCat. | Frequency | TEDE Dose | TEDE Dose
- Nome . Best Est. | Conssivative
Sloria Muciear TranStor Normat Lt Noigh -13' §° HEPA Fitsation wot in current : trem}) trom)
. {4.1m), Two-blockh 8.9m design for system
NORMAL UNAVAILABLE .
HO7 3 1.41E-03 L7E-t bs
CASK DROP 7.80E-01
1.35€-03 2BLOCK UNAVAILABLE
H10 4.4CE-04 1.4E+0 £
2.40€-01

Cask Drop Frequencies based on current VA Design (NoConfinement

| CACAFTAVABWRGIB.ETA | 6/16/98 | Page 1

N
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(WIR-81 CASK UROP DROP HEIGHT HEPA FILTRATION Sequence DBE Cat. Frequoncy | TEOE Dose | TEDE Dose
Nams Best Esl. | Conservailve
Sierra Nuclesr TranShor Normaf Lt Helght -13" 6" (rom) {rem)
{4.1m}), Two-block 6.9m
AVAILADLE
1.41E-00 BE-4 .8e-1
NORMAL 9.99E-01
71.60E-01 UNAVAILABLE
09 DBE 6.79E-07 0.7E-1 S
CASK DROP 4.80€-04
1.86E-03 AVAILABLE
H1Y 2 4.46E-04 . 2E-4 1.3E-2
28L0CK 9.99E-01 )
2.40€-01 UNAVAILABLE L
H12 DBE 2.14E-07 1.4E+0 S
4.80E-04 .

Cask Drop Frequencies based on Preclosure Safely Strategy (Conf

[cacaFTaA-wBwREIAETA] srsm8 | Page 1

active Waste Managemen!
Management & Operaling Contractor
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PWR-26 CASK DROP DROP HEIGHT HEPA FRYRATION Sequence | DBECAT | Frequency ) TEDE Dose | TEDE Dose
Name Bes(Esl. | Conservativt
NAC-STC Nosmal LUt Haight -13° 6" HEPA Firatlon aot in current rem) troen)
(4.1m), Two-block 7.2m dasign for system
NORMAL UNAVAIRABLE
HAD 42 1.94E03 +s.nE-| bS
CASK OROP 1.60E-01
2.55E-03 2BLOCK UNAVAILABLE
G 6.12E-04 SE-1 bS
2.40E-01 T .

[ CACAFTAVWAPWR2GB.ETA | 9/16/88 | Page 1

Cask Drop Frequencies based on current VA Design (No Confinemen

i
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1WHLZN CASK BIROP RO BEIGHT HEPA FILIRATION Sawonce | DBECAT | Frequency | YEDE Dose | TEDE Dose
Name BestEst. ] Conservalive
NAC-STC Novmal Lit lleight -13° 8° teem) {rem})
(4.1m), Two-biock 7.2m
AVALLABLE
H44 3 1.04E-03 p2E4 boE-1
NORMAL 0.09E-0¢
7.60E-01 UNAVAILABLE
H45 PDBE 9.30E-07 E.aE-t b3
CASK DROP 4.80E-04
2.55€-03 AVAILABLE
HAT 6.42E-04¢  POE4 1.0E-2
2 BLOCK 9.90E-01
2.40E-01 UNAVAILABLE
H48 poBE 2.94E-07 SE-1 b5
4.80E-04 r

Cask Drop Frequencies based on Preclosure Salely Strategy (Conl

[C:\CAFTA-W\PWRZGAETA[ 91508 | Page1
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Attachment lll - Canister Transfer System (SU11) Event Trees and Supporting Documentation

Table lll-1 summarizes the events considered for the Canister Transfer System. The doses shown for the

events were calculated using the methodology documented in Section 2.0 of this document and in
Attachment IX.

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

Description: This event is due to the CTS crane dropping a disposable canister during a nommal operating
lit (i.e., less than 22 feet) onto another disposable canister. The event sequences include probabilities
for breach of one defective canister (e.g., canister has defective welds), two defective canisters, or no
breach. Events CTS-004 and CTS-005 are applicable only to defense high-level waste canisters
(HLWCs). Waste packages will be loaded with only one commercial disposable canister (i.e., large
canister) and only one commercia!l 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-00S.

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), mulliplied 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 ralsed above the normal

operating height was omitted as a resuft of human error after maintenance of the crane (Table 20-7 of
Reference 7.20). See Assumption 3.3.7.

¢ 1.06E-3 is the probability of a defective canister. This probability assumes a defective weld and is

taken from the Reference 7.23 analysis of welding defects of waste packages. See Assumption
338. )

« 4 8E-4is the unavailability for a single traln HVAC system (see Attachment VIIl). 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
frorn above the deslign basis of a canister are assumed to result in a canister breach. The drop results in
a breach of two canisters. Canisters contalning 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 onlo another is not feasible. Events CTS-006 and CTS-007 consider the
drop of one canister to the floor of the CTS.

Civilian Radioactive Waste Management System
Management & Operating Contractor
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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 it (see Attachment X), multiplied by 2 lifts per canister (Reference 7.34), multiplied by 500
canisters received during a peak year (Reference 7.7). This is a conservative probability for
commercial disposable canisters. See Assumption 3.3.3. '

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

operating height was omitted as a result of human error after maintenance of the crane (Table 20-7 of
Reference 7.20). See Assumption 3.3.7.

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

= 4.8E-4is the unavailability for a single train HVAC system (see Attachment VIiI). This probability is
used in ail 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 height
= 35’ (1086.8 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 kift,
assuming a loss-of-offsite power (LOSP) occurs. The canister drop is due to the failure of the brakes to

engage. This event assumes that the passive HEPA filters remain functional during a LOSP event and
that the leakage from the CTS is through the filter.

Input:

= 2.0E-1is the initiating event frequency per year for a LOSP event. This is a conservative estimate
based on historical data from commercial nuclear power plants (Reference 7.61). This is also
conservative because it does not consider the use of backup power from diesel generators. The

availability of backup diesel generators would most certainly move the frequency of this event into the
non-credible range. See Assumption 3.1.14.

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

= 4 8E-4is 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)

Civilian Radjoactive Waste Management System
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20.6-Foot Drop of Pressurized MCO Containing N-Reactor Fuel - No Ignition of Metallic Uranium
{CTS-106 and CTS-107) '

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

Input:

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

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

s 0.80 is the probabiity that an MCO will be pressurized gfeaterthan 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).

e« 0S80isthe probab‘hty that metaliic uranium will not be ignited within an MCO due to the hydrogen .
and/or uranium hydride content (see Assumption 3.3.15).

e * 288E-3 is the probability that the HVAC system is unavallable due to either an MCO explosion or
normal operational unavailability (see Section 5.2.3).

Civilian Radioactive Waste Management System
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Table Iil-1 Canister Transfer System Events and Dose Calculations

HYAC Frequency $-um Conservative $-km Best Estimate
Event# | DBE Description Location Avallable | tperyean | S TEDE Doss (rem) TEDE Dose (rem)

28'7 (858.5 cm) vertical drop onto floor (4 Canister of

CTS-006 44 BWR design basis fuel assembiias breached) CTS Hot Cell Y 4.20E-05 2 1.06€E-02 3.64E-04
28'7 (858.5 cm) vertical drop onto Roor (¥ canister of

CTS-007 44 BWR design basis fuel assemblies breached) CTS Hot Cell N 22E-08 80BE >5 1.01E+00
2X3° (708.7 cm) vertical drop onlo ancther canister (1

CTS-006 | canister of 44 design basis BWR fuel assembies CTS Hot Cel Y 420805 2 9.19E-03 3.45E-04
735 (708.7 <) vertical drop oo ancther carsaler (1

CTS007 | canister of 44 design basis BWR fuel assembiies CTS Hot Ced N 22e-08 | BDBE > 3.47E-01
breached)
35’ (1066.8 cm) vertical drop onto floor (1 canister of

CTS006 vitrified DHLW breached) CTS Hot Cell Y 4.20E-05 2 4.35E-04 1.49E-05
35’ (1066.8 cm) vertical drop onto floor {1 canister of

CTS-007 virifed DHLW breached) CTS Hot Cell N 2.2E-08 BDBE 1.45E+00 497€-01
22 (670.6 cm) vertical drop onto another canister (1

CTs-002 ister of vhrified DHLW b hed) CTS Hot Ce Y 1.48E-05 2 2.75E-04 9.43E-05
27 {670.6 cm) vertical drop onto th k Q

CTS-003 er of vitrified DHLW b hed) CTS Hol Celt N 7.10E-09 BDBE 9.17E-01 J4E-O1

CTS-010 | Loss of Electrical Power ™ CTS Hot Ce3 Y 6.36E-08 BDBE 2.75E-04 9.43E-05

CTS-011 | Loss of Electrical Power & CTSHot Cel N J.05E-11 BOBE 9.17E-01 3.14E-01
27 (670.6 cm) vertical drop onto anothar canister 2

CTS-004 | = isters of virified DRLW CTSHOCet | v 1.56E-08 | BDBE S.S0E-04 1.89€-04
22 {670.6 cm) vertical drop onto sncther canister (2

CTS-005 | caristers of vitrified DHLW breached) CTS Hot Cel N 7506-12 | BOBE 1.83€400 6.29E-01
MCO EVENTS

CTS-108 .2::::)( vertical drop of MCO from normal §ift height CTS Hol Cell ¥ 4.48E-04 2 470E-03 TED

CTs-107 3:&::0! vertical drep of MCO from normal lift height CTS Hot Ceft N 1.34€-06 2 >5 T8D
SEISMIC EVENTS
4% (1493.5 cm) roof collapse onto DHLW canislers ® | CTS Hot Celt v 1.00€-04 2 3 49E-02 8.68E-03
49 (14935 cm) roof coliapse onto DHLW canlsters @ | CTS Hot Cett N 1.00E-04 2 »5 »5

A P (allp ters below are specified in Section 3.1 (General A p ) or Section 3.3 (CTS A ptions))

1. X/Q for Besl Estimate is 1.44E-5 and X/Q for Conservative Is 4.2E-5.

2. Assums design basis of DHLW-canister for drop events is 23 fest. Any drop from greater than 23 feet resulls in a breach of confinemend.

3. Assume an efficlency of 99.97% for HEPA fitration.

4. Dcse cak for iat fuels are based on design basis BWR fuel lor conservative and best estimale cases.

S.  Assume drop of 1 DHLWC canister for LOP event from normal operating helght (i.e., within design basis).

6. Seismic event assumes 40 canisters of DHLWC in lag storage and 1 ister of ial BWR {uel are breached.

Civilian Radioactive Waste Management System
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TANISTER DIROP l " DROP HEIGHT DEFECTIVE CANISTER HVAC AVARABLE Descripli T‘;; sency Evenl No.
v CANISTER INTACT NOT REQUIRED
doRelesse |1.39E02  fcTs-001
8.50E-01
MVAC AVAIL.
redRsl. |148E-05  lCTS-002
1 DEFECTIVE CANISTER 9.09E-01 :
BELOW DESIGN BASIS
1.06E-03 MVAC UNAVAIL.
9.S7E01 DRE 740608  [CTS-003
480504
HVAC AVALL.
1see08  forsooe
CANISTER GROP 2 DEFECTIVE CANISTERS £.056-01 \
112608 HVAC UNAVAIL.
140£-02 E 7S0E12  |CTS005
4.80E-04
HVAC AVAIL.
eredRel. [421E05  [cTS008
ABOVEDESIGNBASIS  CANISTER BREACH $.03E-01
301E03 HVAC UNAVAIL.
DBE 202608 fcvs-007
480504

ivitian Radicactive Waste Management System
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0SS OF OFFSITE POWER[ CRANE BRAKE FAILURE | DEFECTIVE CANISTER HVAC AVAILABLE Description l;;:'wyeeng Event No.
CRANE FAILS SAFE NO DROP/BREACH NOT REQUIRED
No Rel 200801  (CTS-008
$.99E-01
.OSS OF OFFSITE POWER INTACTANO BREACH NOT REQUIRED |
Na R S99E-05  [CTS-00%
2.00E-0% 9.99E-01
CRANE DROPS LOAD
HVAC AVAIL
3.00E-04 B 8.36E-08 [cTs010
DEFECTIVE CANISTER 9.95E-01
1.06E-03 HVAGC UNAVAIL.
E 305611 [cTsont
4.80E-04

)
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TS CRANE FAILURE|MCO CONTAINMENT | PRESSURIZED MCO METALLIC URANIUM|  VENTRATION | Deserip Frequency [Eveni N
AND MCO DROP RELEASE IGNITION SYSTEM (per Year)
1.00£-02
NG Rel SBIE0S  [cTS-101
WTACT
$.87E-01
Mered Rel. |497E05  loTS-102
2.00E-01 AVAILASLE
No " 208E.03
. SBOE-04 BE 1.43E-07 Frs-m
1.005-01 UNAVAILABLE
MCO DROP
NO $.57€-D1
eredRel. |5.53E08  joTS-104
1.00E-0' AVAILABLE
YES 292603
1e5e08  [crs-os
9.90E-01 UNAVAILABLE
BREACHED 0.97C-01
res. FXL Rel.] 4.485-04  [CTS-108
.00E-01 AVAILABLE
NO 2.98E-03
_—————mecase 1M4E08  [cTs107
.00E-01 UNAVAILABLE
YES 0.87€-01
res. Ft, ReL|a97E-05 TS 108
1.00E-01 AVARLABLE
YES 2.08E.03
BOBE 149E07  [cTs-08
\ UNAVARABLE

Civilian Radioactive Waste Management System
Management & Operating Contractor
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Attachment IV - Assembly Transfer System (SU10) Event Trees and Suppeorting Documentation

Receive Cask »! Vent and Purge »| Unload SFAs in »! SFAs Moved »] SF Baskels o| SFAs
from Csrier/ "] Cask In Cask Cask Unloading 1o Assembly Transferred to "1 Individually
Cask Handling Prep Pit, move Pool Staging Pool Assembly Loaded Into
System to poo} ’ Drying Station DC
Table V-1 Design Basis Events
(bounding credible events shown in bold)
[ Event | DBE Description Location | Numberof | Event Frequency | Cat. | Fuel S 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 1.44E-02 w/HVAC 1 100% 4.9E-03 rem 50% TAE-05 rem
001, | Basket Drop (4-PWR) Handling PWR ’ - PWR
003) | Onto Another Basket of Cell
4 PWR SFAs In Dryer :
(ATS 2 . (Approximate) Basket . 4 PWR 1.14E-02 wHVAC 1 100% 8.4E-04 rem 50% 2.0E-05 rem
001, | Drop (4-PWR) Onto Cell PWR PWR
003) | Fioor :
(ATS 16.5 f. (Approximate) . 8 PWR 2.79E-07 wio BDBE | 100% >5 rem 50% 2.0E-01 rem
002, | Basket Drop (4-PWR) HVAC PWR PWR
004) Onto Another Basket of 4
PWR SFAs in Oryer
t Events Associated with Dropping of BWR Basket(s)
(ATS 25 ft. [Approximate) Assembly 16 BWR T.40E-03 wiHVAC 2 BWR 3.5E-83 rem 50% 1.5E04 rem
005 Basket Drop (8-BWR) Handling DBF BWR
007) Onto Another Basket of Cell DBF
8 BWR SFAs in Dryer
(ATS | 8 f. (Approximate) Basket . 8 BWR 7.40E-03 wi4VAC 2 BWR 8.6E-04 rem 50% 3.9E-05 rem
005, Drop (8-BWR) Onto Celt DBF BWR
007} Floor DBF
(ATS 25 . (Approximate) : 16 BWR 1.81E-07 wlo B8DBE | BWR >5 rem 50% 4.1E-01 rem
[1]¢ 53 Basket Drop (8-BWR) HVAC D8F BWR
0038} Orto Another Basket of 8 0BF
BWR SFAs in Dryer

Civilian Radioactive Waste Management System
Management & Operating Contractor
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Table IV-1 Design Basis Events (continued)

Event | DBE Description ) Number of Event Frequency Cat. Fuel 5 km Fuet 5 km Best

No. Breached {per year) Type Conservative Type | Estimate TEDE

SFAs TEDE Dose Dose
(rem)
Events A iated with Dropping of PWR SFA

{ATS | 10.5 ft. (Approximate) Assembly [ 1PWR 4.04E-02 wHVAC 1 100% 4.5E-04 rem 50% 7.5E-06 rem
009, ! Vertical Drop of s SFA Handling PWR PWR

011) | Onto Ceh Floor Cell

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

011 Into an Emply DC

{ATS | 31 & (Approximale) ‘ 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 SFAin

the OC

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

012) | Onto Cefl Floor

(ATS | 40.5 . (Approximate) - 1 PWR 9.90E-07 wio 8DBE | 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 f, (Approximate) N 2 PWR 9.90E-07 wo BDBE | 100% >5 rem 50% 7.9E-02 ram
010, Vertical Drop of a SFA HVAC PWR PWR

012) | Onto Another SFA in

the DC

Civilian Radioactive Waste Management System
Management & Operating Contractor
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', Table IV-1 Design Basls Events (continued

Event | DBE Description Location Number of Event Frequency | Cat. Fuel 5 km Fuel 8 xm Best
No. Breached {per year) Type Conservative Type | Estimate TEDE
SFAs TEDE Dose Dose
_{rem)
Events Assoclated with Dropping of BWR SFA
(ATS | 13 R (Approximate) Assemdly | 1BWR 6.45E-02 WHVAC 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 . (Approximate) . 1 BWR 1.34E-06 wio 2 BWR 3.4E01 rem 50% 1.56-02 rem
014, | Vettical Drop of 8 SFA HVAC DBF BWR
016) ] Onto Cell Floor DBF
(ATS | 43 & (Approximate) . 1BWR 5.45E-02 wiHVAC 1 BWR 3.4E-04 rem 50% 1.4E-05 rem
013, | Vertica! Drop of & SFA DBF BWR
015) | Into sn Empty DC DBF
(ATS | 43 & (Approximate) - * 1BWR 1.34E-06 wio 2 BWR 1.0E+00 rem 60% 4.1€-02 rem
014, | Vertica! Drop of a SFA HVAC DBF BWR
016) | Into an Empty DC DBF
(ATS | 36 & (Approximate) . 2 BAR 5.45E-02 wHVAC 1 BWR 5.0E-04 rem 50% 2.4E-05 rem
013, | Verticat Drop of & SFA DBF BWR
015) | Onto Another SFAin DBF
ths DC — -
(ATS | 35 R (Approximate) * 2BWR 1.34E-06 wio 2 BWR 1.7E+00 rem 50% 6.9E-02 rem
014, | Vertical Drop of & SFA HVAC OBF BWR
016) ] Onto Another SFAIn - DBF
the DC .
Events Associated with Dropping of PWR Basket(s) in Pool —
(ATS | 40 & (Approximate) 8 PWR 1.44E-02 wHVAC 1 100% 8.1E-04 rem 50% 1.3E-05 rem
017, | PWR Basket DropOnto | Assembly PWR PWR
019) | Ancther Basketin the Staging Pool
poot
(ATS | 40 . (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
poal

\ud
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Table IV-1 Design Basis Events (continued)

Event | DBE Description Locati Number of | Event Frequency Cat. Fuet 5 km Fuel 5 km Best
No. Breached (per year) Type Conservative Type | Estimate TEDE
SFAs TEDE Dase Dose
{rem)
Events Assoclated with Dropping of BWR Basket{s) in Pool
(ATS | 48 R (Approximate) 16 BWR 7.40€-03 WHVAC 2 BWR 6.5E-04 rem 50% 2.3E-05 rem
021, { BWR Basket Drop Onto Assembly D8F BWR
023} | Another Basket in the Staging Poot DBF
poot
(ATS | 49 & (Approximate) v 16 BWR 3.55E-06 wio 2 BWR 6.5E-04 rem 50% 2.3E-05 rem
022, | BWR Basket Drop Onto HVAC DBF BWR
024) | Ancther Basket in the DBF
pool
Events Assoclated with Loss-of-Offsite Power
(ATS | 16.5 A (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
028) | Onto Another Basket of Cell
4 PWR SFAs in Dryer
Due to Loss of Power
(ATS | 16.5 . (Approximate) © 8 PWR 7.45E-10 wo BDBE | 100% >5 rem 50% 2.0E-01 rem
027. | Basket Drop (4-PWR) HVAC PWR PWR
029) | Onto Another Basket of
4 PWR SFAs in Drysr
Due to Loss of Power
(ATS | 25 . (Approximate) = 16 BWR 3.04E-05 WHVAC 2 100% 3.5E-03 rem 50% 1.5604 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) N 16 BWR 7.45E-10 wio BOBE | BWR >5 rem 50% 4.1E-01 rem
027, | Basket Drop (8-BWR) HVAC DBF BWR
029) | Onto Another Basket of DBF
8 BWR SFAs in Dryer
Due to Loss of Power

Civilian Radioactive Waste Management System
Management & Operating Coatractor
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DBE/OROP EVENT I FUEL YYPE HVAC AVARABILITY Frequency Name
HVAC AVALLABLE
1.414E-02 TSO01
50% PWR FUEL 9.93E-01 .
.5.00E0 JAC UNAVAILABLE
H ! H 2.79E07 TS002
! PWR BASKET DROP 245E-05
HVAC AVAILABLE
228802 AC 1.4E02  ATS003
100% PWR FUEL $.99E01
HVAC UNAVARABLE
i 2.79E-07 TS004
245E.05

~

Management & Operating Contractor
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" DBE/DROP EVENT . FUEL TYPE HVAC AVAILABILITY - Frequency Rams
HVAC AVAILABLE
T.A40E-03 ATS005
50% BWR FUEL 9.99€-01 -
5.00E-01 HVAC UNAVAILABLE
1.91E-07 ATS006
BWR BASKET DROP 245E-05
1.48E-02 HVAC AVARABLE L
7.40E-03 \TS007
BWR DBF FUEL 8.99E-01
5.00E-01 HVAC UNAVAILABLE )
1.84E-07 ATS003
2.45E-05

Civilian Radioactive Waste Management System
Management & Operating Contractor
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DEE/OROP EVENT r FUEL TYPE HVAC AVARABILITY . Frequency Name
' HVAC AVAILABLE
4.04E-02 JS008
60% PWR FUEL 9.83E-01
§.00E-01 HVAC UNAVARABLE L
8.90E-07 TS010
PWR ASSEMBLY DROP 24S5E-05 3
€.08E-02 HVAC AVAILABLE
4,04E-02 ATSO11
100% PWR FUEL 8.99E-01 ’
5.00E-01 HVAC UNAVAILABLE
9.80E-C7 ATS042
245E05

Civilian Radioactive Waste Management Systent

Management & Operating Contractor
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- DBE/DROF EVENT FUEL TYPE HVAC AVALABILITY Fraquency |  Name
HVAC AVALABLE
SASEQ2  ATSO1d N
50% BWR FUEL 9.99E-01 I
5.00E-01 HVAC UNAVAILABLE |
1.34E-08  ATSD14 :
BWR ASSEMBLY DROP 2.45E-05
HVAC AVALABLE
10901 5.456-02 ersms
BWR DBF FUEL 9.99E-01
5.00E-01 HVAC UNAVAILABLE
1.34E-08  |ATSOIG
2.45E-05

Civilian Radioactive Waste Management System
Management & Opcrating Contractor
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DBE/DROP EVENT ' FUEL YYPE HVAC AVARABILIT equency Name
HVAC AVAILABLE
1.44E-02 iﬁrson
50% PWR FUEL 9.99E.01
B8.00E-01 HVAC UNAVARLABLE
S47E-06  [ATSOME
PWR BASKET DROP - IN POOL 4.80E-04
228602 HVAC AVAILABLE
- 1.14E02 Tusm
100% PWR FUEL 9.99E-01
8.00E.01 HVAC UNAVAILABLE
547606  |aTSoze
480504

| _
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DBE/DROP EVENT J FUEL TYPE HIVAC AVAILABILITY Frequancy Na«_u_l
HVAC AVAILABLE
740603  ATS021
50% BWR FUEL 9.90E-01
5.00E-01 HVAC UNAVAILABLE
3S5E08  |ATSOZ2
BWR BASKET DROP - IN POOL 4.80E-04.
1.48E-02 HVAC AVAILABLE
TACE03  |ATSO023
BWR DBF FUEL 9.99£-01
5.00E-0% HVAC UNAVAILABLE
255608  |ATS024
4.80E-04

Civilian Radioactive Waste Managemen stem
Management & Operating Contractor
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LOSS OF POWER EVENT L CLUTCH OPERATION FURLTYPE | HVAC AVALABRLITY Froquency | Name
: MECH. CLUTCH ENGAGES NIA NIA

/ . 200E-01  QATS02S
] 0.93£-01 .
HVAC AVAIL. i
LOSS OF POWER 30405 ATSO0Z6 |
50% PWRISOX DWR FUEL 9.99E-01 H
2.00E-01 :

5.00E-0% HVAC UNAVAIL.
7ASE-10 TS027
MECH. CLUTCH FAILS . 24505 r
3.046-04 HVAC AVAIL.
: 304E05  jaTsoz
*400% PWRIEWR DBF #.99E-01
5.00€-01 HVAC UNAVAR.
J7.456.50 ATSO29
245E-05
i
§
LOOP HLWC Drop (1 HLWC) ~[0:SA-DEPTS03.00CAFTALOOP.ETA | ©/1608 | Page 1
b/’ *ge . -
ivilian Radioactive Waste Management System
Management & Operating Contractor
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Attachment V - Disposal Container Handling ISystem {SU13)
Event Trees and Supporting Documentation

1.0 Summary

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

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

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

Other support information, including a fault tree to develop the welding 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
m ical Drop (2-block DC e failure) at the DC Tilting 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{Reft-2.32{ AHachmtnt N, (5. V- of \- lCD .

