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1. Purpose

This analysis is prepared by the Mined Geologic Disposal System (MGDS) Waste Package
Development (WPD) department to provide an initial assessment of internal (normal sequences of
operations, mechanical or other failures, and operator error) and external (natural phenomena and
man-made events not initiated by MGDS operations) design basis events (DBEs) which may affect
the waste package (WP) during the preclosure phase of the MGDS. The objective of this evaluation
is to define these events and their relevant parameters through review of the Preliminary MGDS
Hazards Analysis (PHA), Nuclear Regulatory Commission (NRC) Standard Review Plans for similar
types of facilities (Ref. 5.19), and current surface and subsurface design information provided by
the Repository Design Department. The results will be a bounding list of credible WP preclosure
design basis events for Viability Assessment (VA) design. Evaluation of the effects of the WP DBEs
identified in this analysis on the performance of the WP will be performed in subsequent structural,
thermal, or criticality design analyses. Future evaluation of accident scenarios and event sequence
frequencies by the Repository Surface or Subsurface Design groups may supersede the initial
estimates of this analysis.

2. Quality Assurance

The Quality Assurance (QA) program applies to this analysis. The work reported in this document
is part of the preliminary WP design analysis that will eventually support the License Application
Design phase. This activity, when appropriately confirmed, can impact the proper functioning of the
Mined Geologic Disposal System waste package; the waste package has been identified as an MGDS
Q-List item important to safety and waste isolation (pp. 4, 15, Ref. 5.1). The waste package is on
the Q-List by direct inclusion by the Department of Energy (DOE), without conducting a QAP-2-3
evaluation. As determined by an evaluation performed in accordance with QAP-2-O, Conduct of
Activities, the work performed for this analysis is subject to Quality Assurance Requirements and
Description (QARD; Ref. 5.3) requirements. Although a documented evaluation is not required by
the current revision of QAP-2-0, the WPD responsible manager has selected the applicable
procedural controls for this activity commensurate with the work control activity evaluation entitled
Perform Probabilistic Waste Package Design Analyses (Ref. 5.2).

All design parameters and asumptions which are identified in this document are for preliminary
design and shall be treated as unqualified data; these design parameters and assumptions will require
subsequent qualification (or superseding inputs) as the WP design proceeds. This document will not
directly support any construction, fabrication or procurement activity and therefore is not required
to be procedurally controlled as TBV (to be verified). In addition, the inputs associated with this
analysis are not required to be proceduially controlled as TBV. However, use of any data from this
analysis for input into documents supporting procurement, fabrication, or construction is required
to be controlled as TBV in accordance with the appropriate procedures.

J#
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3. Method

The method used for this analysis involves the following four steps:

1. Review the PHA (Ref. 5.5) to identify internal and external events which have the potential
for adversely affecting the performance of the WP. Other sources of information on the
repository surface and subsurface design may also be used in the identification, screening,
and characterization of internal events. In addition, the NRC Standard Review Plans for dry
storage casks (Ref. 5.19) provides guidance on the types of events which are expected to be
evaluated in a licence application.

2. Events are screened for applicability to waste package design. An event may be screened
from further consideration if it meets one of the following criteria:

A) The event was screened in the PHA (Ref. 5.5). The PHA screened some external
events from further consideration because they were either not applicable to the
Yucca Mountain site, or were not applicable to the preclosure phase of the MGDS.
The basis for screening any given external event is provided in the PHA and will not
be repeated here.

B) The event cannot directly affect the performance of the WP. This may be because
the WP is contained within another system, which is designed to withstand the event,
or the event results in the disruption of a service that is not required by the WP to
continue to perform its functions.

C) The event has an estimated frequency of occurrence of less than 10' events per
repository year (same as calander years for this analysis). Events with frequencies
less than this are not considered credible and are screened from further
consideration. The basis for this frequency limit is discussed in Section 4.2.

3. Events which are not screened from further consideration under item 2 are described in detail
and/or characterized to identify the parameters necessary to perform the subsequent analyses
to determine. the effect of the event on WP performance. In addition, the general type of
analysis that will be required (structural, thermal, or criticality) to determine the effect of the
event is identified.

4. Similar events from item 3 are grouped for the purpose of identifying a bounding event for
each group.

Further detail on the specific methods employed for each step is available in Section 7 of this
analysis.
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4. Design Inputs

All design inputs are for preliminary design; these design inputs will require subsequent qualification
(or superseding inputs) before this analysis can be used to support procurement. fabrication, or
construction activities.

4.1 Design Parameters

4.1.1 Internal and External Event Definition

4.1.1.1 Waste Package Functions

In order to identify the type of design analysis which must be performed to evaluate the
effects of a given DBE, the WP function(s) which may be affected by the event must be
identified. The MGDS FunctionalAnalysis Document (FAD; Ref. 5.9) provides a listing of
the functions which have been allocated to the WP (note that all types of WPs have the same
set of functions allocated to them). The functions listed in the FAD are hierarchal in nature,
and consist of high level functions which have been decomposed to more specific lower level
functions. In the case of the WP, the list of functions allocated to the WP includes both high
and low level functions. However, since all of the high level WP functions have been
decomposed to more detailed lower level functions, only the lowest level functions will be
considered in this analysis. The lowest level functions allocated to the WP, a brief
description of each function, and the type of analysis which must be performed to determine
if a given DBE will cause functional failure is provided in Table 4.1.1-1.

Table 4.1.1-1. Functions Allocated to the Waste Package

Function Function Description Type of DBE Design
No. Analysis Required

1.4.5.1.1.1 Prevent Criticality self-explanatory criticality

Minimize Mobilization maintain configuration of thermal
During Confinement waste form and cladding

by controlling internal
temperatures

Maintain Structural maintain structural structural
Integrity integrity of WP and waste

form during handling and
emplacement operations

Maintain Material limit corrosion of WP and N/A - corrosion of WP
1.4.5.1.2.2 Integrity WF insignificant during

._______.______.__ preclosure
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4.1.1.2 WP Related External Events

The Preliminary MGDS Hazards Analysis (PHA, Ref. 5.5) identified a generic list of
external events, and eliminated from further consideration those events which were not
applicable to the Yucca Mountain site, or which were the result of long-term processes not
applicable to the preclosure phase of repository operations. This generic external event list,
as well as an indication of the events screened by the PHA, is contained in Section 7.1, Table
7.1-1, where further screening according to Section 3, Item 2B is also performed. To avoid
duplication of information, it will not be repeated here. Section 4.1.2 contains further
information on events not eliminated by the Section 7.1 screening process.

4.1.1.3 WP Related Internal Events

Two prior reports, the PHA (Ref. 55) and the WP Off-Normal andAccident Scenario Report
(Ref. 5.14) reviewed the MGDS ACD Report (Ref. 5.6) and identified WP related internal
events resulting from failures of handling equipment and/or operator error. These reports
will serve as the starting point for this analysis. However, since the preparation of these two
reports, some aspects of the MGDS Viability Assessment (VA) design have evolved away
from the concepts presented in the MGDSACD Report.

The Waste Handling Systems Configuration Analysis (Ref. 5.7) has further refined the Waste
Handling Building (WHB) design to optimize it for a waste stream which is primarily
uncanistered fuel (as opposed to the mostly canistered fuel MGDSACD Report assumption)
and evaluated the merits of a wet versus dry system for unloading incoming spent nuclear
fuel (SNF) transportation casks and lag storage of SNF. However, other than a modification
to the layout of the disposal container cell, and the elinination of one of the two gantries in
the MGDSACD Report WHB design, there is very little change in the processes for loading,
closing, and preparing the WP for emplacement. Information from Reference 5.7, Sections
7.2.3 and 7.7, will be used as necessary to modify/update the initial list of WP related
internal events presented below.

Similarly, the MGODS subsurface facility design will also differ somewhat from that
presented in. the MGDS ACD Report. While a shielded transporter is still used for
transporting the WP from the WHB to the emplacement drift, and a rail car is still used for
moving the WP into and out of the transporter, the WPs will be emplaced on pedestals (Ref.
5.21, Key 066) rather than the rail cars of the ACD design. A gantry will be used to lift the
WP off of the rail car at the emplacement drift entrance, move it into position in the drift, and
place it on the pedestals. The gantry will also have the capability to emplace/retrieve one WP
over another (Ref. 5.17). In addition, the maximum emplacement drift diameter has been
increased from 5 m to 5.5 m, with a 200 mm thick concrete liner (Ref. 5.58, Attachment U
Figures 14 and 15). Preliminary sketches of the WP support layout are included in
Attachment I. This information will be used as necessary to modify/update the initial list
of WP related internal events presented below. Since these subsurface design changes are
currently considered preliminary, and the QAP 3-9 analyses justifying/documenting them
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have not yet been completed, it will be assumed for this analysis that they will be carried to
completion for VA design. This is assumption 4.3.2

Table 4.1.1-2 summarizes the WP related internal events identified in the previous two
documents (Refs. 5.5 and 5.14). New events resulting from the above mentioned design
changes for VA are also included (indicated by an "X' in the "New for VA" column) with
an indication of the basis for the event. The specific section where each event is discussed
in more detail, is indicated in the "Discussion Section" column. These detailed sections will
be used to group similar events, and summarize relevant parameters for the event, or provide
a basis for eliminating the event from further consideration due to one of the criteria listed
in Section 3, Items 2B or 2C. Events which are no-longer applicable due to one of the above
mentioned design changes will be designated by a not applicable (N/A) in the "Discussion
Section" column and a basis in the remarks section.

4.1.2 External DBE Information

This section contains input information for some of the external WP DBEs not screened in
Section 7.1.1 .

4.1.2.1 Seismic Activity, Subsurface Fault Displacement

Table 4.1.2-1 below provides currently available information on fault displacement
magnitudes and recurrence rates that was presented in Appendix D of the seismic design
input document for the Exploratory Studies Facility (Ref. 5.18). This data should be
considered preliminary, as design basis fault displacement data for MGDS design will not
be available until fiscal year (FY) 98 (Ref. 5.24, p. 1-4). Additional data on the Solitario
Canyon fault was also obtained from Table 4.7.3 of Reference 5.27.

Table 4.1.2-1. Fault Displacement Information
Fault Solitarlo Canyon Bow Ridge Ghost Dance

.___________________ _ . .(Ref. 5.27, Ml. 4.73) (Ref 5.24, p. 14) (Re. s.2A, p. 14)
Maximum Displacement Per 130cm 28 cm 4 cm
Event _

Annual Probability of 2.9xt05 to lxlO5 Ix104 to IxlO5 lx l0f to 3.3x10'
Surface Faulting

4.1.2.2 Seismic Activity, Earthquake

Key Assumption 064 (Ref. 5.21) indicates that the parameters necessary for evaluating the
effects of ground motion on systems for VA should be obtained from Refcrmce 5.18. Peak
ground accelerations and velocities from Reference 5.18, and their associated probability of
being exceeded are provided in Table 4.1.2-2 below.
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Table 4.1.1-2. Initial List of WP Related Internal Events
_ ___ _ _ _ _-- --

Internal Event Ref. Ref New Discussion Remarks
5.5 5.14 for VA Section

1. Waste form (WP) drop onto WP during loading X X 7.2.2.1 Only SNF considered in this analysis.

2. WP loaded with WF(s) that exceed the criticality design basis _ Ref. 5.27 indicates there will be multiple SNF WP
(crit. misload) X 7.2.2.8 signs, each with a different design basis fuel

. WP loaded with WF(s) that exceed the thermal design basis X 7.2.2.6 s .27 indicates there wi bg multipk SNF W
(thermal misload) each with a different design bsis fuel

. WP vertical drop from Disposal Container (DC) cell crane X X 7.2.2.2

S. WP slap down following drop, seismic event, or collision with X X 7.2.2.3
other VIP 7223

6. WP horizontal drop from WHB gantry X X 7.2.2.2

7. WP vertical/horizontal drop onto sharp object X X 7.2.2.2

S. WP collides/bmps other VIP while being placed in DC cell X 7.2.2.4
lg storage area

9. Hadling equipment drops onto WP X X 7.2.2.1

10. Ptessurized system missile X X 7.2.2.5

11. Welder burns through to WF X N/A WHB laser welder eliminated from VA design

12. Flooding due to decon unit failure or pipe break X X 7.2.2.8

13. Fire in DC cell X X 7.2.2.6

14. Transporter derailment X X 7.2.2.4

IS. Tr _ _ _ _ _ __r raway X X 7.2.2.4

16. VP rail cat rolls- out of transporter X X 7.2.2.2
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Table 4.1.1-2. Initial List of WP Related Internal Events

Internal Event Ref. Ref New Discussion Remarks
5.5 5.14 for VA Section

17. Section of emplacement drift concrete liner fals onto WP Xef. 5.16 A 3.17 show concrete line drifts for VA:___________________________________________ _ __ esia 7.2.2.1

IB. Steel set drop ontow VN ~NA A design ussconcrete liner rather than steel sets forL RS m ie __ ~~~~~~~~~~~X X N/A O~ -tm 
e _mplacement drift ground support.

19. Transporter door closes onto WNP X 7.2.2.4

0. Loss WP tail car restraint in sloped emplacement drift X NIA Emplacement rail cars eliminated for VA design

1. Fireihydrogen explosion from tnsporter locomotive batteries X 7.2.2.5

22 Emplacement drift gn drops WP onto WP supports, _ 7.2.2.1 & ef. 5.17 discusses gantry emplacement and shadow
shadow shield, or other WP 7.2.2.2 hield at drift entrance.

3. Eplmet rail car collision with emplacement locomotive X N/A acement rail cars and locomotives eliminated
VA design (Ref. 5.17)

24. Emplacement gantry lifts WP to insufficient height, causing ; X 72.2.nt e4placement and shadow
collision with shadow shield or other WP _ .2.2.4 at drift ente.

25. Rockfal X X N/A iscussed as an external event In Section 7.1.5.

25. Internal pressurization resulting from rupture of fuel rods X 7.2.2.7

6. Through-wall manufacturing defect X 7.2.2.9 Previously unpublished estimate

2 omml surface A subufae operations X X 7.2.1

28. Transporter breAdown between WHB and North Portal (Solar X 7.2.2.6

_ _~~~~~~~~~~~ _ _ ^ ~~~~~~~~X 7.2.2.6
Insolence)__ _ __ _ _ _

9.Thermal misloadini of WPs within an emlacemnent drift ___ 7______2_____2_____6__

t

I
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Table 4.1.2.2. Ground Motion Severity vs. Frequency

Annual Peak Peak
Exceedance Ground Velocity
Probability Acceleration (g) (cm/s)

2xIO ' 0.19 11
Ix103 0.27 16
5xl04 0.37 23
=xlW.66 ==. 46

4.1.3 Internal DBE Information

4.1.3.1 Fuel Assembly Handling Experience

Number of Fuel Assembly Drops at Commercial Reactors

Two sources of information on fuel related handling accidents were searched to obtain data
on fuel assembly drops at commercial reactors: Fuel Peformance Annual Reports (Ref.
5.15 Vols. 6-9) and Licensee Even Reports (LERs) required under OCFR50.73. Only fuel
drops which occurred during intentional handling of the assemblies were counted. A total
of 26 drops (18 irradiated, 8 unirradiated) were identified in the period between 1970 and
1991. Data for the 1992 to 1996 time frame are not yet available due to the lag time
between the occurrence of the event and the completion of the reporting process. Further
details on the drop events identified is contained in Attachment H.

Minimum Number of Fuel Assembly Handlings

In general, a fuel assembly is handled a minimum of 5 times at the reactor site prior to
irradiation. These handlings include:

1. The fuel assembly is removed from the shipping container at the reactor site;
2. The fuel assembly is moved to an inspection station;
3. The fuel assembly is placed in the spent fuel pool storage rack;
4. The fuel assembly is moved to the fuel transfer mechanism;
5. The fuel assembly is placed into the core.

Once the fuel assembly has completed its first cycle and is irradiated, the number of X
handlings is dependent on the individual utility's core loading practices. In general, two
types of core loading practices exist, full core unloading and partial unloading with
shuffling. The latter involves unloading those fuel assemblies which have completed their
third cycle, shuffling the remaining fuel to new positions, and loading fresh fuel. The
former obviously involves removing the entire core from the reactor vessel, and has been
adopted by several utilities because it has been found to be quicker than shuffling. A full
core unloading requires a total of 10 handlings. These are:
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1. The fuel assembly is moved from the core to the transfer mechanism at the end of the
first cycle;

2. The fuel assembly is moved to the spent fuel pool storage rack;
3. The fuel assembly is moved back to the transfer mechanism;
4. The fuel assembly is moved to its second cycle position in the core;
5. The fuel assembly is moved to the transfer mechanism at the end of the second cycle;
6. The fuel assembly is moved to the spent fuel pool storage rack;
7. The fuel assembly is moved back to the transfer mechanism; -
8. The fuel assembly is moved to its third cycle position in the core;
9. The spent fuel assembly is moved to the transfer mechanism at the end of the

third cycle;
10. The spent fuel assembly is moved to the spent fuel pool storage rack.

If the utility practices shuffling, only four handlings are required (4, 8, 9, & 10). A recent
NRC survey (Ref. 5.28) found that out of the 110 commercial nuclear power plants in the
U.S., 29 plants practiced shuffling, with the remainder performing full core off-loads during
refueling.

Number of Dischrd and Incore Fuel Assemblies

Reference 5.29, Table 5 indicates that 82,382 assemblies had been discharged from U.S.
commercial reactors by the end of 1991. The total number of assemblies in-core in 1991
was estimated by summing the core sizes for each plant in operation in 1991, as obtained
from Reference 5.29, Table 4 (see Attachment I). This indicates that in 1991 there were
a total of 37,432 assemblies in-core.

4.1.3.2 Commercial Rail Accident Experience

Data on commercial rail accidents from 1975 to 1995 was obtained from Federal Railway
Administration Accidenv/ncident Bulletins (Refs. .38 - 5AO), and is summarized in
Attachments IV and Vm.

4.1.3.3 Weld Defect Depth and Frequency Data

Data on the frequency of occurrence of weld 'defects, and the distributions of defect depth
for various thicknesses of welds was obtained from Reference 5.32, and is summarized in
Attachment m.

4.1.3A Human Error ProbabIlities

Human error probabilities (HEPs) for performing various tasks were approximated from
anticipated operator actions from Reference 5.52, and are discussed in Section 4.3.15 and
are used in Attachment V11.
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4.13.5 Other Information

Density of concrete 2400 kglm3 Ref. 5A5, back cover

4.2 Criteria

The Engineered Barrier Design Requirements Document (EBDRD; Ref. 5.8) contains several
requirements which relate to identification of design basis events. A review of the EBDRD
identified the following relevant requirements:

4.2.1 The EBDRD contains several requirements which indicate that the WP should be designed
such that the occurrence of design basis events do not interfere with the performance of its
safety functions, but do not place any requirements on the process of identifying design
basis events. The requirements which fall into this category are:

EBDRD 3.2.1.7 EBDRD 3.2.2.6.A EBDRD 3.2.3.3.B.4 EBDRD 3.2A.6.A
EBDRD 3.2.4.6.B EBDRD 3.2.5.1.3 EBDRD 3.2.6.l.A EBDRD 3.2.6.1.B
EBDRD 3.2.6.2.1 EBDRD 3.3.1.B EBDRD 3.7.F EBDRD 3.7.1.E
EBDRD 3.7.1.H EBDRD 3.7.1.2.A EBDRD 3.7.1.3.A EBDRD 3.7.1.3.D.

Note that EBDRD 3.2A.6.A, EBDRD 3.7.1.3.A, and EBDRD 3.7.1.3.D have been modified
in the Controlled Design Assumptions (Ref. 5.21). This analysis contributes to satisfying
the above requirements by identifying bounding design basis events for WP design.

4.2.2 In addition to the above requirements, EBDRD 3.3.1.G indicates that,

"The Engineered Barrier Segment design shall meet all relevant requirements imposed by
1OCFR60."

The NRC has recently revised several parts of IOCFR60 which relate to the identification
and analysis of design basis events (Ref. 5.13). These changes are not reflected in the
current version of the EBDRD. The following criteria are excerpted from the revised rule
and are considered to have a bearing on this analysis:

4.2.2.1 From the revised lOCFR60.2 (Ref. 5.13, p. 64267):

"Design basis events means:

(1)(i) Those natural and human-induced events that are reasonably likely to occur regularly,
moderately frequently, or one or more times before permanent closure of the
geologic repository operations area; and

(ii) Other natural and man-induced events that are considered unlikely, but sufficiently
credible to warrant consideration, taking into account the potential for significant
radiological impacts on public health and safety.
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(2) The events described in paragraph (IXi) of this definition arc referred to as "Category
I" design basis events. The events described in paragraph (1)(ii) of this definition are
referred to as "Category 2" design basis events."

From the revised iOCFR60.131 (Ref. 5.13, p. 64269):

"(b) Protection against design basis events. The' structures, systems, and components
important to safety shall be designed so that they will perform their necessary safety
functions, assuming occurrence of design basis events...

(h) Criticality control. All systems for processing, transporting, handling, storage, retrieval,
emplacement, and isolation of radioactive waste shall be designed to ensure that nuclear
criticality is not possible unless at least two unlikely, independent, and concurrent or
sequential changes have occurred in the conditions essential to nuclear criticality safety.
Each system must be designed for criticality safety assuming occurrence of design basis
events. The calculated effective multiplication factor (kdf) must be sufficiently below unity
to show at least a 5 percent margin, after allowance for the bias in the method of calculation
and the uncertainty in the experiments used to validate the method of calculation."

This analysis contributes to satisfying the above requirements by identifying bounding
design basis events for WP design.

4.2.2.2 From the Section-by-Section Analysis of Section 60.136 (Ref. 5.13, p. 64265):

"With respect to the range of probabilities of Category 2 design basis events, the upper
bound is roughly 1 x 102 per year (i.e., events with probabilities of occurrence greater than
I x 10.' per year would generally be considered to be Category I events)." ... "Similarly. the
Commission considers that the lower bound of Category 2 design basis events is on the
order of I x 10' per year (i.e., events with probabilities of occurrence less than I x 10' per
year would generally be screened from further consideration due to their negligible
contribution to overall risk)."

This analysis satisfies the above requirement by retaining those events which may occur
with a frequency greater than or equal to Ilx 10' per year. This is considered conservative
as the IOCFR60 credibility limit applies to entire event sequences (e g., initiating event, WP
and waste form failure, and failure of mitigating systems) rather than just the initiating
events considered in this analysis. In other words, a credible initiating event for WP design
may not lead to a credible release sequence for surface or subsurface design. For this
reason, classification of events as Category 1 or 2 is also not performed in this document.

4.3 Assumptions

All assumptions are for preliminary design; these assumptions will require verification before this
analysis can be used to support procurement, fabrication, or construction activities.
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4.3.1 It is assumed that if the MGDS Functional Analysis Document (FAD, Ref. 5.9) has assigned
a system the function of protecting other system from an event, then that (assigned) system
will be required to withstand the maximum credible effects of the event. The basis for this
assumption is that the objective section of the FAD indicates that the system-level functions
defined therein will be used for the subsequent development of system performance
requirements. This assumption will require verification, and will eventually be eliminated
in some future revision of this analysis, as more detail is developed in other parts of the
MGDS design. This assumption is used in Section 7.1.1 (and in Table 7.1-1).

4.3.2 It is assumed that the changes in the MGDS subsurface designs documented in References
S. 16, 5.17. 5.58, and the sketches in Attachment I, will be maintained as part of the VA
design. The basis for this assumption is the opening statement in Reference 5.17 which
indicates these assumptions be used for in-process design analyses in late FY96 and early
FY97 until the substantiating analyses are completed (such as Ref. 5.58). In addition, Key
Assumption 066 (Ref. 5.21) also indicates that the gantry emplacement will be assumed for
VA design. This assumption is used in Sections 4.1.1.3, 7.1.4, 7.1.5, 7.2.2.1.4, and
7.2.2.2.4.

4.3.3 It is assumed, for the purposes of evaluating the credibility of preclosure fault displacement
hazards for the WP, that the WP is emplaced directly across a fault with the same or lower
displacement recurrence frequency and magnitude as the Solitario Canyon fault. This is
conservative because Key Assumption 023 (Ref. 5.21) indicates that there will be at least
a 15 m standoff from the edge of a fault zone to the nearest emplaced WP, and therefore,
a human error during emplacement (which remains undeveloped for this analysis) would
have to occur for a WP to be emplaced across such a fault as is assumed above. The basis
for this assumption is that the Solitario Canyon fault has the highest displacement
magnitude and frequency of those listed in Table 4.1.2-1. It is further assumed that the
Poisson distribution may be used to estimate the probability of multiple seismic events in
a period of time given a frequency of recurrence. The basis for this is that it is a typical
assumption in seismic hazard analyses (Ref. 5.24, p. 3-8). This assumption is used in
Section 7.1.4.

4.3.4 It is assumed that since the manufacturing methods are similar for the outer and inner barrier
of the uncanistered fuel waste container for the cylinder within a cylinder approach (see Ref.
5.36 for more detail), the amount of weld material required for the inner barrier can be
estimated as a proportion by weld thickness of the amount of weld material required for the
outer barrier. The basis for this assumption is that it is conservative because as a thinner
component, the inner barrier may be fabricated with fewer sections and thus fewer welds
than the thicker outer barrier. This assumption is used in Volume of Weld Material in the
Waste Package section of Attachment m.

4.3.5 It is conservatively assumed, for the cylinder within a cylinder approach (see Ref. 5.36 for
more detail), that independent inner and outer barrier breaches due to manufacturing defects
will occur in locations such that the two breaches are connected via an air gap between the
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two, thus creating a flowpath from the inside of the WP to the outside. Since the shrink fit
process may not produce 100% contact between the two barriers, this is a conservative
assumption. The basis for the assumption of independence is that the welds are produced
by independent processes.

For the weld clad inner barier approach, it is conservatively assumed that independent
inner and outer barrier breaches due to manufacturing defects will occur in locations that
are physically in the same cross-sectional area of the waste package such that a direct path
out of the WP would exist. This is conservative since the probability that both an inner and
outer barrier weld defect would occur in the small cross-sectional area is extremely small.

This assumption is used in Section 7.2.2.9.

4.3.6 It is assumed that the maximum internal fuel rod pressure would be 1200 psig (8.38 MPa
absolute) at an average gas temperature of 125F (51.7C). The latter is based on the
typical spent fuel pool water temperature at a nuclear power plant (Ref. 5.42, p. 9 . 1-7) under
normal conditions, although temperatures under abnormal conditions may be as high as 155
to 190 0F. The former is based on NRC Regulatory Guide 1.25 (Ref. 5.41, p. 2), which
specifies the maximum pressure to be assumed in dose calculations for fuel rod ruptures in
spent fuel pools. This is expected to be conservative for fuel bumups up to 54 GWd/MTU.
Since the highest projected burnup is 74.6 GWd/MTU (Ref. 5.20, p. 7) an additional safety
factor will be applied to the estimated pressures. This assumption is used in Section 7.2.2.7
to estimate the WP internal pressure in the event that 1%. 10%, and 100% of the fuel rods
are ruptured at various temperatures.

4.3.7 It is assumed that the base materials used to manufacture the inner and outer barrier are
defect free, that is, manufacturing defects only occur in the welds. This assumption is used
in Section 7.2.2.9.

4.3.8 It is assumed that the undetected weld defect size distribution and density predicted by the
Chapman model (Ref. 5.32) is applicable to the materials and weld processes used in the
manufacture of the WP inner and outer barriers. The basis for this assumption is that the
materials and weld processes used in Chapman's examples are for nuclear components, and
are the same or similar to the materials used to manufacture the WP inner and outer barriers,
and the WP welds will be subject to a similar degree of qualified inspections. This
assumption is used in Section 7.2.2.9.

4.3.9 It is assumed that the average distance traveled by a (loaded) transporter from WHB to the
emplacement drift is 5 km. This is the mean travel distance, based on Reference 5.6 (Vol.
II, p. E- 15) which indicates that the transporter travel distance will be 4 km to 6 km one
way. This assumption is used in Sections 7.2.2.4.2 and 7.2.2.4.3.

4.3.10 It is assumed for derailment rate estimation purposes that the complexity of the transporter
railway/switches is equivalent to a commercial switch yard. The basis for this assumption
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is that each drift will have a switch in front of it, and there is as yet no information
indicating that the switch design will be different from that used in commercial rail yards.
This assumption is used in Section 7.2.2.4.2.

4.3.11 It is assumed for the purpose of calculating internal pressures, the WP internal fill gas will
be at atmospheric pressure at a temperature of 250C at the time of filling. The basis for this
assumption is that the WP internal fill gas pressure has never been specified. This
assumption is used in Section 7.2.1.3.

4.3.12 It is assumed that the drop rate estimated for SNF assemblies in Section 7.2.2.1 may be used
as the drop frequency for other types of lifts involving the WP. The basis for this
assumption is that the degree of equipment redundancy and procedural checks are expected
to be comparable to other fuel handling operations. In addition, there is insufficient
information available on the design and operation of these other components to allow a
detailed estimate of failure to be performed. This assumption may be superseded at some
point in the future by Repository Surface and Subsurface design group analyses of drop
frequencies for specific pieces of equipment. This assumption is used in Sections 7.2.2.1.4,
7.2.2.2.1, 7.2.2.2.2, and 7.2.2.2.4.

4.3.13 It is assumed that the following types of transportation casks will arrive at the MGDS:

LG Gen Large/Generic (26 PWR/61 BWR)
SM Gen Small/Generic (12 PWRI24 BWR)
HH UCF High Heat/Uncanistered Fuel (7 PWR/17 BWR)
HH UCF-SS High Heat/Uncanistered Fuel/Can handle stainless steel clad fuel (7

PWRI17 BWR)
LG-ST Large/Can handle long fuel from South Texas (12 PWR)

These are taken from Key Assumptions 001 and 002 (Ref. 5.21). Te descriptions and fuel
assembly heat rate limits are taken from Reference 5.49. This assumption is used in
Attachment VI.

4.3.14 It is assumed that, if required, instrumentation will be used to measure the burnup of fuel
assemblies that are removed from the transport casks for the purpose of verifying thermal
output and reactivity. The type of measurement performed to determine bumup (bulk
neutron and gamma, or specific gamma energies) is not important for this analysis. This is
consistent with recommendations of Reg. Guide 3.58 (Ref 5.51) which states that when
burnup credit is taken, the amount of burnup needs to be confirmed by reactivity
measurements. This is also consistent with Key Assumption 057, which burnup
measurements of uncanistered SNF will be performed non-destructively if required. This
assumption is used in Attachment ViI.

4.3.15 It is assumed that the following human actions can occur during the fuel assembly unloading
process from the transportation cask and the subsequent loading in the disposal containers
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(DC). Some actions will lead to human errors. Note that whether the dry or wet waste
handling system is used (Ref. 5.7), the same type of human actions must occur. These
actions are assumed to occur since there have been no formal procedures developed at this
time. The following four (sub)assumptions are all used in Attachment VII. The choice of
HEPs from Reference 5.52 are intended to approximate whatever actions the operator will
take. Since there are no written procedures to review for specific actions, the HEPs can only
approximate anticipated operator actions.

a) During the removal process, the operator will need to record the assembly
identification and associated heat rate and reactivity from the licensing paperwork
and, if required, perform a verification measurement with a detector (Ref. 5.51, see
assumption 4.3.14). It is further assumed that any mismatch in the textual
information and the detector readings will immediately flag a human error or a
detector error, Therefore, this is a sequence in which the discovered error will be
remedied, resulting in a virtually zero probability that the incoming fuel assembly
will be mischaracterized.

b) The operator determines what type of DC is to be used, selects the desired DC type
(by methods unknown at this time), and positions it under a transfer port. This could
result in a concept (or cognitive) human error or selection human error. The concept
error would be deciding on the wrong DC type. The HEP (human error probability)
is approximated by a rule-based action after a diagnosis - from Reference 5.52
(Table 20-2), the HEP is 0.05 following an abnormal event. Since this occurs under
normal operating conditions, assume the HEP at its lower bounds, 0.005 (i.e., divide
by an error factor of 10). There is no unusual or stress conditions requiring an
additional multiplier (in the form of a performance shaping factor).

The other possible human error is a selection error for which the HEP is
approximated by an error of commission in selecting the wrong control on a panel
of similar looking controls that are arranged in well-defined functional group; the
HEP is 0.001 (Ref. 5.52, Table 20-12). Any recovery action is assumed to occur
during the verification step (see item (d)).

c) The operator determines what type of fuel assembly is to be loaded into the DC,
selects the desired fuel assembly from the storage rack (by methods unknown at this
time), and positions it over a transfer port. This could result in a concept human error
or selection human error. The concept error would be deciding on the wrong DC
type. The HEP ar assumed to be the same as developed in item (b). Any recovery
action is assumed to occur during the verification step (see item (d)).

d) The physical verification occurs after the fuel assembly is loaded in the DC. This
includes verifying the fuel assembly identity (via a remote camera), and confirming
the fuel assembly's characteristics and the appropriateness of the DC in which it has
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been loaded. The HEP is estimated at 0.01 as failure to use written operating
procedures under normal operating conditions (Ref. 5.52, Table 20-6).

4.3.16 It is assumed that when fuel assemblies with absorber rods are placed in anything but the
proper waste package, this misload is immediately recoverable and corrected. The 21
Pressurized Water Reactor (PWR) waste packages that are designed to handle fuel
assemblies with absorber rods are somewhat longer than the waste packages with no
absorber or with absorber plates to accommodate the absorber rods at the top of the fuel
assembly. This assumption is used in Attachment VII.

4.3.17 It is assumed that if a fuel assembly requires an absorber rod assembly for disposal, then the
absorber rod is successfully placed in the fuel assembly immediately after retrieval from the
transport cask. This is a reasonable assumption since most fuel assemblies that require an
absorber rod assembly will be shipped with one, which will stay with the fuel assembly as
it is removed from the transport cask, stored in the lag storage area. and loaded into a DC.
This assumption is used in Attachment VII.

4.3.18 It is assumed that the likelihood of selecting an incorrect fuel assembly to load into the
waste package is based on the percentage of a fuel assembly with specific characteristics
from the total number of fuel assemblies to be delivered to the site over a 24 year period.
This assumption is used in Attachment VII.

4.3.19 It is assumed that an average of 456 WPs will be handled each year. This is based on Key
Assumption 003 (Ref. 5.21) which indicates that 10,938 WPs will be produced over a 24
year period. Based on the same assumption, it is further assumed that the average annual
SNF WP production will be 201 PWR WPs per year (4820 total) and 120 BWR WPs per
year (2859 total). This assumption is used in Sections 7.2.2.1.2, 7.2.2.3, 7.2.2.4.3, 7.2.2.4.5,
and 7.2.2.5. 1.

4.3.20 It is assumed that there will be 121,152 uncanistered fuel assemblies which require bare
handling at the MGDS. The total number of assemblies is assumed to be 220,416. These
amounts are based on Key Assumption 002 (Ref. 5.21). This assumption is used in Section
7.2.2.1.1.

4.3.21 It is assumed that there will be at least one 10 foot section of water pipe somewhere above
an open disposal container. This assumption is based on the MGDSACD Report (Ref. 5.6),
which indicates that there will be HVAC equipment (which uses cooling coils and water
spray) in the rooms above the loading cell (Ref. 5.6, Vol. II, pp. D-43 to D-58), and that the
fire protection system will also utilize water spray (Ref. 5.6, Vol. 11, p. 7-111). This
assumption is used in Section 7.2.2.8.2.

4.3.22 It is assumed that the top of the shadow shield at the emplacement drift entrance will be 8
cm higher than the height of the top of the largest emplaced WP. This is based on the fact
that shadow shields are typically slightly larger, in terms of cross-sectional area, than the
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source being shielded. It is further assumed that the emplacement drift gantry will lift the
bottom of a WI 8 cm higher than the top of the shadow shield. The basis for this
assumption is engineering judgement of the distance necessary for adequate clearance based
on verbal discussions with Repository Subsurface designers. This assumption is used in
Sections 7.2.2.1.4 and 7.2.2.2.4.

4.3.23 It is assumed that there are no credible failure modes for the emplacement drift support
other than failure due to beyond design basis seismic event. The bases for this assumption
is that a search for information on failures of concrete lined tunnels in other applications
(commercial rail, subway) found no events other than those related to seismic activity.
Further, as Key Assumption 061 indicates that remote inspections of emplacement drifts
will be performed, any significant liner degradation would probably be noted and repaired
prior to failure. This assumption is used in Sections 7.1.5 and 7.2.2.1.3.

4.3.24 It is assumed that the contact area for objects falling onto ic WP is the same for all objects
considered. The basis for this assumption is that each of the falling objects considered in
Table 7.3-1 have the potential for a point contact impact, as well as one spread over a larger
area of the WI? surface. This assumption is used in Section 7.3.

4A Codes and Standards

None used.

JI
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5.54 Preliminary Design Report - Large MPC Transportation Cask Subsystem Volume 3. Doc.
No. MPC-NC-02-016. Westinghouse Government and Environmental Services Company.
September 30, 1996.

5.55 Redundant Design Feature Modifications and Safety Evaluation for the Reactor Building
Crane System at the Monticello NuclearGenerating Plant, Licensing Report NSC-LS&R-
NOR-0151-17, Nuclear Services Corporation, October 20, 1976.

5.56 Review of Proposed Dry-Storage Concepts Using Probabilistic Risk Assessment, EPRI NP-
3365, Electric Power Research Institute, February 1984.

5.57 Seismotectonic Framework and Characterization of Gaulting at Yucca Mountain, Nevada,
U. S. Geological Survey, Denver, Colorado, 1996.

5.58 Emplacement Drift Invert Structural Design Analysis, DI#: BBDC00000-01717-0200-
00001 REVO0, CRWMS M&O.
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6. Use of Computer Software

A. Scientific and Engineering Software:

Not Applicable.

B. Computational Support Software:

6.1 Microsoft Excel version 5.0, loaded on a 66MHz 486 PC. Used for calculations performed
in Attachments 1I, m, IV, V, VII, and VIM. Inputs are also located in these attachments.

6.1 MathCad version 6.0+. loaded on a 66MHz 486 PC. Used for calculations performed in
Attachment VI. Inputs are also located in this attachment.
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7. Design Analysis

This design analysis is presented in three sections. Section 7.1 describes external events (natural
phenomena and man-made events not initiated by MGDS operations) applicable to WP design.
Section 7.2 discusses internal events (normal sequences of operations, mechanical or other failures.
and operator error) applicable to WP design. Section 7.3 organizes the credible internal and external
events identified in the previous two sections into groups of similar events, and identifies a bounding
event for each group.

7.1 External Events Applicable To WP Design

The purpose of this section is to identify those external events and natural phenomena which must
be considered in the design of the waste package. Section 7.1.1 performs an initial screening of the
generic external events list from the PHA (Ref. 5.5) to identify those events applicable to WP design.
Sections 7.1.2 through 7.1.5 provide the input parameters or infornation sources necessary for later
design analyses to determine the effect of the event on WP performance. Alternatively, these
sections may also provide information necessary for screening the events based on frequency of
occurrence.

7.1.1 Initial Screening of External Events

Table 7.1 -1 reiterates the entire generic external events list from the PHA (Ref. 5.5). In this section,
events will be screened from this list according to the general criteria discussed in Section 3, items
2A and 2B. An external event may be immediately eliminated from further consideration under item
3.2A if the PHA previously screened it from further consideration in MGDS design. An "X" has
been placed in the "PHA" column of Table 7.1-I if an event may be screened in this manner.

An external event may be eliminated from consideration under item 3.2B if the event cannot directly
affect the performance of the WP. This may be because the WP is contained within another system,
which is designed to withstand the event, or the event results in the disruption of a service that is not
required by the WP to continue to perform its functions. A system may be said to provide protection
from the effects of an external event if it has been specifically assigned this function in the MGDS
Functional Analysis Document (Ref. 5.9). This is assumption 4.3.1 . An "X" has been placed in the
"No Direct Effects" column of Table 7. 1-l if an event is screened in this manner, and a basis is
provided in the remarks section.

External events in Table 7.1-l which were not screened according to items 3.2A or 3.2B are bolded,
and a pointer is provided to the specific section in 7.1 which provides a more detailed discussion of
the event. Screening of external events according to item 3.2C typically requires a more detailed
discussion to support the required frequency estimate, and therefore, will be included in one of these
later sections if it is to be performed. In addition, the general type of analysis that will be required
(structural, thermal, or criticality) to determine the effect of the event is identified.
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Table 7.1.1. InItial Screening of External Events

Initial Screening
External Event Removed No Direct Remarks

by PHA Effects

Aircraft Crash X See Note A t end of this table

Avalanche X Event screened in PHA (Ref. 5.5)

Coastal Erosion X Event screened in PHA (Ref. 55)

Dam Failure X Event screened in PHA (Ref. 55)

Debris Avalanching X See Note A at end of this table

Denudation X Event screened in PHA (Ref. 55)

Dissolution X No direct effects but could influence
rockfall. See Section 7.1.S.

Epeirogenic Displacement X Event screened in PHA (Ref. 5.5)

Erosion X Event screened in PHA (Ref. 5.5)

Extreme Wind X See Note A at end of this table

Extreme Weather Fluctuations . See Section 7.1.2

Fire (Range) X See Note A t end of this table

Flooding X See Note A at end of this table

Fungus, Bacteria, Algae X . Event screened in PHA (Ref. 5.5)

Glacial Erosion X Event screened in PHA (Ref. 5.5)

Glaciation X Event screened in PHA (Ref. 5.5)

High Lake Level X Event screened in PHA (Ref. 5.5)

High Tide * X Event screened in PHA (Ref. 5.5)

High River Stage X Event screened in PHA (Ref. 5.5)

Hurricane X Event screened in PHA (Ref. S.5)

Inadvertent Future Intrusions (man-made) X See Note C at end of this table

Industrial Activity Induced Accident X See Note A at end of this table

Intentional Future Intrusion (man-made) X See Note C at end of this table

Landslides X See Note A at end of this table

Lightning . X See Note A at end of this table

Loss of Off-sitelOn-site Power X See Note B at end of this table

Low Lake Level X Event screened in PHA (Ref. 5.5)

Low River Level X Event screened in PHA (Ref. 5.5)

Meteorite Impact X Event screened in PHA (Ref. 5.5)

Military Activity Induced Accident X See Note A at end of this table

Orogenic Diastrophism X Event screened in PHA (Ref. S.5)

Pipeline Accident X Event screned in PHA Ref. 5.5)

Rainstorm _____ X See Note Aat end of this table

Sandstorm X See Note A at end of this table
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Table 7.1-1. InWtial Screening ofExternal Events
Ex.ernal Ental Screening
External Event Ptemoved No Direct Remarks

by PHA Effects

Sedimentation X Event screened in PHA (Ref. 5.5)
Seiche - X Event screened in PHA (Ref. 55)
Seismic Actvity. Uplifting (tectonic) X Event screened in PHA (Ref. 55)
Seismic Activity, Earthquake See Section 7.1.3

Seismic Activity. Surface Fault Displacement X See Note A at end of this table
Seismic Activity, Subsurface Fault See Section 7.1.4
Displacement __ _

Static Fracturlng/Rockfall See Section 7.13

Stream Erosion X Event screened in PHA (Ref. 5.5)
Subsidence X Event screened in PHA (Ref. 5.3)
Tornado X See Note A at end of this table

Tsunami X Event screened in PHA (Ref. 5.5)
Undetected Past Intrusions (man-made) X Event screened in PHA (Ref. 5.5)
Undetected Geologic Features X Event screened in PHA (Ref. 5.5)
Undetected Geologic Processes X Event screened in PHA (Ref. 5.5)

Volcanic Eruption X Event screened in PHA (Ref. 5.5)
Volcanism Magmatic Activity X Event screened in PHA (Ref. 5.5)
Volcanism, Ash Flow X Event screened in PHA (Ref. 5.3)
Volcanism, Ash Fall X See Note A at end of this table

Waves (Aquatic) X Event screened in PHA (Ref. 5.5)

Note A: The FAD (Ref. 5.9. p. 3-95) indicates that the function of protecting personnel and property from natural and
man-made safety hazards (function 1.4.3.1.4) has been assigned to the Repository Surface Areas and the
Waste Handling Building Structure. termore, these events are srface-based, and will not have an effect
on systems in the Subsurface Repository Area. Therefore, it is assumed that these events will not be capable
of directly affecting the performance of the WP because it is always contained within one of these systems
(assumption 4.3. 1).

Note B: The WP is a passive component which does not require a power source to maintain any of the functions
discussed in Section 4.1.1. Any adverse effects of a loss of power on WP handling equipment will be identical
to equipment/operator failures already discussed in Sections 4.1.3 and 7.2.

Note C: The FAD (Ref. .9, pp. 3-94) indicates that the function of protecting against armed incursion (function
1.4.3.1.3.1.4) and unauthorized access to the site (function 1.4.3.1.3.2) has been assigned to the Site
Safeguards and Security System. Therefore, it is assumed that these events will not be capable of directly
affecting the performance of the WP because it is always contained within one of these systems (assumption
4.3.1).
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7.1.2 Extreme Weather Fluctuations

Discussioriffrequency .-

The only aspect of weather fluctuations which may directly affect the WP is the outside
ambient air temperature while it is in unventilated SSCs. As the WP is always inside of
another MGDS facility or component, other aspects of the weather, such as precipitation
or winds, cannot directly affect the WP. This event is considered credible without
performing a frequency estimate.

Function AffectedfTyp of Analysis Required:

External temperatures will affect the rate at which beat is removed from the WP, and thus
impact the temperature of the waste form and WP. In addition, a sufficient change in WP
component temperatures may affect their material properties. Extreme weather
fluctuations have the potential for.affecting functions 1.4.5.1.1.2 and 1.4.5.1.2.1, and
therefore will require consideration in thermal and structural analyses of the WP.

Magnitude/Severity of Event-

Over the 16 year period from 1962 to 1978. the ambient temperature for Yucca Flat (Ref.
5.43, sect. 1.3a) ranged from -14'F to 108F (-25.6°C to 42.20C).

7.1.3 Seismic Activity, Earthquake

1piscussionffiquency

The MGDS preclosure seismic design methodology indicates that the Category 2 design
basis earthquake has a mean return frequency of lx O' per year, which is comparable to
the frequency of the "Safe Shutdown Earthquake" for nuclear power plants (Ref. 5.24, p.
3-3). This frequency is to be used for VA design per Reference 5.21, Key 064.

.. ~~~~~~~~~~~~~~~2 ! . a 0 swl eur

Earthquakes have the potential for affecting function 1.4.5.1.2.1, and thus wil require
consideration in structural analyses. If the above analyses determine that changes in the
WP basket configuration occur as a result of earthquake loads, then performance of
functions 1.4.5.1.1.1 and 1.4.5.1.1.2 may also be affected, thus requiring consideration in
thermal and criticality analyses.

Magnitude/Severity of Event:

Section 4.1.2.2 indicates that the peak ground acceleration corresponding to a mean return
frequency of I x l0' per year is 0.66g. In addition to maintaining the structural integrity of
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the basket and barriers, the NRC standard review plan for dry cask storage (Ref. 5.19. p.
2-14) indicates that dry cask tip-over should not be a credible event for the Safe Shutdown
Earthquake. Based on this precedence, the NRC may expect analyses to demonstrate that
sufficient support is provided for a vertically oriented WP to prevent WP tipping for a
Category 2 earthquake, regardless of whether such an event would lead to a WlP breach.

7.1A Seismic Activity, Subsurface Fault Displacement

The DOE's Preclosure Seismic Design Methodology for a Geologic Repository at Yucca
Mountain (Ref. 5.24, Section 4.4) has indicated that the primary seismic safety design
criterion for fault displacement will be fault avoidance to the extent achievable by the
facility layout and placement of systems important to safety. This reference indicates that
a fault can be deemed to be avoided if the mean annual probability of displacement for
which there is negligible engineering concern is less that 1x104 for Category I systems,
and lx O" for Category 2 systems.

The primary fault displacement engineering concern for an emplaced WP will be shear
loading by the displaced drift walls. The planned waste emplacement mode of horizontal
in-drift (Ref. 5.21, Key 066) means that a WP with a maximum outer diameter of = 2 m
(Ref. 5.21, DCWP 005 & 006) will be situated in a 5.5 m emplacement drift with a 200
mm thick concrete liner (Ref. 5.16 & assumption 4.3.2). With an average clearance
between WP surface and drift wall of =1.6 m ((5.5m-2*0.2m-2m)/2), it is expected that
any single displacement would result only in WP reorientation. If the largest WlP was
assumed to be placed directly across a fault with the same maximum. displacement
magnitude (130 cm) as the Solitario Canyon fault (see assumption 4.3.3 and Section
4.1.2.1), then two displacements would be required before the drift wall would contact the
WP. The probability of two displacements n=2) occurring in a year (t=1 year) can be
estimated using the Poisson distribution,

Pron)s (U)=exp(4j)
n!

and assuming (assumption 4.3.3) that the frequency () of a single displacement is
equivalent to that of the upper bound given in Table 4.1.2-1 for a single displacement of
the Solitario Canyon fault. This yields a probability of 4.2xI1010 that two displacements
will occur along the same fault in a years time. This probability is expected to be
conservative, as it neglects the additional low probabilities that such a fault could go
undetected by site characterization activities, or that administrative controls preventing the
emplacement of a WP across a known fault would be ignored. Therefore. shear loading
of the WP by fault displacement is not considered to be a credible event. These
conclusions will require verification once additional site-specific fault displacement data
has been gathered.
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Function Affected/Typ of Analysis Required:

No functions affected. Further analysis not required.

Magnitude/Severity of Event:

Not Applicable.

7.1.5 Static Fracturing/Rockfall

The PHA (Ref. 5.5, p. 32) defines static fracturing as any break in a rock due to mechanical
failure by stress. The only aspect of this event which may impact the WP is the potential
for rockfall. Reference 5.44 (p. 3-47) indicates that there is no relevant data available
which would allow a frequency estimate for rockfalls impacting a WP. However, as the
drift supports will likely be designed to the Category 2 design basis earthquake, and have
sufficient design life to last through the preclosure phase (Ref. 5.44, p. 3-42), the
preclosure frequency of rockfall onto a WP should be c Ix 10' events/year. This assumes
that there is no mechanism other than beyond design basis seismic activity which can result
in drift support failure and rockfall (see assumption 4.3.23). Based on this information,
rockfall onto a WP is considered a credible event.

Function AffectedType of Analysis Required:

Rockfall onto a WP has the potential for affecting function 1.4.5.1.2.1, and thus will
require consideration in structural analyses. The NRC standard review plan for dry cask
storage systems also requires that a thermal evaluation (function 1.4.5.1.2. 1) be performed
if debris burial is a credible event (Ref. 5.19, p. 2-14). If the above analyses determine that
changes in the WP basket configuration occur as a result of rockfall loads, then
performance of function 1.4.5.1.1.1 may also be affected, thus requiring consideration in
thermal and criticility analyses.

MagnitudeSeverity of Event:

Reference 5.44 (p. 3-45) discusses the results of several preliminary analyses performed
using the UNWEDGE computer code to estimate the size of potential rock blocks. For
emplacement drifts, the block sizes ranged from 0.1 to 9.7 metric tons. The W Off-
Normal and Accident Scenario Report (Ref. 5.14, Attachment E) also performed a
preliminary estimate of the distribution of block sizes using joint frequency estimates based
on measured borehole rock quality designation data. The results indicated that 99% of the
blocks would be less than 10 metric tons and that 100% of the blocks would be less that
25 metric tons. Based on this preliminary information, the WP should be designed to
withstand at least a 25 metric ton rock so that breach by rockfall is not a credible event for
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preclosure. Future studies using probabilistic keyblock analysis methods and TSw2 joint
properties obtained from ESF mapping are planned to develop a more refined distribution
of keyblock size. Furthermore, as most rockfalls would be expected to occur in the
postclosure phase, once the ground support has failed, any decision on the design rock
mass for the WP should also consider postclosure WP performance requirements. For a
5.5 m drift, drop heights may range from =2.5 to =3.1 m depending on the type of WP
(based on information in Attachment I per assumption 4.3.2).

7.2 Internal Events Applicable To WP Design

The purpose of this section is to identify those internal events which must be considered
in the design of the waste package. Section 7.2.1 discusses internal design basis events
which are associated with normal operation of the MGDS, and thus must be considered in
the design of the WP. Section 7.2.2 discusses internal design basis events which might-
result from MGDS equipment failures or operator error.

7.2.1 Internal Events Associated with Normal Operations

These events are associated with the routine operations of handling, transporting, and
emplacing the WP, and thus are automatically considered credible.

7.2.1.1 Dead Loads

Dead load is simply the load on a component produced by its own weight.

Various components of the WP will be required to support its weight in the following
routine handling and emplacement operations:

a) Loaded WP in a horizontal position in an emplacement drift on WP supports.
b) Loaded WP in a vertical position supported only by its bottom skirt.
c) Loadcd WP in a horizontal position supported only by gantry lifting heads contacting

the inside surface of each skirt.
d) Loaded WP in a vertical position supported only by a yoke mechanism which

engages the holes in the top skirt of the WP.
e) Loaded WIP in a horizontal position in an emplacement drift on WP supports and

entirely covered with backfill (if used).
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Function Affected__ of Analysis Required:

Dead loads affect function 1.4.5.1.2.1. and thus will require consideration in structural
analyses.

Magnitude/Severity of Event:

No further description necessary.

7.2.1.2 Live Loads

Live loads are those loads associated with the actions of handling, transportation, or
emplacement equipment.

Discussion:

As part of normal repository operations, the WP will be subject to the following live loads:

a) Loading of waste form into open disposal container.
b).- Disposal container cell crane lifting fixture engages notches in WP upper skirt prior

to lifting.
c) Decontamination using pelletized CO2 .
d) Shifting/settling of contained waste form during horizontalization and transport.
e) Gantry lifting heads engaging WP skirts prior to lifting.
f) Application of backfill (if used)

Function Affected/Type of Analysis Required:

Live loads affect function 1.4.5.1.2.1, and thus will require consideration in structural
analyses.

Magnitude/Severity of Eyv:

No further description necessary

7.2.1.3 Internal Pressure Loads

Reference 5.21, DCWP 004 indicates that the WP will be filled with helium. It is assumed
for this analysis that such filling will be at atmospheric pressure and at a temperature of
25°C (assumption 4.3.11).
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Function AffectedlTvpe of Analysis Required:

The internal pressure of the WP may affect function 1.4.5.1.2.1, and thus will require
consideration in structural design analyses.

Magnitude/Severity of Event:

The peak normal pressure (100* intact fuel rods) will occur at the time of peak internal
fill gas temperature. Conservatively using the maximum allowable waste form
temperatures (Ref. 5.21, DCWP 001 & 002) as the mean internal gas temperatures, the
maximum internal pressure will be =30 psia (0.21 MPa) for the SNF WPs, and 33 psia
(0.23 MPa) for Defense High-Level Waste (DHLW) WPs. This calculation is provided in
detail in Attachment V. along with an estimate of maximum internal pressure for off-
normal conditions.

7.2.1.4 Thermal Loads

Discussion:

From a thermal perspective, the WlP will be subject to the following three distinct
environments during the preclosure phase: 1), loaded and waiting in the WHB DC cell lag
storage area, 2), in the transporter on its way to the emplacement drift, and 3), emplaced
in the emplacement drift. Normal thermal conditions for an emplaced WP loaded with
thermal design basis fuel will be based on the repository thermal loading as well as drift
and WP spacing. For any given environment, the WP must demonstrate that:

a) Peak waste form temperatures remain below limits, and
b) Thermal stresses in WP barriers and basket remain below allowables.

Function AffectediType of Analysis Required:

Peak cladding temperatures affect function 1.4.5.1.1.2, and thus will require consideration
in thermal analyses. WP basket and barrier temperatures affect function 1.4.5.1.2.1, and
thus will require consideration in structural analyses.

Magnitude/Severity of Event:

Peak cladding, and other component temperatures are determined during the above
mentioned design analyses. and are dependent on a variety of parameters (such as WP
design repository thermal loading, design basis fuel, etc.) which cannot be briefly
summarized here.
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72.2 Internal Events Associated with Equipment Failure/Operator Error

The purpose of this section is to discuss each of the internal events associated with
equipment failure or operator error that were identified in Table 4.1.1-2. For each event,
a detenrnination of credibility will be performed, typically by estimating the frequency of
the event. If the event is considered credible the WP function(s) potentially affected and
the severity/magnitude of the event are evaluated based on available information.

7.2.2.1 Falling Objects

This section discusses events which involve objects being dropped or otherwise falling
onto the WP. The following four falling object events were identified in Section 4.1.1.3:

Int. Event 1. WF drop onto WP during loading,
Int. Event 9. Handling equipment drop onto WP,
Int. Event 17. Section of emplacement drift concrete liner falls onto WP, and
Int. Event 22. Emplacement gantry drops one WP onto another.