Event Sequence Calculations: DCO1 1.4E-5 x 524 x 0.24 x 0.9995 = 1 8E-3fyear ’ |
DC02 1.4E-5x524x0.24 x4.8E-4 = 8.4E-T/year nwhalee

Inputs:

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

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

= 0.24 is the 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-4is the unavailability for a single train HVAC system (see Assumption 3.1.11). This probabifity is
used in all of the DC Handling Systemn 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 frees.

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

Civilian Radioactive Waste Management System
Management & Operating Contractor ’
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ite 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 fiiters remain functional during a
LOSP event and that the leakage from the DCHS is through the filter.

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

lnputs:

= 0.20 s 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-4is 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 brdge 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 liting system dropping a DC during a nommal operating
lit. )

Event Sequence Calculations: DCO05 (6.14E-7 x 524) x 0.9995 = 3.2E-4/year
DC36 (6.14E-7 x 524) x 4.8E-4 = 1.5E-7/year

Inputs:

= §.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 iift
at the Transfer/Decon cell (Ref. 7.34).

» 524 is the maximum number of DCs handied 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 Horizantal Drop in the Transfer/Decon Cell

Description: This event is due to the horizontal lit system dropping a DC during a nonmal 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: DCO7 0.20 x 3.0E-4 x 0.9395 = 6.0E-S/year
DC08 0.20 x 3.0E-4 x 4.8E-4 = 2.9E-8/year

Civilian Radioactive Waste Management System
Management & Operating Contractor
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Inputs;
= 0.20is 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 diese!l generators.

The availability of backup diesel generators would most certainly move the frequency of this event
into the non-credible range.

= 3.0E-4 is the mechanical failure per demand of the brake clutch to engage and prevent a load drop
during a LOSP event (Ref. 7.55). This Is a standard failure rate for a mechanical clutch and is
assumed to be applicable to the horizontal kfting 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 = B.4E-4/year '
DC14 8.4E-4 x 4.8E4 = 4.0E-Tlyear

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

Equivalent PULF height (.., helght used to calculate particulate refease contribution to offsite dose) =
0 meters.

Civilian Radioactive Waste Management System
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:‘mgf: SDC Weld lnner lr;rcanslerilo Tit DCto Transfer 0C Transport DC
rom or and Outer [, Staging Horizontal | | from Cartonto | _,{ to Subsurface
ef. 7.26,
ATS DC Ligs at Area or DC Position at Railcar & Emplacement | )
DC Weiding Tilting Station DC Tilting Decon as System
Station Station Necessary
a0 Summary Table of DCHS Events
§-xm §.xm Best
Event Tree
Event # | DBE Description Location N:::ﬁw l:nquen:'y cat C&n;w ngé"::.
perye _trem)® trem)®
DCO1 | 6-m Vertical Drop (2-Block Crane Failure) | DC Tiling Station ¥ 1.3E-03 2 7.2E-03 6.1E-04
DCOZ | 6-m Vertical Drop (2-Block Crane Failure) | DC Tiling Station N B.4E07 BDBE >5 6.0E-D%
DCO3 | LOSP & 2-m Vertical Drop™ DC Tiking Station Y 6.0E-05 2 Zerc® Zero'®
DCO4 | LOSP & 2-m Vertical Drop™ DC TRing Station N 29E8 BDBE Zesc™ Zerg*™®
DCO5 | 25-m Horizontal Drop of DC Transter/Decon Y 326-04 2 45€E-03 S4E-04
0Coe 25-m Horizontal Drop of DC Transies/Decon N 1 SEQ7 BDRE >5 3BE-OY
0C07 | LOSP & 1-m Horizontal Drop™ Transler/Decon Y 6.0E-05 2 Zero'® Zero'™
0Co8 | LOSP & 1-m Horizortat Drop™ Transfes/Oecon N 29E8 BOBE Zero'® Zeco®
DC13 | Wekiing Bumthrough lnner DC Lid Wekling Station ¥ 8.4E-04 2 26E-0a% 49E-04™
DC14 | Weiding Bumthrough Inner OC Uid Weiding Station N 4.0E-07 BOBE 1.5e+00™ 20E-01*™

BDBE = Beyond Design Basis Event, frequency < 104

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

“ HVAC unavailability = 4.8x10* (see Attachment Vith); with HVAC, single-stage HEPA filter mitigates 99.97% of particulate release.

:Crane brake clutch jails to engage and prevent load drop afier LOSP event (Ref. 7.55) — maximurn normal operating iift height.
Reserved.

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

“pC 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 tem, 10% rod fallure, EPF=0.2; 10CFR60 limit = 5 rem.

% The dose assessment for this event assumed that no addilionat PULF fraction (see Attachment 1) of particulates was generated.

J )
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4.0 Event Trees

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

Event

Event Numbers Attachment
Page

Vertical crane drop at DC Tilting Station DCO01, DCO2 V-6
Loss-of-ofsite power & vertical drop at Tilting DCO03, DCo4 V-7
Station
Horizontal drop by horizontal lifting system DCO0S, bCo6 V-8
Loss-of-offsite power & horizontal drop by DC07, DCO8 V-9
horizontal fifting system
Welding bumthrough DC13, DC14 V-10

Civilian Radioactive Waste Management System

Management & Operating Contractor
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UC CRANE DROP 2-DLOCK EVENT HVAC AVAILABILIIY Evect § Category  |F Y (par| Deterministic |Best Est. TEDE
Veitical DC Drop o1 Tiing ] Probabiity thal » 2-black svent| Probabilily that HVAC will ba you} TEDE frem) trem)
Station will oceur wnevsilable upon damand
AVAILABLE ;
1 2 1.75E-03 7.2E-03 8, 1E-D4
YES 9.99€-01
240E-01 UNAVAILABLE
INITIATING EVENT Dco2 BOBE 0.41E-07  |1.7E+01 0E-0%
4_80E-C4
7.30E-83
NO )
VA [2 $.5SE-03 [No Release  |No Release
7.80E-01

DC Handling System - 6m Vertical DC Drop al Tilting Station | O:\SA-DEPT\S03.03\CAFTAWDC01-02ETA] 91698 | Page 1

Civilian Radioactive Waste Management System
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Df No.: BCO000000-01717-0210-00001 Rev 00

LOSS-OF-OF FSITE POWER DROP LOAD HVAC AVAILABLE Everk# | Cstegory | Frequancy |Delerministic] BestEst
finkisting Svent kequency foc LOSP| Brake chich lelure par demend | Prabability thel HVAC wil be tperyear) | TEDE trem) | TEOE (reem)
. unaveliable upon demand
YES L
d .- GO0E-05 JNoRelease [NoRelesss
YES 8.90E-01
3.00E-04 NO ’
INITIATING EVENT {BOBE 288E08  [NoRelease [No Relesss
4.80E-04
2.90E-01 .
o e o
NA 1 2.00£-01 Releass Relonse
$.95E-01

DC Handling System - 2m Verticat Drop Initiated by LOSP | O:\SA-DEPT\503.03\CAFTA\DCO3-04.ETA | 9/16/38 | Page 1
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HORIZONTAL OC DROP HVAC AVAILABILITY Everl® | Calegory | Frequency | Delemministic] Besi Esi.
2.5-m DC Drop by horizontat i system | Probabilily that HVAC Is unavallable upon (peryess) | TEDE (rem) | TEDE (rem)
demand
AVAILABLE

05 > 320E04  MSED 4E-04

INITIATING EVENT 9.99E-01
3.20E-04 UNAVAILABLE

o6 BDEBE 154E07  83E+00  [PGEO1

4.30E-04

DC Handling System - 2.5m Horizontal DC Drop

[ O:15A-DEPTIS03.03\CAFTADC05-06 ETA| 9116198 | Page 1
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LOUS-OF-OFFSIIE POWER DROP LOAD HVAC AVARABILITY Everd 8 [ Freq: y (pet| D L e Esti
Initialing Svent kequency for | Faiore of Srake chich | Probabiity Wt HTVAG wil bo yeer) TEDE (rem) | TEDE (ram)
Losp svaitable wpon demand
AVAILABLE
2 8.00E-05 No Refease  JNo Release
YES $.98E-01
3.00E-04 UNAVAILABLE
INITIATING EVENT BDBE 2.88E-08 [No Release  [No Release
4.80E-04
2.00E-D1
NO
NVA \] 2.00E-01 No Release  [No Release
8.99E-01

DC Handting System - 1m Horizonta! Drop Initiated by LOSP [ O:\SA-DEPT\S03.03\CAFTA\DCO7-08.ETA| /1698 | Page 1
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WELDING BURN{I HOUGH HVAC AVAILABILITY Evend 3 Froquency (pm] Delerministic [Best Exl. JEDE
‘Bumthiough DC tnnes LId of W yoar} TEDE (rem) (rem)
siding Statlon (8| Probabity that HVAC will be unavallabie upon
e operation) demand
AVAILABLE

13 2 8.40E-04 2.6E-03 4. OE-04

9.99E-01 .

B8.40E-04 UNAVAILABLE

14 BOBE 4 03E-07 1.9E400 |2 0E-01

4.80E-04

DC Handling System - Welding Burnihrough of DC Inner Lid | 0:\SA-DEPT\S03.03\CAFTADC13-14.ETA] o698 | Page 1
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5.0 Supporting Information
The fault tree developed for the welding bumthrough event is shown on Page V-12.

Pages V-13 through V-18 contain the preliminary design sketches provided by Surface Design for the DC
Handling System. Information in these sketches was used to calculate the maximum drop heights for
various design basis events evaluated in the DC Handling System.
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— FIGURE 7.2-8
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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 Facifities. 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-6l/year; however, additional analyses or design changes are required to demonstrate that these events
are beyond deslign basis.

Detailed event trees and fault trees for the subsurface Interna! events are contained in Reference 7.44.
The radiological dose calculations for the two bounding radiological events were performed using &
slightly different model than was used in Reference 7.44. The source temms, release fractions, and other
assumptions required to perform the consequence analysis were as defined in Section 2.2 of this
document. The results of the dose re-assessment are provided In Section £.5 of this report. Additional
details on the methadology and data used to perforrn dose calculations are presented in Attachment IX.
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Table VI-1: Grouping of Internal Events for Subsurface Facilities™

atform

Radio- Subsection for Frequency
E,‘j:“' Event Description!" Location Potential Consequences™ l%gic:l“gr Screening Analysis™
. pa. .
1 Transporter Deraitment in In Ramp or Main Drift during Ful-speed derailment may have rol-over, R 7255
Ramp or Main Drift transporting WP into Main Orift | but impact on WP less than Runaway
2 Emplacement Gantry In Emplacement Drift during Drop of WP onto ancther WP or pedestal, R 7.257.1.7.257.2
Derailment Emplacement of Waste of slap of WP against ganiry rama and/or
— Package wal —
K] Waste Package Reusable | in Ramp or Main Dritt during Potential drop of WP onto tracks, impact R 7256
Caris Ejected outof - transporting WP Into Main Drit | similar to Deraliment
Transporter .
in Turnout During Transport of | Potential drop of WP onto tracks, impact R 7.258
WP to Emplacement Drift similar to Deraiiment
4 Reusabla Car Collision with | In Emplacement DriRt during Impact on WP if gantry in partially lowered U Ses Event No. 7,
Emplacement Gantry Transfor of WP posttion; jamming; Conseguencs 2)
5 Runaway Transporter (with | in Ramp or Main drift during 1) Derailment, crash in to wall; potential )R 1)7.253
wrP) transport of WP worst case for single WP events,
2) Crash into ground suppoatt; initiate 2)R 2)7.253
rock‘f‘all andfor troliey wire discharge and/or
fire.
in Turmout During Transport of | Equivalent to Deraitment at full speed; see R 7.255
WP to Emplacement Drift | Event No. 1 -
6 Runaway Transporter in Ramp or Main Drift duting Rolt back down to collide with another R 7.254
{without WP) return to Surface transporter train; Impact on WP similar to
collision or derailment
7 Emplacement WP In Emplacement Drift during 1) Drep of WP onto another or onto a 1HR 1)7.2573
Lifting Mechanism Fails Transfer of WP pedestal;
2) Unable to complete operation; stuck 2)U
8 Transport Cask Internal off | In Dritt during Transler of WP | 1) Unable to complete opsration; similar to 1Ny 1) Ses Event No. 7,
Loading Mechanism Fais at Emplacement Drit No. 7, consequence 2} Consequoncs 2)
2) Spurious actuation, similar to No. 3 2)R 2) Combine with Event No. 3
[) Transport Cask Door Jams | At WHB During transfer into Not feasible due 1o geometry and design; N/A None
Waste Package Transpoiter lower edge of the door Is below lovel of

3
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Table VI-1: Grouping of Internal Events for Subsurface Facllities™.
Radio- Subsection for Frequency
Event Event Description®™ Location Potential Consequences™ logical or Screening Analysis®™
No. Upset“'
In Turnout/Emplacement Drit  § Not feasible due to geomelry and design; NA None
during Transfer of WP lower edge of the door is below level of :
_ platiorm
10 RocklalUGround Support in Ramp, Main Drift or Turnout | impact/Breach of transporter car and WP R 7.259
Fall onto Transporter | during transporting WP -
1" Rockfall/Ground Support in Ramp Drift during Transfer 1) Hal train. )Hu 1) None
onto Locomotive of WP at Emplacement Drift 2) Fall of troliey wire: initiation of electrical 2)R 2)7.259
discharge and/or fire or missile; 8 potential
threat to WP
In Turnout during Transport of } 1) Halt train. 1Hu 1) None
WP or Transfer of WP 2) Fall of rolley wire: Inftiation of electrica! 2)R 2)7.258
discharge and/or fire or missile; @ potential
threat {c WP
12 RockfallGround Support 1n Main Drifts or Yurnout Halt relocation; no WP present u None
onto Gantry & Carrier
During Relocation
13 Rockfall’Ground Support In Emplacement Drift During Damage to WP, depending on mass falling R 7.258
Collapse onto Waste Storage on WP; may damage multiple WPs
Package _ concurrently _— o
14 Loss of Waste Package In Ramp/drift during Sec EventNo. 3 Ses Event | Combined with Event No. 3
Cart Restraint In Stoped transporting WP into Main Drift No. 3
Emplacement Drift In Emplacement Drift during Does not apply to reusabie railcar concept NA See Event No. 2
Emplacemnent of Waste
e Package into drift
15 Fire/Explosion: from In Ramp or Main Drift during Untikely but potential damage to transporter R None, deferred to future
) otive backup-poweyr transporing WP - car and WP; ¥ sufficient energy imparted to snal;
batteries; trolley supply WP, release may exceed runaway scenario
rectifier alcove; power- In Emplacement Ddft during Unlikely but potential damage to transporter R None, deferred to future
supply cable; ingress of Transfer of WP to Gantry car and WP, If sufficient energy imparted to snalysis
combustible fuels or vapars WP, release may exceed runaway scenario
from development side f
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Table Vi-1: Grouping of Intemal Events for Subsurface Facilities™

Radio- Subsection for Frequency
ENV:?‘ Event Description!™ Location Potential Consequences™ logleal qu Screening Analysis'™
Upset™
16 Thermal Cycting of Wasts | In Emplacoment Drift during Induce crack growth in WP, depending on R | None™
Package Emplacement of WP or After rapidity of temperature changes; open
Drift Closed fissure for release of radionuclides (e.9.,
suri’acn CRUD) but unkkely to cause
. ge to waste form -
17 | Themmal Cycling of In Emplacement DriR during Inducs deterioration of ground support R Nonas, daferred to future
Emplacament Drit Ground | Emplacerent of WP or Aflar strength; snabla rockfall and/or lining fak; analysis
Support Drit Closed damage to multipls WPs —
18 | Loss of Subsurface In Emplacement DriR, Turnowt, | Backflow of radioactive air from U None, qualitative screening
Ventilation Systam and Main during emplacement driRt; requires precondition of per 7.252
of WP or After Drift Closed undetected leaking WP
Notes:

(1) Event descriptions are from the MGDS PHA (Ref. 7.10), but have been modified to reflect cumrent conceptual design or events that wers 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. UpsetVEmergency Condition issues, denoted by “U” do not involve radionuclide releases bul may pose
radlological safety issues for personnel. “N/A® is not applicable to current design.

(3) Events added to PHA Est.

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

Preclosure Repositary Subsurface Facilities.
(8) Subsections listed are from Referencs 7.44, DBE/Scenario Analysis for Preciosure Repository Subsurface Facm'ties
(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™

. . Release Scenario Screening/
E;zm Event Description™ lnmam;g Fr:as,uency. quueng. DBE Category for Release
. perye per year™ Scenarios®!
1 Transporter Derallment in Ramp or Main Drift 61:; ;:‘:;E.-SSE-Z 15'57.;"3%_‘7%6 B8DBe®
2A Emplacement Ganty Derailment - Norma! Speed 1.2E6 1.7€8 BDBE
8 Emplacement Gantry Deraiiment - Gantry Runaway 8266 < 1E-6 BDBE
3 Waste Package reusable car is ejected out of 3.3E€1o0 1.7E4 8E-9to 1.8E-7 BOBRE
Transporter BE: 1.7E4 BE:3.8E-8
: F1:6.265 o 1.2E-9 5.AEA"
5 f,a“f.‘)“‘” Transporter (loaded train coliding with | 44 767 5 10 4.76-3 26E-8 10 5.0E.7% Category-2®
BE: 6.0E4 BE:1.2E-7%
Runaway Transporter (empty returning train ; 1E-10t0 2.3E-9
& | coliding with Ioaded train) _21Es BE:SE-107 BDBE®
8.2E3tc 1.4E3
7 | Emplacement Gantry WP Lifting Mechanism Fails BE:34E-3% ke o BOBE®
1.6E-5 (whole train)
10 Eoddall onto Transporter 5.3E-6 (transporter) <S5E-7 BDBE
1 Rockfall onto Locomotive 1.6E-5 < iE-6 BOBE
13A Rockfall and/oc Ground Suppott Collapse onto 2.7E-510 0.42 1.4E-10 t03.4E4 BE: Treal as Category2 ©
Waste Package - Static Rockfall BE: 8.364 4.2c-8
138 | Rockfall snd/or Ground Support Collapse onto <1E4 BE: GE-Wyr BDEEY
Waste Package - Seismic Induced, Beyond DB Beyond DBEQ
Earthquake®™
15 Fire/Explosion Deferred to future analyses
16 Thermal Cycling of Waste Package Deferved to futwre analyses;
not In scope of Subsurface
Design
17 ;hermat Cycling of Emplacement Drift Ground Deferred to juture analyses
upport
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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,

Uncertainties in parameters used in analysls give a frequency rangs that extends into the credible rangs, 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 thesa events may not be shown in Table
7.2-18 of reference 7.44. A probabilistic key block analysis is planned to reduce the uncertainties.

This event was included to be consistent with the presentation in Reference 7.23 even though the initiating event is hoted to be BDBE.

BDBE is Beyond Design Basis, indicating a sequencs frequency < 1E-6yr.

“BE" is a best estimate;, °FT" Is a result of fault tree analysis; *Act’ is based on actuarial data.

The valus of S.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 wasts
package; however, dasign will ensure that the maximum feasibls impact is within tha design basis of the waste package, giving a frequency range that is less
than 1 E-&/yr and therefore a BOBE. Fuither study is needed on this event to define the DBE.

Modification of Table 7.2-18 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 methodolegy and regulatory basis for evaluating
Design Basis Events (DBEs) initiated by Design Basis Earthquakes (DBEQs); 2) Present the radiological
dose consequences of seismic-initiated DBEs postulated to occur at the Monitored Geologic Repository
(MGR); 3) Address the Preclosure Safety Strategy (Ref. 7.42) and consider altemative design options;
and 4) Assign design-specific seismic classifications (i.e., the frequency level of DBEQ to deslgn to) for

each system, structure and component (SSC) important-to-safety, based on the calculated dose
consequences.

1.1 Design Basis Earthquakes - Frequency Categories

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

Seismic I-laiard Frequency-Category-1 | Frequency-Category-2
Vibratory Ground Motion | 1 x 10™ per year 1 x 10™ per year
Fault Displacement 1 x 10™ 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
S§SCs), and 5.0 (waste package). Section 4 of the Topical Report addresses mitigation of fault
displacement hazards for which the primary defense is faull 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, cther 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 Kmits for Design Basis Events (DBEs) specified in 10 CFR €0. Itis
clearly stated (page 2-2, Ref. 7.30) that “for Frequency-Category-1 DBESs, 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 Geolegic Repository (MGR) SSCs are presented
in Section 3.2 of the Topical Repost where i 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 term in ... 10 CFR 60.”
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Appendix A, do not apply. In particular, it is stated (Ref. 7.30, pg. 3-8) that requirements for the
“operating basis earthquake and safe shutdown earthquake ground motions do not apply.” Further, the
Topical Report states that “repository SSCs that are important to safety will have a single design basis
earthquake (Frequency-Category-1 or -2, as appropriate).® This commitment is addressed in this
analysis. Addressing this commitment is important to the design of the SSCs because items that must
withstand a Frequency-Category-2 DBEQ have to be designed to withstand higher earthquake loading

{e.g.. higher peak ground accelerations) than items which ara only required to withstand a Frequency-
Category-1 DBEQ. )

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

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

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

- Whoss failure could initiats an event that could resuit 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 80.138 (for Category 2 ‘J-/
DBEs, a.9., 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 fo Potential Interaction
(QA-5). The continued funclioning 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 fo 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 Potantial
Interaction.