7.2.2.1.1 WF drop onto WP during loading

Discussionlffrequency

An estimate of the credibility of this event can be obtained by examining industry
experience with WF handling, namely commercial SNF. The information discussed in
Section 4.1.3.1 and Attachment H indicates that 26 fuel assemblies were dropped during
normal fuel handling activities at commercial reactors during the period from 1970 to
1991. To estimate a drop frequency, the total number of fuel handlings at commercial
facilities must be estimated. Section 4.1.3.1 indicates that by the end of 1991, there were
37,432 assemblies in commercial reactor cores, and 82,382 assemblies which had been
discharged, for a total of 119,814 assemblies. Section 4.1.3.1 also indicates that every
assembly experienced a minimum of 5 handlings prior to being irradiated. The minimum
number of additional handlings prior to discharge depends on the utility's refueling
practice; I0.handlings if the full core is off-loaded at each refueling, and 4 if the utility only
off-loads the assemblies being discharged and shuffles the remainder. The information
presented in Section 4.1.3.1 indicates that 29 of the 110 plants (=26%) operating in 1996
practiced shuffling, while the remainder performed full core off-loads. In-core assemblies
are assumed to have undergone only half the number of handlings that discharged
assemblies received. Calculations performed in Attachment II indicate that the minimum
number of unirradiated, irradiated, and total handlings was 599,070, 851,061, and
1,450,131, respectively. These estimates are expected to be conservative, as it neglects
additional handlings which might occur as a result of spent fuel pool reracking or moving
assemblies to another storage site.
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The frequency of fuel drops is then estimated to be .8xI0V drops/handling by simply
dividing the total number of drops by the number of handlings (26/1,450,131). Key
Assumption 002 (Ref. 5.21, Table 3-8) indicates that there will be 121,152 uncanistered
fuel assemblies (7,115 truck + 114,037 rail), out of a total of 220,416 assemblies
(assumption 4.3.20). Based on the above frequency and the number of uncanistered fuel
assemblies indicated in Key Assumption 002, the expected number of drops during WP
loading will be 2.2 (121,152 x 1.Sx1@'). If all 220,416 assemblies were uncanistered,
there would be 3.9 drops. Therefore, this event is considered credible.

Function AffectedUype of Analysis Required:

Dropping a WP onto a WP has the potential for affecting function 1.4.5.1.2.1, and thus will
require consideration in structural analyses. However, it should be noted that since the WP
has not yet been sealed at this point, the radionuclide containment aspect of this function
is not yet in effect, and cannot therefore be challenged. The primary concern (for the WP)
would be in terms of the economics/logistics of replacing or repairing a damaged WP
basket.

Magnitude/Severity of Event:

Reference 5.26 indicates that a fuel assembly would have a maximum drop height of
between 15 to 25 feet depending on the length of the assembly being lifted. The mass of
the largest PWR and BWR assemblies is 887 kg and 332 kg, respectively (Ref. 5.21,
EBDRD 3.2.3.4.C. 1 .g).

7.2.2.1.2 Handling equipment drop onto WP

Discussion/Frequenc

The yoke used for lifting the WPs is the largest item in the DC cell that could fall on the
WP. Such a fall could occur as a result of failure of the crane cable, hoisting drums, brakes
or control system. Based on generic failure rates for these components, Reference 5.56 (p.
4-32) estimated that such a failure could occur with a frequency of 5.0x.10' per hour.
However, Reference 5.56 simply took the union of the above component failure rates to
arrive at the above frequency, and did not consider component redundancy. Since a typical
heavy-lift bridge crane at a nuclear power plant has at least two of every active component
necessary to support the load (Ref. 5.55), the above frequency will be raised to the power
of two, yielding 2.5x 10' per hour. Since a typical no-load hook speed (vertical motion) for
such a crane is 16 feet/minute (Ref. 5.55, p. 2-13), it is estimated that the yoke will spend
1 minute over the WP for each lift. At 456 WPs per year (assumption 4.3.19), and 3.5

vertical lifts per WP (2-3 lifts for weld station + I lift into Horizontalizer), this yields a
frequency of .7xl0' drops/year (456 WPs/yr * 3.5 lifts/WP * 2.5xl0' drops/hr * I
min./lift 60 nin/hr). However, the above calculation does not explicitly consider
common cause failure or human error. At least one common cause failure, drop due to a
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beyond design basis seismic event, would not be credible since the yoke may only be over
a WP 0.3% of a year (0.003 x <104 events/year = <3xl10 events/year). Ref. 5.55 (p. 2-9)
suggests that the control system of a redundant crane typically prevents the operator from
rapidly lowering the yoke, regardless of how fast the controls are manipulated. However,
it is possible that during the yearly maintenance (Ref. 5.7, p. 58), a worker might make an
error which would disable this system, leaving it unavailable to protect against an operator
error. Using the selection HEP in assumption 4.3.1 Sb for a crane operations error (lxlO '),
an HEP of 1.5x10 3 for unrecovered controller maintenance, approximately 1600 lifts per
year (3.5*456), one maintenance shutdown per year, and redundant controllers, this would
still be considered a credible scenario at 3.6x 4O eventslyear (1600 lifts * I W errors per
lift * I maintenance/year * (1.5x10 3)2 errors per maintenance (independently and randomly
occurring on each controller). Therefore, a handling equipment drop onto a WP is
considered credible.

Note the unrecovered controller maintenance HEP is estimated as the product of:
(0.3) - HEP in use of written maintenance procedures
(0.05) - HEP in use of written test or calibration procedure (maintenance recovery)

These values are taken from Table 20-6 of Reference 5.52.

Function Affected/Type of Analysis Required:

Handling equipment dropping onto the WP has the potential for affecting function
1.4.5.1.2. 1, and thus will require consideration in structural analyses.

Magnitude/Severity of Event:

A redundant lifting yoke for a transportation cask, with a mass comparable to that of a WP,
has a mass of = 2300 kg (Ref. 5.54, dwg. MPC-3310). Based on the information in
Reference 5.26 on the DC cell crane high hook height, the distance between the yoke and
the top of the shortest WP will not be greater than 2 m.

7.2.2.1.3 Section of emplacement drift concrete liner falls onto IV

IDiscussioT/reuency:

As with rockfall (see Section 7.1.5), this event may result from beyond design basis
seismic activity. It therefore has a frequency < xl10 events/year and is considered a
credible event.

Function Affected/Tye of Analysis Required:

A section of concrete dropping onto the Wl? has the potential for affecting function
1.4.5.1.2.1, and thus will require consideration in structural analyses.
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Magnitude/Severity of Event:
At a density of approximately 2400 kgrn' (Ref. 5.45, back cover) a 5.85 m x 1.98 m x 200
nun slab of concrete (length and width based on WP size from Reference 5.21, DCWP 004,
thickness based on sketch in Attachment I) would have a weight of 5.5 metric tons.

7.2.2.1A Emplacement drift gantry drops a WP onto another WP

While the gantry has the capability to lift a WP over a WP, it is expected that this will only
occur if an individual WP requires removal, because an entire drift could otherwise be
removed in sequence without lifting one WI' over another. Key assumption 061 (Ref.
5.21) indicates that retrieval will only be performed for failed WPs. Assuming that the
frequency of WP drop by the gantry is 1 .8x I0W per lift (see Section 7.2.2.1 and assumption
4.3.12), at least 9 such retrievals would be required in a 150 year period before such a drop
event would be considered credible (9 lifts . 150 yrs * .8x 10' drops/lift). Since it is not
expected that there will be 9 such WP failures in the preclosure phase, this event will not
currently be considered credible. This conclusion may require re-evaluation if it is
determined that another subsurface DBE results in WP breach and a design change is not
instituted to prevent this, or WP retrieval for performance confirmation is required.

Function AffectedType of Analysis Required:

Not Applicable. No Function Affected.

Magnitude/Severity of Event:

While this event is not currently considered credible for the above mentioned reasons, the
worst case drop of a WP onto a WP in the emplacement drift will be the 50 metric ton 21
PWR WP (Attachment 1) falling =0.6 m onto the 12 PWR WP (from Attachment I &
assumptions 4.3.2 and 4.3.22: 2.Om - 1.555m + 16cm =0.6 in).

7.2.2.2 WP Drop Events

This section discusses events which involve dropping the WP. The following five such
internal events were identified in Section 4.1.1.3:

Int. Event 4. WP vertical drop from DC cell crane,
Int. Event 6. Wl? horizontal drop from WHB gantry.
Int. Event 7. WP vertical/horizontal drop onto sharp object,
Int. Event 16. WP rail car rolls out of transporter, and
Int. Event 22. Emplacement drift gantry drops WI? onto WP supports, shadow

shield, or other WP.
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7.2.2.2.1 WP vertical drop from DC cell crane

Deqssion/Frequenc

The only opportunities for vertical drops of the WP is in the WHB, when the WP is lifted
by the Disposal Container Cell crane. Information provided by Repository Surface design
(Ref. 5.25) indicates that there will be two or three vertical lifts of the WP to move it to and
from the welding station, depending on whether a move to the staging area is required. At
an average of 456 WPs per year, and assuming that the frequency of VVP drop by the crane
is 1.8x 10' per lift (see Section 7.2.2.1 and assumption 4.3.12), the same as that for SNF
assembly drops, the frequency of WP drops for this height is estimated to be 2.1x102 per
year (1.8x 1 (5 drops/lift * 2.5 lifts/WP * 456 WP/year). Another vertical lift of the WP
occurs when the WP is moved from the staging area to the Horizontalizer (Ref. 5.25).
Using the above information, the frequency of drop for this activity is estimated to be
.8.2x 100 per year (I .8x 10' drops/lift * I lift/VP * 456 WP/year): The total frequency of
vertical drops is estimated to be 2.9x10 2 events/year (2. x 102 + 8.2x 0f), making this a
credible event.

Function Affectedff=p of Analysis Required:

A WP vertical drop has the potential for affecting function 1.4.5.1.2.1, and thus will require
consideration in structural analyses.

Magnitude/Severity of Event:

Reference 5.25 indicates that moves to and from the welding station require lifts of 0. 152
m, while moves to the Horizontalizer require lifts of 0.456 m. Reference 5.26 indicates
that the maximum crane hook height is such that the bottom of the shortest WP cannot be
lifted higher than 1.98 m (6.5 ft) above the floor.

7.2.2.2.2 WP horizontal drop from WHB gantry

: Discussion/Frequeney 

There are two opportunities for a horizontal drop of the WlP in the tHB. The first occurs
when the WHB gantry moves the WP from the Horizontalizer to the pedestals in the
decontamination cell. The second occurs following decontamination, when the gantry lifts
the WIP off of the pedestals and moves it to the transporter's reusable rail car. Assuming
that the gantry drops WPs with a frequency of .8xIOr' drops/lift (based on the fuel
assembly drop frequency, see Section 7.2.2.1 and assumption 4.3.12), and an average of
456 WPs are handled per year, the estimated frequency for horizontal drops of the V/P in
the WHB is 1.6x0 2 drops/year (1.8xlOr drops/lift * 2 lifts/vWP * 456 WPs/yr).
Therefore, this event is currently considered credible.
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Function Affectedrrype of Analysis Required:

A WP horizontal drop has the potential for affecting function 1.4.5.1.2.1, and thus will
require consideration in structural analyses.

Magnitude/Severity of Event:

Reference 5.25 indicates that the WP will be lifted a maximum 1.68 m to clear the
horizontalizer, and maximum of 0.368 m for transfer from the pedestals to the rail car.

7.2.2.2.3 WP rail car rolls out of transporter

Discussionequency

Two types of failures could cause the WP rail car to roll out of the transpoter: spurious
operation of the rail car off-loading mechanism, or a human error causing activation of the
system prior to the transporter's arrival at the emplacement drift opening. Spurious
actuation failure rates of switches and relays are typically in the range of lx lO per hour
(Ref. 5.47). Given that a typical transporter trip from the WHB to the emplacement drift
is on the order of 30 minutes (Re. 5.7, p. 47), and an average 456 trips will be made each
year, the frequency of spurious actuation is estimated to be 2.3x 10 eventslyear (Ix 10' per
hour * 0.5 hrsJtrip * 456 trips/yr). Human error rates may lead to a higher frequency of
accidental off-loading. Therefore, this event will currently be considered credible until
more detailed analysis of the off-loading system shows otherwise.

Function AffectedaType of Analysis Required:

A WP rolling out of the transporter has the potential for affecting function 1.4.5.1.2.1, and
thus will require consideration in structural analyses.

Magnitude/Severity of Event:

Based on information in the MGDSACD Report (Ref. 5.7, Vol. U, Fig. 8.6.4-1) the height
of the rail car in the transporter is 1.28 m above the invert

7.2.2.2.4 Emplacement drift gantry drops WP

At the emplacement drift opening, another gantry is used to lift the WP off of the
transporter's reusable rail car, and carry it over the radiation shield to the next available set
of WP supports. Assuming that the gantry drops WPs with a frequency of 1.gxlor
drops/lift (see Section 7.2.2.1 and assumption 4.3.12), and an average of 456 WPs are
handled per year, the estimated frequency for horizontal drops of the WP in the drift is
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8.2xl 3 drops/year (I .8xl0 dropslift * I lift/WP * 456 WPs/yr). A beyond design basis
seismic event (< Ix 10' per year) may also cause the gantry to drop the WP. Therefore, this
event is considered credible.

Function Affected/Type of Analysis Required:

A WP horizontal drop has the potential for affecting function 1.4.5.1.2.1, and thus will
require consideration in structural analyses.

Magnitude/Severity of Event:

The emplacement drift gantry will have to lift the WP high enough to allow its bottom to
clear the radiation shadow shield near the entrance of the emplacement drift (Ref. 5.17).
While detailed information on the dimensions of this shield have not yet been developed,
its height can be inferred from the WP support sketches (see Ref. 5.16, Attachment I, and
assumption 4.3.2). In order for the shadow shield to be effective, it will have to be slightly
taller than the top of the largest emplaced WP. An additional height of 8 cm will be
assumed for this analysis (assumption 4.3.22), maling the top of the shadow shield an
estimated 3.04 m above the bottom of the drift (from An. I; 1.96 m from drift bottom to
WP center line + I m largest possible WlP radius + 8 cm), 2.35 m above the top of the pier
(from Att. I; 3.04 m - 313 mm invert thickness - 375 mm pier height), and 1.85 m above
the top of the steel support. If one end of the WIP falls first, that end may fall as far as 2.73
m to the bottom of pre-cast concrete invert between the piers (actual distance may be
shorter if this space is filled with some material such as crushed tuff). Assuming that an
additional clearance of 8 cm (assumption 4.3.22) will be provided between the bottom of
the WIP and the top of the shield, this makes the potential drop heights 16 cm onto the
shield, 2.43 m onto the pier, or 1.93 n to 2 m onto the supports, depending on where the
WPhits.

7.2.2.2.5 WP vertical/horizontal drop onto sharp object (puncture hazards)

Discussionreucy ''

In the licensing of transportation casks for SNF, 1OCFR71.73(c)(2) requires that the cask
design be capable of withstanding a 40 inch (I m) drop onto a six inch diameter mild steel
punch. The punch is required to be mounted on an essentially unyielding horizontal
surface. Its top must be horizontal, with edges rounded to a radius not to exceed 0.25
inches. The length of the punch must be sufficient to cause maximum damage to the
package, but it should not be less than 8 inches. During the drop, the cask is required to
be oriented in a position where maximum damage is expected. To satisfy these
requirements, analytical evaluations are typically performed to show that the cask has
sufficient thickness to prevent punching by shear failure. Based on this precedence, and
the fact that several of the above mentioned WP drops are credible and will not necessarily
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occur over a flat surface, this event is considered credible without performing a frequency
estimate.

Function AffectedCType of Analysis Required:

A WP drop onto a sharp object has the potential for affecting function 1.4.5.1.2.1, and thus
will require consideration in structural analyses.

Magnitude/Severity of Fvet:

Based on a review of the available repository design information (Refs. 5.6 & 5.7), the only
opportunities for the WP to fall onto a punch-like object occur while it is being transported
in a horizontal position. These include:

* Potential drop of 1.93 n onto WP steel supports in the emplacement drift
• Potential drop of 2.43 m onto emplacement drift pier

In particular, the WP steel support provides a geometry similar to the IOCFR7 1 punch.

7.2.2.3 WP Tip-Over and Slap Down

This section discusses events which involve a WP which is initially in a vertical position
tipping over and slapping down onto a flat surface. Only one such internal event (No. 5)
was identified in Section 4.1.1.3.

Discussion/Frequency:

WP slap down could result from the logical continuation of a vertical drop, or a beyond
design basis seismic event (< Ix W events/year). Reference 5.14 (p. 30) indicates that WP
tip-over following a vertical drop is only possible for the 0.456 m drop of a 12 PWRI24
BWR WP. Based on Key Assumption 003 (see assumption 4.3.19), WPs of this size
represent 6.24% of the total number of WPs (683/10,938). Therefore, the frequency of WP
slap down will be 5. x104 (0.0624 * 8.2x10 drops of 0.456 m per year from Section
7.2.2.2.1) making this a credible event for at least one type of WP. Furthermore, the NRC
standard review plan for dry cask storage (Ref. 5.19, p. 2-13) indicates that dry cask tip-
over should be evaluated regardless of credibility. Therefore, based on this precedence,
WP slap down is considered a credible event for all WP sizes.

Function AffectedM= of Analysis Rcquired:

A WP slap-down has the potential for affecting function 1.4.5.1.2. 1. and thus will require
consideration in structural analyses.
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Magnitude/Severity of Event:

No further description required.

7.2.2A Collisions and Transporter Accidents

This section discusses events which involve the VP colliding with another object during
transportation. The following five such internal events were identified in Section 4.1.1.3:

Int. Event 8.

Int. Event 14.
Int. Event 15.
Int. Event 19.
Int. Event 24.

VP collides/bumps other WP while being placed in DC cell lag
storage area,
Transporter derailment,
Transporter runaway,
Transporter door closes onto WP, and
Emplacement gantry lifts WP to insufficient height, causing collision
with shadow shield or other WP.

7,2.2A.1 WP collides/bumps other WP while being placed in DC cell lag storage area

Discusgion/Frequency

In the absence of specific information on how the WPs will be moved with the DC cell
crane (full manual control of hook location vs. travel to and from preset coordinates only)
it is difficult to estimate a specific frequency of occurrence for this error. However, given
that human error probabilities are typically in the range of 102 to iof' errors per task, and
that there will be .1600 lifts/year, this is most likely a credible event.

Function Affected/Type of Analysis Required:

Bumping one WP into another has the potential for affecting function A.5.1.2.1, and thus
will require consideration in structural analyses.

Magnitude/Severity of Event:

The design speed for a typical bridge crane rated at 85 tons (Ref. 5.55, p. 2-12) is 50 feet
per minute (-0.9 kml/br).

7214.2 Transporter derailment,

During transport from the WHB to the emplacement drift, the WP and reusable railcar ae
contained in a shielded transporter. The transporter is pulled by a 32 MT electric-
powered locomotive (with battery backup) at a maximum speed of 8 km/hr (Ref. 5.6, Vol.
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A, p. E-4). For this analysis, the average transporter trip is assumed to be 5 km (see
assumption 4.3.9). Low speed derailments of a WP transporter could be expected to occur
due to a number of reasons, such as poor rail conditions, wheel bearing or axle failures, or
switching errors. To estimate the frequency of occurrence of transporter derailments, the
1993-1995 accident/incident bulletins published by the Federal Railroad Administration
(Refs. 5.38, 5.39, 5.40) (IRA) were reviewed. These reports summarize the derailment
rates for each year from 1975 to 1995 (in Ref. 5.40). Estimates developed from this
information are expected to be conservative as they do not take credit for repository design
features which may reduce or eliminate several of the causes of derailments in commercial
rail applications. The average derailment rate over this 21 year period was found to be
3.5x I0 derailments per km of track. The average derailment rate over last 10 years, which
was the rate used for this analysis, was found to be 2.Ox O derailments per km. The
calculational development of these rates from the FRA data are provided in Attachment IV.

This frequency was further reduced to 1.4xl0& derailment per km by eliminating
derailments that occurred above 10 mph (27.74%). Assuming an average of 456 WPs are
emplaced each year based on Key Assumption 003 (Ref. 5.21, see assumption 4.3.19) and
an average trip of 5 km, this results in an estimated 3.3x IO, derailments per year.

Table 19 of FRA Bulletins 162, 163 and 164 (Refs. 5.38, 5.39, 5.40) summarizes train
accidents by cause and type. Three causes were identified as related to switching
(specifically: frogs, switches and track appliances; general switching rules; and use of
switches). The percent of derailment accidents with a switch-related cause, e.g.. problems
with switching equipment, and human error in the use of switches or following of
switching rules, from the 1993-1995 FRA data is 25.05% (see Attachment IV).
Comparison with the other identified causes in Table 19 show that switching-related causes
are the dominant reason for derailments, with track geometry defects and rail joint
problems the next leading causes (of derailments). Therefore, the above estimated
frequency may not be sufficiently conservative because the number of switches
encountered per km traveled may be much greater for the MGDS than for a commercial
rail line. Since switch yards typically contain a large number of switches per length of
track, data.derived from this source (i.e., switch yards) may be more applicable to the
MGDS (assumption 4.3.10). Based on the information in the 1993-1995 FRA incident
reports, it was determined that the rate of derailment per km of yard track is 3.53 times that
of the overall derailment rate for 1993-1995. Furthermore, 94.73% of yard derailments
occurred in the 1-10 mph range for 1993-1995. Based on this information and the above
assumptions, a more conservative estimate of the frequency of transporter derailments
estimated to be 2.0xl&0 derailments/km * 3.53 * 0.9473 * 456 WP/year * 5 km/W =
I .5x 102 derailments per year. Therefore, this event is considered credible.
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Function Affectedfy of' Analysis Required-

A transporter derailment has the potential for affecting function 1.4.5.1.2.1, and thus will
require consideration in structural analyses.

Magnitude/Severity of Ev :

If a transporter derails, it may or may not result in a rollover. The data obtained from the
FRA did not allow a determination of the fraction of derailments which resulted in a
rollover, so the effects of both will be discussed. A transporter derailment without a
rollover, will result in the transporter quickly coming to a stop from 8 knfhr. If the
derailment occurs at a switch, such as at the fork leading to the North Ramp Extension, the
possibility for impact with the drift wall exists. In either case, there are three possible
effects on the WP as a result of a transporter derailment without a rollover:

1. No movement if the reusable rail car structure and brakes or blocking holds;
2. The WP, with or without the reusable rail car depending on which of the

above items fails, continues forward at a maximum velocity of 8 km/r to
strike the front or back of the transporter (for comparison purposes, Att. Vm
indicates that a WP reaches this velocity for a 0.25 m drop); and

3. The WP, with or without the reusable rail car depending on which of the
items in I fails, continues forward at a maximum velocity of 8 kinhr through
failed transporter doors, and is ejected at a height of = 1.28 m (Ref. 5.6, Vol.
II, Fig. 8.6.4-1). This is only possible when the transporter is being backed-
up to an emplacement drift, as the doors do not face the direction of travel on
the way down the North Ramp.

If a transporter derailment with a rollover occurred, the transporter, along with the enclosed
WP and emplacement cart, would essentially pivot about one of the rails and slap down.
During such a rollover, the centerline of the WP would describe an arc with a radius of
=2.5 m above the pivot point. However, at some point during the transporter rollover, the
WP and cart might tip such that the side of the WP will be in direct contact with the wall
of the transporter when it strikes the ground.

7.2.2.4.3 Transporter runaway

Di scussion/Frequenc

A transporter runaway is defined as the failure of human and/or mechanical controls to
maintain the transporter at or below the maximum speed limit. The WI Off-Normal and
Accident Scenario Report (Ref. 5.14, p. 33) performed a simple scoping fault tree analysis
of transporter runaway and found that the frequency varied from 5.5x I0O events per trip
to lAxIO"' events per trip. Using the average of 456 trips/year, this translates to an annual
frequency of 2.5x10 5 to 6.4x l0 events/year. The main reason for the variability in the
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estimated frequency was the number and type of assumptions (i.e., the degree of
automation) which were required due to the lack of detailed design information on the
transporter system. As this condition still persists, further fault tree analysis will not be
performed for this design analysis.

The Federal Railroad Administration Accident7ncident Bulletins (Refs. 5.38, 5.49, &
5.40) also provide data which, on a more generic basis, can be used to estimate the
frequency of accidents resulting from a loss of speed control. Estimates developed from
this information are expected to be conservative as they do not take credit for repository
design features which may reduce or eliminate several of the causes of loss of speed control
in commercial rail applications. Excel calculations detailed in Attachment VM based on
this data indicate that the overall rail accident rate during the period from 1991 to 1995 was
2.7x I04 accidents per rail km traveled. Of the rail accidents which occurred during the
period from 1993 to 1995. an average of 4.17% of these accidents were derailments or
collisions related to human or mechanical failures to control the speed of the train. This
estimate included collisions/derailments involving failure of the operator to comply with
speed limits, failure of the operator to apply the brakes when needed, and
mechanical/electrical failure of the brakes. Furthermore, an average of 21.2% of the
accidents from 1993 through 1995 were derailments/collisions which occurred at speeds
greater than 10 miles/hour (= 16 km/hr). This value is estimated to account for the fact that
not all derailments/collisions resulting from loss of speed control necessarily occurred at
high speeds. Multiplying the above three numbers together yields an estimated rate of
derailments/collisions > 10 miles/hour, that are related to loss of speed control, of 2.4xO'
per km. Applying this commercial rail frequency to the transporter, and using the averages
of 456 transporter tripslyear (assumption 4.3.19) and 5 km per trip (assumption 4.3.9),
yields a frequency of 5.4x 10' events/year. Since the WP transporter design will
incorporate safeguards not found on commercial rail, operate in a relatively unchanging
environment, and possibly be more procedure driven than a typical rail system, it is likely
that the actual frequency of loss of speed control may be one or two orders of magnitude
lower than the above estimate.

Both of the above preliminary estimates indicate that a transporter runaway is a borderline
incredible event. A significant amount of design resources should not be expended on
evaluating WP response to this event until more detail on the transporter design is
available, and a more design specific frequency estimate can be performed. However, a
scoping severity calculation is provided below.

Function AffectedMtye of Analysis Required:

A transporter runaway has the potential for affecting function 1.4.5.1.2.1, and thus, if
considered credible, will require consideration in structural analyses.
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Magnitude/Severity of vn:

A conservative estimate of the maximum transporter velocity as a function of distance
coasted down the North Ramp is provided in Attachment Vm. The estimate includes the
20 lb/ton rolling resistance indicated in the MGDSACD Report (Ref. 5.6, Vol 1I, p. E-19),
but does not consider air resistance or other friction forces. This estimate indicates that a
transporter with an initial velocity of,8 km/hr will reach a velocity of =22 km/hour (- 14
mph) after coasting =250 m down the North Ramp (2.15% grade), and =63 km/hr (=40
mph) after coasting 2250 m, which is approximately the length of the entire North Ramp.
The latter would be expected to be the maximum possible velocity because, if the
transporter did not derail at or before the curve at the bottom of the North Ramp, it would
probably begin to slow again due to wheel friction associated with rounding the curve and
the positive grade following the curve. In addition, some of the energy of any impact
would most likely be absorbed by the robust transporter and/or locomotive.

7.2.2.4A Transporter door doses onto WP

Discusgion/Freuency:.

This event is considered credible without performing a frequency estimate. Information in
the MGDS ACD Report (Ref. 5.6, Vol. II, Fig. 8.6.4-1) indicates that the transporter will
have side-swing type double doors. This event would be expected to damage the motor or
gearing mechanism associated with the doors, rather than the WP.

Function Affected/Tye of Analysis Required:

No Functions Affected. Not Applicable.

Magnitude/Severity of Event:

Not Applicable.

722.45 Emplacement gantry lifts WP to Insufficient height, causing collision with shadow
shield or other WP

12isgusionffrequencva;- r.

There is insufficient information on the design and operation of the gantry to perform a
specific frequency estimate. However, given that human error probabilities are typically
in the range of 102 to 1 errors r task, and that there will be an avcrge of 456 liftsyer
(assumption 4.3.19), this is most likely a credible event.
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Function AffectedfLre of Analysis Required:

Bumping the end of the WP into the shadow shield has the potential for affecting function
1.4.5.1.2.1, and thus, will require consideration in structural analyses.

Magnitude/Seerty of :

The Emplacement Equipment/Concept Development Report (Ref. 5.12, Data Sheet 7)
indicates that the gantry concept would have a maximum speed of 3 kmh. The end of the
WP skirt would be the point of impact.

7.2.2.5 Missiles and Explosive Overpressure

This section discusses events which produce external projectiles and/or pressure waves.
The following two such internal events were identified in Section 4.1.1.3:

Int. Event 10. Pressurized system missile, and
Int. Event 21. Fire/Hydrogen explosion from transporter locomotive batteries.

7.2.2.5.1 Pressurized system missile

Discussin y.

There are four general types of internal missiles which can occur in industrial facilities.
These are,

1. Missiles generated by the conversion of stored strain energy to kinetic energy
(bolts, studs, etc.);

2. Piston-type missiles such as valve stems or check valve pivot studs in high
pressure fluid systems;

3. Jet propelled missiles (most significant in terms of available kinetic energy)
such as components which contain high pressure fluids; and

4. Missiles from rotating machinery.

Typical examples of the types of internal missiles which are evaluated for nuclear power
plants include catastrophic failures of PWR control rod drive mechanisms (for which a
special missile shield is provided during reactor operation) and valve stems and bonnets.

The only internal missiles identified by the PHA (Ref. 5.5) were associated with
pneumatically driven machinery and CO2 decontamination units. Attachment X contains
vendor information on a typical CO2 decontamination unit available from Alpheus
Cleaning Technologies Corp. This information indicates the maximum air pressure
required by the unit is 300 psig (2.1 MPa). An internal missile could take the form of a
valve stem or other part ejected from one of these decontamination units. Ejection of a
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valve stem could result from an internal rupture and separation of the valve disc from the
stem. The frequency for internal rupture of valves ranges from 5x 104 to Ix 10 events per
hour (Ref. 5.47). Considering that the NVP will spend a total of 3.5 hours at
decontamination stations following closure of the inner lid (Ref. 5.7, p. 47), and that an
average of 456 WPs are processed each year (assumption 4.3.19). the frequency of stem
separation, and thus missile generation, in the presence of a WP is estimated o be 1 .6x 10
events per year. Therefore this event is considered credible.

Function Affected/Type of Analysis Required:

A pneumatic driven missile has the potential for affecting function 1.4.5.1.2. 1. and thus,
will require consideration in structural analyses.

Magriitude/Severitv of Event:

Based on Reference 5.46 (p. 12) the velocity of a valve stem missile can be estimated
using,

2 P rD 2 L
4M

where, V = missile velocity (mis),
M = missile mass (kg),
P = internal system pressure (Pa),
D = diameter of the valve stem (m), and
L = stroke length (m).

Assuming 0.5 kg valve stem with a 1 cm diameter, in a valve with a 5 cm packing gland
(stroke length) and under a system pressure of 2.1 MPa, results in a missile with a velocity
of 5.7 in/s.

7.225.2 Fire/Rydrogen explosion from transporter locomotive batteries

fDiscussionw~reuency:

No instances of battery explosion were identified in a review of operating experience of
class E batteries at nuclear power plants (Ref. 5.48). Therefore, this event is not
considered credible. However, fires associated with batteries and battery chargers have
occuend in nuclear power plants (Ref. 5.53). Fire is further discussed in Section 7.2.2.6.

Function Affected.Tp of Analysis Rquired:

No function affected. Not applicable.
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Magnitude/Severity of Event:

Not applicable.

7.2.2.6 Fire and Other Thermal Hazards

This section discusses events which have the potential for creating thermal challenges for
the WP. The following three such internal events were identified in Section 4.1.1.3:

Int. Event 3. WP loaded with WF which exceeds its thermal design basis
(thermal nisload),

Int. Event 13. Fire in the DC cell, and
Int. Event 28. Transporter breakdown between WHB and North Portal (solar

insolance)
Int. Event 29. Thermal misload of WPs within an emplacement drift

7±2.6.1 WP loaded with WF that exceeds its thermal design basis (thermal misload)

Discussion/Frequengy

The probability that WP is accidentally loaded with fuel that exceeds its thermal design
basis is estimated in Attachment VII and is summarized in Table 7.2.2.6-1 below. The
probability/frequency estimates consider two types of human errors that the operator might
commit when selecting the WP and/or the fuel assembly to be loaded: conceptual and
selection. The conceptual represents intentionally selecting the wrong item based on the
erroneous belief that it is the correct item. The latter (selection error) represents simply an
unintentional selection of the wrong item while trying to select the correct one. A
conceptual misload is only possible if the operator has a sufficient number of assemblies
in the lag storage area that exceed the thermal design basis of a large WP (21 PWR/44
BWR). During anticipated operation, it is expected that loading of a small WP (12
PWRI24 BWR) would begin when a sufficient number of "high-heat" assemblies were
staged, thus preventing the accumulation of a sufficient number of fuel assemblies (that
exceed a large WP's thermal design basis) to fill a large WP. Therefore, if an operator
commits a conceptual error and attempts to fully load a large WP with fuel assemblies
greater than its design basis, the operator would be unable to completely fill the WP, and
would be expected to recover from this error with a high probability of success. For the
sake of comparison, use a human error recovery probability for the conceptual error
equivalent to the physical verification process (a recovery action), i.e., multiply the
conceptual human error probability (per WP) by 0.01 for the case where there is
insufficient number of fuel assemblies to fill a large WP. Both scenarios are presented in
Table 7.2.2.6-1. The conceptual error recovery probability is not included in the decision
trees presented in Attachment VU.
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Based on the conservatively estimated probabilities in Table 7.2.2.6-1 and number of PWR
and BWR WPs indicated in Key Assumption 002 (Ref. 5.21), it is expected that there may
be several WPs of both types that will have one assembly loaded that exceeds its thermal
design basis. Based on the same information, it is not expected that a WP will be loaded
with two or more assemblies (up to a full WP) that exceed its thermal design basis.
However, based on the 104 events/year limit of credibility defined in IOCFR60 (see
Section 4.2.2.2), both are considered credible. As indicated in Attachment VI, a more
detailed analysis would most likely reduce the probability of the latter (two or more
assemblies) and make it an incredible event.

Table 722.6-1. Summary of Frequencies of Possible Thermal Consequences Due to a Misload

Availability of PWR BWR
SNF > design 'Cneta eeto py

basis (DB) Conceptua Selection WP/yr Frequency Conceptual Selection WP/yr Frequency
(per WP) (per WP) (per yr) (per WP) (per WP) (per yr)

ufficient MFA: I Assy. MF: I Assy. MF I Assy. MF' I Assy.
NF >DB .28x 0 ' 01 201 .4xlOr 1.48xlO 2 7.75xl0'
vailable to M: 2 Assys. MF: 2 Assys. . MF: 2 Assys. MF: 2 Assys.

dEntire WP L.lIO-x' .. 60x10' . 2.14x10 S.98x10'

Insufficient MF: I Assy. MR I Assy. MF I Assy. MF: I Assy.
ScN > DB 4.28x10-7 32A40Mys 201 6.5axial 4I98x10 X 1.48xlOd 120 1 .84xlO X
Precludes Con- M 2As. x M: 2 Assys. . ' M: 2 Assys. : 2 Assys.
ceptual Errors 1.1OxI 8.63x10'- 2.14xll0. S.98x10 '
MF indicates the mission failure (MIF) definition for possible thermal consequence due to a misload. The two MF

definitions considered are: one inisloaded fuel assembly could lead to a possible thermal consequence or two misloaded
fuel assemblies could lead to a possible thermal consequence.

Function AffectedType of Analysis Required:

A thermal miisload may impact peak WF temperatures, which affects function 1.4.5.1.1.2,
and thus, will require consideration in thermal analyses.

Magnitude/Severity of Event:

No further description is necessary.

7.2.2.6.2 Fire in DC cell

Discusiontffi~ue=c:

The PHA (Ref. 5.5) has indicated that there are very few sources of ignition in the areas
associated with the WP, and limited fuel sources to support any postulated fire. The
primary sources of ignition identified by the PHA for the MGDS areas which interface with
the VWP include the welding equipment in the WHB Disposal Container Cell, and electrical
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shorts in cables, motors, or batteries. The main source of fuel available to support a fire
was identified as cable insulation. Other possible fuel sources, such as lube oil or hydraulic
fluid, are limited to small quantities in components such as bearings and rollers. The use
of hydraulic fluids have been minimized, if not eliminated, by the use of pneumatics
devices. Further specifics on the maximum temperatures and possible duration of fires
which may result from the above mentioned ignition sources will not be available until a
Fire Hazards Analysis is performed, and details of the fire suppression system are known.
Statistics on the frequency of occurrence of fires in nuclear facilities can be found in a
previous PRA analysis and is summarized here in Table 7.2.2.6-2 below.

Table 7.2.2.6-2. Nuclear Power Plant Fire Frequencies (Ret. S.53, Table 1.2)

Location Ignition Source Frequency (per reactor-year)

Control Room Electrical cabinets 1.9xIf2
Cable Spreading Room Electrical cabinets 3.2xl073
Diesel Generator Room Diesel generator 2.6x 102
Battery Room Batteries 3.2xilO'

Switchgear Room Electrical cabinets 1.5x10Y3

Auxiliary Building Pumps 1.9x10 2

Transformers 7.9x10'

Junction box 1.6x10 3-

Plant-wide components Battery chargers 4.OxlC3
Air compressors 4.7xi0 3

Cable fires caused by 5.lx10Y3
welding (per year at power)

Based on the above information, the frequency of fires in compartments containing the WP
may be in the range of 3x10 2 to lx l03 per year. Therefore, this event is considered
credible.

Function Affectedr&ye of Analysis Required:

A fire involving the WP may result in increased thermal stresses in the WP barriers and
basket and increased internal pressures, both of which may affect function 1.4.5.1.2.1, and
thus, require consideration in structural analyses. The methods used for extinguishing the
fire may also affect this function. A fire may also cause the peak cladding temperatures
to exceed the 3500C limit for an SNF WP or the 4000C glass temperature limit for DHLW
WPs (Ref. 5.21, DCWP00I and 002). This may afect function 1.4.5.1.1.2, and thus, will
require consideration in thermal analyses. The cladding temperature limit is primarily a
long term requirement for postclosure to prevent cladding failure by creep rupture. The
NRC standard review plan for dry cask storage (Ref 5.19, p. 4-2) indicates that the peak
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cladding temperatures should remain below 570C for short term accident conditions, such
as irms.

Magnitude/Severty of Event:

If an analysis of WP response to a postulated fire is desired prior to completion of a Fire
Hazards Analysis for the MGDS facilities, the NRC standard review plan for dry cask (Ref.
5.19, p. 4-9) indicates that the fire parameters included in 1OCFR71.73 have been accepted
for characterizing the heat transfer during the fire. The 1OCFR7 1.73(c)(3) fire evaluation
involves exposure of the whole cask for not less than 30 minutes to a heat flux not less than
that of a radiation environment of 800C with an emissivity coefficient of at least 0.9. For
purposes of calculation the surface absorptivity must be eider that value which the package
may be expected to possess if exposed to a fire or 0.8, which ever is greater. In addition,
when significant, convective heat input must be included on the basis of still ambient air
at 8008C.

7.22.6.3 Transporter breakdown between WHB and North Portal (solar Insolance)

Reference 5.7 indicates that mean-time-between-failure for a major transporter failure is
6000 hours, and the mean-time-to-repair such a failure is 48 hours. Based the North Portal
area map in the MGDSACD Report (Ref. 5.6, Vol. , p. 7-25) the distance between the
WHB and the North Portal is 122 m( 400 ft). At a speed of 8 kmhr (Ref. 5.37) the WP
transporter spends I minute per trip, or 7.6 hours per year (I minute * 456 WPs/year).
The frequency of breakdowns between the WHB and the North Portal is then 1 .26x 10f per
year (7.6 hrlyear/6000 hrs). Therefore, this event is considered credible.

Function Affected/Tp of Analysis Required:

Prolonged exposure to solar insolance may impact peak WF temperatures, which affects
function 1.4.5.1.1.2, and thus, will require consideration in thermal analyses.

Magnitude/Scverity of E~vent:

The NRC standard review plan for dry cask storage indicates that solar insolation values
from IOCFR71 may be used. IOCFR71.71(c) Indicates solar insolation of 400 g*callcm
for curved surfaces in a 12 hour period.

7±2.6.4 Thermal misload of WPs within an emplacement drift

uiscUssionT1uencr 

This event involves emplacing WPs closer than the minimum required spacing, and/or
placement of too many high heat WPs in sequence. As the method for thermally loading
the drifts has not yet been established beyond specification of a general repository thermal
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loading, there is insufficient information to evaluate the frequency of this event, or the
impact on the WP thermal performance if it were to occur. This section is primarily
intended to serve as a place holder to indicate that future consideration of this event may
be necessary once drift loading practices have been further defined.

Function Affected/rype of Analysis Required:

Not Applicable.

MagnitudelSeverity of Event:

Not Applicable.

7.2.2.7 Fuel Rod Rupture/Internal Pressurization

12iscussiontXreuenc~r

The standard review plan for dry cask storage systems indicates that accident analyses for
dry storage casks should assume, for the purpose of calculating internal cask pressures, that
100% of the fuel rods are ruptured (Ref. 5.19, pp. 2-12, 2-13) regardless of credibility.

Function Affected/Type of Analysis Required:

The internal pressure of the WP may affect function 1.4.5.1.2.1, and thus will require
consideration in structural design analyses.

Magnitude/Severity of Event:

To estimate the pressure inside a WP as a result of various percentages of fuel rods
ruptured, it is necessary to know three parameters: the pressure inside the spent fuel rod
at a given temperature, the internal void space of the fuel rod, and the internal void space
of the WP. The pressure inside the fuel rod at a temperature of 125F (51.7'C) is assumed
to be 120Q psig (8.4 MPa) (see assumption 4.3.6) based on information from NRC
Regulatory Guide 1.25. The internal void space for a B&W Mark B PWR fuel assembly
and a GE 8x8 BWR fuel assembly were calculated in Attachment V to be 4.59x103 m3

and l.14x1 3 m3,respectively. The internal void space in the 21 PWR and 44BWRWPs
were calculated in Attachment VI, using the dimensions from the engineering sketches in
Attachment I, to be 4.52 n3 and 4.43 m3, respectively. The pressure of the helium fill gas
in the WP (Ref. 5.21, DCWP 004) is assumed to be atmospheric at a temperature of 25 C
The moles of gas (n) in both the rods and the filled WP were calculated from the pressures
(P) and temperatures (M) above. using the ideal gas law: PV=nRT (where R is the gas
constant, 8.314 kJlkmol*K). The WP pressure as a function of a given gas temperature and
percent breached rods was then calculated using the ideal gas law, the total moles of gas,
and WP + breached rod void space. This calculation is given in Attachment V. and the
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results are summarized in Table 7.2.2.7-1 below. An additional safety factor of 1.5 is
assumed to account for the possibility higher burned fuel than is covered under the 1200
psig assumption (see assumption 4.3.6). -

Table 7.2.2.7-1. wP Internal Pressure as a Function of Gas Temperature and
% Breached Rods

Gas 21 PWR/44 BWR Pressure (MPa)
Temperature

(OC) 1.5 x 100% 100% Rods 10% Rods 1% Rods
l_______ Rods Breached Breached Breached Breached

25 0.39/0.29 0.26/0.19 0.12/0.11 0.10/0.10

50 0.42/0.30 0.28 0.20 0.13/0.12 0.11/0.11

100 0.50/0.35 0.3310.23 0.15/0.14 0.13 /0.13

200 0.62/0.45 0.41/0.30 0.19/0.17 0.16/0.16

300 0.75 10.54 0.5010.36 0.23 /0.21 0.20/0.20

350 0.81 /0.59. 0.54 /0.39 0.25 /0.23 0.22 /0.21

500 1.01/0.72 0.67 /0.48 0.30/0.28 0.27 /0.27

7.2.8 Criticality Safety

This section discusses events with implications for criticality safety.
such internal events were identified in Section 4.1.1.3:

The following two

Int. Event 2. WP loaded with WF which exceeds its criticality design basis, and
Int. Event 12. WP flooding due to decon unit failure or pipe break.

7.2.2.8.1 WP loaded with WF that exceeds its criticality design basis

Diofiue .. 

The probability that a WP is accidentally loaded with fuel that exceeds Its criticality design
basis is estimated in Attachment VII and is summarized in Table 7.2.2.8-1 below. The
probability/frequency estimates consider two types of human errors that the operator might
commit when selecting the WP and/or the fuel assembly to be loaded: conceptual and
selection. The conceptual represents intentionally selecting the wrong item based on the
erroneous belief that it is the correct item. The latter (selection error) represents simply an
unintentional selection of the wrong item while trying to select the correct one. Unlike the
analysis results presented in 7.2.2.6.1 dealing with possible thermal consequences of a
misload, there is no error recovery for conceptual human errors, since the expected number
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of fuel assemblies to be placed in waste packages of various criticality design limits are the
same, i.e., the operator will not necessarily "run out" of fuel assemblies to load into a waste
package.

Table 7.2.2.8-1. Summary of Frequencies of Possible Criticality Consequences
Due to a Misload

P Type Conceptual Selection WP/yr Freq. Conceptual Freq. Selection Mission failure'
(per WP) (per WP) (Full WP) Misload (yr') Frequency

Misload (yr') _(yr)

I Assembly I Assembly MP I Assy.
4.80l~rl 5.02x10' 20I.5lr .Olxl0.' 1.97xl0.4.80x 10.' 2 Assemblies 9.65x10- 2 Assemblies. MF: 2 Assys.

2.35xI 0 2.35xI0* 9.65xlO'

I Assembly I Assembly MF: I Assy.

BWR 5.63x 1 2 Assemblies 120 6.76x10.' 2 .031lie 1.70x IO
2 Assemblies 2 ~Assemblies MF: 2 Assys.

6.73xiOr 8.08xOzl 6.76x]O-

BWR w/o MR I Assembly
no absorber 5.9x10.' 120 (misload of I assembly or a full WP)
esign 7.Oxlw.

A Mission failure (MF) definition for possible criticality consequence due to a misload. his is simply the
sum of die frequencies of the conceptual and selection errors. The two MF definitions considered are: one
misloaded fuel assembly could lead to a possible criticality consequence or two misloaded fuel assemblies
could lead to a possible criticality consequence.

For all WP types PWRIBWR) and design options considered, entirely loading the WP
with fuel that exceeded the criticality design basis was an unlikely but credible event.
However, for the WP design option that includes both a PWR and a BWR WP with a no-
absorber basket (the primary option recommended in Ref. 5.27), a misload of a single
assembly that exceeds the design basis is considered a likely event, and a misload of an
entire WP has a frequency that is just barely within the upper bound of the definition of an
unlikely event (almost likely).

Function Affected=ype of Analysis Required:

A criticality misload may impact a WPs ability to meet criticality safety limits, which
affects function 1.4.5.1.1.1, and thus, will require consideration in criticality analyses.

Ma:nitude1Severity of Event:

No further description is necessary.
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7.2.2.8.2 WP flooding due to decon unit failure or pipe break

Discussion ueny:

Flooding of the WP could possibly result from an unisolable overhead pipe break in one
of the compartments above the loading cell. Current WHB design information (Ref. 5.7)
indicate that the decontamination units in this cell are equipped only with CO. pelletizers,
and do not represent a possible source of water for flooding. The frequency of failure for
a generic 10 foot section of pipe -is 5x10'0 per hour (Ref. 5.11). Since the MGDSACD
Report (Ref. 5.6, Vol. 11, pp. D-43 to D-58) indicates that there will be HVAC equipment
(which uses cooling coils and water spray) in the rooms above the loading cell, and that the
fire protection system will also utilize water spray (Ref. 5.6, Vol. A, p. 7-111), it is
assumed that there will be at least one 10 foot section of pipe somewhere above an open
disposal container (assumption 4.3.21). At 20 minutes per assembly (Ref. 5.7. p. 47) it will
take 4 to 14 hours to load a WP (average of 9 hours), depending on the size of the WP. At
an average of 322 SNF WPs per year this yields a frequency of pipe break over a loaded
WP of l.5x 10 events/ye, making this a credible event. Further details on the design of
the WH may indicate that there are no runs of water piping above the loading cell, and
eliminating the possibility of this failure.

Function Affected/Typ of Analysis Required:

Flooding of the WP may affect function 1.4.5.1.1.1. OCFRI31(h) (see Section 4.2.2.1)
indicates that criticality safety limits may not be exceeded unless two unlikely events occur.
IOCFR6O.2 indicates that Category 2 events are defined as being "unlikely", and the
section-by-section analysis of IOCFR60. 136 (see Section 4.2.2.2) indicates that Category
2 events have frequencies between 102 and 104 events/year. Therefore, since flooding falls
within the frequency range of an unlikely event, it must be considered in criticality analyses
demonstrating that the safety limits are not exceeded.

Magnitude/Severity of Event:

Full floodin~g of the WP with unborated water.

72.L9 Through-Wall Manufacturing Defect

This section discusses occurrence of through-wall manufacturing defects that would
essentially trender the WP breached at emplacement.

Previous postclosure performance assessments (Refs. 5.30 & 5.31) have considered that
a small fraction of WPs will essentially be breached at emplacement due to the occurrence
of through-wall manufacturing defects. The previous assumptions of the fraction of
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packages assumed to contain such a defect have ranged from 0.05% up to 1 % of the total
WP population. However, in all cases, the assumptions appear to have been arbitrary and
were generally intended to provide added conservatism to the performance assessment.
The purpose of this analysis is to provide a calculation to estimate a more realistic
frequency of WP breaches due to manufacturing defects.

This analysis will consider two manufacturing processes for the inner barrier cylinder
within a cylinder and weld clad inner barrier. WP manufacturing defects can be
postulated to occur during the two welding processes (see assumption 4.3.7) to which the
WP is subject: welding of base metal sections (and bottom lids) and/or inner barrier
cladding during fabrication of the disposal container, and welding of the lids onto the WP
to seal it after SNF has been loaded. The types of manufacturing (weld) defects that may
occur include cracks, lack-of-fusion, porosity, and slag inclusions. For this analysis, all
defects will be treated as a localized reduction in the wall thickness of a barrier and no
distinction will be made between surface breaking and non-surface breaking defects. To
add conservatism, for either manufacturing process, two independent weld defects in the
inner and outer barriers are assumed to provide a direct path out of the WP (assumption
4.3.5).

Several studies of weld defect depth distributions and densities have been performed in the
past. Recently, Chapman (Ref. 5.32) has developed a computer simulation for predicting
defect density and depth distributions for post-inspection welds in nuclear components, and
validated this simulation against actual data from nuclear pressure vessel welds. For the
217.5 mm thick sub-arc welds of the Midland reactor vessel, the probability density
function (PDF) produced by this simulation predicted that the probability of a given defect
depth being 50% through-wall was approximately IxlIO7, with the probability continuing
to decrease for larger defect depths. This was found to be conservative when compared to
actual Midland vessel data. Other PDFs developed for 25.4 mm and Si mm nuclear welds
estimated the probability of 50% through-wall defects to be approximately 6xl0 and
4x104, respectively.

Extrapolating for a weld thickness of 100 mm and using the 50% through-wall defect
probability to conservatively represent 100% through-wall defects for a sub-arc welded WP
outer barrier, a 7x1O probability of 50% through-wall defect can be estimated. Then,
using the simulation's prediction of 390 defects per me of Midland weld material (Ref. 5.32
and assumption 4.3.8), a conservative probability of 2.7x 10 through-wall defects per m3

of weld can be estimated. Details of the analysis process are provided in Attachment m.
Current estimates (Ref. 5.33) indicate that a WP outer barrier will require approximately
0.017 m3 of weld material (21 PWR WP estimate). This results in a conservative estimate
of approximately 4.8x I O" 100% through-wall defects per outer barrier.

.Extrapolating for a weld thickness of 20 mm and using the 50% through-wall defect
probability to conservatively represent 100% through-wall defects for inner barrier welds
(assumption 4.3.6), a 6x104 probability of 50% through-wall defect can be estimated.
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Then, using the simulation's prediction of 390 defects per m of Midland weld material
(Ref. 5.32 and assumption 4.3.8), a conservative probability of 2.3xl1' through-wall
defects per m' of weld can be estimated. Details of the analysis process are provided in
Attachment I. Current cost estimates (Ref. 5.33) indicate that a WP inner barrier using
the weld clad inner barrier approach will require approximately 0.498 m' (see Attachment
m for calculational details) of weld material. This results in a conservative estimate of
approximately 1.2x 10' 100% through-wall defects per inner barrier.

For the cylinder in a cylinder approach, assume 20% of the weld material required for the
outer barrier (0.019 ml * 0.2 = 0.004 n). This results in a conservative estimate of
approximately 7.5x 104 100% through-wall defects per Inner barrier.

Reference 5.23 provides additional field data which can be used to evaluate the
reasonableness of the barrier defect rates developed from the Chapman simulation. In one
case, out of 20,000 pressure vessels constructed to Class I (high quality) requirements of
the design codes recognized in the United Kingdom, there were 17 occurrences of external
leakage or rupture caused by a pre-existing defect in weld or base material or by use of an
incorrect material (Ref. 5.23, p. 7). This yields a failure rate due to manufacturing defects
of 8.5x 10' per vessel. This reference also indicates that the rate of CANDU fuel bundle
leakage due to manufacturing defects is 5.6xla' per bundle (Ref. 5.23, p. 8). As each
bundle is composed of either 28 or 37 individually sealed fuel elements, the above defect
rate is approximately 2x104 per element. Finally, Reference 5.23 estimates a defect failure
rate for CANDU pressure tubes of .7x IO' per tube, based on the fact that no through-wall
defects had been noted in these tubes at the time the document was written.

Since a direct pathway to the environment is assumed to exist for either inner barrier
manufacturing process (assumption 4.3.5), an estimation of the total through-wall breach
due to manufacturing (weld) defects will use the more conservative value of the weld clad
inner barrier approach. Assuming independence between inner and outer barrier weld
failures, a probability of 5.8x 10 through-wall defects per WP can be estimated. Based on
the Key Assumption 003 (Ref. 5.21) of 10,938 total WPs, and the frequency of WP
through-wall defects estimated above, the probability that there will be one WP with a
through-wall manufacturing defect in the MGDS is estimated to be 6.3x I002 . However, at
456 WPs per year. this yields an annual frequency of 2.6x I', maling this an unlikely, but
credible event for preclosure.

Function AffectedType of Analysis Required:

While this event affects function 1.4.5.1.2.1 and is a DBE precursor, it does not require
further WP analysis. In addition, a through-wall defect by itself will not result in a release,
in the absence of a mechanism for breaching the contained WF. Furthermore, if the WF
were to spontaneously breach, the radiological consequences would be bounded by the
non-mechanistic DBE analysis currently being performed by the Repository Surface and
Subsurface groups.;
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Magnitude/Severity of Event:

Not Applicable.

7.3 Identification of Bounding Design Basis Events

This section summarizes the internal and external events discussed in Sections 7.1 and 7.2.
and identifies bounding structural, thermal, and criticality design basis events.

The majority of the events identified in the above sections affect function 1.4.5.1.2.1, and
thus must be specifically addressed or bounded by structural analyses to determine the
impact on the WP. Table 7.3-1 groups the structural events from the above sections and
indicates the estimated frequency of each event, whether or not it was considered credible
based on the criteria discussed in Section 4.2. the specific section which evaluated the
event, and the estimated severity of the event from a WP perspective. The groups
identified here are for the purpose of this analysis only, and may not necessarily apply to
other DBE analyses. Credible events which are considered to be bounding for a given
group (based on severity) are so indicated with a check mark (V) in the far right column.
For the dropped objects group, the bounding event was the one with the object that had the
highest kinetic energy (KE) at impact (KE--mass*drop height*acceleration of gravity). The
area of impact was assumed to be the same for all objects (see assumption 4.3.24). For
events involving WP drops or collisions, the bounding event was the one with the highest
velocity at impact (for drop events, v=[2*acceleration of gravityodrop height)'). Events
which are currently borderline incredible, and would be bounding for their group were they
to be considered credible, are so indicated with an X". These events may wish to be
considered in case future analyses or design changes cause them to be reclassified as
credible.

The final structural group "thermal stresses" includes all of the same events which affect
function 1.4.5.1.1.2, the thermal performance of the WP. Therefore, a separate table is not
provided, and the bounding thermal event is the same as the bounding structural event in
the thermal stresses group.

Due to the short list of events affecting function 1.4.5.1.1.1, a separate table for criticality
has also not been developed. Section 7.2.2.8 indicates that both of the identified events
relating to criticality safety are unlikely events. Therefore, based on IOCFR60.131(h), the
WP must be shown to meet criticality safety limits (5% margin + bias and uncertainty)
given the occurrence of each event, as follows:

* WP flooded and fully loaded with criticality design basis fuel, and
* WP dry and fully loaded with fuel which exceeds the criticality design basis.