This analysis applies the principles described herein but does not distinguish between QA-1 and QA-5
SSCs, a priorl. 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 damags
to a waste form and lead to a releasa 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 reguiations.

Civilian Radioactive Waste Management System
Man.agement & Operating Contractor



Title: Preliminary Preclosure Design Basis Event Calculations for the MGR Attachment V11
DI No.: 800000000-01717-0_2! 0-00001 Rev 00 o Page: VII-3 of VIi-32

The analysis was carried out for potential event sequences that could be initiated by an earthquake of

any magnitude, since the selsmic design cnterla 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
safely 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 mmgatnon features, if
mitigation Is currently used in the design, or could be applied.

4. Subject each SSC to the following dose comparisons:

a. [fthe 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 selsmic 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 radiofogical 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, afler a cost analysis, it
shows that with only a small Increase in costs that it Is reasonable to design an SSC to a2 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 & 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 termns 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 (.., 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 scenarlos 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 Categoaries 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 summaiized in the following subsections.

3.1.1 séoping Analysis: Consequences of Collapse of Waste Handling Building

The structures of the waste handling building, inciuding 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 impacling, a waste form and causing a releasa of radioactivity. On the other hand, some of the same
structural elements may be required to provide a confinement of radicactivity 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 selsmically designed confinement to mitigate releases due to seismic failures of
other SSCs.

- In this analysis, the Waste Handling Building was assumed to be filled to maximum
radionuclide inventory with PWR SNF (l.e., every handling and process station was assumed to be
occupied by a single PWR assembly or a full 2i-assembly waste package). The offsite dose was
calculated assuming that an earthquake caused the roof of each operations area to fail so as to breach
the waste form(s) contained within it. The source term in each operations area was proportional to the
Inventory of waste form Impacted. The contribution of particulate release was calculated in proportion to
the energy imparted by the roof mass of each operations area.

Table 7-1 presents the offsite doses that result from postulated seismic failures of the roof, walls, or
foundations of each operational area of the waste handling building. All of the calculated doses
(unmitigated) at 5 km exceed the Category 2 limits of 10 CFR 80.138 by factors of 5 to 500. Therafore,

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

3.1.2 Recelpt of Waste

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

Waste Is recelved 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 8-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 structura! 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 ll) 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 concurmrently during an earthquake, the resulting dose is twice
that from the counterpart internal event. Table 7-2 summarizes the offsite dose calculations for various
greas 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 €0.136 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 sumrhary 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 @ m
and is attached to the camier car by hold-down devices. Since the configuration of a cask and carrier car
are not changed until reaching the Carrier Preparation Building, it is assumed that no release can occur
even in the event of a Frequency-Category-2 earthquake.

Civilian Radioactive Waste Management System
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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. Therefora, 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,
thera 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 Carrler Preparation Building on the rail car or truck to the Carrier Bay of
the Waste Handling Building. it must move over a bridge on its trip to the carrier bay building. During
this period, it is potentially vulnerable to earthquakes via cask ejection from the carrier or the fall of the
carrier and cask if the bridge collapses. The 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 recelipt operations into compliance requires
that transport cars and holdown devices, the bridge, and rail and camier roadways be designed to
withstand the Frequency-Category-2 DBEQ to prevent a release. [n 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.

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

" Preclosure Safety Strateqy- Radiological safety for the Recelpt of Waste function is achieved by the

following propesed 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 altemative solutions still hold. As noted eadier, 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 Cairier
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 Carmrier Bay Building

VA Desian - 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 [ift casks from carrler 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 camier car entrance and exit doors are not airlocks; and no
filtered ventilation is provided. The casks are without impact limiters and are vuinerable 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 selsmio-lnduced release scenarios in the Carrier Bay
inciude:

= 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 &nd fittings; and control systems
Transfer cart, including built-in restraints to prevent cask slapdown; this inciudes the control and

drive systems to prevent collisions with the exterior of the alrlock door (see subsection 3.1.3.1) or
uncontrolled motion leading to fall from the transfer dock :

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

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

« Primary: Contalnment with transport cask
Secondary. Confinement via facility
Defense-in-Depth: Prevent lifts exceeding design drop height
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Like the VA design, the Preclosure Safety Strategy refies 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 praviously, it Is assumed that the transportation cask will also be
designed to withstand the accelerations of a Frequency-Category-2 DBEQ.

If the Carrler Bay area Is designed to provide "confinement via facility” and HEPA filters are available to
remove radioactive pasticulates, the potential offsita doses are reduced by several orders of magnitude,
as shown in Table 7-2, and are well below ths 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 selsmic-induced breach of a cask occurs at a
frequency of 10° per year and assuming an HVAC unavailability of 4.8E-4 (see Attachment VIIl), 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 Liting mechanisms, fittings, and controls of the cranes to be classified as non-
seismic and designed to UBC.

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

3.1.3 Assembly Transfer System

The Assembly Transfer System receives and unloads transport casks contalning 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
compiised of several stations that ars 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 (.., 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 hava 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 thesa seismic classifications.

3.1.3.1  Airlock

VA Design - This area provides the interface between the Carrler Bay (non-confinement) and the
confinement portions of the Waste Handling Building. The cask is verticaily oriented on a powered

transfer cart. Other than the potential release due to roof collapses discussed in Section 3.1.1, other
potential seismic release scenarios include:

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

= Uncontrolled or unconstrained motion of the cart resulting in a collision with the walls or airlock doors
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The unmitigated dose at § km for either of these scenarios, assumied 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 fotlowing:

= 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)

= Altematively, 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 (shiown in Table 7-4) .
would be reduced to below the 10 CFR 20 limit of 0.1 rem (per year), and the transfer cart would be
designed to withstand a Frequency-Catgory-1 DBEQ, or UBC.

Preclosure Safety Strateqy - The Alrlock 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 th_e
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. Glven the prevention strategy for Receipt of Waste, confinement

would not be required, except as secondary defense but would have to be Frequency-Category-2 to
assure dose limits are met at the lower frequency earthquake. To provide defense-in-depth provisions,
an alternative means 'of transferring casks would have to be developed so that energetic stapdowns 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 lsolateg from the Alrlock by the inner isolation door of the Airlock.

The cask is lifted from the transfer cart by a bridge crane and lowered into & 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 lified 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 Carvier 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 dosa s less than the 10 CFR 20 dose of 0.1
" rem (per year). The consequences of a crana falling onto a cask and breaching it would be equal to or
greater than a breach due to a cask drop into the pit. The difference in doses depend on the amount of
particulates generated by the impact of the crane falling onto a cask or a cask dropping into the pit,
respectively. The consequences of an uncontrolled crane motion Initiated by an earthquake could result
in a collision with a wall with or without a consequential drop of the cask. Dose consequences of such
events are expected {o be comparable to the drop. Therefora, 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:
v Option for the transfer carts are the same as for the Airlock (see Subsection 3.1.3.1).

» Prevention of cask drop into the pit requires the bridge crane lifting mechanisms, rails, supports, and
controls to withstand a Frequency-Cateqory-2 DBEQ; thess design criteria would also prevent fail 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 alternative that could prevent releases by cask drops Is to provide impact limiters at the
bottom of the pit or pool and on the pool deck where transfers are made.

Preclaosure Safely Strateqy -~ Since the functions of this operations area are to alter the confinement
boundary and intemal atmosphere of transport casks, i is subject to the design philosophies of the
Transfer of Waste to Waste Package. Two cases are consldered - 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
s Defense-in-Depth: Prevent Dropping Bare Assemblies

If the Cask Preparation and Decontamination functions are performned 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 glven the occuirence 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.. Pravent 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 Canisfered 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.

YA 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 tum, are cut _
open to expose fuel assemblies. A Wet Assembly Transfer Machine removes one fue! assembly at a
time and transports it to a fuel storage rack in the pool. The pool water provides radiological shielding
and confinement of particulate radionuclides that are released into the water from the normal operations
of handling assemblies with cladding defects and surface crud as well as 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
filldrain systems and other rooms or plping that could result in loss of pool water in an earthquake must
withstand the same level of earthquake &s 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 assermnblies
that could fall to the pool fioor.

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
106 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 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

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Preclosura Design Basis Event Calculations for the MGR Attachment Vii
Dl No.: BC0000000-01717-0210-00001 Rev 00 . Page: ViI-12 of ViI-32

Secondary: Confinement by Facility
= Defense-in-Depth: Prevent Cropping Bare Assemblies

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

3.1.3.4 Cross-Line Transfer Canal

VA _Desiqn - This portion of the pool permits the movement of loaded or empty assembly baskets
between cask unloading lines. A basket is loaded onto an underwater transfer cart and moved to the
pool segment of another fine. A potential seismic event is the drop of a loaded basket onto the pool floor
or onto other baskets due to a failurs in the mechanical or control portions of the wet assembly transfer
machina and the transfer cait. 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 poot 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 séfety Strategy for the function Transfer of Waste to Waste
Package — Bars Fuels considers the following features to achleve the required safety:

- = Prmary: 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 reglon of the pool, assembly baskets are moved from the staging rack to the incline
transfer canal cart which camies 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
mechanlcal or control poitions of the wet assembly transfer machine or the incline transfer cart. These
are similar to those of the transfer canal except thera 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 Strateqy - 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 thesa precepts so the seismic classification is the sama.

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 (Dé) 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 handiing cell is designed as a shielded hot cell to

protect operating personnel from direct radiation and from normal and unintentional releases of airborne
radiation.

Potential seismic events include: (1) drops of baskets or individual assemblies onto the floor, into the
dryer, or onto cther fuel assemblies in the DC; and (2) impact on Individual or multiple fue! assemblies by
falling equipment. The dose at § 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 fllustrate 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 fimits 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 Strategy - The operations described in the previous paragraphs bridge two of the
Preclosure Safely 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
facifity, and the defense-In-depth safety feature Is to prevent dropping the fuel assemblies. The VA case
uses the primary and secondary features of the Preclosure Safety Strategy. Placing assemblies into a
DC will always pose some risk of dropping an assembly so it does not appear feasible to implement the
proposed defense-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 funélion 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 facifity 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 Deslgn - The canister transfer system provides for the transfer of the DHLW, DOE SNF, and Navy
fue! 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 paralle! operational paths are provided. In each path, transport casks are carried
upright on a transfer cart from the Carier Bay, through a corridor, through an Air Lock cell, and into a
Cask Preparation cell. Cask preparation inciudes detensioning and removal of bolts from the transport
cask, sampling, venting, purging, and decontamination. Afier 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
{ransportation 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 releasas by seismic events consider the following:

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

o Itis assumed that acceptance criteria will requira that canisters for the other wastes also withstand a
dropof 7m

s 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 sufficlently 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 fiitration), 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. Therefors, 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 {ift and drop beyond 7 m, or
Initiate an uncontrolled motion that could result in a canister impact with a wall or other canisters.

Table 7-8 summarizes the seismic classifications of the SSCs of the Canister Transfer System based on
the reference VA design.

The seismic classification for the Canister Transfer Systern 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 Wasta, Transfer of Waste to Waste Package, and Packaging/Sealing of
Waste Package - Before Sealing. The Receipt of Waste credits containment by the transport cask as the
primary defenss, 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 resuit
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.
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31.5 Disposal Container Handling System

VA Desiaa - The purpose of the DC Handling éystem (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

cnto the waste emplacement transporter. The system also transfers DCs to the Waste Package
Remediation System as needed.

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

The potential consequence of roof and building collapse 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 €0. 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:

e welding burnthrough

« vertical DC drops

s crane falling ontoc 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 radiclogical safety must be designed to withstand a Frequency-
Category-2 DBEQ. -

Table 7-8 summarizes the seismic classification of SSCs of the Disposal Container Handiing system for
two altemative design strategles: 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-nitiated 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 occuming. 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.

Anacther 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 afler sealing the DC, and the requirements for bare fuels versus canistered fuels.

For the case of Before Sealing ~ Bara Fuels, the primary safety feature is confinement by the hot cell;
the secondary feature is confinement by the facility surrounding the hot ceil; and the defense-in-depth
feature is to prevent liting and tipping of a loaded, unsealed DC. With this strategy, offsite dose
requirements could bs 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 tha DC crane, fitures, and lifting mechanisms are designed to
withstand a Frequency-Category-2 DBEQ.

- For the case of Before Sealin§ - Canister Fuels, the primary safety featurs is to prevent lifting and

tipping of a loaded, unsealed DC. At present, wa 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 cperating lift heights could breach a canister and result in doses exceeding the
limits for Category 2 DBEs, SSCs required to prevent lifts and slapdowns would have to be designed to
withstand a Frequency-Category-2 DBEQ. Given that the same SSCs handle DCs containing bara or
canistered fuels, meeting this requirement would provide defense-in-depth for the bars fuel case as well.
The secondary safety feature Is Containment by Canister, which leads to a requirement that any heavy
objects (e.g., falling cranes) capable of breaching a canister must be designed to withstand a Frequency-
Category-2 DBEQ. Defense-in-depth for this case relles on confinement by the facility, which is cusrently
Included in the VA design for the DCHS and has been shown by this analysis to be necessary to meet
the Category 2 offsite dosa limits for selsmic-initiated DBES involving bare fuel.

For the case of Affer 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
lifing and tipping of WP. Both the primary and secondary safety features rely on the WP for
containment of radlonuclides; therefore, the WP and any SSCs that could potentially cause (or interact
with another SSC to cause) a breach during a seismic-initiated event must be designed to withstand a
Frequency-Category-2 DBEQ. In this analysis, the bridge crana and the horizontal liting system wera
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 na radiological release Is possible due to a drop or slapdown event.

3.2 Subsurface Facilities

3.2.1 Summary

In FY97, 3 preliminary analysis was performed to identify and screen potential DBEs for the subsurface
facilities (Ref. 7.44). That analysis included both intemal and extemal events. Section 5.5 (of the
present report) summarizes the analysis of subsurface intemal events. Extemal events included
earthquakes and noted that event scenarios initiated by earthquakes are largely covered by the intemal
event analyses. The exception being the potential for common-cause initiation of mora 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 sarthquake. 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 retum period of the earthquake. As in the surface facilities, the dose
consequence of & 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
invesiment risk.

Table 7-¢ summarizes the subsurface selsmic 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 classif cation 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
DBESs and must be prevented or mitigated in the event of a Frequency-Category-2 DBEQ.

If an earthquake of magnitude beyond the design basis of the ground support occurs, it is considered a
common-cause initiator that can simultaneously induce rockfall in all emplacement drifts. The bottom
portion of Table 7-10 illustrates the bounding offsite dose that might be realized if all emplacement drifts
were to experience rackfall 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 genera! communications.

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

likelihood of seismic-induced upsets, it may be advisable to require these SSCs to withstand a
Frequency-Category-1 DBEQ.

Another potential consequence of a runaway of the transporter train, whether seismic-initiated or
otherwise, is destruction of ground support members. If steel sets are used in the curve, then several
steel sels 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 redson 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 fallin ng monohth The probability analysis from Tabte 7.2-14 of Reference 7.44 indicates a
range of 1.3 x 10" to 1 x 103, with a best estimate of 1 x 10 as the conditional probability of striking a
waste package and having suff'cient mass to braach it. This means that, assuming ground support fails
and a rockfall oceurs, the conditional probability of a breach per emplaced waste package is about 1x 10°

For a static rockfall event (i.2., a random, internal event), the probability of breaching a single waste
package per event was aiso consadered For a population of 10,213 emplaced waste packages at risk
during an earthquake that could causa simultaneous failure of all ground sup gort in aII emplacement
drifts, there is a conditional prebability 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 avent 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 retdevability, it is recommended that ground support for the
emplacernent drifts be Frequency-c:alegoty-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 assoclated with transport and handling events,
then it can be reasoned that all other SSCs in the subsurface need not be designed to withstand a DBEQ
for offsite dose considerations. However, some subsurface SSCs may have to withstand a Frequency-
Category-1 DBEQ due to worker dose considerations. Further, it may-be desirable to design some
subsurface SSCs to withstand a Frequency-Category-1 DBEQ for defense-in-depth. SSCs that fail in
such an earthquake, including radiation-monitoring equipment, can be refurbished and operations
resumed. In the aftermath of an earthquake that results in failure of the monitering, lighting, or
communications systems, portable equipment will be sufficient to survey the underground, as long as
thera 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.

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Preclosure Design Basis Event otnc_uagu for the MGR

Altachment VI

0l No.: BCOG00000-01717-0210-00001 Rev 00 Page VIi-18 of Vii-32
Tatle 7-1 Selsmic DBE Consequences of Waste Handling Bullding Roof Collapse
Note 1 Kot 2 Notn3 Noted  Note$ Note & Note 7 Note 8 Nole 9
Max. Rool
Win.Rool  Thickness  Conservalive Offske Dose -No  Conservalive Offsite Dose -
Wasle Randing Building Worsi Case  Maxkmem leventory VA Rool _t.uz RoolAres, A Mass, M B=M(d°A)] Mitigation frem) with Meligation {rem)
Opavstions Area Wals Fom (PWREBWR) DHLW Matesial  m) ] (D) tm) Canister  PWR __ BWR__Canister  PWR _ BWR
Waste Trealment Sleel  8.04 [
Carrier Bay Cask 2122 Sheet 335 1891 [ 39 »E 5 18E-02 25E-02
ATS Cosk Prap/Alt Lock  Cask 78183 Sieel 2984 260 10 (V-] »5 =5 S4EL02 89E02
Pool Asea (Hots 10) SFA 7021584 Stes! 2184 3™ 004 002 »5 2S5 TIEOt BIEL
DC Hol Celt {dryer) 8FA 1260264 Concrete  15.24 130 006 024 »5 5 B8E-02 1.0E-01
DC Load/Decon ATS) ©C o Concrete 823 14 0 s 5 31 73E-03 83503
CTS Corridor Canisler 0 Steel 1828 752 1 (X1} 5 7.50E03
CTS Cask PrepDecon  Canister 2 Swel 1.9 260 ] [} >S5 5.10E-03
€S Leg Storage Canister 4  Concrela 195t 7 (] 148 »5 320502
DCload Area{CTS)  Canister 0 Concrels 195t m 1 157 »” 8.10€-03
©C Mandling Cent oc w0220 Concrels  18.29 1,208 ] 406 »5 2§ 83602 10E0t
OC Staging Area oc 4205880 Concrels 1828 97 [] L0 »5 =S 28E-01 38E-01
OC Teansie oad oc MW Concrete 9.4 42 18 064 »5 »S 7.5E.03 9IEL3
WP Remediation oc 2144 Concrele 483 195 »“ 8425 5 »S 75203 $.3E-03
Biptes:
1 Worst casa waste lorm handicd hom » dose $ Minimum rool mass equivatend lo 8 ’&ogﬁsggu‘gg
2 Max. polential inventory basad on Rel. 7.26 7A rool Is will: » density equal o siee! or concrele

3 Based en input from Surface Facikty Designers
4 Estimated roof heights based on Referance 7.27, Figures B-9.

$ Estimated coll sruac based an Roference 7.27, Figwe 4. 10 Max ¥ S0UICe ferm

Assumed

Acsumed Max. Design Basls

Waste  Loaded Mass End-Orop
Fom  o4T) Helghl (m)  Basis for A

Cash 1.01E 02 20 ﬁmdgdl&-m-b “Loaded Cask Systern Maximum Orop Heights® (see Atiachment i)
Canister 2.20€400 70 8 Rivers ¢ Canizlet Py Speciication (Ref. 7.19)

SFA 2.83E-Dt 190 Best asfimale from WP Dasign

oc 8.30E+01 20 .rn!_..almzmnﬁ.:so-!uftaeﬁltiﬁz 7%

Calculation method: Using the dosign basis diop height lor each waste form, equated the polential
onergy of tha waste form mass dropping from iis design basis height lo the potential energy of the
ool mass diopping from the root height.

MigeH = woegrh

M = Rool mess

H = s00f height Cancrete
™ ® wasle formn mass Sleel
™= design basis diop heigh!