Furthermore, Section 7.2.2.8 also indicates that, for design options which include a WP
with a no-absorber basket, misload of a single assembly is considered a likely event and
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thus should be included in the analysis of the flooded and fully loaded WP. The frequency
of a full WP misload for this design option makes it a borderline unlikely event (almost
likely). If a full misload of a no-absorber WIP were considered likely, then it would have
to be evaluated in combination with a flooded WP. Therefore, a more detailed analysis of
WP misload should be performed once more information is available on WP loading
procedures, to remove the conservatism of this analysis. -

Finally, if the structural analyses determine that basket collapse will result from one of the
structural design basis events, then this will also have to be considered. If collapse results
from a likely event (frequency > 12 events/year) then it will have to be considered in
combination with the above two events. If collapse results from an unlikely event, then it
need only be considered by itself (i.e., WP dry, fully loaded with design basis fuel, with a
collapsed basket).
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Table 73-1. Identification of Bounding Structural and Thernal Events

Estmnat Ceb us Bounding
Event Group Event Frequenc CeilDscsonMagnitudetSeveity for Group

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( ear) (Y IN ) SeDtE)

. ~k ralctuiing/fockfall' < x10,4 - 7.1.S 25 MTrockfailing3.1 mStatic fractunng/rocktallA C lilO' Y 7.1.5 (Impact kinetic energy (KCE) = 7.6 xlIO'J)

Falling Objects Section of emplacement drift concrete < xl4 Y 7.2.2.1.3 5.5 MT falling 2.9 m
Side Impact liner falls onto WP' _ .___ (Impact KE = 1.1 10' l)

Emplacement drift gantry drops a WP < xl0 N 7.2.2.1.4 worst case: 50 MT 21 PWR WP falls xO.6 n
onto another .... onto 12 PWR WP (Impact E-=2.9xl0' J)

WFdrop onto WP during loading 8.8xt0r Y 7.2.2.1.1 542 kg faIling 4.6 m
Falling Objects. -___ (Kmpact KE =2.4 x 10')
End Impact Handling equipment drop onto WP 1.9x10' Y 7.2.2.1.2 2.3 MT falling 2 n

____________ _______________________ ______ _ _ _ _ _ _ ~(Im pact K E = 4.5 x 10'J)

WP verfical drop from DC cell ctane 2.9x IOva Y 7.2.2.2.1 2 m drop maximum
___________________________ ________ ________ (Im pact velocity = 22 km lhr)

WP rail car rolls out of transpona 2.3x10' Y 7.2.2.2.3 1.3 mdrop -
___ __ ___ __ ___ __ ___ __ _____ ___ __(Im pact velocity = 18 kur/br)

Transporter derailment w/o rollover 7
.etical ~ but loss of rail car restraint I_.5xl_ Y 7.2.2.4.2 Impact velocity -8 kmhrVertical Drops

and End Collisions Impact velocity = 63 kmnihr

Transporter rnaway 2x104to N 7.2.2.4.3 (may wish to consider size of impact limiters
Transporter rSnaway 5xlb' N .2.2.4.3 necessary to prevent breach if this event were

.______________________________ _________ credible)

Emplacement gantry lifts WP to
insufficient height causing collision nla Y 7.2.2.4.5 Impact velocity = 3 km/hr
with shadow shield
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Table 73-1. Identiflcation of Bounding Structural and Thermal Events

Estimnated Bounding
Event Gtoup Event n Credib Discussion Magnitudeeverity for Group

_____________________ (per year) YI ) S ci n(D E)

WP horizontal drop from WHB gantry I .6x l0*' Y 7.2.2.2.2 1.7 m maximum
_____________________ ______ ~~~~ ~~(Impact velocity =21 kmlhr)

Emplacement drift gantry drops WP 8.2xli) Y r7.2.2.2.4 2m maximum
Horizontal Drops -(Impact velocity =25 m )-
aind Sido Colisions WP collides/bumps other W1P while nra Y 7.2.2.4.1 Impact velocity =0.9 kb/hr

being placed in DC cell lag storage :

Transporterderailment w/mlover I.5x10'2 Y 7.2.2.4.2 1.3 droi
______________ ________________________ _______ _______(Impact velocity = 8 kn/ft)

Puncwe Hs WP horizontallvertical drop onto sharp Wn/a Y 72225 1.9 m horizontal drop onto support or 2A m
______Hzad object honrontal drop onto pier. whichever is worse

5xIO(4 for
Tip-over and Slap down due to vertical drop or small WP Y 72.2.3 VP tips over from a vertical position and slaps
SlapFdowvn seismic event <xb 4 for . .. down onto a flat surface e

all ofrers

Subsurface fault displacement lAxlOr" N 7.1.4 n/a

Seisnc Actdvity IXI4 Y 7.1.3 Maintain structural integrity and prevent tip-ove _
_________ .___ for 0.66 g peak horz. & vert. ground acceleration

Missile Hazards Pressurized system missile 1.6x10' Y 7.2.2.5.1 0.5 kg missile at 5.7 ns

Fuel Red 100% fuel rod rupture and fission gas ea 7227efunction o sterature
Rupture/Interna release SeeYTable2772functi fo interna pressre as
Pressurization _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _
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Table 7.31. Identification of Bounding Structural and Thermal Events

Estimated ~~~~~~~~~~~~~Bounding
Event Freeny fCredible Discussion Magnitud#Scveriy fo Group

_______ ______ ______ ______ (per yea I) Section (DBE)

PWR. WPR loddwVF/ilcxcd l .x03WP misloaded with one assembly which exceedsW/P loaded with W/F which exceeds its 6.9xlO' .... h hra ein ai.Mr hnoeasml
thermal design basis (thermal misload) WR: Y 7.2.2.6.1 the hesmal densierss. More lm one asely

1.8xlR' is considered incredible.

Exposure of whole WP for not kss than 30
minutes to a heat flux not less than that of a

Zx C' to radiation environment of 800C with an emissivity
Fure in DC cell 3xl~r' Y 7.2.2.6.2 coefficient of at ast 0.9. Surface absorpoviy V4

must be at least 0.8. If significant convective heat
transfer must be considered on the basis of still air

___ at 800 C.

Transporter breakdown between WHB 1.3x104 Y 7.2.2.6.3 400 gicalcan for 12 hours
and North Portal (solar insolance) II

Thermal Stresses

Static fracturr/rockfall - burial by
Idebtd? IxIO Y 7.1.5 WP covered by rubble from rockfall

______ I - me a
Notes: A - These events are listed independently ftrn the seismic activity even because they have the possibility to be caused by events other than those elated

to seismic activity. However, for this analysis, the frequencies of these other causes were estimated or assumed to be below the limit of credibility,
and therefore, the indicated frequency considers only seismic activity.
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8. Conclusions

In compliance with the M&O Quality Administrative Procedures, the design results presented in this
document can not be used for procurement, fabrication, or construction unless properly identified,
tracked as TBV, and controlled by the appropriate procedures. Table 8-I below summarizes the list
of bounding WP design basis events for preclosure developed in Section 7. In addition, events
involving transporter runaway and WP drop onto a WP in the emplacement drift were currently
considered incredible, but may wish to be considered due to their severity in the event that further
analysis or design changes result in their reclassification as credible events. Finally, the frequency
of a full misload of the no-absorber WP is just below 10.2 event/year definition of unlikely in
IOCFR60. This suggests that other administrative controls on WP loading in addition to those
assumed here (see assumption 4.3.15), and/or a more detailed analysis of misloads, may need to be
considered.
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Table 8-1. Bounding WP Design Basis Events

Analysis Type Event Group Magnitude/Severlty

aSide Impact 25 MT rock falling 3.1 m

Falling Objects - 2.3 MT falling 2 at
End Impact

Vertical Drops 2mdo
and End Collisions 2 m drop

Horizontal Drops
and Side Collisions 2.4 mdrop

Structural Puncture Hazards 1.9 m horizontal drop onto support or
2.4 m horizontal drop onto pier, whichever is worse

Tip-over and WP tips over from a vertical position and slaps down onto a flat surface
Slap-down__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Seismic Activity Maintain structural integrity and prevent tip-over for 0.66 g peak horz. &
Seismic Activity y~~ert, ground acceleration

Missile Hazards 0.5 kg missile at 5.7 mls

Fuel Rod
Rupturelnternal See Table 7.2.2.7-1 for internal pressure as a function of gas temperature
Pressurization

Exposure of whole WP for not less than 30 minutes to a heat flux not less
Thermal and Thermal Stresses than that of a radiation environment of 800-C with an emissivity coefficient
Strctura & Peak WF of at least 0.9. Surface absorptivity must be at least 0.8. If significant
Structural Temperature convective heat transfer must be considered on the basis of still air at

800-C.

WP flooded and Wuly loaded with design basis fuel except for one
assembly which exceeds the design basis

Criticality Criticality WP dry and fully loaded with fuel which exceeds the design basis
Criticality Safety

WP dry, fully loaded with design basis fuel except for one assembly which
exceeds the design basis. with collapsed basket
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- 9. Attachments

I I The attachments are listed below. Each attachment is identified by it's specific number.
name, date, and number of pages.

Aftachmen Description

I Engineering Sketches of WP & Supports

II Fuel Assembly Handling Data & Drop Rate
Calculation (Excel spreadsheet: fueldrop.xls)

III Calculation Details to Support the Estimated
Frequency of Through-Wall Manufacturing Defects
(Excel spreadsheet: defect2.xls)

IV Transporter Derailment Frequency Calculation
(Excel spreadsheet: drfreq.xls)

V WP Internal Pressure as a Function of Gas
Temperature for Normal, Off-Normal, and Accident
Conditions (Excel spreadsheet: presur97.xls)

VI Intact AUCF WP Internal Volumes
(Mathcad sheet: volume.mcd)

VII Misload Frequency Calculation
(Excel spreadsheet: misload.xls)

VM Transporter Runaway Frequency and Severity
Estimates (Excel spreadsheet: transprt.xls)

IX Vendor Information on CO2 Decontamination Units
from Alpheus Cleaning Technologies Corp.

Number
D of Pagcs

3/10/97 31

315197 18

3/14197

315/97

3/5,97

3/14/97

3/16/97

3114/97

3/5/97

9

3

2

3

48

2
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BBAOOi0O.01717-0200-00037 REV 00

mom K If RefagenpA K 2Q
- . -. - -U,____

Cote Size I
_ . ,, , _I__ _- -

FUELDROPXLS

7].. 1.. or l (rid
nutdown before 1991 or wtflch did 

Attachment II

Farley I 157 F-.Farley 2
Palo Verde 1 241
Palo Verde 2_: .............................................................................................................................. . 241

241Palo Verde 3
-I~~~.

ArkansasNuclear 1 177
ArkensasNuclear 2 -- 177

217Caveft ClIfls 1
Calvert Clffs 2. 217
Pignrn 1 58i
Brunswic I 561
Brunswlc 2 . 581
Harris I 15,
Robinson 2 i57
Perny . I 74i
Braldwoo I 19
Braldwoo 2 _ 9'
Byron 1 19:
Byron 2 19
Dresden 2 72i

I
-3
-3
D

3

3
i

noi slan Operahons until alter WI excnuuea
ist.

Total Assemblies Incore 37432
(Sun of all core sizes) 17 ....

Total AssemblIes Discharged 82382
Through 1V.
(From Ref. 5.29, Table 5. page 21

Total Assembi es 119814

__ f __ _
uel Loading Practices (Ref. 5.28)

.O .P ants1_% Plants! t i ~ XN VR

_ -- _ _

Dresden 3
. . .

724
754

Ful Core _ 81
ota V 110

-74%

tZ7F -LaSalle County 1 - I * -~~~. - -I -
LaSalle County 2 754
Quad Cities 1 72
Quad Cities 2 724
Zion 1 193
Zion 2 193
Indian Point 2 193
Big Rock 84
PetisadeMI 204
Enrico Fermi 2 784
Catawba 1 193
Catawba 2 193j

No. of HandLing8hps-
Unlrradiatedl
Irradiated, Fun Core
iradiated. Shuffe

Minimum No. of Irrdla
1 Ticore]

Diiharged | 606631
1.37818

Total Irradlated Handifi
Total UnIrradlated Han
Total Handlgss

... 5
-I

__ 4

e Handllr
§6aume -

8. 878_
19737

figs

gs Thru 1991

- 851081
599070

1450131

..]

. . I

_.._. . X

... e
_ . _;

- - 1
_ .i

. . I

.. I

McGuire I
. _ . _ - _

McGuire 2
Oconee 1

__

Oconee 2
Oconee3 --- I

193
193
177
177
7

tS7

-

Drop RatelHandling 1.7929E.05
Beaver Valley 1

U a U U U U U U �4. -Page lot 18
Page f a 3/5197
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I - r~rm I . I' .1 4- -V4- - i 4 
I Iw %Ne I

Beaver Valley 2 157
rys River 3 177

st. * Lude 1 217
St. Lucle 2 217
Trkey Poirl 3 157
Turkey Point 4 157
Hatch I 560

Hatch 2 560_
vogUe I 193 _
VogUe 2 193
Three WO Island 177
Oyster Creek 560
River Bend 1 624
South Texas I 193
South Texas 2 193
Duane Arnold _ . 368 
CUnton 1 624_
Coolk 1 193
Cook 2 193
Wolf Creek 1 -. 193
Watefor 3 217

.. ._._ . _ . . . - . .. . _ _

_ _. . �. . . _ . _ . _ _. ... - =

.. . - - -I - - - -- -- - ---- =

. _._ ._. . _ . . _ _ .
=_. _ . _ .. .. --. . . ��' _...

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

. . . _ _ .. _ . . ....... _ .___

.. _ . � _ . = _ _= = ' _

_ .. .. _ . _ ._ _ _. _ _

_ . . __. _ ._ _ . _ _ _

= . _ .z � _ _ _. � _ . .=

''- � . _ . __ = _ ............ ..

_ =='� _-w_ = _
_ .. . _ _ __ . _. _ .

_ . .. .'. _ ........ _ . . _ _ ._._ ._

=_ . ___. _ ........... _. . .,, __. . _ ._
=__. _.. =. ''�� _' . ., .. '' . _._ ='....

= _ _ ...... . . . . .-
Page 2 cf 18 3/5197

Mm,dlne Yankee 1 2171
Cooper SlaUon 548
FitzPatrNY 580
Indian Point 3 193
Nine Mile Point 632
Nine Mile Point 764
Seabrook 193
MWston I_ 580
Millston 2 217
Millston 3 _ 193
Haddam Neck 157
MonticelMN _ 484.
Pralre Island 1 121
Pralre Island 2 121
Fort Calhoun 133
Dhblo Canyon 1 193
Diablo Canyon 2 193 _.

LUmerlck 1 784
. - .-
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BBAOOOOOO-01717-0200-00037 REV 00 FUELOROP.XLS Attachment It-- - T T 1 7 1** I 7
TOM trM.p9O"QUerenCU.Z

1 

_. . Core
EMnt
Limerick 2 .
Peach Bottom 2 _

Peach Boftom 3

Size

764
784

764
784

Susqueha 1
_. .Susqueha 2

Trojan OR 193
Hope Creek 784
Salem I _ 193 
Salem 2 193-
Ginna NY 121
Summer SC 157
San Onofre 1 157
San Onof" 2 217
San Onofre 3 217
Grand Gulf 1 800
Browns Ferry 1 7 -%

Browns Ferry 2 - 764
Browns Fen 3 784
Sequoyah 193
Seuuqh 2 193 _

Davis- Besse 177
ComanchePeak 1 193
CallawayMO 193
Vermont Yankee 386 -'

North Anna I 157
North Anna 2 15i
Surry 1 157

... _
:

. _

_
... _

.__-

__* : .

.._. _

_.. _

.... _

:'''-

+~~~~~~~~~~~~~1 _ 

.p

-- I

Sunry 21 .
1 L

WashingtNuclear 2 784 *i 
Point Beach i _

Point Beach 2
KevauneeVVI

121
12i
121

76

..

Yankee Rowe
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____ __ I |Fuel Assembly Drop Events at Commercial Reactors -

P____ _ __ Nmb_ of EV__ _
R ?0 71 72 74 7 74 n7 _ ?9 01 S: _2 8 41 56 U7 a l Si.9 D" __

Sf1601 I…- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~LER A U
2 1 LERC u

1 = 1 LERD.,ROL5.15.Val.B 1, u
s == _ =-=-=-_ _ 1 _ _ == _ = == == LERE.Re1.5.15Vo.6 21

Id~d Bay _ . _ 1 _ _ _ _ _ _ _ _ _ _ _ LER F I
CJ in 3 _ = _ _ 1 _ _ _ _ _ _ _LER G Re. 5.15, Vs u

sdenI ¶ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~LER H& Rat5.1. VS I
udieybnt4 = = = 12 LER B.I & R. 5.15 V6 .21

Roc4 PoeM 1 _ _ _ _ _ _ _ _ _ _ _ 1 LER J I
b~d ClUe 1 _ = = _ _ _ _ _ _ _ _ = = = = = = 1 =_= LER K R. 5.15Vo.7 U

Amoldi ___ I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~LER L I
IndanPolnt2 1 __ __ 1---------------- _ LERM I

Wwi 1 _ _ _ _ _ _ _k_ _ _ _ _ _ _ _ 1 R L.S.15,Vd. 9. p. 5.5 u?
randGuf ==-===-= = _ _ = _ _ _ = _ == = 1 1 RI5.15,Val..p. 5.3 u

Voglhl _ _ _ _ _ _ _ _ _ _ _ _ _ 1 _ Rol. .t5, Vd. 6. p. .5 I
b Ci __ 1 _____ Rol. S. 1S. Vol. 6. p. 5.5 I

=i == ===___= _ _ _ = _ _ _ =_===== Rf. 5.15. Vl.6. p. 5.5 
vovr Vaiiey 1 …=_=_= = = = = = = = = = = 1 = = = = = = = = Ref. 5.15. Vo.6, p. 5.5

_____________ s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~S. 15. Vol. 6.p. .5 

Un 2 1 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 . Rel. 5.15, Vol. 7. .18 I

…__lX 15~nd 1 _ _ _ _ _ _ 1 _ _ _ _ _ _ S.15., Val6. p. 5.5
. _ _= 5.15, Vl. 7, p. 5.18 I

TOTAL 1 0 1 2 2 3 0 0 1 1 0 3 0 3 0 0 2 0 1 3 1 _2

Notes: =t - A LERO 029.720000_
u Uniradiated I= Irradiated - - - Total Drops _LR 26 _ e 8nc l . ERD 251-73000-00

I_________ Total Iradiated 18 | _ C LER304-73-00
__ Ttw 8DLEPRS2B3.74000-00

_____t___--_ Total Unhrradiated 8 - - t DE LER# 245.74000-00
_____________ F LENS 133-75000-00

G LERO 302-7500000 -

I---l-25-300201 - -

. - + .--. =- =0 . .4 t t- | -*. -| -.J . LERD155-91012-00
- ~K LER 254-8go0O-O

I LERD331-75000-00
L- - I-I-- …- C-F- - I -- | t I 2C t n |M LEW 003.J0000-00=
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029 noo-w0 YANKEE I Event Data ¶0/20/i972

LER Data Event Description

Poector Type .............
Reactor M..........
Syst ...... .

S b Ca .....
C nt................
Sb-coonen .nt.
Volve ubcd .....
Component Supplier .......
PSS...................

Cconsnt Manufacturer...
Facility Stt us.
Power Level .
Other Status .............
Action Taken............
Future Act lon**.....
Effect on Platnt.
Shutdben Method.
Outag Ho r.
01scovery Method.
Discovery Descrption....
Occurrence Type.
Activity For .
Activity Content.
Activity mount.....
Retease Location.
Number of Exposures.
Exposure Type.
Exposure Description.

Number of InJuries.
injury Description.

Dage Type.
Damege Description .

WHILE INSERTING FUEL ASSEMBLY A 421 INTO CORE IT BECAKE DISLODGED
FRO THE UPPER CORE SUPPORT PLATE AN FLL A FEW INCHES. UPPER
NOZLE AND UPPER ASSEMBLY WERE DAKAGED.

0

0
H/A

0
A

N/A
03
z

X/A
N/A

0

iM/A

0
" 

Cause Description

FOREIGN OBJECT INTERFERED UITH GRAPPLE

(

;I 1 r.,fffW9.9ffx..,rW11W,.

Revislio ............ 0..... 
Report Date ......... /.... 1/20/1972

P-

Fill Nup r 002083



z51-73ooo oo TURKEY POINT Event Date 4/IM
231*7300000 TURKEY POINT 4 Event Date 04/12/1973. .
LER Date Event Description

Reactor T y p e ............. WUR
Iesctor MYR .............. VEC.
ystem ............ C
Cause ............. E
Sub-Cause . ........... a
Coq rent .......... FUEL
Sub-C oone t ............. 2
Valve S-Code ........... Z
Canent Supp lier .......
UPOS7 ........
Ceoonent Wanufacturer...
Facility statu .......... N 
Power Level ............. . 0
Other Status ............. NiA
Action teen ........ *
Future Action ........ a
Effect on PLnt .......... *
Shutdam ... ........ 2
Outse Mlours 0
Discovery Rethod . A.... A
ODicovery Description .... N/A
Occurrence Type ......... 02
Activity Form ........... Z
Activity Content ......... Z
Activity Amssst ........... /A
Rele eocatlo n......... NhA
Nufber of Fxpsures ...... 0 
Eipasuie yp.
Exposure Description ... A. /A

Nwmer of Injuries 0....... 
Injury Description ....... 9/0n?77m717nmnTn7

Damae Type..
Dam,.e Description ...... . 1/A

RevfsiOn . ........ 0
Report Date. ... . 04120/1973

FUEL ASSEMBLY L-Z4 WAS UNOPPED AUWt 5 INCHES WHILE IN THE REACTOR
SIDE L"ING MMAJE ASS!MBLY (RSLtA). TE RtFA WAS BEING RAISED FrCS
HORIZONTAL TO VERTICAL POSITION MNHi CABLE SLIPPED TRUCH CABLE
CLAMPS WHICH SECURED RLFA.

Cause Description -

CABLE SLIPPAGE UAS CAUSED SY CABLE CAMP NOT GRIPPING CABLE.

W

I
'diI

I

- -.. -- . ------rulm mer MMIB



133-75000-f00 UIBOLDT BAY I Event Date 06/04/197S

LER Data Event Description

. _ _.= - r
Reactor Ty e .......... PMQ
Reactor MFR .............. GE
Syste .............. FO
Caus ........... A
Sub-Cu ... ......... 
Cooneant . .............. ECF
Sub-Co nt . ......... Z
Valve S-Co& . .......... Z
Conent StWter .......
MuDS?. ......
Cconent Maufcturer... 2999
Facility Status .......... Z
Powr Level..............
Other Status ............. MA
Act on Taken ............. *
Future Action ............ a
Effect n Plant .......... 
Shutdown Method .......... Z

ut Hours.............
Dscovery Method ......... A 
Discovery Description.... NA
Ocurrene Type .......... 01
Activity Fam ........... Z
Activity Content ......... Z
Activity Amount .......... NA
Release Location ......... MA
muber of Exposures......

Expeaur* Type ............ 1
Exposure Description ..... ?MA

Ai

0

0

0

DURINC TRANSFER OF AN IRRADIATED FUEL ASSEKMLY FROM TE TRANSFER
BASKET POSITION IN THE SPENT FUEL POOL O A POOL STORAGE LOCATION,
THE FUEL ASSEMBLY BECAME DISENGAGED FROM THE FUEL GRAPPLE, AND FELL
APPROMIATELY SIX FEET AID STRUCK THE SPENT FUEL POOL FLOOR.

Case Description

FUEL ASSEMBLY HAD NOT BEEN GRAPPLED PROPERLY OR CHECKED PRIOR TO
MOMENT.

ww

I
-J

t~j

-4

Number of Injuries ....... o
Injury Description ....... NA7A????

7?t???7771
De Tpe.............. 2
Dm Description ....... MA

Revision . ............. 0
Rep t Date ............ 06/1975

XXX7XXXXffX?}1

r.Iq7f~rfir,,F., I

Film Mber O12B ?



302- 750000 CRYSTAL IVE 3 3 Event Dte 11/08/1975

302*7'5000-O0 CRYSTAL RIVER 3 3 Event Sate 1110811973
LER Data Event DescrIption

Reactor Type ............. PWR
Reactor "Ft.....y......... N
Syste ............... ..... FD
Caue . ............. E
S5h-Come ...... . ... ^
Caoent ................. FUEL.
st5-carponent ............ 2
Vatve 2ACede........... 2
Component Splier ....... 2
NPRDS.
Caeipnent Mavufecturer ... Z99
rFeltity Status .......... A
Power Level ............. I
Other Status ............. IA
Action Ten ..............
Future Aetion ............ S

Effect on Pant . ......
Shutdown ethed ......... 2 r
Outage ours ...........
Dfscovery Pethod ......... A
Discevery Description.... PA
Oceurree Tpe .......... 02
Activity form ............ 2
Activity Content ......... z
Activity nt ............ NA
welease Location ...... *.. VA
Number of Exposures......
ExOsure Typ ............ Z
Exposure Degeription ..... ?NA

l (75-1) A FUEL ASSEMBLY FELL WHILE IN TRANSIT FROI THE SHIPPING
CONTAINER TO TIIE INSPECTION LOCATION. TE BOTTO Of THE ASSEMBLY WAS
APPROWIMATELY FIVE FEET FROM TE FLOOR. THE FUEL ASSEMLY WILL BE
RETURNED FOR REPAIR OR REPLACENENT. NO RADIOACTIVE MATERIAL WAS
RELEASED. CORRECTIVE ACTION INVOLVED 551StE ELIHTNATION OF ALL
SUAGED CONNECTIONS.

S

0

Coue Description

wI

-

0
SLING UIRE PULLED CUT OF SVAGED FITTING. WHILE TRANSFERRING TE

FIFTY-FIFTH FUEL ASSEMRLY BY TE FUEL HANDLING TOOL. TE SLING WAS
CERTIFIED FOR 2400 LS. TE ASSEMLY WEIGHED 15S0 LBS.

Number of Injuries ......... 0 
Injury Description ....... WAA?77777117771t7117?7?7??7

77???7777777717?????????????7
DM"ve. Type .............. D
Damge Description ....... FUEL HANDLING TOOL AND FUEL

ASSEHILY DAMAGED
tReviuicn .............. 

Report Date............. 1110/17

w

LA
Film NuMer 013113



010-7034-00 DRESDEN I Event Dte 12/0111978

010-78034-00 DRESDEN I Event Date 12/01/1978
LN Pt Event uescriptin

Reactor Typ ............. WgR
Reactor FA .............. SW
Syste ................... FD
C ................... A
b-c a ................ 

C one t ................ FUEL
S~b-coeponent ............ 2
Vatve Sub-Code ........... 2
Caoewnent supplie ....... N
IP?.S. . ......... N
Cecaxnent buatfecturer ... U090
Facility Status .......... H

Power Le v .
Other Status ............. HA
Action Taken............. N
Future Action ............ G
Effect n Pla t ........... 2
Shutdon Method ........... Z
OAt" Hou r..
Discovery Method .. .A
Discovery Description .... OPER0
Occurrence Type . . 03
Activity Foer ... ........ Z
Activity Content ........ 2
Activity Amount . .........H A
Release Location ...... MA
Mu*er of Exposures 
Exposure Type .......... Z
Exposure Description..... 7MA

_ DURING REACTOR _EL UeLODIHG A CANNELED FUEL ASSEMBLY DROPPED FROl
THE GRAPPLE WIILE BEING TRANSFERRED TO THE SPENT FUEL POOL IN THE
FUEL HANDLIHC UILDIHG. O GASEOUS RELEASE WAS NOTICED AND THERE WAS
HO APPARENT DAMAGE TO THE FUEL. TIE HEALT A SAFETY OF ThE PUBLIC
WAS OT AFFECTED.

0

0

lTOR OBSERVATION

0

0

Caue Description

THE FUEL ASSEBLY WAS APPAREUTLV OT PROPERLY LATCHED TO THE
GRAPPLE. THE GRAPPLE WAS INSPECTED AD A DWWiY ASSEMBLY TRANSFERRED
SATISFACTORILY.ANl OBSERVER WITH BINOCULARS WILL NOW VERIFY LATCHING
IN THE FUEL HANDLING BUILDING.

w

I

0

t.

CZ

'5

H.ber of Injuries.
injury Description . ...... MA

Dm Type ............. z
Damage Description ....... HA

I???? ??