Densily, d
| ) MTim*3
1466 185E03
4865 €.13E03

8 Dotorminisiic TEDE dose with PWR/BWR/DHLW DBF source lerm, PULF and no HEPA Ritration
8 Duoteiministic TEDE dose with PWRBWR/OHLW DEF sowrce lorm, PULF and singte-stage HEPA fitralion
no waler is prasent in the pools
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Table 7-2 Selsmic Dose Calculations: Recelpt of Waste
- PULF Sowes Term | suugated Offsite | Unmitigates Olfsite i
. Equivalent Drop | 8 Assembiles Dose Dess Jn_-_!y .
s Honsl Sequence Equipment Potential DBE SSCFallure | Meigm PAR JBwR | PWR | BwR_| _Pwm BWA :
fesrtecask Transpont System
Onaile Traneler to CPB e Mover Diesal Fre . g 61 NR NR NR NR
Rall Caerler Dvop from Caniet Cradle Caeries Cradle 18 - 8t NR NR R NR
Truck Cartler Orop lrom Carrier Cradie Canies Cradie 1.2° 4 [} NR NR AR NR
CPB Matesiat Handling System
A Mensure Exdernal Radiation
8 Remove/Retract Personnel Bartier
T inspect for Radiation Conlamination []
0. M s 1 Cath T "
€ Remove/Rebact Impact Limlers Impact Limlier Sing/Sprieades Bar NA
Handiing Equipment Drops on
CPB Bridge Crane (10 fon) Cask 28 1]
Handing Equipment Drcpe on
CPB Gantry Mounted Mariputalor Cask % 91 MR NR NR NR
F. Haul Carties to WHD Using Sia Prime
Mover Ral Carier Drop kom Castier Cradie Cartier Cradie 13 k. 61 213603 283EM) *$ S
Truck Cartier Drop Som Casrier Cradie Carrier Crade 12 4 ® 285E.04 IGOE-D4 09 12
Onsile Mover Diecsl Fire 2 [ 1] R NR NR NR
Briige coRapse Bridgye »S 2 61 213603 283ED) >5 e )
JCantter/Cask Handling Systern )
[Carrier Washdown Station Waler Washdown Device NA
jCastios Bay
Handiing Equipment Orops on
A Deterzion Hold- Dovrs Gantry Mounted Manipulalos Cask Gantty ] [ 1] NR NR NRr NR
8 Upright Cask Liing Yohe
Bwidge Crane Slapdown onlo cammier Crane, Yoke 53 26 8! S76EL) 7 OSED >3 S
C Lk Cask OR Catner Liing Yoke ~
idge Crane Drop onde Moo Crane, Yole [ X RN 52 12 SMED V7E02 >5 »5
O Teansles cask bo cask cant Lifing Yoke ’
Beidge Crane Ovop onfo bansler cad Crane, Yoke as 52 12 a4EL § WE02 L] »3
Tranzler Cant ) . .
€ Move Cad inko sirock Transter Cant Stapdown from Trangles cad _ Transler Cant sy 52 172 sisED? 150602 8 ]
Notes:
Caavier Bed height per David Rhodes, Rall - 50°, truck 48",
Stapdovwns assume to be equivalent to height of tallest cask 210°
Nominal LR Height 136", Two-Block 2010 . .
Transfes Carl helghl 2
~— — e
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Tahle 7-3 Beinmic Claseicailon of $3C0 for Rocolpt of Waste
7 egery
N’
0¢ s/l Port Nonbhor  B5C Setamic Pabure [VA Design -
EaviersCask Temepant Sysiom
Ontde Bever Owrsltnen wa ‘Spart budiors kot ) Inpoect Saders bitost [ oend impact bubors bilast
Rl Comter .I"ll.f.glg‘ - mpodt Brders Ntnet LY npect Sulers bisat [ mpact bubars Waet
" Snath Comter E‘!}r Camier - fmpodt Brors Biat - Ipadt Svdere bes L} npod Snders dast
RohvwyResdwuy - Gnpad Drders Slast - paet Snars itaet L Ompac bubers Yast
CPR Masorial Nandiing Bysiem
peat Unber Bingflpreades Bur  SHFX- 400 Fulls exlle ek 1 Teaficlard Bos W Sunage sook we nmdiciont et 0 Gatvage soth me Smuficient aase bs danape cooh
PR Sriige Droma (90 bl O HRAL El.ll-l-u-.lll.'ltl e imalicinsg moes tn Sumoge soek we Tmdiuiart et 6 GoBuge aovk we Teuficient 50es (0 damege La0k
o pervant ilied
PO Ouniry Mowded Maviguisier THONIPLME  Surivy . shage hotivaing e nadiierd mees by Gomaga cook e nandalont maot fe dinege ook we aviiciest mats t0 Gutuge sosk
Oulng Pahre and Suns - ks ovde eovh usC nndiciet Sees v Suntge ek -c nmgicient #0839 Sarusgs soh e Smpeficieet mpes W Gumege S0
Rl Canter Conler Crade - envh shoben alirept e Onpotehard swlecs > aosk i beh  C P jrFC uly Drep witin Baaign book of ersk. WC P perpC.tyw)  Brup wittie Guoipn bovh of seek
Wk Canter Conter Crasi - 0o Whahen Wlidaps [id] Dpatelad urbte ® ik Grsppbesn  WNC Y jwr PC.UeR Orp wilfin designtuck of ek WIC o FC buip  Doup Wit dosign ok of ok
oot Mower Dorsbuert - stunes Upovar of agier rc? Onpoinioni arbos » A dsgrbeot GC Vi PC. w) Drop wiliin Gesign busks of saek VBS g pC.tiw)y  Brop wiiin dragh bovk st eash
BedonyRosderry Bikge (=] Boup i baod rfoee » gosk Geoign bos  C ™ for P S Drop withie G53ign boels o eaek WC e rc el B v Grign besh of e
RadwayRermry Tood tratwelngpet - fpower of sumier  FE-2 Do wtohord mohier * ok Groigp binis  WBC M for PC. 4wl Orap witin dosign hanls of ewsk Wi et Drop witis duvig boss of eosd
Covteri ol Ronding Sysion
Waler Wethidwen Drnice L ) we s sty bewn wo i sohly lwes »a
Caneloe Sy
Goniry Waurded Verlpivtes PUE-MSAC  Sotrpsieps hoationhy iposvcomier 8 BT poory we rlF.rL L8 .}
e - -
Ming Yoo LR 40 Vel « ups ek 0 porwils shpdoun re2 Orag ate hard mriace » qnck dooignbosis 08 VM pw FC V) Srep within Gueign bunde of saok "n-'a: Canfinorneet by bndiing
HO
Didge Crung Mo URng Sachonuss § Coutren - @ups sost -3 Orep ante bund swriace > ook dusign ol QRS " P Y Brap wikin design bosks of susks G e FE- Wil o Conlinarnert by Wnbing
o pomite snpdown el
Wanvter Cont WRACH-V10 or PC Eont, sosh reebrebts (] Orep sobe tord srast S @ueh design ook UBC YV Jus PCAjwR o Bvep within deaigi Bovh f k'S, PCIT B *or POl o Coniromerd by bubding
CRIN "~ poet Rrultors et an suck v B
Sadge Crane L2 g Rals, mgperts (2] Hoowy vww opacts. ek = dosign bovks ©2 Woouy Sunes Snpacts stsk > direign barvie WEC “jor PC-tuilar  Canfinernant by Dulkding: petostiel wrushersd
b arey  Menae
Sulicting P oot sbenaely Sirnhon juher Bk rans Sppess| e we rltll demage Cvter BA
o -
Subiing tnen- ewtobunent) Soar - et duoy sutvancalnll mc . e yuivly howtinn, weothertdust eovingd we e ooty fndian; wastheritoed oonty sl [
Beliing - otsiawomest fnction Srastwe, sl ot foens - L ) ”©2 Confipamert by Wikding eurd wihvisnd
WSS draigt SR Rethgushe
‘VtabianMiralion syieom Sesing Wovs, fows & sovives. [ [} <2 Conlnamurt by vertSobion/lirslion surl
wiltuisnd mmdmen drai besls eofquebe
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Tabie 78 Seismic Classification of $5Cs Jac Assembly Transfer Systam

[Lecation/Equipment

Airdock
Root, welts

Cask barster cart

Cask banster cant - conrol & motive PULCR-110 Colislon with Aislock Duor; bieach cask; e ireach

ysems building confinarmert
Sariock doers. WA Fal ts maintasin Subding confinement FCA for B “i%i'i 'ransle
Cask Prep and Decon Room
Root, welis WA Concrsbe mass falis onto caak fc2 iﬂﬂb&!’iﬂ}
dring
Cask wniveding srea Wriége crane - SRing PUCN-110 Cusk drop from beidge crane inka pit £C1 for UBS™ WEgaled doss tess Than S sem; coadit for
machanismns & controle confinement, stherwice FC.-2
Cask snioading srea Widge trane PUCN Uncontofled motion- collision Seyond cask design basls  FC.4 for UBCY" WRigaied dose fexs han 5 som; ceda for
Incation motive & centrol - confinement, sthemise FC-2
Cask wnipading sres deidge crans - ris  PUCN-110 Crane lsks onto saeX (see below) FC-1 for UBCY™ Mitigated dose less than 5 sarm; redd for
and gupports worfinenert, sterse FC-2
Cash prep manipuisior PUEM-110 Handing squipment draps o cask uBC tnsutficienl mass 1o breach benspartalion cask
Cask M Wling ks PUFX11 Handiing squipment or lid diops an eask uBC nauificiont mass 1o braach rancpodation cask
Dvy anek liling poke PUFX-100 Chop cask usc Cash designed lo withstand deap from aormat
‘apenstonsl heights
Lage. small DPC Shing fetwes PUFX-123, PU- tvop DPC usc Cash dosigned s withstand drop hom nome!
FXAM operational heights
Wat cask Ming yoks PRU-FX-901 Drop cash uec Cask designed Ie withstand drop from nermal
opecsbonal heights
Cask Unloading Fool [part of poet})
Paol shruchurs and inee [/ [+ o poot -Less of solention rCc.2 Pravent heaach of pool confinement
weater, leas of welsr sesl I Assembly handling celt,
hestup of fuel assemblies
Paul, dowestrearm valves and dran: WA (sama a1 for posis strechwre & liner) FC.2 Pravent braach of pool confinement
Lasge. smalt OPC swerpacks PULA-121, PU DPC drops oh svarpack inside post usC DPCs designed In withetand impact of falling
. cA 2 SN0 Sverpach wnderwale
Large. smalt DPC Bd swveting tooks "M.—,!m:a.’.—;-%.igg usc Insuffcient mass 1o besach DPC
-3,
Wet sssembly liling prapple PUFX Cask @rop frorm bridge orane into pool we Cosi/OPC designed te withsland impact of
dvop ento post loos
‘Wat sesembly Sansie maching PUMA.132 Assembly drop owio pool oo, cask FC-t s UBCY™" Mitigated dose Toss thea § som_ coeds for
senfinement, sthereiss FC-:
Bridge orane - BRing mechsnism! PUCH- Drop of equipraian ento sssemblies during squipment (XY - o Mitigated doss lees than 3 serm; £vedit lor
onols movement canfinement, sthereise FC-.
[Bridge Crane - relis snd Supports PUCK-NC CTrane Ialts inlo pool, damages pool liner pndiar FC-2 Peavent brsach of pool conlinament
shucturelsssemblies.
Transter Corridor jpart of pool]
Crons-bne Sansler canal cant PULCR-11, Assembly besket drep onto pool e, breac FC-! t—lul. Miigated dose less han S eam; credit for
‘susemblies conhinement, alherwise FC-2
Assembly bashets PUCA-114. PU Basket skiows sssemblies o fafl on floor of poot, Swench  FC.1 for UBCY"  Miigaied done lets hen S san; cradit Jor
CA-115, PU-CA of susemblies. sonfnement, ciharwise FC-
127
Wt sssembly kansier maching PUMA-112 Drops beskel of assamblies onlo loor or onto other FC1 forUBCY™  Migated dose fass o S serm; credid Jos
basheis in vach ‘confinemant, otherwase FC-

Provent loss of conlinement lor ATS cell
during OBE!

FC.2 Proverd smal collapsa snko Fassportalion cask
suring DBE
Provent drop of Sansport cask during DBE
Prevant drop of ansporl caek during DBE
Prevant csane teop onio ¥ensport cask during
DBEQ
sk .
cask

FC2 Pravent drep of kansport cask during DEEQ

so“ Pravert damage ks DPC/SHF dvs to
fc2 Prevert dumage ko DPC/SNF due to

Fc2 Pravert $3mage ls BNF staembles due W0
FC-2 Pravert damage ls SNF assemblies dus s
FC2 igt.ﬂ;:r
c2 Praverd darmage t9 poot Gue ks crane (ol

FC-2 Pravent domage 1o SNF sasembiies dus o
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l SETNIE Sateny. bgeton TS Tesngy. Provenlen ]
Frequency Frequency l
[Location/E ]sscsuulehlm C: ™ 18asis or Design Assumption ™ ICMN Basts or Design A -
Assembly Saging Posl
Cask unioading area beidge crane PUCNIS Crang falls anie fuel siorage rack FC.9 (e UBCY™  Mitigated dose less than S rem; credit for FC.2 Pravenl damage s SNF assemblies dut o
confinement, clherwise FC-2 crane tall onlls fuel slorage rack dunng DBEQ
Incline wansier canal catt PULR-191 Ovops beskat of axsewnbiies onle floss or onle olher FC1 (s UBCY™  Mitigated done iass then S rem; credid for Fc2 Prevent éamage ta SNF assemblies dus l9
beskels in rack confinesnenl, ctherwise FC.2 cad fallure during DBEQ
Basket staping rack PU-SR110 Mum-muuuhu-ud FCA frUOCY™  Mitigated dese Sens Tan § ren; credit for FCc2 Provent damage 1 SNF assembles dve
poal, breach of sssambiins confinemend, otherwins FC-2 equipment faiure dusing DBEQ
Assembiy Handling Call
Roel, waly A Concrete mass lsls onde assembly dryer FC2 Provent ool cotapce onts SNF assemblies, FC2 Pravent roof cotapse oale SHF assemblies,
foss of canfinernent, dwing CBEQ 1osa of confinernend duue t» OREQ
Traevsler corvidor bidge crane - ralls & AR-CN-$00 Crane falls inie pool incline; breaches pool lner amd FCA for UDCY™®  Mibigaled dose less Than § rern; credil foe FC2 Prevent crang drop orde SNF sssemblies dus
suppenis, metion & contsel systems shwcte; laes of pool wates; ternclion wilh walls of confinement, ctherwise FC-2 » UBEQ
centainmend building: falls onie leaded assembiy deyer

or dry aunambly tanalsr meching casing bresch of
wasle form

Teansles comider brdge csane Shing ARLN-108 Orops heevy maintensnos load, beeaches poul net and  ¥C.4 for UBCY™® Mitigated dose lees Swen S ren; coudil for FC-2 Provest crane rom diopping equipment onts:
machandom & contale shuctue; dvap load anle loadad dryer ¢ dry fvel Waneles conkinernend, otherwise FC-2 SNF sssamblies duing DBEQ
maching, breach of wasle losm
Assarmbly kandhng coll Wwidge crane - PUCH 113 Crane (ol inle poot incline; ¥ mats snough, breaches  FC.1 for LBCT™  MIBgated doss less Suwa 5 rem; credil for FC2 Provest crane dvop anle SNF assemblion.
oits & suppoits pocl e ond structurs; lnes of pool waler, interaclion confinement, ctharwiss FC-2 during DBEQ, pravents loes of confinement
‘with walls of containmmant bullding. Talls oxto inaded
assembly Arper of dry assembly Fansles maching,
cauging breech of waste fown
Assembly handing co¥ brfde cane . PU-CH11) Duap of foad oalo fust dryws of transler machine FC-1 (or UBCY"  Mitigated done less than S remy; credfer - FC2 Provend crane om dropping equipment onte
khing mechsnism & conlrols conknement, oherwiss FC-2 SHF sssemblies dusing DBEQ
] Ip PU-EM-1S Fall inte open fuel dryer ar DT, braach waste ferm FC-1 for UOCY"  Mitiguied dose less than S rem; credt for FC2 Pravant aquipmeni hom (aliing onke SNF
confinamant, ctheswise FC-3 nssambles during
Dry sssambly Saneler maching PUMA-I1S Deop fusl onio Boer, inte dryer, ar indo DC FCA (orUGCY®  Mivgeted dose tesa than § rer cract for FC2 Pravant hashat drops and bare essembly
ofherwiss drops due ts DBEQ
Dry assembly iling grapples. PUFX-111 Dvops Guel onte floes, ivie @ryer, o1 into OC FC1 {or UBCY"  Mitigated dose less then 5 erm; crecit for FC2 Pravent basket drops and beve aszembly
confinerent, oherwise FC-2 drops due te DSEQ
Assambly deying veesel siveld plug PUMA- ST Nons identilied uBC No salely lsaus uac ‘Ne salely issue
Assembly dryng vessals [ - Nene idestified, dryers ara fxed in place in e concrele vec Mo salely hsus [V -3 Ne salety awus
of the hot colls.
DC tond pust shield phog PUMHA-112 Mone identibed uvnc Mo sately kswe wvac Na safely issue
DC id Wiing device PU-DE-118 Noneg idestited usc No salely lssvs uec Nu saloly soue
OC load post makng device PU-DE-$11 Nong identZiod usC Mo satety issue uac Ne safely ssue
DC innes be sealing devics PUDE- 19 Mone ideatified use o satsly lsane upc Ne safely issue
Heten
{1) FC.1 & Frequancy Category 1 based an olfshe dose between 100 rrem and $ tem
FC-2 = Fraquency Calegory 2 based ea cifule dose greate: Yan 5 rem
UBC s Underm Wilding Cods based on offvils dose less Shen 100 meeny;
RH-MFW!WC doss;
mln-mrmau
£2) i shrategy system snd VEPAII-.MNMmuﬁ:-“mmtm’umh-l-tddhmw”w-mw
m 2 aadiclogicet relessas by seismically quatdying sry SSCs thal intasact with leatures {0 g, HEPA Riw)
mwn|umnm“hmumwsﬂ»nmm

-
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Table 7.6 Selsmic Classification of $SCs for Canister Transfer System

~Seismic VA Deslign
Frequency
|Location/Equipment Part Number  |SSC Seismic Fallure Calegory ™ Basls or Design Assumption
Aitlock/Cask Prep/Decon
Allock Isofation Door PC-DO-110 Falure lo mainiain conflnement afler DBEQ FC2 Loss of confinement in hot ceft
CTL Alrlack Prep Isolation Door PC-DO-111 Side impazt fo cask/caniater UBC nsulficient mass fo damage cask; no loss of confinement
CTL Cask Transfer Cort PC-CR-110 Deraiment causes tipover of cask UBC Assume conlinernent of hot eeft; slapdown of cask within
design basis of cask
CTU Cask Prep Manipulator PC-EM-110 Ovop onlo cask . uec Insufficlent mass to damage eask
CTL Cask Decon Device PC-DC-110 Drop ordo cask uec Insufficlent mass to damage cask
CTL Crane Maintenance Access Haich PC-DO-114 Orop ondo cask uUBC insuflicient mass fo damage cazk; no loss of confinement
DelidiTranstferfloading
CTL. Canister Bridge Crane-85 Ton PC-CN-110 Liting is drop onlo tanlste  FC.1 (or UBC)™  Assume credit for HVAC and hot cell
CTL DC Loading Maniputator PC-EM-111 Orop onlo DC uec Insuffliclert mass to damage DC
CTL DC Teanster Cart PC-CR-111 Deraliment causes tipover of cask FC-1 (orUBC)® A f t of hot cell; slapdown of cask within
. design basis of cask
CTL Defd/Transter Shield Door PC-DO-112 Side Impact fo cagk uec Insufficient mass lo damage cask
CTL Caskid Lifting Fixture PC-FX-110 Dsop onto cask UBC Wsufficient mass lo damage cask
CTL Large Canister Lifting Fixture PC-FX-111 Drops canister or permits slapd FC-1 (or UBC)™  Within design basis of canksler; assume no breach
CTL DC Load Shiekd Door PC-DO-143 Side impact to cask/canister uUBC Insufliclent mass lo damage cask; no loss of confinement
CTL SmaX Canister Liting Fixture PC-FX-112 Drops eanisier or permils slapd FC-1 {or UBC)™ Within design basis of canister; assume no breach
Smalt Canister Staging Rack PC-SR-110 Slapdown of 40 canisters FC-1 (or UBC)™ Slapdown ke within design basls of eanister
CTL Cask Lid Liling Fituwre PC-FX-110 Drop onto cask usc Ineufficient mass lo damage cask
CTS Handling Celt ’
CTS Control & Tracking Syslem N/A None identified usc No release Menllfied
CTS Hot Cef Structe NA Concrete mass falls onto cask/canister FC-2 Reguired for confl i of particulate rel
CTS HVAC NA Fan lallure, ducling erushed FC-2 Required for mitigation of parficutate release
-

Notes:
{1) FC-1 = Frequency Calegory 1 based on offsie dose between 100 wwem and 5 rem;
FC-2 = Frequency Category 2 based on offslle dose greater than S rem;
UBC = Uniform building Code based on ofisile dose less than 100 meem;
FC-{w) = required Frequency-Category-1 b of worker dose;
FC-1(d) = elective Frequency-Cstegory-1 for defense-in-depth
(2) Assigned FC-1 for defense-In-depth; may be downgraded to UBC based solely on dose consequence




- - "~
"SiSREUR M U PAUNSSE B2 4OQ NG PUR JOC UM ()
“IND00 A ORI OU (971 T ) SR QAS DG PARISUENN)
SUSAD Lwopdegs PIIeINISOd e PURISYEM O} Poubisap 31 D0 W)l TIBRW-Z Usy) Jejeasl % wi0ioy dop JSEANDS BT ) POLSEINq S| DO PIEIS € JEI swinsse suoneined (2)
D N s ON ‘usaa onafisaua Aue Xy poydeaiq 8 0 PHEISUN UB i Bwnsse suogeinaed (1)
| mEena .
7] BN CIC) w3 ] D15 mysued P00y wioy i 3
[} ° a U0SD WaREION 0OLS JAN) ONOd DO TOPAIGD) JOFSUEIL M 84 DO SAO
1oy &g O )
D0 #pun 2ope: preassond e Sropy
° ° o 20 saunpund emoefard PeRIIIN O NS pus ¥R
%< rna 00 "z wepsés 114 wopshs Burgy 204 Wy (o) senesq) 0P EmoRyoy WG 2
w o uN uN [} wasis wi o wieysds Bows 2oy wey (do MuLon) dosp IMOZUOY Wi §9 D0 ) eI MSURA WINe) e DA ¥
R S WSS O
N uN uN N v ®o [2] 1o saqave percasoy 1o ge) W) EESSUECETT I O IX) WRvATL
° [} [] [} u (00p PN PR M) SORIO D0 W JTNEA JEoZ1I0q U O 80
S« $e 0100 €000 2] ] ‘werd ts 21 (ompuy UZ) woaess Suge way weopdeg
Se g« ZZ00  F00 IMHSSZLIA9 e L 15} {wumid 36puq Lo’ §°6) IO ¥o 3P LIS T<) Mmmdinbe Supuerd
$< S< 000 2000 L 04 0 [} wopers Suug 20 3001 apo (420123 0K £G4 )
oURI> 80P Y woprod
E - N un (-] uoges Buny) 20 500y GG {60 PuCU) GOX] JORISA T NTUOZUCN ¥ O IROSseA § Wiy OQ 1
w o TS WIEL DY
uN uN uN N [ -] -Z> oonpny GunSays 20 200y So (do PrALIOV] GOID BIAA
e Scc 1510 &0 0ROy  einpa3Bules 111 fopag wiy o) Sunpey BunBars woy DQ Partesun 10 wwopders WK Wiy Bl¥S TR
0N wiopd put PL o P
e G I D MO P N0 S04
N oy LGy W g P SENEAY
$« ] £000 200D DAHS ¢ UKD 1090 Bupyamy winasgeng Bupem 3N wioped puv seuu PR
U Qf s 9T Py U SAOUINY
uN N w uN ° oam wZ> gL Suppem 20 s00y oo dosp WE> naeRing oy DG Y
oqwpuny
[ §e 00 W00 OIMHS+ZUIKY Dupem 1) 14) (ubsy w0} enpry Gnprom wwoy D0 peressun o wwopdars PY M0 DQ SAowey
SHYS TR 50
wwopdns
] ° ° [] Q pepuncg Uoop prewgs) vorsigos DG pepsen)
$< $< 00D 2000 witZ L) Y _{14uby we 0) ves seysuss woy OQ peressun o wmopders SIVR SR IR X W8
WA wmg WM ymd Vil “mmg 35 ) Jytion WA FAVASd Axapaveenere SHIQ
) aﬂt..!!s.. doug oeajndya
g U (W s U [wai, 1 S3uneg
eseq paebgiuun  eseq pewSinng d
wasAs Buj|puel sauieiuod | 1Q SUO[FNIIED 8300 WIS L NqTL

TCUA 10 9Z-RA 90
RA fupurpdelly

00 A% 10000012020 240-0000000238 “ON IO
WOW 84} 50 SUCHEIND{ED JUsAZ Sseg UD{S3 Arupw|Ieid aptL




tte: Pretiminary Design Basts Event Calculstions for the MOR
4 No: BTO000002-81717.6210-00001 Rav 804