Revision . ...... 
Report Date . ...... 12/08/1978

Fl to lOr uu97



251-83002-01 TUMt POINT 4 Event Dte 0/CS/19E

251-83002-01 TURKEY POINT 4 Event Date 04/05/1983
LER Data Event Deserlption

Reactor Type ............. PWR
Reactor NFR .............. WEC
System ................... P D
Cause. E
Subr-C a.. S
COIqR ent ....... ........ INSTRU
Stt-C~prexnt ............ S
Volve Sub-Code ........... Z
C otent Supplier ....... Z

MRS? ................... N
Coaxanent Manufacturer ... P006
facility Status .......... a
Power Level ............. . 0
Other Status ............ MA
Action Taken . ....... X
Future Action . ........... 2
Effect on Plant . ....Z
SOutdosn Method . * . Z '

t wge ......Hour . ... 0.0 O
Disceery Method . ...... A
Diacovery Desription.... OPERATOR OBSERVATION
occurrence Type .......... 01
Activity Fom . .....s ..... z
Activity Content ........ . 2
Activity NAtmt.......... NA
Release Location ......... MA
number of Exposures.. 0
Exposure Type............ Z
Exposure Description.A.... ?A

WHILE LIFTING SPENT FUEL ASSEMBLY X-13 CT OF DESIGWATED RACK IN THE
LIMIT 4 SPENT FUEL POOL THE HOISTING CABLE ON TE FUEL HANDLING
CRANE PARTED AND ASSEMBLY X-13 DROPPED SACK INTO ITS RACK M1 THE
FULLY LIFTED POSITION . THIS IS EPORTABLE IN ACCORDANCE WITH
T.S.6.9.2.A.2. THERE IS NO INDICATION O FUEL CLADDING DAMAGE AS
RADIATION MONITOR READINGS AND SURVEY RESULTS ARE UCANGED FROI
PRE-EVENT VALUES . TE PUBLIC'S HEALTH AD SAFETY WERE NOT AFFECTED
. SIMILAR LENS WERE 251-73-2 AND 251-75-7 .

Cause Description

w

9
0

8

F4

::

A MALFUVCTMON OF THE TO LIMIT SWITCHES ON THE HOISTING CRANE FAILED
TO STOP TE UPWARD OVEMENT OF TE FEL ASSEMBLY . THIS CAUSED THE
CABLE TO BE OVERSTRESSED . SUBSEUETLY THE CABLE PARTED .
REPAIRS HAVE BEEN ME TO TE LIMIT SWITCHES ADDITIONAL INSPECTIONS
Of X-13 WERE CONDUCTED IN TE PT FUEL POOL . NO SIGNS Of CLADDING
DAMAGE TO THE ASSEMLY ERE REVEALED .

Ruiber of Injuries ...... . 0
Injury Description . ...... WAA?17277???177?7?????????

7?777777?7T777?177??77777771
Dug Type .............. Z
Domee Desecription ....... NA

Revision . . I
Report Nte . .....12/2219t3

...- .--- .
miIii urdw r U000o63uus4,01 usu.03"Cu4 I



iss-91012-00 SIC RCK POINT Event Dte 10/Z V 1991

LEN Date Title

Reactor Typ .............
Reactor FR..............
0 W stinmd ...........
Power Leve ..............
AppLicable Law(s)........
Contact ............
Contact Phoe............
Revisin.... .......
P a g es................
Report Date.............
Supplimental Report Date.
Other Dockets............

BWd
GE

4.3
WJRASSA D
616-547-6537

0

03/05/1992

455

SPENT FUEL BUNDLE DROP IN THE BIG ROCK SPENT FUEL PO

Abstract

ON OCTOBER 22 , 1991 APPROXIMATELY 30 , SPENT FUEL WDLE 1116
WAS BEING SHUFFLED IN THE SPENT FUEL POOL FRO FEL STORAGE RACK
LOCATION G-A& TO G-16 . IN THE PROCESS OF LOER1ING THE SUNDLE INIO
THE FUEL CELL , IT DE-GRAPPLED FRC0 TE FUEL HANDLING EUIPMEN AD
FELL OVER , SETTLING I A HORIZONTAL POSITION ON THE TOP Of THE C
FUEL RACK 1 NO OTHER FUEL BUIDLES WERE ZNVLVED . THE OPERATION OF
THE PLANT WAS NOT AFEC1ED . THE OPERATORS COULD NOT DETECT ANY
SIGNS OF PYSICAL DAMAGE TO TE BUNDLE OR RACK RADIATION LEVELS IN
THE AEA OF THE SPENT FUEL POOL ID OT CAJGE . THE FUEL KWLE WAS
REtRIEVED AND PLACED IN POSITION C16 IN THE FUEL ACK . O FURTHER
SPENT FUEL MOVES WERE MADE . HE FOLLOWING REASONS ERE IDENTIFIED
AS ACTING TOGETHER TO CAUSE THE DEGAPPLING A . A ENT GRAPPLE
HOOK . I . TE ASSEMBLY WAS LEANING WhEN IT CONTACTED THE FUEL RACK
, CAUSING SLACK IN THE FUEL HANDLING CABLE . C . TE BAIL W ALOYE
THE HOOKS . D . THE SPRING FORCE Of TE NEW GRAPPLE WAS WEAKER THAN
THE ORIGINAL GRAPPLE . E . THE EXPERIENCE LEVEL OF THE AUXILIARY
OPERATOR S ) . SEVERAL RECOIIENDATIONS ARE BEING EVALUATED BY THE
BIG ROCK STAFF TO PREVENT REOURRENCE

LERTS Dta

SOER . ..-
SEN.....................
S£R ..
Other Reference .......... IS 1086,RSEN 92-0201??7?????

ww
0
0

-JI
8
-j

6o

9

_Q

Cmponent Failures

CaUse Systm Coexwnnt a acturer Code NPRDS?
1.
2.
3.
4.

6.

9.
10.

Fi i-r 0004959F08-OI



254-69016-00 OUAD CtIES Event Date 09/21/19

254 -8901600 QUAD CITIES I Event Date 09/21/1989
LER Data Title

9 ---- -

Reactor Type.............
Reactor RFR..........
OperatIns Ne...........
Power Level..............
AppIlebate Le ........
Contact Nme.............
Contact Phone............
Revs ........
Pag e..s.......... ****...
Report Date..............
Supptimental Report Date.
Other D ck et ........

Bm
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I
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1.5
LECHNAIER J
309.654-2241
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8

10/1811 9

425

NEW FUEL ASSEMBLY DROPPED IN FUEL POOL WHEN REFUEL BRIDGE FUEL
GRAPPLE ELEASED DUE TO PERSONNEL EOR AND LACK OF PROCEDURAL
GUIDANCE

Abstract

ON SEPTEMBER 21 , 1989 , UNiT ONE WAS IN THE SHUTDOMw ODE ITH ALL
FUEL REMOVED FRON TE REACTOR VESSEL .AT 1410 HOURS , DURING THE
TRANSFER O NEW FUEL FROM THE NEV FUEL STORAGE VAULT TO THE FUEL
POOL , FUEL ASSEMBLY LYT19I AS RELEASED RM THE REFUELING GRAPPLE
AND FELL UPON SPENT FUEL RACKS . THE GRAPPLE CONTROL SITCH WAS
INADVERTENTLY LEFT IN THE RELEASE POSITION AFTER ATTEMPTING TO
UNLATCH .THE UNLATCHING FAILURE WAS DUE TO THE ADJACENT ASSEMBLY
NOT BEING FULLY SEATED .THE CAUSE Of FUEL ASSEMBLY DROP AS A
COMBINATION Of PERSONNEL ERROR AND PROCEDURAL DEFICIENCY .
CORRECTIVE- ACTION INCLUDED A REFUEL RIDGE HOIST CIRCUITRY

ODIFICATION TO PEVENT RAISING A FUEL ASSERBLY WITH THE GRAPPLE
CONTROL SWITCH IN RELEASE . TE fUE HANDLING PROCEDURES WERE
REVISED TO ASSURE PROPER FUEL ASSEMBLY SEATING AND PROPER
POSITIONING O TE GRAPPLE CONTROL SWITCH . THIS REPORT IS SUBMITTED
TO COMPLY WITH THE REMUIRENTS OF 10CFR20.4050)(1)(IV) .
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331-75000-00 WDANE ARNOLD I Event oate 06110/1975

LER Date Event Decription

Reactor Type ............. Mm
Resctor 4FR .............. GE
Syst ................... tC
Cause... .......... * ..... I
S Ca ................ *
Copon ent ............... FUEL
SubCoqxnt. .............. Z
Valv SCode ........... Z
Component S~plier. ....
Cct Sw{ ............... 

Component katufacturer ...
Facility Status .......... a
Pwuer Level . 0
Other Status ............. MA
Action Taken . ............*
Future Action ..........
Effect on Plant ..........
Sultdown Method .......... Z
Ocute Hours .0
Discovery ethod .......... A
Discovery Description .... MA
Occurrence Type .......... 01
Activity Form ........... Z
Activity Content ......... 2
Actility Amount . ......... MA
Relea" Location ......... MA
mber of Expor.s 0

Exposure Type . .........Z
Exposure Description ..... MA

lluw of Injuries 0
Injury Description ...... A?77171

77?7?711
D e Type .............. Z
Daeg* Description ....... MA

revision ............. 0
Report Date . ............0 9/30/1975

r A FUEL UDLE UAS IADVERTENTLY DROPPED DRING FUEL MOVEMENT HILE
INSPECTING FOR FUEL CHANNEL EAR. THE SUWDLE DROPPED FROM THE
REFUELING BRIDGE FUEL RAPPLE APPROXIMATELY 30 FT. INTO THE CORE. NO
INCREASE IN AIRBORNE OR WAIER ACTIVITY. (50-331/75-31A)

WA

Cause Description

THE DESIGN OF THE FUEL GRAPPLE DID NOT PROVIDE AN ADEQUATE METMOD
FOR POSITIVE VERIFICATION OF PROPER GRAPPLE. DESIGN CHANGES WILL BE
IPLEMENTEO ASAP.
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DON- 7o000 INDIAN POINT 2 1 Event Date 04/12/I9M0

LER Data Event Description

- -_ r
Reactor Type .......... MM
Reactor FU .......... CE
System .......... FD
Cause .......... E
Sub-Coe ...... #..... , , 
empone, t ............. fUEL

-Ceaorent .......... F. Z
Volvo 5 -Coe .......... Z
Cemponent upplier .............. 
PROS? .... ...
Capmnent rftufacturer.. .
Facility Status ..........
Power Level.
Other Status ............. N /A
Action Taten .............
future Action ............ a
Effect n Plant ..........
Sutdown Pethod .......... Z
Outage .rs.
Discovery Pethed ......... A
Discovery Description .... N/A
Occurrence Type .......... 01
Activity fr ............. Z
Activity Content ......... Z
Activity Amount .......... P/A
Release Location .......... N/A
Farber of Exposures .
Exposure Te.
Exposure Description ..... ?N/A

a

A ASKETLtOADED WITH EOUR FUEL ELEMENTS WAS DROPPED APPROXIMATELY 
FEET.

Cause Description

FAILURE OF FOUR OLTS HOLDING GRAPPLE HEAD TO TOOL EXTENSION FAILED.
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EWUber of Injuries ....... O
Injury Description ....... "' 9111?"777171r,

.':::::::::::::X?7XfXfX9Xf9XtX77XXXttt1

Dus.e T..
Duige Description ....... I/A

Revigon ................. a
Report Dte ... . 4/13/1970
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BBAOOOOOO-01717-0200-00037 REV 00 Attachment M

ATTACHMENT I
Estimated Frequency of

Through-Wall Manufacturing Defects

This attachment provides the calculational details using an Excel spreadsheet to support the
estimation of the frequency of through-wall manufacturing defects of a WP. This attachment
provides a calculation for both approaches to the manufacture of the inner barrier: weld clad
inner barrier approach and cylinder in a cylinder approach (Reference 5.36).

Volume of Weld Material in the Waste Package

Defect densities are typically reported in terms of defects per m3 of weld material. The volume
of weld material required for the welding of the outer barrier base material sections and the weld
cladding of the inner barrier (weld clad approach) can be obtained from the information in WP
cost analyses (Reference 5.33). For the cylinder in a cylinder approach, the amount of weld
material is estimated to be 20% of that required to weld the base material sections of the outer
barrier. This is based on the fact that the inner barrier weld thickness is 20 mm (or 20% of the
100 mm weld thickness for the outer barrier).

Outer Barrier

Parameter Value Reference/Method

Number of pounds of weld 300 lbs Reference 5.4
material for the outer barrier

of a 21PWR WP

Number of kilograms of weld 136.05 kg Using a
material for the outer barrier conversion factor

of a 21PWR WP of I kg = 2.205 lbs

Density of AS16 carbon steel 7832 kg/m3 Reference 5.34

Volume of weld material, V.1 0.0174 mr Mass / Density

Page 1 of 9 3/14/97



BBAOOOOOO-01717-0200-00037 REV 00 Attachment HI

Inner Barrier - Weld Clad

Q

Parameter Value Reference/Method

Number of pounds of weld 8941 lbs Reference 5.33
material for the inner barrier of
a 21 PWR WP

Number of kilograms of weld 4054.88 kg Using a
material for the inner barrier of conversion factor
a 21PWR WP of I kg = 2.20S bs

Density of Alloy 25* 8140 kg/l Reference 5.35

Volume of weld material, Vb, 0.4981 m' Mass / Density
E- While Alloy 625 is the current inner barrier material, Ref. 5.33 used Alloy 825,

and therefore, it must be used here to back calculate the weld material volume.

Inner Barrier - Cylinder in a Cylinder

Parameter Value Reference/Method

Number of pounds of weld 60 lbs Assumption 4.3.4
material for the inner barrier of
a 21PWR WP

Number of kilograms of weld 27.21 kg Using a
material for the inner barrier of conversion factor
a 21 PWR WP of I kg = 2.205 lbs

Density of Alloy 625 8440 kg/m' Reference 5.35

Volume of weld material, V, 0.0032 ml Mass / Density

Distributions of Defect Size for Various Type of Welds Similar to WP Welds

Chapman (Reference 5.32) has developed a computer simulation for predicting weld defect
density and depth distributions for post-inspection welds based on an extensive survey of expert
opinion and experimental data. This simulation was run for three specific cases where actual
defect density and depth data had been collected from finished and inspected welds. The three
cases were:

+ Nuclear Electric's (NE) data from extensive inspection of Magnox ducting welds. There
were 25.4 mm single V manual metal arc and sub-arc welds inspected by root dye
penetrant and single image radiography.

+ British Nuclear Fuels Ltd:(BNFL) data from their pressure vessel weld inspections.
These were 51 mm double V metal arc welds inspected by root dye penetrant and single
image radiography.

• The Midland Reactor Pressure Vessel seam welds. These were 217.5 mm sub-arc welds
inspected by root dye penetrant, single image radiography, plus a final dye penetrant.

Page 2 of 9 3114/97
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The probability density function predicted for each case is contained in the table below. For each
case, the simulation predicted PDF was found to be conservative when compared to the actual
data. Further note that for the NE data, the follow PDF was used:

p(X) = B x -(3) 

where A = 1;2855, B = 2.857 and x is the defect depth in mm. Note that for the latter two cases,
there were insufficient data to develop a function PDF, and the values were taken from the
simulation prediction. Also note that the last two points for the BNFL welds were extrapolated
from the information provided.

Chapman Simulation of Three Welds

% Wall Thickness NE 25.4 mm BNFL 51 mm Midland 217.5 mm
Probability Probability Probability

10 1.39E-01 4.OOE-02 2.OOE-04

15 3.21E-02 9.00E-03 4.00E-05

20 1.09E-02 2.OOE-03 1.60E-05

25 4.64E-03 1.20E-03 I OOE-05

30 2.30E-03 1.70E-04 7.30E-06

35 1.27E-03 1.70E-05 3.OOE-06

40 7.63E-04 I .OOE-05 7.OOE-07

45 4.85E-04 9.OOE-06 6.OOE-07

50 3.23E-04 3.50E-06 1.20E-07

55 2.24E-04 L.OOE-06 1 .20E-09

60 1.60E-04 1.80E-06 9.00E-09

65 1.1 7E-04 2.OOE-06 6.50E-09

70 8.83E-05 9.00E-07 5.80E-09

75 6.77E-0S 7.OOE-07 4.50E-09

Based on the above table, the cumulative probability that a defect will exceed a given percentage
of wall thickness can be determined for each weld thickness by numerically integrating the
probability of the greater defect depths. For example the probability of exceeding a 20% wall
thickness defect for the NE data is the sum of the probabilities in the NE column from 20% to
75%. The table below summarizes the results of the numerical integration:

Page 3 of 9 3/14197



BBAOOOO0O-01717-0200-00037 REV 00

. r - %^-

Attachment I

NE 25.4 mm
Probability
(from Weibull)

BNFL5 mm
Probability

Midland
217.5 mm
Probability

Prob. of defect exceeding 20% 2.13E-02 3.42E-03 3.77E-05
through-wall .

Prob. of defect exceeding 30% 5.1E-03 2.16E-04 1.17E-05
through-wall .

Prob. of defect exceeding 40% 2.23E-03 2.89E-05. 1.45E-06
through-wall .

Prob. of defect exceeding 50% 9.80E-04 9.90E-06 I A7E-07
through-wall :

Figure E-i
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Figure m-1 shows the cumulative probabilities of exceeding defect size as a function of weld
thickness. Linearly interpolating for 100 mm (outer barrier thickness) and 20 mm (inner barrier
thickness) results in the following table:

. . . _ . .~~~~~~~~~~~~~~~~~~~~~~~~

Interpolation at 100 mm Interpolation at 20 mm

Prob. of defect exceeding 2.42E-03 1.43E-02
20% through-wall

Prob. of defect exceeding I .56E-04 3.62E-03
30/6 through-wall

Prob. of defect exceeding 2.OSE-05 1.37E-03
40% through-wall

Prob. of defect exceeding 7.03E-06 6.OOE-04
50% through-wall

Chapman simulation also predicts the weld defect density for the three cases. In each case, his
model overpredicts the defect density by at least a factor of 6 or 7. The Midland model predicted
390 defects/ml and is the largest predicted value of any of the cases. To be conservative (at least
by a factor of 6 or 7), the Midland predicted defect density will be used for the remainder of this
calculation.

Estimation of the Probability of WP Defects of Various Depths

To estimate the probability of WP defects of various depths for the inner and outer barrier
requires multiplying the probability of a defect exceeding a certain depth by the number of
defects (defect density times the weld volume). These are given in the table below.

Outer Barrier
I"

Prob. of defect
exceeding a
certain depth

Number of defects Probability of
defect/WP

(390 defectlm3)1(0.01 4m)

> 20% through-wall 2.42E-03 6.79 1.64E-02

> 30% through-wall 1.56E-04 6.79 1.06E-03

> 40% through-wal- 2.08E-05 6.79 1 .41E-04

> 50% through-wall 7.03E-06 6.79 4.76E-05

Page 5 of 9 3/14/97
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Inner Barrier (Weld Clad) . _

Prob. of defect
exceeding a
certain depth

Number of defects

(390 defect/m3)*(0.498 1 m')

Probability of
defectlWP

> 20% through-wall 1A3E-02 194.26 2.78E 00

> 300/. through-wall 3.62E-03 194.26 7.02E-01

> 400/. through-wall 1.37E-03 194.26 2.65E-01

> 50%Me through-wall 6.00E-04 194.26 1.17E-01

Inner Barrier (Cylinder iD a Cylinder)

Prob. of defect Number of defects Probability of
exceeding a defectlWP

______________ certain depth (390 defect/in))*(0.0032m') _

> 20/e through-wall 1.43E-02 1.25 1.80E-02

> 30/. through-wall 3.62E-03 1.25 4.55E-03

> 40/. through-wall 1.37E-03 1.25 1.72E-03

>50% through-wall 6.OOE-04 1.25 7.54E-04

The values that are bold in the shaded cells are the ones primarily used in the development
presented in Section 7.

Page 6 of 9 3J14/97



DzFECT2.XLS - Sheetl

Defect Depth Chpmn Simulation PD?3 _ _ Defect Weibull PDF fo
* Through-wall i 25.4 mm 51 mm 217.5 m Depth (mm) 25.4 mm weld

0.1 5.508-02 9.00e-01 9.90E-01. 0.0254 O.OOE+00 Weibull Parameters
S S.80B-01 4.OOE-01 7.00E-03j 1.27 8.27E-01 A 1.285
10 - 2.205-01 4.00-02 2.00e-04 2.54 1.39-Ol B- *2.857_
15 8.50E-02 9.OOE-03 4.00E-5 _0 3.91 3.21E-02
20 2.905-02 2.00E-03 1.605-05 5.08 1.09E-02
25 7.005-03 1.205-03 1.00E-05 3 1 .35 4.64E-03
30 4.505-03 1.70Z-04 7.30E-061 -_ 7.62 2.30E-03 _

35 _2.005-03 1.70E-05 3.00E-061 _ _ 8.89 1.27E-03

40 9.00E-04 1.OO-05 7.OOE-07 _ 10.16 7.63E-04
45 8.oo-04 9.005-06 6.00e-07 11.43 4.858-04
50 - 5.605-04 3.50-06 1.20E-07' 12.7 3.23E-04

55 01.505-04 1.005-06 i.20E-09 13.97 2.24E-04 
60 1 1.20E-03 1.805-06 9.000-9 15.24 1.60E-.04_

65 1.30E-04 2.00E-06 6.50E-09 16. 51 1.17E-04 _ -

70 9.00-05 9.00E-07 5.80E-09 17.78 8.83E-05
75 7.00-05 7.00E-07 4.508E-9 19.05 6.77E-05

1.09E+00 1.35E+00 9.97E-01 _ _ _ 1.02E+00 _

Defect Depth Cuwaulative! Probability of a Defect Exceeding Depth for Chapman Welds
Weibull _ ._

% Through-wall 25.4 25.4 511 217.5, _

>20% 4.64E-02 2.135-02 3.42E-03 3._ _B-05| .
>30% f.04E-O2 5.815-03 2.16E-04 1.17E-05| _ _ _

>40% 3.90E-03 2.235-03 2.895-05 1.455-061

>50% 2.20e-03 9.8e-041 9.90-06 1.47E-07 _

Interpolation of cumulative probabilities for different weld thicknesses
Defect Depth Weld thickness (am) Defect Depth Weld thickness (mm) 
' Through-wall 100 % Through-wall 20 Weibull 

>20% 2.42E-03 1>20% 5.55E-02 1.43E-02 _ _ _

>30% 1.56E-04 _>30% 1.258-02 3.625-03
>40% 2.08E-05 >40% 4.72E-03 1.37E-03, _ _ I

>50% 7.03E-06| >50% 2.66-O 6.00E-041 

I
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DEFECT1.XLS - Sheet2

JUCF/PWR 21 |

_ __ ___ _ _ __ I _ _ _ _ __ _ _ __Outer Barrier Inner Barrier

Material Carbon Steel Alloy 825 Alloy 625

Density (kg/m3) 7832 8140 84401

Thickness (m) 100 20 20

lbs 300 89411 60

kg 136.05 4054.88 27.21

Volume (m3) 0.01741 0.4981 0.00321

Defect Density (#/3) _

390 Outer Barrier Inner Barrier - Chapman sim _Inner Barrier - Weibull

Number of Defects 100 um weld weld clad 20 mm icyl. in cyl. 20 weld clad 20 mm [cyl. in cyl. 20 mm

20t 1.64E-02 1.08E+01 6.97E-02| 2.78R+00 1.80E-02

30% 1.06B-03 2.44E+00 1.S8E-02| 7.02E-01 4.55E-03

40% 1.41E-04 9.16E-01 5.93E-03j ] 2.65E-01 1.72-03

50% 4.76E-05 5.17E-01 3.35E-03|1 i .17E-ol 7.54E-04
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BBA00000-01717-0200-00037 REV 00
Transporter Derailment Frequency Calculation

Attachment IV

I 4. 4-4 9---

I _ t 
Ran Accident Frequency Data Analysis

.I _~~~~~~~~- 4-4
Derailment Frequency

4 4- 4- _ I I

Year Per Million Miles References

1975 5.34 NUREGICR-4829 & FRA Bu 163 Fig S5

. 1976 1022 NUREGICR4829 & FRA Bu 163 FigS

1977 10.75 _ NUREGCR-4829 & FRA Bul 163 Fig 51
1978 .__ 11.66 .NURER4829 & FRA Sul 163 Fig 5

1979 9.83 NUREGCREGR & FRA Bul 163 Fig 5

1980

1981

6.99
6.46

NUREGICR4829 & FRA But 163 Fig 5

NUREGICR-4829 & FRA Bul 163 FigS
I I-

1982 5.9 NUREG/CR4829 & FRA BJ 163 FigS
.

1983 5.4 Est. Based on FRA Sul 163 Fig 5

Est. Based on FRA Bu 163 Fia 5

_ _ _ . ._

1984
1985

4.9
4.4 Est Based on FRA BuL 163 Fig 5

.. .... .. §

1986 3.6 Est. Based on FRA But 163 Fig S

1987 3.3
1 4

Est. Based on FRA But 163 Fig 5
Est. Bsed on FRABu 163 FigS1988

1989

3.4
3.43

_ _ _
- _

FRA But 163 Fig 5 and Table 5
1990

1991

3.53 FRA But 163 Fg S and Table 5
_l

3.36 FRA Bu 163 Fig S andTable 

1992 J 2.92 ;FRABul 163 Fig 5 and Table S
_ I - p

-I. 1 * P
1993 3.14

_. :4
FRA But 163 Fig S and Table 5
FRA Bul 163 Fig S and Table 5

-- -. 4.-

1994
1995

2.79
2.6

_ .. _ t _ I~4 I -

FRA Bul. 164 Fig S and Table 5 . ' I-.

21 Year Avg.
4 I--4-.

5.66 per million miles 3.52 p1er million km

7541 Avg. 9.46 per million miles 8.68 per million km
Last 10 Yrs. 3.21 per million mies 1.99 per million km

m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i n -~~~~~~
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BBA00000-01717-0200-00037 REV 00
Transporter Derailment Frequency Calculation

DeraIlments By Cause from FRA BulletIns 12163.164 __

Tables 19 to 23 L _
Number of Derailments ____

CaMu 1993 1994 I9 Total %olTotal

Track, Roadbed a Structures 926 857 785 256B 48.72%

Locomotive Failure 24 17 11 52 0.95%
Car Falure 263 239 231 733 13.33%

Train Operation - Human Factors 470 42 489 1421 25.85%

Misc. - Environ.. Highway, etc. 247 250 226 723 t3.15%

ToW 1930 1825 1742 5497 100.00%

Average Yard Derailment Rate (1993-1995) from FRA Bulletins 162, 163, 164

Tables 10 and 36 _ ___ _ _

1993 1994 1995 Total
Yard Derallments 955 902 821 2678 (Table 10)

Yard/Switch Miles 87121756 89.778,044 89.891.868 (Table 36)

Yard Derallmentslmillon yard miles 10.96 10 05 9.13

Yard Derailmentsmrlaon yard km 6.81 6.24 5.68

Average Yard Derailment Rate * 10.05 per million yard miles
6.24 per million yard km

Nunber dtnes the average yrd deailent rate Is _ atw__._._.
thon thU ovral derailmno rate in the last 3 years 3.53

Number of yard derallmenta (1-10 mph) from FRA Bulletins 162, 13, 164

11993 1994 1995 Total
Number of yard deraibments (1-10 mph as _ 85 _ 7 2537 (Table 10)

% Yard derailments 9395 1-10 mph) 94.73%1

Attachment IV

3:50 PM Page 2 of 3 315J97
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Transporter Deralrnent Frequency Calculation

Attachment IV

I I I00 I 
Percent of derailmentsat 1-10 mph from FRA BuDletin 12. 163. 14 ITable 10)

, 
, . _ _

_ ._

* 4-..---.
Derailments 1993 1994

Main Line (1-10 mph)

Yard Une (1.10 mph)
295 284

.199 ..

__ 273
775

196

Total

906 856
. _ _ _ .

_.. 852
2537
583

3972
Industry/Siding/Unknown (1-10)
Total (1-10 mph)

199 1e8

__

4 4--~~~_.
1825Total Derailments (Ai speeds) 1930 172E 

1* 4-

Percentage of derailments at 1-10 mph 72.28% Jill'-. ._ _ _ .g..

_ - i m 

Percent of Switch-Related Causes of Derailment from FRA Bulletin (12,163, 164) Table 10

Switch-related Derailment Causes 1993 1994 1395 Total
Frogs. Switches and track appliances 247 216 192 655
Generalswitching rules 112 117 118 347 _

Switches, use of 116 126 133 3751
Total switch-related derailment causes 475 459 "_U3 _ 1377

I I-- _ . _-.

Total Derailment Accidents 1930 -1825
I~~ _

% of switch-related caused of derailment
1742 6497

25.05%

Transport Derailment Frequency -_ _ _ _____

All Derailments
Based on last 10 years 1.99 per million km _

Derailments in 1-10 mph range 1.44 per million krn Mulply by total % of derailments at
1-10 mph usig 1993-1995 data

Yard Line Derailments _ _

Based on last 10 years 7.04 per million km _Multiply all derailment by factor
___________ __using 1993-1995 data

Derailnents In 1-10 mph range 6.67 per milion k __ Multiply by % of yard derailment at
_______________________________ ________ 1-10 mph using 1993-1995 data

3:50 PM 3-50PM Page 3 of 3 3/5/97
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WP Internal Pressure as a Function of Gas Temperature fo Normal, Off-Normal, and Accident Conditions

_ _ _ I]j 1i- ___Volumes ase d on ARcn _t VI|!
21N~~~iteS1 ~4.620 m^3I ._._ _

44 RWR WP Vok1 Snacn 4.430 m`3 I ; Max. Fuel Rod Internal Pressure In Fuel Pool
_____ _ ___ ___ _ _____Reg. Guide 1.25 (Ref. 5.41) _ _ _

Mark B Fuel Fndd Vlum m3 u dVlum m^3 L psig 1200 1
Plenum Volume _.41E_0_ Plrwu Volume 1.31EtOS psia 1214.7 I

Annular Volume .08 Annular Volume 1.47E7 Prod Pa 8.375 _

Dish vom 5.24E 06 Dish Vohune .00E +O I -
Pwosit Volume 1 .68E-0_ Porosity Volume _ _ _ __ ___

Total Rod Void Space I 2.21E-06 Total Rod Void Space 1 1.83E-06 _ 

208 Rod Fuel Assembly 4.6"31 62 Rod Fuel AssemblY 1.14E-03 Max. Fuel Rod Internal Gas Temperature ___

21 Fuel Assembly Volum 9.66E-02 44 Fuel Assembly WP 5.00E-02 _ Degrees F 125 
-t . 1 Degrees C 51.6671

Fuel Rod Volumes based on Ref. 5.10 Tpool Kelvin 324.8171L
!______ I 1 r ________ _______ ________ Conservatively assumed to be max. fuel pool temnperatue
___ ___I__________ __ I I___ ____based on Davis Besse Technical Specifications (Ref. 5.42)

Total Ruptured jMoles of Gas WP + Ruptured ____ i _ _|

Fuel Rod Volume _____Released (nrod) Fuel Rod Volume (n3) WP He Fill Gas _ __ _

% Rods 21 PWR 44 BWR 21 PWR 144 BWR 21 PWR 44BOWR IFill Pressure 14.7 psia ___

100% 9.65E-02 5.OOE-02 2.99E-04 1.55E041 4.616 4.480 (assumption) 1.01E-0lMPa _

10% 9.65E-03 5.OOE-03 299E-011.55E05 4.530 Fi Temperature 251C
1% ______ ___________ _ _ 4521 4.430 1(assumption) 298.151K _

i_____ ___________ I21 PWR Moles of Gas 1.852-04

R (gas constant) 8.314J l(nf) __|_'i_-

I~~~~~_ I _ - -1
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I Averae I I I 21 PWR Waste Packge Internal F
- - S - =: 

'Meswu! I Noral WP Fill Gas
1% Rods Ruptured PressureGas Terneratur ,1100% Rods Ruptured 10% Rods Ruptured

- . ........ 4�.r I - --

- i_

F IC K jpsig MPa .MPa Ipsia ;MPa psia IMPa losia Dsla iMpa
77 25 298.15 1101.48 7.59 0.26 37.70, 0.12 17.04 0.10 14.93 14.70* 0.10

122- 501 323.15 1193.84 8.23 0.28 40.861 0.13 18.47 0.11 16.19 15.93 0.11
2121 100 373.15 1378.56 9.50 0.33 47.181 0.15 21.33 0.13 18.69 18.40 0.13
3021 150 423.15 1563.28 10.78 0.371 53.501 0.17 24.19 0.15 21.201 20.86 0.14
392 200 .473.15 1748.00 12.05j 0.41 59.82 0.19 27.05 0.16 23.701 23.33 0.16
482 2501 523.15 1932.72 13.33 0.46 68.15 0.21 29.91 0.18 26.21 25.79 0.18
572 3001 573.15 2117.44 14.60 0.50 72.47 0.23 32.76 0.20 28.71 28.26 0.19
662 3501 623.151 2302.16 15.87 0.54 78.79 0.25 35.62 0.221 31.21 30.72 0.21
752 400 673.151 2486.881 17.15 0.59 85.11, 0.271 38.48 023 3372 33.19 0.23
842 450 723.151 2671.60 18.42 0.63 91.43 0.291 41.341 0.25 36.22 35.651 .0.25

932 500 773.15, 2856.32 19.69 0.67 97.76 0.301 44.20 0.27 38.73 38.121 0.26
12___31 2097 0.72 104.08 0.32 47.06 0.28 41.23 40.581 0.28

_______ _______ ______ ~~~~ All of above uses Ideal gas law P-- rod+nfi1 lR-T NA_ _ _ _ _ __ _ _ _ _

A v r g I T _ _ _ I _ _ _ I W I r _ _ _ _ _ _ _ _ _ _ _ _ _ __ N o m a P i l G a
Av_____ O Waste Package Intemal Pressure | _ NormalWPFinGas

GasT raure P(Rod) 100%RodsRuptured 10%RodsRuptured 1%RodsRuptured Pressure
K Ipa MPa a MN psia |MPa pa psla MPa

| ~ ~~~~ * . 011 
771 251 298.15. 1101.481 -7.591 0.191 26.97 0.111 15.941 0.10 14.82 14.70 0.10

1221 ~~ 501 323.151 1193.841 8.23, 0.20 29.24! 0.12 17.28 0.11 16.07 15.93 0.11
2121 1001 373.151 1378.561 9.501 0.231 33.761 0.141 19.951 0.13: 18.5 18.40, 0.13
3021 150 423.15 1563.28 10.78 0.26 38.28 0.16 22.62 0.15 21.04 20.86 0.14
3921 200 473.15 1748.00 12.05 0.30 42.811 0.17 25.30 0.16 23.53 23.33 0.16
482 250 523.15 1932.72 13.33 0.33 47.33j 0.19 27.97 0.18 26.01 25.79 0.18
572 3001 573.15 2117.44 14.601 0.36 51.851 0.21 30.64 0.20 28.50 28.261 0.19
662 350 623.15. 2302.16, 15.871 0.391 56.381 0.231 33.32_ 0.211 30.98' 30.721 0.21
752 400[ 673.151 2486.881 17.151 0.42 60.901 0.25; 35.99 0.23T 33.471 33.19 0.23
842 450 723.151 2671.60 18.421 0.45j 65.431 0.271J . 66 0.251 35.96 35.65 0.25
932 500 773.151 2856.32 19.691 0.481 69.951. 33 80.27 38.44 38.12 0.26

10221 5501 823.15 3041.04 20.97 0.511 74.47j 0.301 44.011 0.281 40.93 40.58 028
I__________ An of above uses ideal gas law P=(od+nfil)RTN i --
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INTACT AUCF WP INTERNAL VOLUMES

WP Inner Dimmensions

21 PWR WP Inner Diameter PID = .4099-m

44 BWR WP Inner Diameter BID 1.3639m

WP Inner Length IL = 4.635-m - 2-0.025-m

Vol. of 21 PWR AUCF WP arbon Steel Tube

VTUBE:= [(236.4mm)2 - (226.4mm9]4S75mm

All dimensions from Attachment I

VIUBE =2.117* 10 imn

Vol. of 21 PWR Borated SS Basket Plates

VAPLATE = (1210 mm- I 133.8-mm - 4-7.nmm566.9,mw)-7mm

VBPLATE (1210mmn I 133.9-mm- 4-7-mm-S66.9mm)-7-mm

VCPLAE := (723.2-mm-1 33.8-mn- 27.mm566.9.mm)7-nmm

VPLAES = (4-VCPLATE + 2-VAPLAIE + 2-VBPLATEj-4 VPLATES - 0.243m 3

Vol. of Carbon Steel Guides, Corner Guides & Stiffeners

VSIDEGDA :1128.8-mm-723.2mm-lOmn VSIDEGDB =80.1-mm 1128.8mm10-mm

VSlDEGDASM: VSIDEGDA + 2-VSIDEGDB

/O.7232)= 2.asin ! S0.8 VSIDECOVR i .2(704.8-mm9n-( - sin()) -(20 m) ] 10
1 2I

VCORNGUIDE = (243.4mm * 233.4mm). 10 mm- I 133.8-mm

1 =J(227.3mm2P(2273- 2 1 =2asin70.5 \ V =[(227.3 -- f )mm) 2 ) tr( 20.m)22b.= $227.. 4(2273.nun) 0 =2a~(64,,, VS7IFFN .----.- *.+(704..mm) (0- sin(e)) .4 0m

VCORNGDASM VCORNGUI)E + 2-VSTIFFNR

VGUIDES 16VSIDEGDASM + 16-VCORNGDASM + 8.VSIDECOVR VGUIDES 0.259m 3

Vol. of 21 PWR AUCF WP Basket Assembly (tubes, SS-B plates. & structural members)

VBAS = VPLAIES t VGUIDES+ 21'V1VBE
BBAOOO-017170200-00037 REV 0 At. VI

VBAS - 0.947m 3

Page 3/14197 2:53 PM VOLUME.MGD



.