Atlachman VI
Page VU-IT of Vi1-32

Table F8 Solarwic Cloesiiic athurs of BICe far DC Hondihog Systam

S —

Skdegy; Sonfnemens ™

Suatepy: Pepvortion™

|22

” finas’] ecis o1 Busips Basurmption [Bosts ar Busign Assumgulon
H Avgtos
\‘/n - Cancouin moss fuls oo DC -2 Polersisl b rpdialogicsl relense ¥ $ e rce Putonbiol for sadslogic sl ralevse > § rem
Binchersl Sagpants L) Callopse of HVAC elnuchws! spperts 1 -2 Required b miligate putertiol médlogcatrvisnse » § rom ey iyl e »Sem
AL BC beneder apt PUCR- 117 Usooled WP shpdoun bam bansier tad ATS @ .1 gor UBCY™ Uilgated duoe lovs Bun $ ronx @odt s condinomerd, tharnive 1C-2 rc? Provert wassled WP shplouns
aons
S0 OC eraler god PCOR-AIY  Dneshod W dupdvan bom bansher eodl N ETS & FC-4 for UBCT™ Millgeiad el b dhereise FC-2 2 Provert unsesied WP shopdoens
ocus
Eryty TC bamier post POCA-M¢  Bone Meellihed e Mo soltylive . uec My satety loove
ICHS eavirels & bucling A [ olion damoage , et pwUBe™ G § stharaire FC-2 [ ] L [ %
roeshes sesied WP, 05 bresciuse bidp sunlinewent
Tronates Con Rk Y Tsasied WP sapdoun Som iarwles et PC-3 jr \BCY™ Wigal 4 Wiherebre FC-3 (2] . Prevent waetied WP dapiowrn yod sollshen
IC Cot sidye Crune S Tonp [ drep from bk Be FC-8 mncy® L] Ll aherebse $C:2 Fc3 Preverd waedied WP depn
IC Co8 Sndge e -l ond pparte POCI 100 Crone bs wlo wweskd WP FC-1 jar UBCY™ MBgate Bun S song waik 4 uratse 1C-7 rca Poovart vy L]
IC Yroashw Contdus Bidpe Crane (S0Tenp  PO-CN Crons fuls enle buar of mukrtvnonce boy we e sabety bomm ac e Srowe
2 Lilirg Colr POFX-HT  Unseshed WP drap bum nldye arome svie floer FEA e UBCT™ Mgoh [ el e ohereise FE-3 rea Pooverd waasied WP deps.
W LWy Yo POIE- W0 Un W drap orle B FC-1 g LRCYY Wiignle eos ] ool tor dhereiee FT-3 e Poovart neaied WP Gope
K Bove Colmm POPX- 418  Slone Moniiilsd ue ¥ saboly tsnm uc Vs salityenn
I Cob Crone Myt SHol? Dosr Moriiiiod usC o salty lotwe e Bie palety o
1€ Cab Cvone Moint Asefes Vateh POHA-S01ALD Nung Movitiked uec o selely fete use Mo solety bowe
1€ Cott Trasafer Nelch POHA-00LED Nuse denilifed : e Slo sokely lptwe ¥ Yo sobely hon
o L Sonlng. PUFX-116  Meng ideriiied 4 wsC Bis aolety loive [ Sin suivly Iverm
WatSng Bution Jb Qrurer ¢ Fon) = ol wh pes bt e ods § rom ot slle bovndury we whish 6u § rom 0t ple Denandery
€ Wolling Rotian Ruveells PO-ME-15IAH Tumiobte 9C-4 e URLT™ Miligaled doss fees Buan § senr; arestl for sondaemerd, sthorniae 7C-2 [, =3 Prevert wniiag buriiesugh
€ Weldrg/aperton Rebsl POME-WIAN $C-1 4w UBCS'™ MSguted S00 tees Bhon § sov. rodt for conlinomand, sthorntss FC-3 03 Peovest asiding barBvough
Wbt Bt By Crnee @5 Tep PD.CH RIUAH Wokdog ey @ e e "~ e % ek omends $oom ot sho bodory e . e § boundery
amages
£ Veutgeg Sintion ol Doar POOO0-WOAH Mane Muniided [ Ve sndely howe et e sulety s
€ Puairg Mandlodd POPV-0AH Mone Mariiled L] o pabaly nrun usc o solely
€ Odar LI Uiing Midiad POFE-102 None Movilied L 4 We suloly lows uwc Mo salety hows
© Ty Fitre POFR-983  Niing Biwe collupres ond DC tipdoun sxowy re-u-uu:f' Bosled h”‘ Seth ¢ Vs dosigned lv wilihatond shapiean
€ Vg e [egnaghbed L d Insuiidort et bo beaach sevied WP Svnticiond mosg l6 breosh sasind WP
2P Yargutdl Tronshe Cot POCR- MG sesked WP lale off havisurd sl bavusfor sanl m slopdoun I-C wroled W dssigred I alivtond sapduan
©Cot £t Bvakd Dons PROO- W1 Mune leallited usc “*yh- use Mo salety:
Seded DC Moeging .
—ule L Conprate mass s wéo beded HCs ‘ n: Ms‘db.‘“ﬂlmblﬂ e d Pulyriiat for sodislogicnl solenne » § oom
28C Swwtwel Sgpests o Collapse ol HVAC shusshrel sppests. »Som ©? Rogdrad to afiigete petorkiel rySolegicdl releane 3 § e
2 Sogre Future POFR-(B1  Slaging fere 0slapses nd BC shopdown ponury n-,|.|.c|-" WO arem ond § com et Wihsrs bil, odtigried afisle duss batwaen 100 mrem snd § ro
2 Trowstesfiveen
L [ Coveele moss bk gwis sesk ¢ WO rer Patoriid lor sodiclogical eutanet » §rem L Potorbal by nduiagicsl saluase » $oum
AC oA Calopes ot HUAC sinustirs! mpperts Bed | *Srom re2 »Sm
‘MMHMM FO-F5-100 e o soliy epm e Bin salety hove
g Uting Sysem “is  FCA wiacr” o o * PCHmUBCY® seeed Wiy - ‘ o1 by
POINO  Dord putoce - el o
* vamnowd sl Lillng Sstem - rolls and L SN spsiom fole ode D 7C-1 qu AMCT™ WEguiad dove loee Ban § com, wrodkt fur sentnsnand, albuvales FC-3 (2] ')
o
* Prcovinpedion WMesiprbtor PD DA 1ALS Mesipulater lods et sesled WP e Srpufsded avses ls beeach saohed WP hed sl mese be breach sesind WO
*Becon Dovien POOC- 00ALS Dacan devive Ishe aste sosied WP \ e auiciend maes fo ieasch sevled WP wc atiolont smass to iroach seshd WP
Soanaputes Lood . R
o, webe IIA Conuyie moss hobe ardn sested WP (i< m&mam-l-— re2 Potoriial br udialogicnl tehrose > § tom
AT Mo Tppany Cotepss STHVAC siruchosl ngpats e 3 b Sl
+ ® Astnch Matelion Doar wnom Folite aubisin bulidng confnemest nn.wmwhuu“mw‘ T8 prvacy™ W e [ v!

;n:-w.tm llnﬂq‘ul-tuﬂ-ﬂ--.--‘l—
VBC ¥ Ubiturm tling Tt Rorsed on oheite dese ires Do W0 awanc

.n-mﬁwu.—.-lumm

h---.,i-m y
\ Poorsyre &

port tonk, 1 0os miliguting foshras o ¢ . HEPA Bur)



./

1ine: Frenminary Uesign Basis Event Calculations for the MGR
Of No.: BC0000300-01717-0210-00001 Revad 4

Attachment v

Page VI3 of Vii1.32

Table 7-9 Selsmic Classiflcation of S5Cs for Subsurface Facllity (Emplacement Side)

I Swannc Frequency [Va Cesign
Location/Equipment SSC Seismie Failure Category ™ Basis or Design Assumption
Wastes Emplacement System
Transportes Locomotives-general  Oeral; tip over; initiate fire; pull transponter FC-1 (or UBC)®  No releasswithin design basis of WP
along (see lransporter); loss of
wheslis/carriage - abrupt stop .
Transporter Locomotives-diive & Initiate uncontrolied motion; fail ta provide FC-1{or UBC)®  Potantial releass > 10 CFR 20: no ralease if impact
* powar systems dynamic braking in descent limiter for WP or maximum impact within design
: basis of WP
Transporter Locomatives-control &  Initiate uncontrolled motion; failure of on- FC-1 (or UBC)®  Potential release > 10 CFR 20; no release if impact
communication/on board board &/or communication o sacondary limiter for WP or maximum impact within design
locomotive &/or central control basis of WP
Transponter Locomatives-brake Failura to control descent speed: Could be FC-1{orUBC)®  Potential relaass > 10 CFR 20; no releasa ¥ impact
machanical, air, & controls commaon-cause failura with failure of fimiter for WP or maxdmum impact within design
drive/dynamic braking of loco & with basis of WP .
transposter car, efe.
Transponer Locomotives- Loss of hard-wire connection of contro and FC-1(ortUBC)®  Noreleass il just derailmant; Potential releass > 10
in ction to transporter car  air & hydraufic lines to transporter brakes CFR 20 but mechanism for braks failurs due to loss
airfine but expect no loss of braking on of air may ba physically impossibls; alsg, no release
transporteron loss of fluids; loss of tractive il impact limiter for WP or maximum impact within
force for transporter in up grades design basis of WP
Transporter Car -genaral Dacail; tip over: sject waste packaga:lossol  FC.i (or UBC)®  No releass-within design basie of WP; warker dose
biological shield in tipover: fire in neutron from direct radiation
shield
Transporter Car -brake mechanical Failure to control descant speed; Could be FC-1 (orUBC)®  Potentlal reloasas » 10 CFR 20; no release f impact
& air comman-causs mechanical failures with Gimiter for WP or maximum impact within design
failure of drive/dynamic braking of loco & basis of WP
with transporter car, elc.
Transposter Car -doorreusable Eject wasts package during transport FC-1(orUBC)®  Noreleass if impact limiter of within design basis of
railcar drives & controls WP potential dose to workers
Transporter Car tausable railcar  Eject wasts package during transport; ralicar  £C.1 (or UBC)®  No releass-within design basis of WP; workar dose
restraintfastaners rolls inta drift; drops waste package; from dicect radiation
damages gantry &/or shadow shield
Transporter Car wadiation shield  Loss of biolcgical shield FC-1 Potential dose to workars « direct radiation
and doors i
Transposter Car -carriage Oerail; tip over; loss of wheels/carriage « FC-t Direct intacaction with unshielded waste package:; no
abrupt stop refeasa in drop within design basis of WP; potential -
dose to workers in recovery
Emplacement gantry - general Derails - drops WP; derails - impacts FC-1 Direct interaction with unshielded waste package; no
smplaced WP raleass in drop within design basis of WP; potential
dosa lo workars In recovery
Emplacsment gantry - structure Drop WP; Jam/misalign WP while FC-1 Direct interaction with unshislded waste package; no
flowerlcany taleasa in drop within design basis of WP; potantial
dose 1o workers In recovery
Emplacsment gantry - ifting Orop WP, janymisalign WP while FC-1 Direct interaction with unshielded waste package: no
mechanisms TiMowerfcamy release in drop within design basis of WP; potential
dose o workers in recovery
Emplacsment gantry - Initiats uncontrolled movemanli in drift; FC-1 Direct interaction with unshielded waste package: no
controlcommunication on board  uncontrolled raise flower WP; drop WP ralease in drop within design basis of WP; patential
coss lo workers in recovery
Rall System )
Rails - main drits & North Ramp ~ Buckle; deform; cause derailment FC-1 (orUBC)®  Norelease-within design basls of WP
transporter -
Swilches (swilchtracks) & Defarm; change stale; cause darailment FC-1 (or UBC)®  No releasa-within design basis of WP
instrumentation/controls. af
Rails- smplacement drifts Buckle; dsform; cause derailment gantry: FC-1 No ratease ¥ drop & punciure forces within design
mpact or puncture of wasts package(s) basis ol WP: need o verify
Ground Suppost System
tnverts - Main Orifts Inducs distoction of rails, cause derailment FC-1 (or UBC)®  No refease-within dasign basis of WP
of transporter
Inverts - Main Drifts Lose base of ground support ring structure FC-1 (or UBC)®  No refease  maximum impact within design basis of

WP potential worker dose from direct radiation; -
unable to perfarm cleanup or EQ recovery until re-
excavation/construction

L
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Table 7-8 Seismic Classification of SSCs for sd:surface Facility (Emplacement Side)

siructure

[ Seismic Frequency [VA Design
Location/Equipment SSC Seismic Fallure Category ™ Basis or Design Assumption
Ground support - main drits & Fatl of modarataly largs mass of structural FC-1 (crUBC)®  No release if maximum tockfallUstee! impact within
North Ramg steel Llor rocks onto transporter; koss of design basis of WP; patentiat worker dose from
‘ biological shield; potential impact on waste direct radiation; unable o perform cleanup or EQ
packags recovery until re-excavation/construction

Graund support - main drifis & Widespread rockfall; Loss of FC-1(orUBC)®  No reteasa or foss of biclogical shielding ~

North Ramp sccess/passage of large regions of disruption of throughput; unable 1o perform elearup

emplacement arsas or EQ recovery until re ion/ i

Inverts - Emplacement Drifis induca distortion of rails, cause derailment FC-1 Has same seismic criteria as gantry structure; but

. of emplacement gantry; thrust rails to no release if drop & punciure forces within design
patential puncture WP basis of WP

Ground support « Emplacement Fall of rocks of various sizes onto virtually a?t ~ FC.1 (or UBC)®  No release if largest rockblock within design basis of

Drifts waste packages in smplacement WP; otherwise, potential wide-spread common-
cause treach of aft emplaced WPs

Ground gupport - Ventilation Ot Widespread rocklall; Induced failure of ducts  FC.1 (orUBC)™  Na release; no loss of required mitigation; Loss of

& supports; Lass of ventilation flow; Loss of ventilation ¢ooling of emplacement drifts; loss of
sccess/passage for restoration personne! sir supply: disruption of radiation and
environmental monitoring systems; failure of
electrical/communication eabling .
Ventllation System
Ducts - in ventilation drift Breakup, collapsa - Patantial loss of aft flow FC-1 (or UBC)®  Norelease; no loss of essentia! critical mitigation;
paths of all ducts; common-cause failure loss of preferred ventilation flow in event of release
during emplacement; loss of ventilation cacling of
emplacement drifis; loss of personnel air supply:

Duct supports - inventllation drift ~ Allow ducts to (afl - Polential loss of all flow FC-1(ocr UBC)Y®  Noreleass; no loss of essential critical miligation;

paths of all ducts; common-cause failure foss of preferred ventilation flow in event of releasa
during emplacement; loss of ventilation eooling of
smplacement drifts; loss of persanne! air supply:
loss of emplacement drift air monitoring; no extreme
sxposure to repairfreplace

Ducls - in raises from emplacement Breakup, collapse - Polential loss of alt flew FC-1(cr UBC)®  Narelease; no loss of essential crilical mitigation;

drifts paths of all ducts; common-causs failure Ioss of preferred ventilation flow in event of release
during emplacamant; loss of ventilaticn eaoling of
smplacement drifis; loss of personnel sir supply;

_ koss of emplacament drift air monitoring ; high.
exposure Io repairfreplace

Duct supponts - In raises from Rllow ducts fo fall - Potential loss of all flow FC-1(orUBC)®  Norelease; no loss of essentia! eritical mitigation;

emplacement drifts paths of all ducts; common-cause failure loss of prafarred ventilation flow in event of releass
during emplacement; loss of ventilation cooling of
emplacement drifls; loss of personnel sir supply:
loss of emplacement drift air monitoring ; high-
exposure (0 repairfreplacs

Diversion valves - emplacement Blocks flow from all emplacement drifts FC-1 (ot UBC)®  Norelease; na loss of essential eritical mitigation;

raises loss of ventilation coaling of emplacement drifts;
loss of personnel air supply; potential interaction
with air monitoring; no undue exposure to
repairireplace

Air monitoding - tubing, Instruments, Loss of monitorability of emplacement dsift FC-1 No refease - no loss of mitigation; Loss of

power information on post-earthquake condilicns

Fans & motors & control system (»  Loss of verlilation flow; loss of fitration FC-1{orUBC)®  Nareleass, no loss of essential mitigation.; loss of

communication ko central control) preferred ventilation fiow in event of release during
emptacement. Slagnation of air, potantial retention
of patticutates in subsurface (bul, loss of fillration il
needed lc mitigate doses)

(Electrical supply) Loss of ventilation flow; loss of filtration FC-1 (arUBC)®  Norelease, no loss of essential mitigation.; loss of
preferred ventilation flow in svent of release during
emplacement. Stagnation of alr, polential retention
of particulates in subsurface (but, loss of filtration if
needed lo miligate doses)

Diversion valves - to HEPA fillers (if Loss of fillration FC-1 (or UBC)®  Noreleass, no loss of essential mitigation.

installed) Stagnation of air, potential retention of particulates in
subsurface (but, loss of filtration ¥ needed to
mitigate doses)

Emplacement drift isolation doors - Open - disrup! prefarted cooling FC-1 (orUBC)™®  Noimmediate release, no loss of essential

mifigation. loss of preferred ventilation flow in event
of release during emplacement. Patentia!
consequential releass or compromisa of waste
isolalion, If rapid cooldown affects WF integrity
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Table 7-3 Seismic Classification of SSCs for Subsurface Facility (Emplacement Side)

[LocallonlEuuinmeni

$SC Seismie Pailure

Seismic Frequency
Category ™

VA Design

Basis or Design Assumpstion

Emplacement drift isolation doors -
actuator & controls

Rait Electrification System
Transporter locomolives - motive &
controls

Transporter car - doors & reusable
railcar drives

Emplacement gantry - motive &
lifting

Emplacement ganiry - controls &
cammunication

Emplacement drill isolation doors -
position monitors; motive power

Rail system - swilches & signals

Cvearhead trolley supply cable &
supports

Rectifier for OC supply to trolley
cables

Backup diesel-generator (if
peovided)

Backup battery pack (f provided)

Radlation Monitoring Systems
Detectors, transmilters, amplifiers,
alams

Communication System - General

Radio, tefephone, video cameras &
lights

Lighting
Genaral lighting

Ermargency lighting

Cpen - disrupt preferred cocling

Loss of power o transporter locomatives -
motive & controls

Loss of power to transporter car - doors &
rausable railcar drives

Loss of power to emplacement ganlry -
motive & fifting

Logs of power to emplacemant - controls &
communication

Loss of power - stall, jamming

Loss of power - Icss of conirol & signals
Collapss; sparks: initiate fire in transporter
car

Break loose, collide with transporter train;
fire; loss of power '8 smplacemant
operations

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

Fail to supply power after €Q; firs initialed;
acld spill

Loss of indications

Loss of communications - general &
essantial

loss of fights

Loss of sssential lighting

FC-t (or UBC)

usc
Fe-1
FC-1
FC-1
FC-1 _
FC-1 (or UBC)?®
uBc
FC-1
FC-1

FC-1

uBC

FC-1 (or UBG)?

Ng immediate releass, no loss of essential
miligation. loss of prefarred vantilation flow in event
of relaase during amplacement. Potential
consaquential releass or compromising waste
isolation, If rapid cooldown affects WP integrity

Stall; no motion until restoration of power (unless
backup power); no releass or loss of miligation;
patential uncontrolled motion if surge on power
restoration

Halt of operation in loadingiunloading transporter;
need to resuma safe operation after earthquske;
potential worker dose from direct radiation during
recovary actions

Halt of cperation in loading/unicading transporter;
need ta resums safe operation after sarthquake;
potenttal worker dose from diract radiation during
recavary actions

Halt of operation in loading/unloading transporter;
need to resums safe operation after earthquake;
potential worker dose from direct radiation dusing
recovery actions

Hak of operation in loading/unloading transporter;
naed to rasuma safs operation aller earthquake;
potantial worker dose from direct radiation during
recovery actions

Failure to change state of switch in timely manner;
Remain (ailed upon restoration of powsr -inducs
darailmant but no raleass; loss of switch position
indication;

No release unless fire exceeds design basis of WP,
no loss of mitigation; potential electescution of
workers; halt of transport but not essential for sale
operations

No ralease unless fire exczeds design basis of WP;
no loss of mitigation; potential slectrocution of
workers; nead to resume safe emplacement
operations afler earthquake

No releass unless WP handling cperation not
complated properly and causes impact » design
basis of WP; no loss of mitigatian unless power
essential

No release unless WP handling operation not
completed properly and causes impact » design
Sasis of WP; potential worker dose In recovety
operations; no loss of mitigation; fire unfikely to
allect WP; fire & acid personnel hazards

L

No refeass; no loss of miligation: potential loss of
indications of radiation lsaks

No refeass; no loss of mitigation; potential loss of
essential communication for personnel safety & post
earthquake accident managament

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

No releasa; no less of mitigation; potential lcss of
essential lighling personnael safety & post-
earthquaks accident management; minimal drit
amergency fighling and supporis/batteries withstand
FC-2
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Tabte 7-9 Setsmic Classification of SSCs for Subsurface Facility (Emplacement Side)

Seismic Frequency jva Design
Cateqory " Basis or Design Assumption

lLocatlonIEqnnment ]ssc Seismic Failure

Control & Communication
System-Remote -

Controt of locomatives - remote Initiate uncontrofled motion; eommon-cause FC-1 (orUBC)®  Norefease in derailment or runaway if impact limiter

failures of en-board &/or cammunication to for WP or maximum impact within design basis of
secondary locamotive &/or centra! eontrol WP :
Control of emplacement gantry - initiate uncontrolled mation; spurious lifts or FC-1 No release, drops within design basis of WP but
remole draps of waste packages direct handling of unshielded waste package:
potential dose to workers in recovery & repair
Video & voice communications Loss of visual information in drifts; loss of FC-1(cr UBCY®  Noreleass; no loss of mitigation: potential loss of

voics eammunication with personne! infarmation affecting perscnnel safety & post-

earthquake sccident management (minima! video
and communications tc be FC-2)

Central Control Room ] ’
TrahsporVEmplacement activities  se# Contro! & Commnications - FC-1 . Emplacement gantry handles unshielded waste

uncontrolled motion/action of transporter - packages
locometive &/or emplacement gantry
Genera! Loss of sl essentia! instrumentation, control - FC-1 No releass; no loss of mitigation; potential loss of
& communication (o subsurface equipment sssential communication for personnel salety & post
sarthquaks accident management
Fire Water
Piping from surface through driftls  Pipe rupture UBC (ar FC-1¥4  Na release; no loss of mitigation; depending en
sdverse interaction) geometrical arvangemant: localized flocding:
patential spray interaction with slectrical supply,
instrumentation & communication to emplacement
equipment, essential communication for personnel
safety & post-earthquake accident management
Pips supports Pipe segment fall anto rails, or ento UBC{or FC-1i  Nao releass; no loss of mitigation; depending on
electrical, communication, or adverse interaction) gesmetric arrangement : consequential pipa break
instrumentation components with localized flooding: potential physical impact of
pipa and/or spray interaction with electrical supply.
instrumentation & communication, essential
communication for parsonnel safety & post-
earthquake accident managernent
Notes:

(1) FC-1 = Frequancy Category 1 based on offsite dose between 100 mrem and S rem;
FC-2 = Frequency Category 2 based on offsite dose greater than § rem;
UBC » Uniform building Code based on cffsite dosa less than 100 mrem;
FC-1({w) = required Fraquency-Category-1 becausa of worker doss;
FC-1(d) = elective Frequency-Category-t for defense-in-depth
@) Assigned FC-1 for defense-in-depth; may be downgraded toc UBC based solely on dose consequence
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Table 7-10 Doss Basas for Seismic Classification of Subsurface SSCs

Basic Dosa Calculations for Bounding Waste Packages in Subsurface Release Scenarios } K
Number of Offsits Dose {rem) —
. . Fuel per Wasts 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 44 039
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 drit DOE SNF NA N/A N/A
Runaway ansporter PWR 21 SFA Best estimate release ’ 23 1.10
Runaway transporter PWR 21 SFA Canservative 21 >5
Runaway transporter BWR 44 SFA Best estimate release 44 2.00
Runaway transporter BWR 44 SFA Consesvative 44 >S5

Population of Waste Package  Maximum Number of Fuet

Types When MGR is Full Assemblies Present Maximum Dose if Al WPs Breached - Conservative Dosa (rem)

4239 . Number WPs x dose per 2¢ PWR WP >>5

553 Number WPs x dose per 21 PWR WP x 1221 >>5

2326 Number WPs x dose per 44 BWR WP >>5

49 . Number WPs x dose per 44 BWR WP x 24/44 >>5

1663 Number WPs x dose per DHLW WP >>5

383 Number WPs x_dose per 21 PWR WP (scoping) >>§
Total Maximum Potential Offsits Dose >>>5
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Attachment Vill - HVAC Availability

HVAC unavailability is used as a conditional probability for internal Design Basis Event (DBE) sequences.

HVAC systems were assumed to be present throughout the Waste Handling Building wlth the exception
of the Carrier Bay. . .

The HVAC unavailability for DBEs occurring in the primary confinement ventilation zones (i.e., Assembly
Transfer System (ATS) hot cell, with a redundant standby HVAC train) was calculated to be 2.5E-5 as
shown in the top event *Primary Confinement HVAC Unavailable” of the fault tree on Page VIll-4. The
HVAC unavailability for DBESs in the secondary confinement ventilation zones (i.e., ATS pools, Canister
Transfer System and DC Handling System), where only one HVAC train is assumed (Ref. 7.17), was
calculated to be 4.8E-4. The single train HVAC unavailability is indicated by the box labeled *Operating
Train Fails® in the fault tree shown on Page Vili-4. The difference between the 4.9E-4 shown on the fault

tree and the 4.8E-4 used throughout the DBE analyses is attributed to roundoff errors and is not
considered to be statistically significant.

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

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

Fallure rate of the fan motor to starl on demand is 6.0E-4/demand

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

Maintenance unavailability of the standby train is 1.31E-3

HVAC seal fallure rate is 2.5E-4

Common cause failure probability of operating and standby fans to run is 2.4E-5, based on an

assumed beta factor of 0.1 and a mission time of 24 hours.

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

The failure rate data used to develop the HVAC fault tree on Page VilI-4 was extracted from the Catawba
Nuclear Station PRA Report, Table A.18-6, Rev. 1, and EPRI NP-3365, Review of Proposed Dry-Storage
Concepts Using Probabilistic Risk Assessment (Ref. 7.56). The Catawba PRA data is assumed to be
generally applicable to the HVAC system analyzed in this calculation since it is used in a nuclear safety-
related application. The fault tree shown on Page VIll-4 is a simplified representation of the major fatlure
modes expected for the HVAC system. The event tree does not attempt to capture all of the system
components, nor does it capture all of the potential failure modes. However, as indicated in Section
2.2.9, the resulting HVAC unavailabilities are intentionally conservative. The fault tree basic event
numbers and associated failure probabllmes are shown In Table Vill-1 below:

[Basic | Event Descriphon Failure Reference
Event Probability

G015 | Common cause failure of both fans | 2.40E-05 Catawba PRA, Table A.18-6, Page 2 of 4
(operating and standby) to run

G018 | Fan motor fails to start 6.00E-04 Catawba PRA, Table A.19-6, Page 2 of 4

G020 | Fan motor fails to run 2.40E-04 Catawba PRA, Table A.19-6, Page 2 of 4
1 G021 _| Fan maintenance unavailability 1.30E-03 Catawba PRA (page Viii-3 attached)

G022 | HVAC seat failure (per demand) 2.50E-04 7.56, Table B-15

G023 | Fan motor fails to run 2.40E-04 Catawba PRA, Table A.18-6, Page 2 of 4

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

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

Civilian Radioactive Waste Manaqgement System
Management & Operating Contractor
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Lot
B - SESCRIPTION - . ATS PACTOR  PROBAMILITY.

VICIDOIDHY Deoper CR-D-1 Fails To Open On Domand , _4,008-03 ™ 1N 4.001-03
VYCIO010MT Daspar CB-O-1 Spuricus Opecsticn 20078y MM G.e2n-08

" YVO0DIZND Dimger CR-0-2 Tadli To Open On Deaend -1.002-03 ¥ 13 420

" YYOODOZIMT Deaper C2-D-2 Sporicus Oparsticn 20T H S64 M 1.52-04
TYO000MI Neoper C3-D-3 Talls To Open On Demacd: . 4.002-03 X N 40080
TIOODQIIHT Daoper CA-D-3 fpuricus Cparatisn 2700070 SsA M <04

- VVCUDIAR Tan CA-LM-1 Falls To Rua For The Requited Tize 1.0C2-05 ¥ u Quar-ay— -
"\ VICHUINS Tao C3-AX0-) Palls Yo Stast O3 Domend 6.002-04 1 1% 60000

" YVCHUZIM Pas G-1iU-2 Pells To Bua For The Required Time 1.002-08 K MW 2.400-04
VICIHUZFYS Pam QR-1HD-2 Pails To Start Os Desacd 6.008-04 X 1R 6.00E-04

" YYCAHUROOM Commaco Cause Pallure Of Contral Room AW Pzas to hun : 2.408-05 v 3.402-05 O
VICCIUIATT Relag CRIX {Swks Detector’ Relay) Trunsfers Positica 3.002-06 1 AR 2.402-05
TICRMINTE Rolay ILRMIL Falls Yo Opexate On Desand 1.002-04 X 19 1.002-04
YVCRAIRT? Raley ILIAIIA Spuricus Operaticn . 1.002-06 N 48 2.401-05
VICTRNSTAN ¥C Trals 3 1w Xalatananoe 2.760-02.  2.761-02
VICO00IW? Naneml Yaive ATCY Tranafars Closed 3.702-08 X 40 388207 L
FICOOI3CTO Chack Falve LPCIY Puils fs Open n ot 2.bcE-08'n 1 X AT
YICO013CYT Check Valve IYCI3 Transters Closed 2.002-07 A 201 4.808-06
YICOOL4CVO Check Yalve 1YCH4 Failx ta Opes . 2.002-04 W 18 2.008-04
YYCOMACT? Check Valvw LYCi4 Treasfers Closed 2.008-07 0 U0 4,201-06

. VICODISUY?® Rinual Yalvs 1¥C13 Transfers-Closed - - - 3.702-08 ¥ 48 8.08E-07
YICO0I5TY? Kanaa) Yalve ITCIS Truasfers Closed 3.70L-C3 B HN -7
¥ICO0Z5VYY Raruel Yalve 1VC26 Transfars Closed : 370000 SE4 M 2.098-0S
VICOO2AVY? Harmal Yalve 17¢28 Traosfers Closed . 3.708-08 W AN 000807
YYCOM2IWVY Karuel Yalve 1329 Trensfers Clossd 3.702-08 0 AN 88807
VICOMEVYT? Mamoal Yalve 31C36 Transfers Closed 3.708-03 M SB4 R 2.092-05
VICOMAIVY? Manual ¥alve IVCAL Transfers Cloced . 2.70L-08 K  Se4 M 2.09¢-05

W
: CATAWBA PRA DATA | PAGE |of 2
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DATA

Three Dara sheets are attached,

s Run failure rate on ARU

s  Start Failure on Demand for AHU

s And Latent Human Error probabtlxty cf Operator ansmg a bypass ef an sirlock system. Used
for BYPASSLHE event

Themnfm’lmm: is used ta derive a2 common cause failure rate using an assumed beta of 0.1.

Missicn time is assumed to be 24 houss.

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

R__ 72 = 6.54E —04
1 1 .
—+7Tr +72
) 9.09E—06

The maintenance is doubled on the smandby train to account for either train being in standby.
Thus the maintenance UA ef the standby truin is 1. 31E-03.

CATAWEGA ORA DATA, PAGE 2 OF 2
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Primary Confinement HVAC

Unavaitable

m

g

Commaon Cause Failure of
Operating and
Fans s Run [Catawba

50
24ESS

—

Failure of Operating Fan
and Stanchy HYACSystem

. 12E8

Secondaiy Confinemant Standby HVAC System
HVAC Unavallable - Failute Probability
Cpersting Fan Fadure
Probablity
(Go17] Go1s
A 43E4 24E3
oy
#an Motor Fails % Run for Seal Fuilure [Rot. 7.58 Fan Motor Fails to Stat Fan Maintsnance
24 Hrs [Catawha PRA] Catawba PRA] Unavaitable [Catawba PRA]
£z [Go24] Go19) G321 ]
. 240E04 . 2SCE4 . SO0E04 1.31ES3
Fan Motor Fails te Run for Seal Failure [Ref. 7.58]

24 Hrs [Catawha PRA}

Go2e]
240804

Goz2]
250804
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Attachment IX - Dose Calculation Data
1.0 Purpose

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

The spreadsheet for the calculation of radiological doses was created in Lotus 1-2-3 Release 5 and runs
under the Windows 85 operating system. The inhalation and submersion dose calculation spreadsheets
are based on Equations IX-1 through IX-4 and calculate offsite (.e., 5,000 meter) doses for each organ
and the whole body for a ground-level radiological release.

2.0 Equations

21 Inhalation Dose Calcuiations

The equation used to calculate the Inhalation dose to organ J from radionuclide group Kis as follows:
Dix® = [Sux()* N] * RFk * MF¢ * BR * [x/Qlr (IX-1)

where

Dux(D

N
RFx

inhalation dose that organ J receives as a resuit of the exposure to the radionuclide
group K (rem)

number of fuel assemblies or canisters that are breached (dimensionless)

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
(dimenslonless)

MFx = mitigating factors that reduce the exposure at the site boundary for radionuclide

group K; these can be filtration by HEPA filters or other mitigation systems
{dimensionless)

BR = breathing rates of the standard adult person during the event (m%sec)

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

S;k{d) = inhalation source temm for ergan J from radionuciide 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,x(S) = [S,x(S)* N} * RFy * MFx * [x/Qlr (1X-2)
where

S;x (S) = submersion source term for organ J from radionuclide group K (rem/sec per
FA/m® or rem/sec per canister/m®)

D, «(S) = submersion doses that organ J recelves as a result of the exposure to the
radionuclide group K (rem)

Civilian Radioactive Waste Management Systemn
Management & Operating Contractor
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2.3 Total Dose Calculations L‘

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:

DM = Z Dyx(l), (sum over K, radionuclide groups); ford=1to 8 (1X-3)
and

Dy(S) = Z Dyx(S), (sum over K, radionuclide groups); forJ = 1 to 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: 18.5-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 probabifity of 0.10 was used.

The fuel types and fuel characteristics used in this calculation are 50% PWR with a burnup of 39,560 J./

MWD/MTU, a 3.569% enrichment, and 25.9 years of decay for the Best Estimate calculation (see Table
IX-1 of this aftachment). )

The radionuclides that contribute at least 99.9% of the dose for all organs ara shown in Tables IX-1 and
1X-2 for inhalation and external exposures, respectively. For the inhalation dose calculation, the
radionuclides are combined into six radionuclide groups according to their similarity in chemical and/or
physical characteristics. The sum of each group is shown in Table 1X-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 dosa due 1o a release from 50% PWR fuel from the
cesium group to the breast can be found as follows:

1. The cesium group 50% PWR source term for the breast is found in Table IX-3, Column (A2) as
1.04E+9 remvFA (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 NS
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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 = 4.2TE-6

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

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

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

6. The atmospheric dispersion factor for a restricted boundary with ground release and no depletion
for 5,000 meters is 1.44E-5 sec/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
§,000-meter restricted area boundary from an 8-assembly drop of 50% PWR fuel assemblies:

D = (1.04E+8) x (8) x (4.27E-6) x (3.0E-4) x (3.30E-4) x (1.44E-5)
= 5.09E-8 rem (to the breast from the cesium group)
The dose is calculated in Column (11) on Table IX-4 page 2 using Equation (IX-1).

Columns (1) through (3) of Table I1X-4, page 10 present the inhalation doses to ali organs from 50% PWR,
summed over radionuclide groups for a ground release at 5,000 meters. For example, the totals of
Columns (7), (9), and (11) of Table IX-4 page 2, respectively, show the total calculated breast doses from
all Isotopes due to a 50% PWR drop at three distances. These values are related within the LOTUS 1-2-
3 mode! to Columns (1), (2), and (3) of Table 1X-4, page 10.

3.2 Submersion Dose Calculation

The dose contribution to each organ and the whole body including the lens of the eye and the skin from
each radionuchide group Is calculated and then summed per Equation I1X-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 1X-4, page 9):

1. The PWR 50% source term per fuel assembly for the whole body is found in Column (3), Table
IX-4, page 9 as 6.58E-1 rem/sec per FA/m®, and is transcribed to Column (1) of Table IX-4
page 9).

2. The number of 50% PWR fuel assemblies assumed to be damaged is 8. This value appears in

Column (2) of Table IX-4 page 9.

a Table 1X-2 shows that Kr-85 contributes virtually the entire whole body submersion dose source
term for the PVWR 50% fuel. The release fraction for Kr-85 is 0.3, and is multiplied by 0.1 (.e.,
fraction of breached fuel) to obtain the total release fraction (Column (3) of Table IX page 8).

4, The mitigation factor is 1.0 (Column (4) of Table IX-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 L
(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% PVWR fuel assemblies:

D = 6.58E-01 rem-s'-FA™'-m> x 8 FA x 3.0E-02 x 1.0 x 1.44E-5 sec/m®
= 2 28E-8 rem (to the whole body)

The dose is calculated in Column (10) of Table 1X-4 page 9.

3.3 Total Dose Calculation

Using Equation 1X-3, the total inhalation doses to the breast for each radionuclide group at 5,000 meters
are summed in Column (3) of Table IX-4 page 10. Using Equation IX-4, the submersion doses for the-
whole body at 5,000 meters are summed in Column (6) of Table IX-4 page 10. Column (9) of Table IX-4
page 10 sums the inhalation and submersion doses for all organs and the whole body.

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.
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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 auclides which fall within the 89.9% cumulative dose for at least one organ. Tritium and I-129 have also been
included, regardless of rank, per guidance in NUREG-1536.

10-Year PWR DBF* Inhatation Source Yerm

} remfF uel Assembly
Group isotope Gonad Breast Lung RMarrow B Surface Thyrold Remainder Whole Body
cs Cs-134 2.1BE+08 1.82E+08  1.98E+08  1.98E+08  1.85E+08  1.87£+08 2.34E+08 2.11E+08

Ru-106 1.41E+06 1.83E+06 1.13E408 1.81E+06 1.75E+08  1.87E+06 1.30E+07 1.40E+08
Cs-137 .. 1.76E+08 1.56E+09 1.77E+09  16TE+00  1.60E+09  1.59E+09 1.83E+09 1.74E+08
H3 1.75E+04 1.75E+04  4.75E+04  1.75E+04  1.75E+04  1.75E+04 1.75E+04 1.75E+04
1-128 6.73E+00 1.62E+01  243E+01 1.08E+01 1.07E+01 1.21E+05 9.13E+00 3.63E+03
Pu-239 8.69E+09 289E+05  2.34E+11  4.76E+10 5.95E+11  2T2E+05  2.19E+10 6.04E+10
Pu-240 1.45E+10 5.24E+05 J.91E+11 TO5E+10 . 9.93E+11  4.55E+05 3.65E+10 1.01E+11
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
Pu-241 4.70E+10 364E«06 S541E+11  243E+11  J.03E+12  1.S6E+06 1.02E+11 2.28E+11
8§b-125 1.01E+06 1176406 6.11E+07 1.51E+06 275E+06  B.12E+05 4.08E+06  9.20E+06
U-234 6.09E+03 6.16E+03 6.85E+08 1.66E+05 260E+06  6.00E+03 2.43E+05 8.23E+07
Py-238 1.10E+41 464E+06  J.38E+12 6.12E+11  7.65E+12  4.07E+06 2.83E+11 8.22E+11
Am-241 1.25E+11 1.03E+07 7.09E+10 6.70E+11  836E+12 6.16E+06 J.01E+11 4.61E+11
Pm-147 1.268E+02 5.60E+02  1.20E+09 2.50E+07 3.13E+08  3.08E+02 2.43E+07 1.64E+08
Amn-242m  1.54E+09 6.62E+04 2.02E+08 B.11E+09  1.02E+11  2.71E+04 3.59E+09 5.51E+09
Cm-243 1.30E+09 3.95E+05  1.22E+08 741E+00 8.23E+10  2.40E+05 3.62E+09 5.21E+08
Am-243 2.07E+09 8E7E+05  1.13E+09  1.10E+10  {1.38E+1" 5.27E+05 4.92E+09 7.59E+09
Cd-113M 4. 47E+05 A47E+05 3B87E+07 4.4TE+05  4.4TE+05  4.47E+05 1.76E+07 1.02E+07
Cm-244 1.29E+11 843E+06  1.56E+11 7.60E+11  8.48E+12  E.18E+0C 3.87E+11 5.43E+11
Eu-155 1.69E+05 281E+06  564E+07 6.78E+07  7.20E+08  1.14E+06 5.26E+07 5.32E+07

[)]
1]

gvvvvvvvvvvvvvvvuvv-:g

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
Eu-154 1.50E+08 1.08E+08  1.01E+08 1.36E+08 G.69E+09  9.14E+07 1.45E+08 9.80E+08
Y-80 7.15E+04 7.15€+04  1.20E+08  210E+06 2.09E+06  7.15E+04 5.35E+08 3.15E+08
Sr-80 J.65E+08 365E+08 S.1SE+0B  4.64E+10  1.00E+11 3.65E+08 4.G4E+08 8.84E+09

* DBF - Dasign Basis Fue!

Civilian Radioactive Waste Management System
Management & Operating Contractor



Title: Preliminary Design Basis Event Calculations for the MGR Attachment IX
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Table IX-1. SOURCE TERM GROUPING INFORMATION (Continued)
TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuctides which fall within the 89.5% 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

remiFA
Group isotope Gonad Breast Lung RMarrow B Surface Thyrold Remainder  Whole Body
—————— S I——
cs Cs-134 3.17E+08 264E+08  288E+08  2.88E+08  2.69€+08 2.71E+08 3.39E+08 3.06E+08

Ru-108 1.84E+08 252E+08  147E+09 240E+08 2.28E+08  244E+06 1.70E+07 1.83E+08
Cs-137 2.75E+08 246E+08 277E+09  2.681E+00 24SE+08  249E+09 2.86E+09 2.71E+09

[+]
-

cs

h H-3 1.67E+04 167E+04  167E+04  167E+04  187E+04  1.G7E+04 1.87E+04 1.67E+04
i 1-129 1.06E+01 2.56E+01 3.85E+01 1.71E+01 1.69E+01 1.91E+05 1.45E+01 5.75E+03
p Pu-239 9.68E+09 322E+05 2B81E+11 530E+10 8.82E+11  J.02E+05 2.44E+10 6.72E+10
[ Pu-240 1.831E+10 B8.52E+05  4.86E+11  O.89E+10  1.24E+12  5.66E+05 4.55E+10 1.25E+11
p Pu-242 1.17E+08 4.47E+03 316E+09 B.A43E+08 B8.03E+09 3.82E+03 2.94E+08 8.15E+08
[ Pu-241 7.30E+10 566E+06 8.4IEe11  23.78E+11 4.71E+12  2.42E+08 1.55E+11 3.54E+11
[ Sb-125 8.67E+05 1.00E+08 S523E+07 1.20E+08 2.36E+08 . 7.80E+05 3.40E+06 7.95E+08
[ Pu-238 2.57E+11 1.09E+07  7.90E+12  143E+12  1.79E+13  0.53E+08 8.76E+11 1.92E+12
[ Am-241 2.01E+11 1.65E+07  1.14E+%¢ 1.08E+12  1.34E+13  0.85E+08 4.83E+11 T.40E+11
p Pm-147 1.80E+02 7.856+02 1.69E+00  J.51E+07 4.3BE+D8  4.32E+02 3.40E+07 2.30E+08
p Cm-243 3.03E+09 B.10E+05  2B4E+09  1.72E+10 2.15E+11  S5.60E+05 8.42E+09 1.21E+10
p Am-243 8.18E+09 2.88E+08 3.37E+08  J.2BE+10  4.11E+14 1.57E+08 1.47E+10 2.26E+10
p Cm-244 5.47E+11 3.58E+07 8.64E+11 3.23E+12  4.03E+13  J4BE+07 1.64E+12 2.31E+12
P Eu-155 1.02E+06 1.76E+08  3.42E+07 4.11E+07 4.36E+08 6.39E+05 3.10E+07 3.22E+07
p Eu-154 1.84E+08 243E+08 1.24E+00  1.66E+09 B8.20E+09  1.12E+(08 1.77E+09 1.21E+09
[ Y-90 1.02E+05 1.02E+05  1.84E+09 J00E+06 2.98E+08  1.02E+D05 7.85E+08 4.51E+08
sr

Sr-90 5.22E+408 $.22E+08  7.37E+08  G64E+10  1.44E+11  522E+03 6.64E+08 1.28E+10

Civilian Radioactive Waste Management System
Management & Operatinpg Contracior



Title: Preliminary Design Basis Event Calculations for the MGR Attachment IX
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Table IX-1. SOURCE TERM GROUPING INFORMATION {Continued)
TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
inhalation dose includes all nuclides which fall within the 99.9% cumulative dose for at least one organ. Tritium and |-129 have also been
included, regardless of rank, per guldance in NUREG-1536.

50% PWR INHALATION SOURCE TERM

TemiFA
Group Isotope Gonad Breast Lung RMarrow B Surface Thyrold Remalnder  Whole Body
————— e - -
Cs-137 1.16E+09 1.04E+408  1.17E+03  1.10E+09 1.05E+09  1.05E+09 1.21E+08 1.14E+09
Cs-134 5.64E+06 469E+06 5.12E+06 5.12E+406  4.76E+06 4.82E+06 6.04E+06 5.44E+06
H-3 8.71E+03 B.71E+03  B8.71E+03  8.71E+03 8.71E+03 8.71E+03 8.71E+03 8.71E+03
129 5.63E+00 1.35E401  203E+01  SO07E+00 894E+00  1.01E+05 7.64E+00 3.04E+03

Pu-240 1.18E+10 430E+05 3.21E+11  653E+10 8.15E+¢11  3.73E+05 3.00E+10 8.28E+10
Pu-242 4.18E+07 1.58E+03  1.13E+09  2.20E+08 2.8GE+09  1.36E+03 1.05E+08 2.80E+08
Pu-241 2.78E+10 215E+06  J.20E+11  1.44E+11  1.70E+12  ©.21E+05 6.06E+10 1.35E+11
Pu-238 6.74E+10 285E+06 2.07E+12 J76E+11  4.70E+12  2.50E+06 1.78E+11 5.05E+11 :
U-234 6.19E+03 6.26E+03 © 6.96E+08  1.69E+05 264E+06  6.19E+03 2.48E+05 8.37E+07

Y-80 4.65E+04 4.69E+04  B44E+08  1.38E+06 1.37E+06  4.69E+04 3.51E+08 2.07E+08
Pu-239 8.12E+09 270E+05  2.1SE¢11  445E+10 5.56E+11  2.54E+05 2.04E+10 5.64E+10
Eu-154 §.02E+07 8.65E+07  J.40E+08  4.55E+08 2.24E+08  3.06E+07 4.85E+08 3.32E+08

Eu-155 3.14E+05 542E+05  1.0SE+07  1.26E+07 1.34E+08  2.12E+0S 8.78E+06 8.80E+06
Cm-242 1.8BE+07 3126404 5.12E408  1.29E+08  1.61E+09  3.41E+04 8.09E+07 1.54E+08

ATV OTVVOVIVIOVROTOUD -’aa

Am-243 1.51E+09 7.05E+05 B8.26E+08  B.03E+09  1.01E+11 3.85E+05 3.50E+08 5.54E+09
Cd-113m  221E+05 221E+05  1.82B+07 221E+05 221E+05 221E+05 8.72E+06 5.04E+06
Cm-243 7.34E+08 2.23E+05 G.BBE+0B  4.1BE+09 S5.21E+10  4.36E+05 2.04E+09 2.94E+09
An-242m  1.20E+09 5.54E+04 1.6SE+08 6.78E+09 8.51E+10 2.26E+04 3.00E+0S 4.61E+08
Cm-244 5.18E+10 J30E+06 630E+10  3.06E+11  J.B2E+12  I.20E+06 1.56E+11 2.18E+11
Co-80 5.60E+06 217E+07  4.0GE+08  202E+07  1.59E+07  1.01E+07 4.24E+07 8.06E+07
Am-241 1.84E¢11 1.51E+07  1.04E+11 0.84E+114 1.23E+13  $.05E+06 4.42E+11 6.78E+11
Sr-80 2.30E+08 230E+08  33BE+08  3.05E+10 6.50E+10 2.39E+08 3.05E+08 5.87E+09

Civillan Radioactive Waste Management System . .

Management & Operating Contractor
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Table 1X-1. SOURCE TERM GROUPING INFORMATION {Continued)
TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhatation dose includes all nudiides which fall within the 99.9% cumulalive dose for at Jeast one organ. Tritium and I-129 have also bean
included, regardiess of rank, per guidance in NUREG-1536.

$0% BWR INHALATION SOURCE TERM

rem/FA .
Group Isotope Gonad Breast Lung R Marrow B Surface Thyrold Remalnder Whole Body
— —— e T ™ —
Cs-137 9.67E+08 8.65E+08 9.73E+08 0.16E+08  8.76E+08 8.75E+08 1.01E+09 9.52E+08
Cs-134 4.34E+08 361E+08 3.04E+08 304E+086 367E+08 3.71E+08 4.64E+08 4.19E+08
H-3 7.67E+03 7.67E+03 7.87E+03 7.87E+03 7687E+03 7.67E+03 7.67E+03 7.867E+03
-120 4.77E+00 1.15E+01 1.72E+01  T.68E«00 7.57E+00 O8.56E+04 6.4BE+00 2.58E+03
Pu-240 1.00E+10 361E+05  2.69E+11  S4TE+10  6.84E+11 I 13E+0S 2.52E+10 8.94E+10
Pu-242 3.88E+07 1.526+03 1.07E+09 2.18E+08 272E+09  1.28E+03 9.98E+07 2.76E+08
Pu-241 2.55E+10 1.98E+08  2.94E+11 1.32E+11 1.65E+12  B.4GE+0S 5.57E+10 1.24E+11
Pu-233 5.20E+10 2.22E+08 1.62E+12  2.93E+11 366E+12  1.95E+08 1.38E+11 3.94E+11
U-234 5.24E+03 §,30E+03  S5.80E+08 143E+0S 223E+068 5.24E+03 2,10E+05 7.09E+07
Y-90 J3.80E+04 J.80E+04  G6.85E+08  1.12E+06  1.11E+08  J.80E+04 2.85E+08 1.68E+08
Pu-239 8.60E+09 2.20E+05 1.78E+11  362E+10 4.52E+11  2.00E+05 1.66E+10 4.58E+10
Eu-154 4.01E+07 5.3E+07 2.7T1E+08 J63E+08 1.79E+09  2.44E+07 3.87€+08 2.65E+08

Eu-155 2.52E+05 4.3SE+05  8.43E+08 1.01E+07  1.08E+08  1.70E+0S 1.86E+06 7.95E+08
Cm-242 1.95€+07 J.2E+04  S.3ME+03  1.34E+08  1.67E+09 Q. 22E+04 8.38E+07 1.60E+08
Am-243 1.40E+09 8.53E+05 7.64E+08 T743E+09 9.32E+10  I.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+0§ 1.26E+06 4.20E+06

g‘u‘u'u'u'n‘u‘uv‘o‘u‘nv'u'u‘n‘n‘u":gg

Cm-243 8.69E+08 2.03E+05 G.27E+08 3.B1E+09 4.75E+10 1.24E+0S 1.86E+09 2.68E+00

Am-242m  1.34E+09 5.74E+04 1.75E+08  7.03E+09 8.82E+10  2.35E+04 3. 1ME+09 4.78E+09

Cm-244 4.60E+10 3.01E+08 5.58E+10 271E+ 11 3.3BE+12 2.92E+06 1.38E+11 1.84E+11

Co-60 4.02E+08 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+08 4.08E+11 6.26E+11

S1-90 1.94E+08 1.04E+408  2.74E+08  2.47E+10 S5.34E+10  1.94E+08 247E+08 4.76E+09
Civilian Radicactiv aqgement Syste
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Table IX-1, SOURCE TERM GROUPING INFORMATION {Continued)
TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACHWASTE FORM
inkalation dose Includes all nuclides which fall within the 89.8% cumulative dose for al least one organ. Trilium and 1-129 have also been
included, regardiess of rank, per guidance in NUREG-1536.

10-YEAR OLD BWR DBF INHALATION SOURCE TERM

rem/FA
Group  Isotope Gonad Breast Lung RMarrow B Surface Thyroid Remalinder Whole Body
- e ——————————————————————————ti——
Cs-137 7.48E+08 6.68E+08  7.53E+08 7.08E+08 6.78E+08  6.77E+08 7.78E+08 7.37E+08
Ru-106 5.25E+05 719E+05 4.20E+08 7.11E+05 6.51E+05  6.85E+05 4.65E+06 5.22E+07
Cs-134 9.65E+07 8.03E+07 B8.T7E+07 B.T7E+07 8.18E+07  B.25E+07 1.03E+08 8.32E+07
H-3 7.44E+03 7.44E+03  7.44E+03  7.44E+03  744E+03  7.44E+03 7.44E+03 7.44E+03
-129 2.89E+00 7.19E+00  1.08E+01  4.82E+00 4.7SE+00  S5.37E+04 4.06E+00 1.62€+03
Pu-238 6.31E+10 267E+06  1.84E+12  3.852E+1t  440E+12  2.34E+06 1.66E+11 4.73E+14
Pu-241 2.18E+10 1.70E+06 - 2.83E+11 1.94E+11 1.41E+12  T.27E+05 4.78E+10 1.06E+11
Pu-238 3.49E+09 1.16E+05 8.39E+10 1.01E+10  2.30E+1t 1.09E+0S 8.78E+09 2.42E+10
Pu-240 8.25E+09 2266405  1.68E¢11  J.42E+1D0  4.2BE+1% 1.96E+05 1.57E+10 4.34E+10
Pu-242 2.59E+07 0.80E+02 G6O8E+DE  1.42E+03  1.78E+09 - 8.44E+02 6.50E+07 1.80E+08
8§b-125 4.48E+05 §.47E+05 270E+07 GB.6SE+05 1.22E+06  4.03E+05 1.80E+06 4.10E+06
Am-241 6.00E+10 4.83E+06 3.40E+10 3.21E+11 4.01E+12 2.95E+06 1.44E+11 2.21E+11

Eu-154 7.16E+407 0.48E+07  4.85E+08 6.4S5E+0B 3.20E400  4.37E+07 6.91E+08 4.73E+08
Eu-155 8.54E+05 1.47E+D6  285E+07 343E+07 I 65E+08  5.76E+05 2.66E407 2.69E+07

Cm-242 1.85E+07 256E+04 4.20E+08  1.06E+08 1.32E+08  2.55E+04 6.65E+07 1.27E+08
Am-243 1.32E+09 6.14E+05  7.10E+08 6.89E+09 B.77E+10  3I.35E+05 3.13E+05 4.82E+09
Cd-113m  2.21E+05 2.21E+05 1.92E+407 221E+05 2.21E+05 2.21E+(5 8.73E+06 5.05E+06
Cm-243 9.07E+08 2.76E+05 BSOE+08 S5.17E+08 6.44E+10 1.68E+05 . 2.52E+03 3.64E+09
Am-242m  1.06E+0S 4.54E+04 1.38E+08 557E+09 6.9BE+10  1.8GE+04 2.46E+09 3.78E+09
Cm-244 1.07E+11 G.96E+06  1.20E+11  B.20E+11  7.85E+12  6.77E+06 I 21E+N 4.48E+11
Cm-245 4.31E+07 8.55E+403 230E+07 2.20E+08  2.86E+09  4.70E+03 1.02E+08 1.57€+08
Co-80 71.81E+06 3.02E+07 S566E+08 2.82E+07 2.21E+07  26GE+07 5.91€+07 0.70E+07
Y¥-80 2.84E+04 284E+04 S512E+08 B.35E+05  8.30E+05  2.B4E+04 2.13E+08 1.25E+08
Sr-80 1.45E+08 145E+08  2.05E+08  1.85E+10 3.95E+10  1.45E+08 1.85E+08 3.55E+08

ivilian Radioactive Waste Management System .
Management & Operaling Contracior )
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Table [X-1. SOURCE TERM GROUPING INFORMATION {Continued)
PWR AND BWR SNF CRUD INHALATION SOURCE TERM

Fuel rem/FA .

Type Isotope Gonad Breast Lung R Marrow B Surface Thyrold Remainder  Whole Body
PWR Co-60 8.7T2E+05 J3.37E+08 6.32E+07 3.15E+08 2.4TE+08 2.97E+08 6.59E+06 1.08E+07
BWR Co-50 3.52E+05 1.36E+08  2.5S5E+07  1.27E+06 9.99E+05  1.20E+06 2.66E+08 4.37E+C6

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

Group  Isolope Gonad Breast Lung RMarrow B Surface Thyrold Remainder  Whole Body
cs Cs-137 1.65E+09 148E+09  1.68E+09  1.57E+00 1.50E+Q9  1.50E+09 1.72E+09 1.63E+00
cs Ru-108 2.40E+07 3.29E+07 1.82E+10  J.25E+07  297E+07  3.4BE+O7 222E+08 2.30E+09
cs Cs-134 §.77E+07 4.80E+07 5.24E+07 524E+07  4.838E+07  4.93E+07 8.17E+07 5.57E+07
] 129 5.24€-03 1.26E-02 1.86E-02 8.44E-03 8.32€-03 9.41E+01 7.12E-03 2.83E+00
p Pu-239 6.26E+07 2.08E+03 1.60E+C9 3.43E+08 4.28E+09 1.96E+03 1.56E+08 4.35E+08
[ Pu-240 2.41E+07 8.6BE+02 6.4BE+0B  1.32E+08 1.65E+09  7.54E+D2 8.06E+07 1.67E+08
p Pu-241 2.83E+07 2.04E+D3 3.04E+CB 1.37E+08 1.70E+00 8.73E+02 5.75E+07 1.28E+08
p Pm-147 1.21E+03 5.20E+03  1.14E+10 2I37E+08 2.95E+09 2.91E+03 2.29E+08 1.55E+09
[ Sb-125 2.34E+08 271E+08  1.41E+03 J.4BE+08 6.37E+08 2.11E+08 9.44E+08 2.15E+07
p Pu-238 2.95E+07 1.25E+03  9.00E+08  1.65E+08  2.06E+09  1.10E+03 1.79E+07 2.21E+08
[ Am-241 6.84E+10 S.70E+C8  3.93E+10 3.72E+11  4.83E+12 J42E«(8 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
[ Cd-112m  2.55E+05 255E+05  2.21E+07  2.55E+05 2.55E+05  2.55E+05 1.C0E+07 5.81E+06
p Eu-155 5.42E+05 9.34E+05 1.81E+07 2.18E+07 2.31E+08 3.65E+08 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+08 1.40E+08 9.81E+07
[ Cm-244 7.35E+08 A4.B1E+C4 8.93E+08 4.34E+08 5.41E+10 4.67TE+04 2.21E+09 3.10E+09
[ Cm-242 1.05E+08 1.74E+03 2.86E+07 7.20E+08 8.99E+07 1.74E+03 4.52E+06 8.62€+06
P Ce-144 2.64E+07 3.84E+07 B8.72E+10  J.1BE+08  5.20E+08 3. 22E+07 2.11E+09 1.12E+10
P Y-90 8.00E+04 8.00E+04 1.44E+09 2.35E+06 2.34E+08 8.00E+04 5.99E+03 3.53E+08
sr Sr-90 4 0BE+08 4.08E+08 S5.77E+08  520E+10  1.12E+11  4.08E+08 5.20E+08 1.00E+10

Civitian Radioactive Waste Management System
Management & Operating Contractor
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Table IX-1. SOURCE TERM GROUPING lNFéRMATION {Continued)
TOTAL POTENTIAL INHALATION AND EXTERNAL SOURCE TERMS FOR EACH WASTE FORM
Inhalation dose includes all nuctides which fall within the 99.9% cumulative dose for at least one organ. Tritium and I-129 have also been
included, regardiess of rank, per guidance in NUREG-1536. o

AS-POURED SAVANNAH RIVER DHLW GLASS INHALATION SOURCE TERM

] rem/Canister .
Group  Isotope Gonad Breast Lung R Marrow B Surface Thyroid Remalnder Whole Body
T ————————————————————————————
cs Ru-106 1.08E+07 1.48E+07 BEB7E+09  1.47E+07 1.34E+07 1.43E+07 1.00E+08 1.08E+09
cs Cs-134 1.62E+07 1.35E+07  1.47E+07  1.47E+07 1.37E+07 1.39E+07 1.73E+07 1.56E+07
cs Cs-137 1.41E+09 1.26E+09 142E+03  1.33E+09 1.28E+09 1.27E+09 1.47E+09 1.39E+09
] Amn-241 1.33E+09 1.09E+05 7.50E+08 7.09E+08 8.85E+10 6.52E+04 3 19E+08 4.8BE+09
[] Pu-239 5.73E+08 1.91E+04 1.54E+10 3.14E+09  3.82E+10 1.78E+04 1.44E+09 3.88E+09
p 8§b-125 1.43E+08 131E+06 682E+07 1.68E+06  J.07E+086 1.02E+06 4.56E+06 1.04E+07
[ Pu-241 1.71E+09 1326405 1.85E+10  B.84E+03 1.10E+11 5.65E+04 3.7T2E+03 B8.26E+09
p Pu-240 3.86E+08 1.39E+04 1.04E+10 211E+408  2.64E+10 1.21E+04 9.70E+08 2.68E+08
p Pm-147 7.39E+02 3.22E+03 6.03E+05  1.44E+08  1.80E+0S 4.77E+03 1.40E+08 9.45E+08
p Pu-238 5.71E+10 242E+06  1.76E+12  3.18E+11 3.08E+12  212E+06 1.50E+11 4 28E+11
p Ce-144 8.73E+06 1.27E+07 289E+10  1.05E+08 1.72E+08 1.07E+07 6.88E+08 3.70E+08
P Eu-155 8.26E+05 1.08E+06 209E+07 2S1E+07 267E+08  4.22E+05 1.95E+07 1.87E+07
p Eu-154 2.68E+07 3.55E+07  1.82E+08 2.43E+08 1.20E+09  1.64E+07 2.59E+08 1.77E+08
P Co-80 2.99E+06 1.16E+07 21TE«08  1.08E+07  8.49E+06 1.02E+07 2.26E+07 3.T2E+07
P Cm-244 6.33E+09 4.14E+05 T7.6B8E+09 J.T73E+10  4.66E+11 4.02E+05 1.80E+10 2.67E+10
p Y-80 8.16E+04  G.16E+04 1.65E+00 2.69E+06 267E+06  9.16E+04 €.85E+08 4.04E+08
sr Sr-80 4.57E+08 = 4.57E+08 G645E+08 . 5.81E+10 1.26E+11 4.57E+08 5.81E+08 1.12E+10
ia dioact as anagement Syste:

Management & Operating Contractor



Tille: Preliminary Design Basis Evenl Calculations for the MGR
D1 No.: BC0O000000-01717-0210-00001 Rev 00

Attachment IX
Page: [X-12 of IX-28

Table IX-2. EXTERNAL {SUBMERSION) DOSE SOURCE TERMS (remr per FA/m®)

{sotope Gonad Breast Lung " RMarrow BSurface Thyroid Remainder  Skin Eye Lens {1) Whols Body
PWR DBF (48.088 GWD/MTU, 4.2% INIT. ENRICH,, 10 YR. OLD)
H-3 0.00E+00 0.00E+00  1.00E+01 O0OOE+00 OOCE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.21E+00
Ar-39 8.32E-06 6.G8E-06 6.20E-08 1.24E-05 1.35€-05 8.13E-08 5.24E-08 5.13E-03 0.00E+00  7.58E-08
Kr-85 §.91E+03 5.16E+03  4.92E+03 G656E+03 7.02E+03 285E+03  4.79E+03 5.32E+05 0.00E+00  5.36E+03
TOTAL _ S5.91E+03 5.16E+03  4.93E+03 6S6E+0) 7.02E+03  285E+03  4.79E+03 5.32E+05 0.00E+00 _ 5.37E+03
8WR DBF (49.0 GWD/MTU, 3.74% INIT, ENRICH., 10 YR. OLD)
H-3 0.00E+00 0.00E+00 4.26E+00 O0.00E+00 O.00E+00 0.COE+00 0.00E+DO 0.00E+00 0.00E+00  5.12E-01
Ar-39 4.10E-06 3.44E-08 3.06E-08 6.14E-08 8.64E-08 4.01E-08 2.58E-08 2.53E-03 0.00E+00  3.74E-08
Kr-85 2.28E+03 1.99E+03  190E+03 253E+03 271E+03  1.10E+03  1.85E+03 2.05E+05 0.00E+00 207E+Q3
TOTAL  2.28E+03 1.99E+03  9.90E+03  253E+03 2.71E+03 _ 1.10E+03  1.85E+D3 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  O0.0C0E+00  0.00E+00 0.00E+00 0.00E+00  1.43E+00
As-39 1.11E-05 9.27E-06 8.24E-06 1.65E-05 1.79E-05 1.08E-05 896E-08 - 6.82E-03 0.00E+00  1.01E-05
Kr-85 6.51E+03 5.GEE+03 5.42E+03 7.23E+03 T.73E+03 3.14E+03 5.28E+03 5.86E+05 0.00E+00 5.01E+03
TOTAL 6.51E+03 568E+03  S543E+03  7.23E+03  7.73E+03  3.44E+03  5.28E+03 5.86E+0S 0.00E+00 _ 5.91E+03
100% BOUNDING PWR (74.8 GWD/MTU, S5.07% INIT. ENRICH., 10 YR. OLD}
H-3 0.00E+00 000E+00 9.56E+00 O0.C0E+00 O.00E+00 O0.00E+00 0.00E+00 0.00£+00 0.00E+00  1.15E+00
Ki-85 7.42E+03 6.47E+03  6.17E+03 B823E+03 8.81E+03  358E+03 G8.01E+03 8.87E+05 0.00E+00  6.73E+03
TOTAL _ 7.42E+03 GA7E+03 ~ 6.18E+03 8.23E+03 8.81E+03_ 3.58E+03 _ S.01E+03 6.67E+05 0.00E+00  6.73E+03
$0% PWR (39.58 GWD/MTU, 3.69 INIT. ENRICH., 25.9 YRS OLD™}
H-3 0.00E+00 0.00E+00  4.89E+00 000E+00 O0O0OE+00 ODOE+0C0 0.00E+00 0.COE+Q0 0.00E+00  5.99E-01
Ar-39 6.90E-06 5.79E-06 5,14E-08 1.03E-05 1.12E-05 6.74E-08 4.24E-08 4.25E-03 0.00E+00  6.28E-08
Kr-85 2.61E+03 2.28E+03 2.17E+03 2.00E+03 3.10E+03 1.26E+03 212E+03 2.35E+05 0.00E+00 237E+03
TOTAL 261E+0d 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 000E+00 4.39%E+00 O0.00E+00 OO0E+00 O0.00E+0C0  0.00E+00 0.00E+00 0.00E+00  5.27E-01
Ar-39 8.43E-06 5.39E-08 4.79E-08 9.62€-08 1.04E-05 6.28E-08 4.05E-06 3.96E-03 0.00E+00  S5.B6E-06
Kr-85 2.11E+03 1.84E+03  1.75E+03 234E+03 250E+03 1.02E+03  1.71E+03 1.90E+05 0.00E+00  $.91E+03
TOTAL _2.11E+03 1.84E+03  1.75E+03  234E+03  2.50E+03 1.02E+03  1.71E+03 1.90E+05 0.00E+00 _ 1.91E+03

{1) The source term for the fens of the eye is given as zero (0) since the principal conlribulos, Ks-83m with 8 hali-ifs of 1.83h, has decayed lo negligible activily after 10 years.
(2) Conservalively used 30 year decay since the COB would not allow the standard decay times lo be scaled for outpid in “Curies by lsolope™
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Table IX-3. Grouped Sources (Aggregated Source Terms for 50%PWR Fuel)

- 50% PWR Fuel (Age=25.9 Years*, 33.56 GWD/MTU, 3.89'/-)’

R.Marrow B.Surface Thyroid Reminder Whole Body

Eo'loplc Grouping __ Gonad Breast Lung

Group per Tab. X2 (rem/FA) {remFA) (rem/FA) {rom/FA] rem/FA’ rem/FA
{(Column No.) (A1) (A2) {A3) (Ad) _(A5) (A6
Particulate P 3.65E+11 1.14E+08 3.10E+12 1.84E+12 242FE+13 6.72E+07
Noble Gas N/A NA -~ N/A N/A N/A N/A N/A
{odine i 65.63E+00 1.35E+01 2.03E+01 QOTE+00 ©.94E+00 - 4.01E+05
Cesl'ufn cs 147E+09 1.04E+09 1.1BE+09 1.11E+09 1.05E+09 1.05E+09
Tritivm h 8.71E+03 8.71E+03 B.'Hé#OS 8.71E+03 8.71E+03 B.71E+03
Crud PWR 8.72E+05 3.37E+06 6.32E+07 JASE+06 247E«06 2.87E+06
Strontium sr 2.39E+08 2.39E+08 J.38E+08 3.056+10 6.58E+10 2.39E+08

Table IX-3, Page 1 of 1

rami{FA] rem/FA

A7) (A8)
8.97E+11 1.69E+12

NA NA
7.E4E+00 3.04E+03
1.22E+0% 1.15E+09
8.71E+03 8.71E+03
6.50E+06  1.08E+07
3.05E+08 5.87E+09

~
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE GONAD

53% PWR Bounding Fuel _

' 8.45E-08
8.15E-08
8.1SE-08
8.15E-08
8.15E-08
8.15-08

Nobis Gas NA 3 300E-02 1.00E+00 3.30E04 SABEO4

lodine SS3E« 00 B 1.00E-02 1.00E+00 3.30B04 S54BE04 8.14E-C8
Cesium 197E409 8 427E08 J00E-04 3.30E-04 5.49E-04 2.16E-08
Tiitum 87iE+03 3 3.00E:02 1.00Es00 J3J0EDA SASEDA 3.78E-04
Crud 8.72€+05 B 450E-01 23.00E04 330E04 SUBEL4 5.63E-03
Strontium 230Ee08 8 427E08 J00E-D4 3.30E-D4 S.48E-04 4.43E-07

Total T72E-08
Table IX-4, Page 1 of 10
A N

X T T T T T  Rraathing ™ 100m ° Ofisiietoss  1000m  Offaits Dose
Isotople Gonad Jol [Release Miligation Rats xa rem X rem
G rem/FA) FA's  Fractlon Factor m*Vsec  secim?3 100m secim*3 m
Chmate) (incons @ O w ® ® THieF

9.14E-10
243E-08
42508
8.37E-07
4.9BE-09
L.STEUS

5600 m — Offsite Dose
xQ

sec/m*3

o

1.44E05
$44E-05
1.44E-05
1.44E-03
1.44E-08
1.44E-0S

rem
5000 m

7

2.14E-09
$.68E-08
9.93E-08
1.49E-08
1.16€-08
2.03E-03
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Table IX-4. BEéT ESTIMATE INHALATION DOSE TO THE BREAST

80% PWR Bounding Fus! o
Breathing  100m  OfisiteaDose 1000m OHsite Doss  8000m  Ofisite Dose |.
Isotoplc Breast f#of Releass Mitigation Rats xQ rem xia rem xQ ram
Group {rem/FA) FA’s Fraction Factor m*3/gec  sacim*3 100 m sacimr3 4000 m sacimA3 5000 m
1 1
ooy REST W @ w0 e e ST e YT w0 OGRS

Parlicuale iiiesos & Z1TE06 J00E04 JJIVED4  S4BED4 1.68ED7  G.15E-08 TAEDS  14EDS 203ED3
Nobla Gas NA ] 300E02 4.00E+00 JAIDEOLL SA4BE04 0.00E+00 €.15E08 0.00E«0C 1.44EHS G.00E«00
fodine 1.35E+01 8 1@5& 1.00E+0C JA3DE04 S4BE04 196E07 G.15E-06 220E08 {.44ELS S.15E-05
Ceslum 1.04E+09 ] 427E08 3.00E04 3I3VE04 SAEO0L 184E08 G.15E-06 246E-08 1.44E-05 S.09E-C8
Trtom B.7IE+D] [} J00E02 1.00E+00 3.30ED4 54BEO4 J3.78E-C4 B.15E-08 A425E-08 1.44E05 $.93E-08
Crud J.37E+06 8 4.50E-01 J.00E04 JIVDEOL4 S4BE04 2.20E04 G6.15E-06 246E06 1.44E-05 S$.7TE-08
Strontium 2.395E+08 8 427E06 3.00E-04 3.30EO4 S.48ED4 4 43ELT G.ASE0S 480E03 144E-05 4.16E-08

" Total S.00E04 6.74E-08 9.53E05

Table IX4, Page 2 of 10
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE LUNG

50% PWR Bounding Fuel
; Breathing  100m  OffsitsDosa  1000m  Offsite Dose  5000m  Olfsits Dose
Lung Bof Rslease Mitigation Rate xQ ram xa rem Xia sm
Group frem/FA) FA's Fraction Factor m*Ysec  ssc/m*3 100 sec/mA3 1000 m secim*3 5008 m
Cammbe) RSN @ @ @ o m  TRERT e TR oo CUREET
Podicials — 310E+12 8 A17ED06  J00EO4 JI0EDT  SASEDE  A93E03 GISEGE  3.BED5  1AdEGS  THoEDS
Noble Gas NA 3 J.0CE-02 1.00E+00 3.30E-04 S4B8E-04 0.00E+00 8.15E-08 0.00E+00 1.44E-08. 0.00E+00
lodine 2.03E+01 3 1.00E-02 4{.00E+00 3.30E-04 S5.45E.04 284E07 8.15E-08 3.30E-09 1.44E-0S T.73E-08
Caslum 1.18E+09 3 42708 JOCE-04 JJVE-D4 S4BEO4 2186-00 O6.15E-08 245E-08 1.44E-05 3.73E-08
Teitkam B8.71E+03 8 3.00E-02 4.00E+00 J30E04 S48E-D4 J.78E-04 6.15E-08 4.25E08 144EQS 9.93E-08
Crud 8.32E+07 ] 150604 J00EC4 J3I0EODL SABED4 4.12E03 SASE(S 462E05 1.44E.05 1.08E-04
Strontium 3.38E+03 a8 4.27E-08 J.00E-04 I.30E-04 BABE-04 8.27E-07 S8.1SE-08 T.O4E-03  1.44E-08 1.65E-08
Total T.43E-03 8.33E-08 1.95E-04
Table 1X-4, Page 3 of 10
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE MARROW

§0% PWR Bounding Fus! " _ - v .
Breathing™ 300m  Olisite Doss J000m  Oflails Doss 8000m  Oftsils Dosa
Isotopic Martow #of Relsase HMitigation Rate xa rem X rem xQ rem
Groy, {remVFA) FA's Fraction Factor m*3isec  sacim*3 100 m secimr3 1000 m sec/m*3 3000 m
camn GRS @ @ 6 e OMET  m  egme o OGRS
articulale i5iEs12 8 247E06 300EO4 330E-04 SABE-O4 1{.83E63 €.15E06 205E05 144ED5 43IEGE
Nobls Gas N/A ] 300E-02 1.00E+00 J30E04 SJ48E04 0.00E+00 G.1SE-06 0.00E+00 144E05 08.00E+00
lodine 8.07E+00 8 1.00E-02 1.00E+00 JI0E-04 S48E-04 1.31E07 G.15E-08 14TEO08 1MELS 3.45E-03
Cesium 1.1E+03 8 4.27E-08 J.00E04 JIOED4 SLBE-04 2.05E06 &.15E-06 230E08 144E05 8.39E-08
Tritiom 8.71E+03 8 300602 100E+00 2JI3I0EOL4 SABE-OL 3.76E-04 G.15E.08 4.25E08 1.44E05 0.83E-08
Cnud 3.1SEX06 8 4.80E01 3J00EO4 I3I0EO4 S4B8E04 2.0SE-04 G.15E-08 230E08 {44E0S 5.392-08‘
Strontium 3.05E+10 8 42TE-06 3.00E-04 JI3I0E-O4 S4BEDL 8.66E-05 6.15E-08 6.35E07 1{.M4EO05 1.45E-06
Total 247E03 2 TVELS SASE-05
Table X4, Page 4 of 10
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Table IX-4. BEST ESTIMATE INHALATION DOSE TO THE BONE SURFACE

Jopeiuo) Bunesedo ¥ wewsBeueyy

58% PWR Bounding Fuel
Braathing  i00m  OfisitsDoss  1000m  Offsita Doss  3000m  Oifsite Doss
{sotople B.Surface #of Relsase Miigation Rate e em Xa rem remm
Group fram/FA) FA's Fracllon Factor m*dsse _ sec/m*y 100 m sac/mA3 1000 m secim*3 5000 »
ey BEREET @ @ @ @ @ ONEE e MY e
Paricidats 22E+13 8 Z17E08 J00E-04 I30EO4 S4BEG4 225E02  6.156-08 257E-08 144E05  6.00E04
Noble Gas NA 8 3.00E-C2 1{.00E+00 3.30E-04 S.48E-04 0.00E+00 S.15E08 0.00E+00  1.44E-05 0.00EOOQ
lodine 8.94E+00 8 1.00E-02 1.00E+00 33CE-04 B.48E-04 1.29E07 8.15E-08 1.45E-08  1.44E-05 3.408-08
Ceshum 1.05E+09 ] 427608 J.00EC4 330ED4 S4BE-O4 1.96E08 8.1SE-08 220EC8  1.44E-05 514E-08
Teitium 8.71E+03 8 3.00E-02 41.00E+00 330E04 B5.48EO4 378E-04 B.15E-08 4.25E-08 1.44E-05 9.93E-08
Crud 247E+08 8 1.50E-01 3.00E-04 2J.30E-04 S5.48E-04 + 1.81E-04 G.15E-08 1.84E-00 1.44E-05 4.23E-08
Strontium 8.59E+10 ] 427E-08 JADOE-04 3.30E04 S48EO4 1.22E04 B.15E08 1.37E08 1.44E-03 A21E-08
Totsl 2.35E.02 2.64E04 S.18B-04
Table iX-4, Page 5 of 10
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Tabie IX-4. BEST ESTIMATE INHALATION DOSE TO THE REMAINDER

1084U0D MINMO? weawebeusyy

$0% PWR Bounding Fusl
Breathing 100m  OffsitsDoss  1000m  Offsite Dose 5000 m sits
isotople  Rsmainder #of Rslsase Miligation Rats xQ ram xIQ em xQ nm
Group {remyFA} FA's_ Fraction Factor m*isse  secim”S 168 m sec/mt3 1008 m secim*3 5008 m
camiel GRS @ @ @ m @ R w  GUEST e SR
Particulate 8O7E+11 @ 2.17E-08  J.00E-04 J.J0EUF SABEDY 846E-04 6.15E08 9.50E-08  1.44
Nobls Gas WA 3 3.00E-02 1.00E«00 JJ0E.04 S48ED4 0.00E+C0 8.1 SE-OD 0.00E+00 1.44E-0% 0.00E+00
Todine 7.64E+00 3 1.00E-02 1.00E+00 J.30E-04 S.4B8E-D4 1.41E-07  8.15E-08 1.24E-09 1.44E-05 2.50E-09
Ceaslum 1.22E+09 3 4 27E.08 J00E-04 J.30E-04 SA8E-O4 225808 B.1SE-08 2.53E08 1.44E.05 S.83E-.08
Tiitium 8.71E«03 8 JO00E-02 1.00E+00 3.30E-04 SA4BEO4 378504 O.1SE-08 4.25E-08 1.44E03 9.93E-08
Crnsd 6.5SE+08 8 1.50E-01 J.00E-04 A3I0E-04 54BE-04 420E-04 8.15E-08 4.82E-08 1.44E-C5 ‘ 1.13E-05
Strontium 3.05E+08 3 427608 J00E-O04 3.J0EO4 S4BEO4 $.66E-07 8.15E-08 SJTE09  1L.UE-08 1.49E-08
Total 1.66E.03 1.86E-08 435E-08
Table 1X-4, Page 7 of 10

00 A%y 10000-0120-21210-000000008 "

UOW 9 J0j SUCREIDIED Jues3 siseg ubisaq Asunuy

9Z-x} '~ "2-X| :efed

L

L)

Xl\



. g Table IX-4, BEST ESTIMATE INHALATION DOSE TO THE WHOLE BODY
B ;
N’ $0% PWR Bounding Fusl
§ Breailing  100m  Ofiails Dose  1000m  Otfske Doss  5000m  Offsite Doss
fsoloplc  WholeBody #e! Raleass Mitigation Rata xQ " mm rem xQ em
o Group {remFA] FA's Fraction Factor m*3/sec  mecimA3 100m sec/m*s 1000 m seoc/m*3 S000m
‘3 rhmie) (il @ @ “ © o "ERST  w W oo CRRIEST
] s 163E+12 & 297606 J.00E-0L 330EDL BASEDX 133E-63~ 6.15E08 1.79EG5 144ED5 19E-65
E Noble Gas NA 8 3.00E-02 1.00E+0C 330EHL SABEO4 0.00E+00  C.15E-08 0.00E+00  1.44E-05 0.00E+00
g lodine 304E03 8 1.00E-02 1005400 330ED4 G48E-04 440E05  G.45E06 484E07 1.44E05 1.46E08
g Cesium 1456409 8 427ED6  300ED4 330ED4 BASED4 243E068 B.ASED5 235E08  1.44E-D5 B.53E-D8
Tritium BTIEXDI B 300E02 100E+0C 3.30E-04 B4BE-D4 A76ED4  6.15E-08 425E08 144E05 9.936-08
Cnud 1.08E+07 & 4.50E01 3.00E04 330ED4 B4SEB4 7.03E04 6.15E08 TH0ELE8  1.44E05 1.85E05
Strontium S8TE« S & 421806 3.00E04 330EL4  B48ED4 109E05 &.1SE08 122EQT  VMLEL0S 285EL7
Total 27IE03° 3.07ELS TASELDS
AN
Table IX-4, Page 8 of 10
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Table IX-4. BEST ESTIMATE EXTERNAL DOSE (SUBMERSION)

SOURCE TERM Units: remitw por FA/m*3
isotope Gonad Breast Lung RMarrow B Sucface Thyrold Romainder Skin Eyslens  Whols Body
mn ™m o ™ w ™ L] (1)) m = 9
H-3 0.00E+C0 0.00E+0C0 4.99E+00 0.00E+00 0.00E+00 0.0CE+00 0.00E+00 0.00E+00  0.00E+D0 5.99E-01
Xr-85 281E+03 228E+03  2.47E¢03 _ 2.90E:0) 3.10E+03 1.26E+03  2.12E+03 2.35E405 _ 0.00E+00 2.37E+03 .
Total T 261603 220E+03  2.176+03  2.00E+03  3.1CE+D3  1.2GES0)  2.12E+03  2.05E+08  ODOESD0 2376403
Tha sourca lerm for the lens of the eys Is given as zera (0) since the principal contibutor Kr-33m has decayed to negligible aclivity alter 10 years.
CONVERSION OF SOURCE TERM
Source Conversion Source
em/he Factor rem/sec por
“FNm“g)" {secitu) ¢ FAIm* 4
I(Cahm No) [4]] o £31= (1)
Gi {ESOY  JGOEFVT  71.25ED
2.28E+03 3.60E+03 -01
Lung 2.17E+03 3.60E+03 6.04E-01
R Marmrow 2.90E+03 3.60E+03 -01
B Suiface J10E+03 3.60E+03 8.61E-01
Thyroid 1.26E+03 3.60E+03 .S0E-01
Remainder 2.12E+03 3.60E+03 8.09E-01
Skin 2.35E+05 360E+03  B.53E+0
Lens 0.00E+00 36CE+*03  0.00E+00
s Bady 2376403 3.60E+03 8.58E-01
OFFSITE DOSES FOR GROUND RELEASE (No Filtration Credit for Gases)
Source i00m  OfisheDose 1000m  OffslieDose 5000m  Ofsite Doas
renVsec por fof Release Mitigation xa ‘109 m Xa Doss xQ Doze
FAImM*3 FAS Fraction Factor secim*y rem | secimt3 rem | _sectm*a rem.
Cormy  UKFOMCAL () = ™ w ) exirar m i) ® toerer
Gonad — 7135801 [] 350802 1.00E+00 S5EN DHESS SHAE-08 T15EG8 14EDCS 251E08
Breast 8.33E-01 8 3.00E-02 1.00E+00 8.54E-04 8.42E-08 6.34E-08 1.04E-08 1.44E0S 2.19€-08
Lung 8.04E-01 ] 3.00E-02 1.00E+00 S.54E-04 3.03E-08 8.84E-08 991E-07 144E-03 2.05E-08
R Marrow 8.06E-01 s 3.00E-02 1.00E+00 S.S4E-04 1.07E-04 8.84E-08 1.32E-08 1.44E-05 2.7BE-08
B Surlace 3.81E.01 8 3.00E-02 1.00E+00 5.54E-04 1.14E-04 8.84E-08 141E08 144E-0S 298E-08
Thyrold 3.50E-01 3 J.00E-02 4.0CE+00 S5.54E-04 4.65E-05 8.34E-08 S.74E-07 1.44E-05 1.21E-08
Remainder 5.89E-01 3 3.00E-02 $.00E+00 5.54E-04 7.83E-05 8.84E-08 9.66E-07 1.44E-03 2.04E-08
Skin 8.53E+0% 3 3.00E-02 1.00E+00 5.54E-04 8.68E-03 8.84E-08 107E-04 1.44E-05 226E-04
Eyelens 0.00E+00 8 3.00E02 1.00E+00  5.54E-04 0.00E+00 8.84E-08 C.ODE+00 1.44E-0S 0.00E+00
‘Whole Body 8.58E-01 8 3.006-02 1.00E+00 S.S4E-04 8.75E-05 8.84E-08 1.08E-08  1.44E-03 2.28E-08
Table IX-4, Page 9 of 10
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Figure IX-1. Hand Calculation (Page 1 of 3)
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Figure IX-1. Hand Calculation (Page 2 of 3)
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Figure IX-1. Hand Calculation (Page 3 of 3)
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Attachment X — Crane Data from the U.S. Navy é.?\‘i(qs
Crane Drop Frequency ond X-3

The crane drop frequency for heavy crane lifts at the MGR was estimafed based on crane lift information
from the &-6-Nawy 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 1986 and 1997, was
©33,000 (page X-2). Magnet cranes were excluded because magnet cranes are not expected o 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 /633,000 fifts).

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 scnmnlzed and refined as
addmonal information Is gathered.

Note: The drop frequency for individua! 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 & typical two-block crane event the load is lifted up to the highest point physically possible, usually in

an uncontrolled motion, resulting in a break of the load-bearing cable and a drop of the load. The crane
two-block event probability is the fraction of all crane drops which are two-block events. Since the
component level of design detail is insufficient to calculate a two-block event failure rate, the two-block
probability was estimated based on actuarial data from the Department of the Navy (provided under cover
letter from K. 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 toad accidents which ocurred between 10/84 and 9/96 was 45. The graph on
Page X-4 notes that accidents may be counted in more than one type of category. Based on this same
graph, the number of two-block events during the same time period was 11. The two-block events in this
graph are conservatively assumed to be a subset of the 45 total dropped load events. Therefore, the two-
block probability was calculated to be 0.24 (11 two-blocks/45 dropped loads).
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Tos Jim I(ai:pes Fax: 702-295-4220

From:  Dave McKercher Date: 111238

et Crane Lift Information ~ Pames: 1

[~

0 Urgent xForRevdiew  [(JPlesseCommert O PlasssReply [ Plosse Recycls

Notes: As discussed, the lift and accidept information that we provided L
~ Louie Booth on 5/11/98 came from our crane accident data base. Tt is
' n.pt'copy right protected and you are free to use it in the Tme Drop

Frequency™ paragraph you faxed me on 11/10/98 subject to deleting

the words “U.S. Navy” in front of Newport News Shipbuilding.

%l t::j/
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N ' Newport News Shipbuilding‘s Crané Lift Information “\‘ﬁ flq 3
~ 05/11/98
Bridge and Gantry Crane Lifts
Magpet Cran Qther
1997 'coa.uoo = $13,000 1,122,000
1996 $76,000 415,000 921,000
Total 1,180,000 933,000 2,113,000
Number of Dropped Loads
Magnet Craney Other Jotal
1997 3 s £
1956 4 s 12
Total 7 J° 20
Lifts/Dropped Loads
Mazgnst Cranes QOther Total
1997 201,333 103,600 140,250
1996 " 144,000 51,875 82,523
Total 168,57 71,769 105,650 ’
irfuiT T T T
Oual &= @»c (-] w—-
ez~ 195~ 42
. _ eleecHeY
con_yaC-42%8|  (etf Dave MKE

\‘7 QME{T“’L’S

CAX o605
| (,)47) 330—7@05
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JAK uhizlgy

- __//

DEPARTMENT OF THE NAVY
NORTHERN DMVISION '
NAVAL FACLITIES ENGINEEIENG CORMANG
12 NOUSTRIAL HIGHWAY
aan sTOP, 203
LESTER, PA 191132090 5720/98-140 N REPLY REFER T
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 reqﬁest, the énclosed information L
N/ is provided. Should you have any further inquiries, please L
identify control #98-140 in your correspondence.

The cost associated with processing your request have been
waived. _

Sincerely,

:{/ %/Zce,(z“ ;4.7

KATHLEEN M. SCHLICHTING
Freedom of InformaTion
Act Coordinator

By direction of the
Commanding Officer
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Accident Types

50
CJ1or94-9195
401 --eerere B 10195-9196
T ) O Y e eereaeeean,

NI

- i &

e~ % : 7 )
injury Dropped Over- Two- Load Crane Other
Load Load Block Collislon Collision

* Accidents may be counted in more than one type category.

o

.
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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 Sprefiminary” maximum overall
site /Q and maximum sector ¥/Q values at the 50% excecded and the 5% exceeded
levels for the “fence-line™ distance of 5000 meters.

1/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 spproximated using equations derived by
Tadmor and Gur (Till and Meyer, 1983), and Martin and Tikvart (Till and Meyer, 1983),
respectively. The building wake snd 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).

Quezies of the meteorological database and calculations by Microsoft Access 97 were
designed to calculate all /Q values, and select the appropriate value according to NRC-
RG-1.145 guidance. A cumulative probability distribution was constructed for all %/Q
values over the time period using Microsoft Excel 97. Excel §7 was also used to generate
& plot of /Q vetsus probability and select the x/Q value that was exceeded 50 percent
and § 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 x/Q versus probability for each sector. The 3/Q values for each sector that was
exceeded 50% and 5% of the time were determined.

PRELIMINARY DRAFT
Page 1 of3
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Data;

v

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 levet of the same tower. The NTS-60 tower
is located approximately 1100 meters from ths proposed Repository Operations Area
(North Portal). The hourly data used arz from 1993 to 1996, inclusive.

, Assumptions:

Equation (1) in NRC-RG-1.145 includes building wake effects through the use of 2 factor
representing the smallest cross-sectional area of the reactor building. Since we do not .
know the dimensions of the proposed facility, we have taken the conservative assumption

of 0 m? for this factor. As a result, this maximizes the 1/Q calenlated by this equation.

Results:
Prefiminary Dispersion Estimates at 5 km from the source
MAXIMUM MAXIMUM
50% Excoeeded 5% Exceaded
+/Q (sac/m3) +/Q (sac/m3)
Overall Site 184608 297E-03
qR

N 8.18E-08 297E-08
NNE " 4.354E-08 2.83E-03
NE 4.72E-08 3.02E-05
ENE 228E8-07 ° 3.48E-05

E 2.00E-07 33403
ESE 3.04E-08 2.97E05

SE 2.35E-08 2.99E-05
SSE . 3AMEO7 1.99E-05

S 1.09E-08 1.60E-05
SSW 1.84E-08 233608
swW 225E-08 2.74E-05
WsW 4.40B08 341203

W 7.56E-08 3.95E-05
WNW 1.14E-05 4.208-05
NW 1.44E-03 397205
NNW 8.59E-08 3.26E05
eyt 1.44E-05 4.20E-05

-PRELIMINARY DRAFT
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i ons

The calculation results shown in the previous table are the maximum SO perceant and §
percent exceeded ¢/Q values for the overaﬂ site and for each sector. The maximum $0
percent exceeded value is 1.44E-05 sec/m’ and the maximum § percent exceeded value is
4.20E-05 sec/m’.

Themxpnmtisunnonedtba:thuevﬂusmpmlmm and have niot under gone the
serutiny of the QA process. msmfommonmnundagoﬁ:cappmpnathAchmksm
aceordance with QAP-SII-2, and a QA document will be released.
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