Vol. of 44 BWR Borated SS Basket Plates

BVABPLATE (129.2-mm-1143.-mm- 7-10 mm.S7t.9mm)-10. mm

BVCPLATE -=(314.&mn 1 143.trmm - lOmn-571.9-mm) lOmm

BVDEPLATE =(964.4.mm 1143.tmm- 5 10mm-571.9-mm) -10mm

BVPLATES (4-BVCPLAlt + 2-BVABPLATE *.lBVDEPIATE).4

BVPIATES -0.51-m

Vol. of Carbon Steel Guides, Comer Guides & Stiffeners

BVSIDEODASM: 1143.t-mm314.t-mm- 10mm + 27.3-mm- I 143.t-mm. 10-mm

BVCORNGUIDE (171.3-mm + 324.&mm). lO-mm 1143.8-mm

~~~~ 16 0.5-b
b: 4(304.6.nm)2 + (16.9.mm9 8

VSTIFFNR =- 16t.9-304.6mm2+ (68J.9mm)2.(fl siK(O)) ...(20.i m)2

BVCORNGDASM = BVCORNOUIDE -2.VSTIFFNR

BVGUIDES. 4.4.BVSIDEGDASM + 8-4-BVCORNGDASM BVGUIDES - 0.263m3

Vol. of 44 BWR AUCF WP Basket Assembly (SS-B plates. & structural members)

BVBAS: =BVPLATES +BVGUIDES

BVBAS - o.778 

BBAOOOO-01717-020000037 REV 0 Att VPM Pap 2 3114r97 2:53 PM WOLUME.MCD



Vol. of one PWR SNF Assembly

Vol. of one BWR SNF Assembly

PVSNF =4927 in3 PVSNF 0.081mn3

BVSNF 2063.6. in3 BVSNF - 0.034m 3

(Ref. 5.10, p. 11 3.6-98)

(Ref. 5.10, p. II 3.6-103)

Calculation of Volumes

Total interior volume of empty WP (no basket or fuel)

21PIW=
21 PWR PVE2PW = - - .1I

441BWR V Y B-I 2

BVEhtPIY::. -.-. -I I

PVEMPTY -7.158m 3

3VEMPIY -6.699'm 3

Total volume occupied by all internal structures (basket & fuel)

PVINT.=VBAS+21lPVSNF PVI -2.642m3

BVINT:: BVBAS + 44-BVSNF BVRNT - 2266m 3

Total WP Interior void space

21 PWR

44 BWR

PVOID:=-4 IL- PVINT

BVOID - - BVINT4

PVOID - 4.5166m 3

DVOID - 4.432-m3

BBA000001717-0200 00037 REV 0 Att VP Page 3 3114197 2:53 PM VOLUME.MCD
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ATTACHMENT VI - hISLOAD FREQUENCY CALCULATION

1. Introduction

The purpose of this section is to estimate the frequency of a fuel assembly misload that would
result in exceeding the heat rate (thermal limits) or criticality limits of a waste package. This
calculation considers three items:

(a) the operational handing of the fuel assemblies from when they are removed from the
transport casks to when they are placed (or loaded) into the waste package (Section 7.2),

(b) the consequence of loading any one of the fuel assemblies into any one of the waste
packages (section 7.3.1), and

(c) estimate the frequency for the consequences that are identified as being undesirable
(section 7.3.2).

Decision trees have been developed for four cases:

Case | Fuel Assembly Type | Consequence

I PWR fuel assemblies Exceed Thermal Limits

2 PWR fuel assemblies Exceed Criticality Limits

3 BWR fuel assemblies Exceed Thermal Limits

4 BWR fuel assemblies Exceed Criticality Linits

Each case was developed for only uncanistered fuel. Because canistered fuel, in most cases, will
be taken out of the transport cask and placed directly into the WP, there is no opportunity for
misloading errors.

The PWR and BWR fuel assembly evaluation are separate and independent. There are no
consequences for loading (trying to load) a PWR fuel assemblies in a BWR waste package
because the PWR assemblies are larger than a BWR Uncanistered Fuel (UCF) WP. Any attempt
to load a PWR assembly into a BWR waste package would be immediately detected and
corrected. Similarly, there are no thermal or criticality consequences for the reverse -- loading a
BWR fuel assembly into a PWR waste package. In addition to the small size of the BWR
assemblies being immediately discovered, the PWR waste packages are designed to about one-
half the number of assemblies as the BWR packages. Therefore, even if a PWR package was
filled with BWR fuel assemblies, no thermal or criticality limits would be approached.

Based on the analysis in Reference 5.27, the waste package mix in case Ll-T4-CI is used to
determine the waste package types. The thermal and criticality limits from case LI -T4-C I is
used to characterize the WP types in this analysis.

2. Fuel Assembly!Waste Package Operational Process

At a minimum, the process in which the fuel assemblies are unloaded from the transportation
casks and are readied for loading into a waste package must be considered. As discussed in
Reference 5.50, the transport casks are delivered to the repository by truck or rail. They are
inspected and decontaminated, if necessary, and delivered to the Waste Handling'Building

I :50 pm Page of 48 3/16197.
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(WHB). The transport cask is placed in a shield room. The cask is then positioned under a cell
port, the port plug is removed, and a conical contamination control barrier is installed. The
individual spent fuel assemblies are lifted out of the cask with a crane, one at a time, and placed
in a hot cell on racks designed for PWR and BWR assemblies (though these are not the same).
Because of the size difference between PWR and BWR assemblies, any misplaced assembly will
be immediately discovered and corrected. When the transport cask is empty, the contamination
control barrier is decontaminated and removed, the port plug is reinstalled. This process
continues until a sufficient number of fuel assemblies have been removed and stored to fill a
disposal container (DC).

During the removal process, the operator will need to record the assembly identification and
associated heat rate and k. from the licensing paperwork and perform a measurement of burnup a
fork detector or some other form of instrumentation for verifying burnup (Ref. 5.51). In this
way, the characteristics of assembly in the lag storage racks will be known. Misidentification of
the assembly's characteristics and/or location is the first opportunity for a human error that can
contribute to a misload (reading the paperwork incorrectly or misreading the fork detector
output). The detector can fail, though that will probably quickly be discovered and corrected
(assumption 4.3.1Sa) and thus will not be considered in this analysis.

Based on the characterization of the fuel assemblies removed from the transport casks, the
operator must decide what type of DC is to be used. The operator selects the desired DC type
(by methods unknown at this time), and positions it under a transfer port. Deciding on an
inappropriate DC type or selecting the wrong DC type is the second opportunity for a human
error. ( V:t 838§ in5 b) 5

Fuel assemblies that require an absorber rod assembly for permanent disposal will often be
shipped with a control rod assembly in place. For those assemblies that do not arrive with
control (absorber) rod assemblies, one will be inserted while in the lag storage area. This is
assumed to be done correctly immediately after the fuel assembly has been unloaded. ('Pe"'

Fuel assemblies are then lowered by crane from the staging racks down through the port and into
the DC. The selection of fuel assemblies to be placed in the DC is another opportunity for
human error. The operator can select the incorrect assembly, or after selecting the correct
assembly for the DC, make a manipulation error with the crane and transfer the wrong assembly.
After placing the fuel assemblies in the DC, the operator will perform a physical verification
(e.g., ensure that the fuel assembly that was intended to be loaded was). The physical verification
process is an opportunity for human error recovery. Finally, the loaded DC is moved to an area
where an inner lid is seal-welded in place. The human errors discussed above will be accounted
for in section .3.2. ("v qf. '. 3. U Cd )

3. Misload Analysis

3.1 Consequence Matrices

This section develops and discusses the PWR and BWR consequence matrices, which considers
the placement of any of the possible transported fuel assemblies into any one of the designed
WPs. e WP types, with the heat and criticality ranges were taken from Case LI-T4-CI
tabulated in Attachment IV of Reference 5.27. The cask types used in the matrices were
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delineated in Key Assumptions 001 and 002 (Ref 5.21); thermal ratings for the transport casks
were taken from Reference 5.49.

The following explains the cell designations in the PWR and BWR Consequence Matrices shown
in Tables I and 2.

1. For cell that have been split into thermal and criticality consequences, the criticality
consequence is noted with shading of the half-cell.

2. Those cells labeled As Designed indicate that a fuel assembly was placed in a WP
appropriate for that fuel assembly's thermal and criticality characteristics.

3. Those cells labeled Recoverable indicate that if the fuel assembly type is placed in the
WP type, the error will be immediately observable to the operator and recovery actions
will be immediate, i.e., the probability of recover from this error is 1.0. Note that all the
cells that are labeled Recoverable deal with either the South Texas (ST) fuel assemblies
or the South Texas WP. In the event that a ST fuel assembly is placed in a non-ST WP,
the extra length of the fuel assembly will be immediately observable and the proper WP
will be selected. In the event that a non-ST fuel assembly is placed in a ST WP, because
the fuel assembly will be much shorter than the WP, the physical verification process will
immediately flag the mismatch, and the proper fuel assembly or WP will be selected.

4. Those cells labeled Economic indicate that a fuel assembly was placed in a WP with more
margin (either thermal or criticality) than is required for that fuel assembly. So, while
there are no thermal or criticality consequences of this action, a more costly WP is being
used unnecessarily, creating an economic impact.

5. Those cells labeled Possible Thermal indicate that some percentage of the fuel assemblies
placed in the specified WIP will exceed the thermal limits of the WP. For example, a fuel
assembly taken from an LG Gen cask and placed in a 21 PWR could exceed the 850 W
heat rate limit of the WP.

6. Those cells labeled Possible Criticality indicate that some percentage of the fuel
assemblies placed in the specified WP will exceed the reactivity limits of the WP. While
the (transport) Cask Name explicitly indicates a level of heat rate, the reactivity level
(e.g., Kit) is determined by curves attached to each licensed transport cask. Note further
that transport casks are licensed for use employing no bum-up credit, i.e., as if it was
fresh fuel, and therefore the value of L- is not a deciding parameter for the selection of a
transport cask. The value of k- becomes important when determining what WP is to be
used because the design takes credit for burnup. Therefore, for any WP that do not
required fuel assemblies with absorber rods as criticality control (e.g., use absorber plates
or no absorber), it is possible, via human error, to place a fuel assembly into a WP and
exceed the criticality limits.

Some combinations are not credible and will not be considered. If a fuel assembly with
an absorber rod assembly is placed in a VIP with no absorber or plate absorber, the
absorber rod assembly will extend out of the WP. This error should be immediately
discovered and corrected. Likewise, if a fuel assembly without an absorber rod assembly
is placed into a WP for which an absorber rod assembly is expected, the error should be
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discovered when performing the physical verification since the fuel assembly will not fill
the WP and look different than the other rod assemblyded fuel assemblies. sspi:1) Csj, j

7. Those cells labeled Possible Economic indicate that some percentage of the fuel
assemblies placed in the specified WP will exceed the economic considerations for the
use of a WP. This designation only applies to placing fuel assemblies into a WP with
absorber rod assemblys. There is no concern of a criticality consequence, since this is the
most conservative WP design, in terms of criticality. However, if fuel assemblies not
requiring the protection provided by absorber rod assemblys were placed into these WP,
then an economic consequence will occur.

8. Those cells labeled Thermal indicate that a fuel assembly was placed in a WP whose
thermal limits are exceeded by the heat rate of the fuel assembly.

Those cells labeled Thermal are misloaded. Those cells labeled Possible Thermal and Possible
Criticality also represent some misload situations. The frequency of misloads are discussed in
Section 7.3.2.

3.2 Misload Frequency Calculation

Two decision trees (Figures and 2) are developed to evaluate the consequences (thermal and
criticality) of misload errors for PWR fuel assemblies into the available waste packages (disposal
containers). Two more decision trees (Figures 3 and 4) were developed to similarly evaluate
BWR fuel assemblies.

The sequence development is not automatic and relies on a careful consideration of which fuel
assemblies are being loaded into what waste packages. Many of the combinations are
recoverable, as indicated in the PWR/BWR UCF to Waste Package Consequence Matrices
(Tables I and 2). The consequence matrices are used to determine whether a sequence has a
thermal or criticality consequence.

Some information is not included in the consequence matrices:

- In the data section of the spreadsheet, the number of PWR fuel assemblies in the 0-850 W
thermal range has been corrected with the fraction of incoming PWR fuel assemblies
below 850 W (the fuel assemblies arrive in transportation casks that can handle up to
1000 W). A similar correction for BWR in the 0-400 W thermal range has also been
performed.

- le likelihood of selecting an incorrect fuel assembly to load into the waste package is
estimated based on the percentage of a fuel assembly with specific characteristicsfrom
the total number offuel assemblies to be delivered to the site over a 24year period (asSvA1I 4

- When two endstate identifiers are provided (and two endstate probabilities), the first 9 7
represents the probability of misloading one unintended fuel assembly into the waste
package. The second number estimates the probability of misleading two unintended fuel
assemblies (of the same type).
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- The 21 PWR waste packages that are designed to handle fuel assemblies with absorber
rod assemblys are somewhat longer the waster packages with no absorber or with
absorber plates to accommodate the absorber rod assembly assembly at the top of the fuel
assembly. Accordingly, when fuel assemblies with absorber rod assemblys are placed in
anything but the proper waste package, this misload is assumed to be immediately
recoverable and corrected. This eliminates many potential criticality consequences of a
misload.

The South Texas (ST) waste packages are approximate two feet longer than any of the
other PWR waste packages to accommodate the long ST fuel assemblies. Accordingly,
when a ST fuel assembly is misloaded into any other fuel assembly, it is assumed to be
immediately recoverable and corrected. Likewise, when any non-ST fuel assemble is
misloaded into the ST waste package, it is assumed to be immediately recoverable and
corrected. This assumption implies a verification HEP equal to 1.0, and is so reflected in
the decision tree.

The calculations performed on the decision tree to generate the endstate probability is simply the
product of the probabilities on each node of the endstate sequence. For example, in Figure 4,
endstate 6C's probability is calculated as the product of:

Decision Tree Header Probability

WP Usage (no absorber) 0.275

Select WP (intended WP) 0.994

Select FA (concept) 0.005

FA Type (k-inf >1.37) 0.014

Verification (failure) 0.010

Endstate Probability (Product) 1.95 x 10'IWP

This endstate also represents a possible criticality consequence. The total probability of misload
leading to a criticality consequence per waste package (shown at the bottom of the decision tree
and in the summary tables below) is computed by simply adding all the endstate denoted with
criticality. These endstates are further highlighted on the decision tree with a double-lined
border.

The only exception to the straight multiplication method to calculate an endstate probability is
for those endstates derived from a "Select FA" state of (selection). In these cases the product is
multiplied by the number of assemblies in the package, since any of the individual assemblies
could be misloaded. So if for n ,k 21 PWR, the probability was p - 7.45 x 10', then the
probability of the endstate would be (7.45 x 104)*(21) = 1.56 x 102 (see endstatc 6T in Table 4).
To determine the probability that two assemblies are misloaded, the calculation is:

(p)(pjXnX-l) = (p(n.X-l) ,
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This calculation is used to determine all of the (n)Ta states and is used to compute the probability
of a misload leading to a consequence with a mission success definition of two misloaded
assemblies representing a possible consequence.

The following table summarizes the results from the PWR decision tree (Figure 1 with
supporting Table 4) evaluating the thermal consequences of a misload:

Mission Success Definition

One misloaded assembly
represents a possible thermal
consequence

Two misloaded assemblies
represents a possible thermal
consequence

Probability of Misload 7.68 x 10" 4.28 x 10'
Leading to a Thermal
Consequence per WP

PWR WPs per year (from 201 201
Key Assumption 003) -

Probability/Year 1.54 x 10-2 8.60 x '

The following table summarizes the results from the PWR decision tree (Figure 2 with
supporting Table 5) evaluating the criticality (reactivity) consequences of a misload:

Mission Success Definition

One misloaded assembly Two misloaded assemblies
represents a possible represents a possible
criticality consequence criticality consequence

Probability of Misload 9.82x O-- 4.80x 10'
Leading to a Criticality
Consequence per WP

PWR WPs per year (from 201 201
Key Assumption 003)

Probability/Year 1.97 x 102 9.65 x 1V

In addition to the results above, a third case was considered: no waste packages designed and
used without an absorber, i.e., all waste packages have at least absorber plates. Examination of
the decision tree for PWR criticality consequences shows that all sequences of consequence
result from the misloading of mid-range (1.00 < k. < 1.13) reactive fuel assemblies into a waste
package with no absorber. When high-range (k.> 1.13) reactive fuel assemblies are misloaded
into either a no-absorber or plate-absorber waste package, the extra length of the rod
assemblyded fuel assemblies is enough to ensure that verification will always identify the error.
Accordingly, if there were no waste packages with no absorber, the probability of a misload
resulting in a criticality consequence Is vifrually zero.
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The following table summarizes the results from the BWR decision tree (Figure 3 with
supporting Table 6) evaluating dhi thermal consequences of a misload:

Mission Success Definition

One misloaded assembly
represents a possible thermal
consequence

Two misloaded assemblies
represents a possible thermal
consequence

Probability of Misload 6.46 x O" 4.98 x 10
Leading to a Thermal
Consequence per WP

BWR WPs per year (from 120 120
Key Assumption 003)

Probability/Year 7.75 x O1 5.98 x 10-3

The following table summarizes the results from the two BWR decision tree (Figure 4 with
supporting Table 7) evaluating the criticality (reactivity) consequences of a misload:

Mission Success Definition

One misloaded assembly Two misloaded assemblies
represents a possible represents a possible
criticality consequence criticality consequence

Probability of Misload 1.42 x 1O' 5.63 x 10-'
Leading to a Criticality
Consequence per WP

BWR WPs per year (from 120 120
Key Assumption 003) l

Probability/Year 1.70 x 102 6.76 x 10-3~~~WZ=Z0 -- _

In addition, a third decision tree was developed (Figure 5, no supporting table) that examines the
criticality consequences if there are no waste package without any absorber plates (i.e., two waste
package designs: absorber plates and thick absorber plates). This decision tree shows the
probability per year of a misload leading to a criticality consequence estimated to be 7. 16 x 10-5.

3.3. Recommendations

Examining the results from a distinct thermal and criticality consequence is conservative.
Human errors will not be made on a strictly thermal or criticality basis. From examining the
decision trees, it is clear that they only approximate the large number of combinations in which a
misload might occur. As an alternative to the methods presented here, a simulation (e.g., Monte
Carlo simulation) could be performed that would be accurately model the combination of errors
leading to a waste package with a possible thermal and/or criticality consequence. Such a
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simulation could more comprehensively consider the arrangement of the storage area, the actual
number of stored assemblies, the distribution of fuel assemblies as they arrive in the transport
tasks, the probability that the absorber rod assembly is not present (when required), etc. These
issues were too complex to handle within the decision tree frarnework.

The analysis should be revisited as the details are developed of how the fuel assemblies are
handled from the time they are removed from the transport casks to the time they are placed into
a disposal coptainer. Details concerning the procedures and operational practices can be used to
further refine the human error probabilities used in this analysis.
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TABLE 1

PWR UCF to Waste Package Consequence Matrix

WP Types 21 PWR 21 PWR 21 PWR 12 PWR 12 PWR
no absorber absorber plate absorber rod no absorber ST long WP

assemblys I .

Heat RaNge 0-850W 0-850 W 0-850 W 850-1370W 0-1370W

Cask Name Thermal No absorber Absorber plates Absorber rod No absorber Designed for
Raing Criticality assemblys absorber rod

Range . . . assemblys
k. (0.00 1.00) k.(1.00- 1.13) k.(1.13- 1.45) k.(0.00- 1.13) k. (0.O0- 1.13)

Fuel 7ry _ _ 
LG Gen 0.7 1.0 pWR Possible henal_ Possible Thermal PossibleThenal Economic Recoverable

- | ~~~Possible Criticality Possible Criticality Possible Econmic Possible Criticality'

SM Gen 0.7 -1.0 PWR Possible Thera Possibhe Therrna1 Possiblc T1ra Ecrti Recoverable

|Possible Critdcality Possible Criticality Possible 13conomnic Possible Criticality

HH UCF > 1.0 PWR Thermal Thermal T As designed Recoverable

kW

Possible Criticality Possible Criticality Possible Econonic Possible Criticality _

LG-ST PWR Recoverable Recoverable As designed.i n~~~~~~~-~fl IRcvrbe eoeal
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TABLE 2

BWR UCF to Waste Package Consequence Matrix

Attachment VII

W Types 44BWR 44 BWR 24 BWR
no absorber absorbe plato thick absorber plates

Heat Range 0-400 W 0 400 W 0-520 W

Cask Name Thermal No absorber Absorber plates Thick absorber plates
Rating Criticality

Range k.(0.00,- 1.00) k. (1.00- 1.37) k.(0.00- 1.54)

Fuel Twp
LG Gen 0.3 - BWR Possible Thermal Possible Thermal Possible Thermal

0.45 kW
0_45 kW Possible Criticality Possible Criticality Possible Economic

SM Gen 0.3 - BWR Possible Thermal Possible Thermal Possible Thermal
0.45 kW

Possible Criticality Possible Criticality Possible Economic

HH UCF > 0.45 BWR Thermal Thermal Thermal
kW

Possible Criticality Possible Criticality Possible Economic

HH UCF-SS > 0.45 BWR Thermal Thermal Thermal
kW

________-__ _ Possible Criticalit Poleibc C itcly Possible Economic
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Table 3 - Input Data Used to Quantify the Decision Tree
Fraction of PWR fuel assemblies at less than 850W r___ ____

______ _____ _______ ~~~~MK & KOnly LK &HK Only &MK I -"
_____________________ _________ ______ _________ ~Facionpercent F.ractio Perceo rcto PerentFraction of PWR fue assm blies wth kt-in between 0.0 rnd 1.0 ____t(1.19 0.34 -0.34 87.18% 0.34 35.79%

Fr'mdm of WRkfulsm~bl~es with k~lnfbetween'1.00 and 1.13 _ __4)0681 0.611 92.42% -- 0.61 64.21%
PFratof PWR fuelassmbles wth k-n? between 1.13 and1.45 ____I(HK) 0.5 00 7.58% 0.05 1282%~~____( . 1 _ _ _ _ _ _ _ 1 _ _ _ _~~~~~~~7 0.6 1 _ _ _ _ I _

Fraction of PVWe assembles with k-Inf kms than 1.13 1.4 4
Fr cio fPW fueW asse blfe with k nf,eatert an1.13 - I_ _ __0.051 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MWR fuel a membile awftft at fth MGOS (uncanlsterd Mfrm Key Assuptn 002) - ii& ST Ony& ST Only A MH Ony____
i~~~~~~~~~~~~~~~~~corrected Cfcvted Coected Corecteid Corrected ce Corrected

Tot~~[al ]~k:v TOWa [Percent oal percent otl Percent oa ecn
LOISM Gen 480011 2594 505951 45536 B 0.1 __ __ 45538 96.79% 535 82.30%
HH_____ _ 3998 m~ 47321 9792 17.23% 9g9 8662 gm__ ___ __ 17.70%T- I 1512 0 I 1512] 15121 2.86% 1512 1335 1512 3.21%_ __ _Total I jj 639Cn134 47048 __ 55327

o Fra-ionof S -f amn. amOmOm m0 W 
ml

II

00 Fract~~~ono~Rtuelaseembl~~~esatlessthand00W I ~~MK & HKOny JJ& HK Onl Only___

t _ _ - ~~~~~~~~~~FactOn Percent lFatin Pfeent Fito Percent1Fracti of OMR fuel assm blies with k-In? betw een 0.0 arnd 1.0 1(L.K) 0.301 -0J301 96.7% 0.30 30.30%.
Fractio of OMW ulassmbleswith kolnbetween .00d 1.3? 7 ___ M)08 0.69 e 96.57 j0.9 69.70%~Fract f OmR fuel wh___C. to hn .7(IlK) 0.1400 t.j 0.1 3

Fraction of IMW fue asermblies with k-In? les tha 1.37 f___ ____ .99 ___ ___ ______

FrtIonb of OMW ulassen~le with Witf greater tha 1.37 _____ 001____ ____

WR fNel assem.bl~es mylvfn at fth MOO (uncanisred (Vmm Key Amsurmt~en 00)OM_____
Corrected CorrecteW__ _______ __

-Rail Track Total TOMa Percentr,___ 
___

S LGISM Ge 90 321 694 61675 9342% ____I____

I
-J0
0

I
U9

.4



TaWe 3 - Input Data Used to Quantify the Decision Trees
Total -63 -

.ES _-- ;5 : IO I I -) I

-_________ HEP Raicovy IHEP whec. _IEP AROcWty HEP w/rec.
WP-concwpt 0.005 ol 0.005 FAcoW I Q0051 0 -- 0.005 !_.
WP-Ssalbc 0.001 o 0.001 FA-seie; 0.001 0 0.001 .
Total Wrong P 0.006 Total Wrong FA 0.006 0.006 _

AvwW Conrge for Sd lo, I I
.l~~~~~~~~~~~~_ _ _ _ - I. -.

21 (nobso__) 0.35 LK_ - - -_
21 PWR (abso3 plate) 0.5S5 L, MK

21 PWR (absobe rods) 0.035 UH. HK _ i
12 PWR (no absodes) 0.035 HH, LK _ I

12 PNR (ST, absot plate) 0.020 1HH. __ i

I i _ I _ _ _ I _ _ _ I I 
Pevmenlage with no 21 PWR (absoibirplutes) __

___ Fraction Percent I __ I __

21/12PWR(noabsorber) 0.380 87.64_1 - _________

21 PWR (abue rods) 0.035 7.87%! I l _ iIL
12 PWR (ST. abbv ple) 0.020 4.49=% 1 1 1 1_ 1_.___

Percentae W no 21 WR __asobr_ ) I ______1

- - I- 'frcco-n .' _ _ _ _ _ _ _ _

2ii2PWR (no absobr 0.3801 40.41%f -

21 PWR (absouw plt) 1 0.551 57.51%r 1 .

12 PW (S aTMW plalP) -6 002 2.07%. -T

ww
0

I

40



Table 3 - Input Data Used to Quantify the Decision Trees

_ _ _ _ _n _ _ I _ _ - l 21 PWR I0,9451 (Surnof 21 PW e s812 PWR (no aso 0.035 _r 12 PRRS I002 
PWR (no afo ___)_0 390 (Sum of 21 PWR (no absofrf) & 12 PWR (no .sbew) 
PWR 1) rods) 5 (Sum of 21 PWR (absob pat) a 12 PWR(ST, absbev pls)) . .

PWR (absIe J_ _ _ 0I035

,~~~~ ~~~ I I I _______ I ___ _____ 0

|FrROnCmm I- .- I3
44 BWR (no absorbe" 0.27SI ____ t I 44OMSb$W P)-----1 0.7151 LH MK , ! 
24 SWR M ebmePH" I 0.010 _HH_ HK I _ _ _ _

_____ r~~~~~ThTI ~~

I
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Table 4
Endstate Notes for PWR Thermal Consequence Decision Tree

Endstate Endstate Notes for PWR Thermal Consequence Decision Tree

I T For thermal consequences, the operator performed every task correctly. That is, one
of the 21 PWR waste packages was selected for a low heat fuel assembly. (Criticality
consequences are considered in another decision tree.)

2T For thermal consequences, the operator performed every task correctly, except the
final verification. Therefore, there is no thermal consequence due to misleading,
however, the fuel assembly records are likely to be corrupted.

3T The operator made a mental error deciding which fuel assembly to load, so the
decision tree is limited to only the incorrect fuel assemblies. An HH fuel assembly is
loaded into a LH package (any of the 21 PWRs), but the error is identified and
corrected through successful verification.

4T The operator made a mental error deciding which fuel assembly to load, so the
decision tree is limited to only the incorrect fuel assemblies. An H! fuel assembly is
loaded into a LH package (any of the 21 PWRs), but the error is not identified or
corrected through verification, creating a possible thermal consequence due to
misleading. No credit is given for recovery as fuel assemblies are continued to be
loaded.

ST Errors with ST fuel assemblies (i.e., misleading a long ST assembly into a short waste'
package) are always corrected through verification.

6TI6Ta The operator makes a fuel assembly selection error. The operator can select from all
7T/7Ta of the available fuel assembly types, including the type that was originally intended.

The operator has selected a fuel assembly of the same type intended for this waste
package. Therefore, with or without successful verification, there is no thermal
consequence due to misleading. however, without successful verification, the fuel
assembly records are likely to be corrupted.

ST/Ta The operator makes a fuel assembly selection error. Operator can select from all of
the available fuel assembly types, including the type that was originally intended. The
operator has selected a HH fuel assembly that is loaded into a LH package (any of the
21 PWRs), but the error is identified and corrected through successful verification.

9T/9Ta The operator makes a fuel assembly selection error. Operator can select from all of
the available fuel assembly types, including the type that was originally intended. The
operator has selected a HH fuel assembly that is loaded into a LH package (any of the
21 PWRs), but the error is not identified or corrected through verification, creating a
possible thermal consequence due to misloading.

IOT Errors with ST fuel assemblies (i.e., misleading a long ST assembly into a short waste
package) are always corrected through verification.

I IT, 12T For thermal consequences, the operator has selected the wrong waste package (a 12
I3T, 14T PWR rather than a 21 PWR). Since the 12 PWR waste packages have a greater

thermal rating than the intended 21 PWRs, regardless of which fuel assembly is
misloaded (for any of the human error reasons), there is no chance of a thermal
consequence. However, unless corrected through successful verification (i.e., 131),
the fuel assembly records are likely to be corrupted and an economic impact may
occur (i.e. 141).

1ST For thermal consequences, the operator performed every task correctly. That is, one
of the 12 PWR waste packages was selected for a high heat fuel assembly. (Criticality
consequences are considered in another decision tree.)
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Endstate Endstate Notes for PWR Thermal Consequence Decision Tree

16T For thermal consequences, the operator performed every task correctly, except the
final verification. Therefore, there is no thermal consequence due to misloading,
however, the fuel assembly records are likely to be corrupted.

17T The operator has loaded (either by a concept or selection error) the wrong fuel
assembly (into the unintended waste package). The error Is identified and corrected
through successful verification.

1ST The operator has loaded (either by a concept or selection error) the wrong fuel
assembly (into the unintended waste package). The error is not identified or corrected
through verification. However, there is no thermal consequence, since If the wrong
WP is selected, it must be a 12 PWR, which can handle the thermal load of ace fuel
assembly, regardless of the type of human error that cause it to be misloaded.
Nonetheless, the fuel assembly records are likely to be corrupted and an economic
Impact may occur.

19T For thermal consequences, the operator has selected the wrong waste package (a 21
PWR rather than a 12 PWR). If the operator loads the intended fuel assembly (i.e.,
high heat), the waste package will not be able to handle the therma load. In this
sequence, the error is Identified and corrected through successful verification.

20T - For thermal consequences, the operator has selected the wrong waste package (a 21
PWR rather than a 12 PWR). If the operator loads the intended fuel assembly (i.e.,
high heat), the waste package will not be able to handle the thermal load. In this
sequence, the error is not identified or corrected through verification, creating a
possible thermal consequence.

21T For thermal consequences, the operator has selected the wrong waste package (a 21
PWR rather than a 12 PWR). If the operator misloaded low heat fuel assembly (either
due to a concept or selection error), the erroneously selected 21 PWR could handle the
heat load. In this sequence, the error is identified and corrected through successful
verification.

22T For thermal consequences, the operator has selected the wrong waste package (a 21
PWR rather than a 12 PWR). If the operator misloaded low heat fuel assembly (either
due to a concept or selection error), the erroneously selected 21 PWR could handle the
heat load. In this sequence, the error is not identified or corrected through
verification, and the fuel assembly records are likely to be corrupted.

23T For thermal consequences, the operator has selected the wrong waste package (a 21
PWR rather than a 12 PWR). If the operator misloaded ST fuel assembly (either due
to a concept or selection error), since it is an oversized ST assembly, the error is
identified and corrected through successful verification.

24T For thermal consequences, the operator performed every task correctly. That is, one
of the 12 PWRIST waste packages was selected for a high heat/ST fuel assembly.
(Criticality consequences are considered in another decision tree.)

25T For thermal consequences, the operator perforned every task correctly, except the
final verification. Therefore, there is no thermal consequence due to mnisloading,
however, the fuel assembly records are likely to be corrupted.

26T Errors with ST waste package (i.e., misleading a short assembly nto a long waste
package) are always corrected through verification.

27T Errors with ST fuel assemblies (i.e., misloading a long ST assembly into a short waste
package) are always corrected through verification.
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Endstate Endstate Notes for PWR Thermal Consequence Decision Tree

28T For thermal consequences, the operator has selected the wrong waste package (a 21
PWR rather than a 12 PWRIST). The operator misloaded a low heat fuel assembly
(either due to a concept or selection error). In this sequence, the error is identified
and corrected through successful verification.

29T For thermal consequences, the operator has selected the wrong waste package (a 21
PWR rather than a 12 PWRIST). The operator misloaded a low heat fuel assembly
(either due to a concept or selection error). In this sequence, the error is not identified
or corrected through verification. The waste package can handle the thermal load of
the fuel assembly, so no thermal consequence is created, however, the fuel assembly
records are likely to be corrupted.

30T For thermal consequences, the operator has selected the wrong waste package (a 21
PWR rather than a 12 PWR/ST). The operator misloaded a high heat fiel assembly
(either due to a concept or selection error). In this sequence, the error is identified
and corrected through successful verification.

3 IT For thermal consequences, the operator has selected the wrong waste package (a 21
PWR rather than a 12 PWR/ST). The operator misloaded a high heat fuel assembly
(either due to a concept or selection error). In this sequence, the error is not identified
or corrected through verification. The waste package can not handle the thermal load
of the fuel assembly, creating a psible thermal conseuence due to isloadin.
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-ndstate Notes for Table s
Endstatc Notes for PWR Citicality Consequence Decision Trte

Endstate Endstate Notes for PWR Criticality Consequence Decison Tree

IC For criticality consequences, the operator performed every task correctly. That is, one
of the no-absorber waste packages was selected for a low reactivity fuel assembly.
(Thermal consequences are considered in another decision tree.)

2C For criticality consequences, the operator performed every task correctly, except the
final verification. Therefore, there is no criticality consequence due to misloading,
however, the fuel assembly records are likely to be corrupted.

3C The operator made a mental error deciding which fuel assembly to load, so the
decision tree is limited to only incorrect fuel assemblies (i.e., with l_ greater than one).
A medium - (1.00 < k. < 1.13) fuel assembly is loaded into a waste package with no
absorber plates, but the error is identified and corrected through successful
verification.

4C Tiie operator made a mental error deciding which fuel assembly to load, so the
decision tree is limited to only incorrect fuel assemblies (i.e.. with k. greater than one).
A medium k.s (1.00 < i. < 1.13) fuel assembly is loaded into a waste package with no

absorber plates, but the error is not identified or corrected through verification.
creating a possible criticality consequence due to misloading. No credit is given for
recovery as fuel assemblies are continued to be loaded.

5C Errors with rod assemblyded fuel assemblies (i.e., misloading a rod assemblyded
assembly into a no-absorber waste package) are always corrected through verification.

6C16Ca The operator makes a fuel assembly selection error. The operator can select from all
7C/7Ca of the available fuel assembly types, with any of the possible k values, including the

type that was originally intended. The operator has selected a fuel assembly of the
same type intended for this waste package. Therefore, with or without successful
verification, there is no criticality consequence due to misleading, however, without
successful verification, the fuel assembly records are likely to be corrupted.

OC/8Ca The operator makes a fuel assembly selection error. The operator can select from all
of the available fuel assembly types, with any of the possible k. values, including the
type that was originally intended. The operator has selected a mid-range k_ fuel
assembly, but the error is identified and corrected through successful verification.

9C19Ca The operator makes a fuel assembly selection error. The operator can select from all
of the available fuel assembly types, with any of the possible Lc. values, including the
type that was originally intended. The operator has selected a mid-rnge 1, fuel
assembly, but the error is not identified or corrected through verification, creating a

- possible criticality consequence due to misloading.

IOC Errors with rod ussemblyded fuel assemblies (i.e., inisloading a rod assemblyded
assembly into a no-absorber waste package) are always corrected through verification.
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Endstate Endstate Notes for PWR Criticallty Consequence Decisdon Tree

I ICI 12C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected the intended package, the correct type of package (e.g.. no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has selected the intended fuel
assembly with k., < 1.0. Since this package can handle this fuel assembly, there is no
criticality consequence due to misloading.

In addition, for sequence 1 2C. verification was not successful, therefore, there is no
criticality consequence due to misloading. however, the fuel assembly records are
likely to be corrupted.

13C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected the intended package, the correct type of package (e.g., no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a mental error deciding
which fuel assembly to load, so the decision tree is limited to only the incorrect fuel
assembly choices. A mid-range criticality assembly is loaded into a no-absorber
package, but the error is identified and corrected through successful verification.

14C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected the intended package. the correct type of package (e.g., no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a mental error deciding
which fuel assembly to load, so the decision tree is limited to only the incorrect fuel
assembly choices. A mid-range criticality assembly is loaded into a no-absorber
package, but the error is not identified or corrected through verification, creating a
possible criticality consequence due to misloading. No credit is given for recovery as
fuel assemblies are continued to be loaded.

15C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected the intended package, the correct type of package (e.g., no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a mental error deciding
which fuel assembly to load, so the decision tree is limited to only the incorrect fuel
assembly choices. A high-range (rod assemblyded) criticality assembly is loaded into
a no-absorber package, but errors with rod assemblyded fuel assemblies (i.e.,
misloading a rod assemblyded assembly Into a no-absorber waste package) are always
corrected through verification.

16C/ 17C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has

. not selected the intended package, the correct type of package (e.g., no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a fuel assembly selection
error. Operator can select from all of the available fuel assembly types, including the
type that was originally intended. The operator has selected a fuel assembly of the
same type intended for this waste package. Therefore, with or without successful
verification, there is no criticality consequence due to misleading. however, without
successful verification, the fuel assembly records are likely to be corrupted.
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End|tate Endstate Notes for PWR Criticality Conseuence Decion Tree

18C For criticality consequences, the operator committed a belection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected the intended package, the correct type of package (e.g., no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a fuel assembly selection
error. Operator can select from all of the available fuel assembly types, including the
type that was originally intended. A mid-range criticality assembly is loaded into a no-
abiorber package, but the error is identified and corrected through successful
verification.

19C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree} and while the operator has
not selected the intended package, the correct type of package (e.g., no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a fuel assembly selection
error. Operator can select from all of the available fuel assembly types, including the
type that was originally intended. A mid-range criticality assembly is loaded into a no-
absorber package, but the error is not identified or corrected through verification,
creating a possible criticality consequence due to misloading. No credit is given for
recovery as fuel assemblies are continued to be loaded.

20C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected the intended package, the correct type of package (e.g., no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a fuel assembly selection
error. Operator can select from all of the available fuel assembly types, including the
type that was originally intended. A high-range (rod assemblyded) criticality assembly
is loaded into a no-absorber package, but errors with rod assemblyded fuel assemblies
(i.e., misloading a rod assemblyded assembly into a no-absorber waste package) are
always corrected through verification.

21C122C For criticality consequences, the operator has selected the wrong waste package (a
package with absorber plates). Since this package can handle any fuel assembly with a
k- < .13. regardless of which fuel assembly is mnisloaded (for any of the human error
reasons), there is no chance of a c iticality consequence. However. unless con-wed
through successful verification i.e., 2 C), the fuel assembly records ame likely o be
corrupted and an economic impact may occur (i.e., 22C).

23C Errors with rod assemblyded fuel assemblies (i.e., misloading a rod assemblyded
assembly into a plate waste package) are always corrected through verification.

Note: for sequences 21C-23C, no fuel assembly human error is considered, since there
is no criticality consequences regardless of which fuel assembly is selected for the
waste package.

24C Emors with rod asseriblyded fuel assemblies (i.e.. misloading a mid-range . assembly
(does not require an absorber rod assemblyl into a waste package for which a rod

.______________assemblyded assembly is expected) are always corrected through verification.

25CJ 26C For criticality consequences, the operator has selected the wrong waste package (a
package for which a rod assemblyded assembly is expected). Since this package can
handle a rod assernblyded fuel assembly (the only type with a L > 1.13). there is no
chance of a criticality consequence. However, unless corrected through successful
verification (i.e., 25C), the fuel assembly records are likely to be corrupted (i.e.. 26C).

Note: for sequences 24C-26C, no fuel assembly human error is considered, since there
is no criticality consequences regardless of which fuel assembly is selected for the
waste package.
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Endstate Endstate Notes for PWR Criticality Consequence Decision Tree

27C For criticality consequences. the operator has selected the wrong waste package (an ST
package). If anything but an ST fuel assembly is loaded into this package, the error
will be always be corrected through verification. If an ST fuel assembly is loaded into
this package, and verification is not successful (not shown on the decision tree), then
there is still no criticality consequence. however, the fuel assembly records are likely
to be corrupted.

28C * For criticality consequences, the operator performed every task correctly. That is. one
of the plate-absorber waste packages was selected for a mid-range reactivity fuel
assembly. (Thermal consequences are considered in another decision tree.)

29C For criticality consequences, the operator performed every task correctly, except the
final verification. Therefore, there is no criticality consequence due to misleading.
however, the fuel assembly records are likely to be corrupted.

30C131C The operator misloads a fuel assembly due to either a concept or selection; since there
are no criticality consequences in this portion of the tree, no distinction is made
between the type of human error. The operator can select from all of the available
fuel assembly types, with any of the possible k. values, including the type that was
originally intended. The operator has selected a low-range k. fuel assembly for a
plate -absorber package. Therefore, with or without successful verification, there is no
criticality consequence due to misloading, however, without successful verification,
the fuel assembly records are likely to be corrupted.

32CJ33C The operator misloads a fuel assembly due to either a concept or selection; since there
are no criticality consequences in this portion of the tree, no distinction is made
between the type of human error. The operator can select from all of the available
fuel assembly types, with any of the possible k, values, including the type that was
originally intended. The operator has selected a mid-range L- fuel assembly for a
plate-absorber package. The operator has selected a fuel assembly of the same type
intended for this waste package. Therefore, with or without successful verification,
there is no criticality consequence due to misloading, however, without successful
verification, the fuel assembly records are likely to be corrupted.

34C Errors with rod assemblyded fuel assemblies (i.e., misleading a rod assemblyded
assembly into a plate-absorber waste package) are always corrected through
verification.

35C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification. the waste package records are likely to be corrupted. A mid-range
criticality assembly is loaded into a no-absorber package, but the error is identified
and corrected through successful verification.

36C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. A mid-range
criticality assembly is loaded into a no-absorber package, but the error is not
identified or corrected through verification, creating a possible criticality consequence
due to misleading. No credit is given for recovery as fuel assemblies are continued to
be loaded.
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Endstate Endstate Notes for PWR Criticality Consequence Decision Tree

37C/38C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a mental error deciding which fuel assembly to load, so the decision tree is
limited to only the incorrect fuel assembly choices. The operator has selected the
intended fuel assembly with k- c 1.0. Since this package can handle this fuel
assembly, there is no criticality consequence due to misleading.

In addition, for sequence 38C, verification was not successful, therefore, there is no
criticality consequence due to misloading, however, the fuel assembly records are
likely to be corrupted.

39C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a mental error deciding which fuel assembly to load, so the decision tree is
limited to only the incorrect fuel assembly choices. A high-range (rod assemblyded)
criticality assembly is loaded into a no-absorber package, but errors with rod
assemblyded fuel assemblies (i.e., misloading a rod assemblyded assembly into a no-
absorber waste package) are always corrected through verification.

40C141C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select firn all of the available fuel
assembly types, ncluding the type that was originally intended. The operator has
selected a fuel assembly of the same type intended for this waste package. Therefore,
with or without successful verification, there is no criticality consequence due to
aiisloading. however, without successful verification, the fuel assembly records are
likely to be corrupted.

42C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally Intended. A mid-range
criticality assembly is loaded into a no-absorber package, but the error is identified
and corrected through successful verification.

43C For criticality consequences, the operator committed a selection error (rather than a'
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A mid-range
criticality assembly is loaded into a no-absorber package, but the error is not
identified or corrected through verification, creating a possible criticality consequence
due to misleading. No credit is given for recovery as fuel assemblies are continued to
be loaded.
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44C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A high-range (rod
assemblyded) criticality assembly is loaded into a no-absorber package, but errors
with rod assemblyded fuel assemblies (i.e.. misloading a rod assemblyded assembly
into a no-absorber waste package) are always corrected through verification.

45C Errors with rod assemblyded fuel assemblies (i.e., misloading a mid-range k assembly
(does not require an absorber rod assembly) into a waste package for which a rod
assemblyded assembly is expected) are always corrected through verification.

46C/47C For criticality consequences, the operator has selected the wrong waste package (a
package for which a rod assernblyded assembly is expected). Since this package can
handle a rod assemblyded fuel assembly (the only type with a k. > 1.13), there is no
chance of a criticality consequence. However, unless corrected through successful
verification (i.e., 46C), the fuel assembly records are likely to be corrupted (i.e., 47C).

Note: for sequences 45C-47C, no fuel assembly human error is considered, since there
is no criticality consequences regardless of which fuel assembly is selected for the
waste package.

48C For criticality consequences, the operator has selected the wrong waste package (an ST
package). If anything but an ST fuel assembly is loaded into this package, the error
will be always be corrected through verification. If an ST fuel assembly is loaded into
this package, and verification is not successful (not shown on the decision tree), then
there is still no criticality consequence, however, the fuel assembly records are likely
to be corrupted.

49C For criticality consequences, the operator performed every task correctly. That is, one
of the plate-absorber waste packages was selected for a mid-range reactivity fuel
assembly. (Thermal consequences are considered in another decision tree.)

50C For criticality consequences, the operator performed every task correctly, except the
final verification. Therefore, there is no criticality consequence due to misleading,
however, the fuel assembly records are likely to be corrupted.

5 IC For criticality consequences, the operator has selected any non-rod assemblyded
assembly to load into a waste package designed for a rod assemblyded assembly.
Upon verification, the error will be immediately identified (fuel assembly too deep in
waste package) and corrected.

52C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. Errors with rod
assemblyded fuel assemblies (i.e., misleading a rod assemblyded assembly into a no
absorber waste package) are always corrected through verification.
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53c054C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected ihe wrong waste package (a no-absorber jAitkage). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a mental error deciding which fuel assembly to load, so the decision tree is
limited to only the incorrect fuel assembly choices. The operator has selected a fuel
assembly with Ls < 1.0. Since this package can handle this fuel assembly, there is no
criticality consequence due to misleading.

In addition, for sequence S4C, verification was hot successful, therefore, there is no
criticality consequence due to misleading. however, the fuel assembly records are
likely to be corrupted.

5SC For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. A mid-range
criticality assembly is loaded into a no-absorber package, but the error is identified
and corrected through successful verification.

56C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. A mid-range
criticality assembly Is loaded into a no-absorber package, but the error is not
identified or corrected through verification, creating a possible criticality consequence
due to misloading. No credit is given for recovery as fuel assemblies are continued to
be loaded.

7CM58C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. The operator has
selected a fuel assembly with k. < 1.0. Since this package can handle this fuel
assembly, there is no criticality consequence due to misloading.

In addition, for sequence 58C, verification was not successful, therefore, there is no
criticality consequence due to misleading, however, the fuel assembly records are
likely to be corrupted.

59C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel

ssembly types, Including the type that was originally intended. A mid-range
criticality assembly is loaded into a no-absorber package, but the error is identified
and corrected through successful verification.
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60C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A mid-range
criticality assembly is loaded into a no-absorber package, but the error is not
identified or corrected through verification, creating a possible criticality consequence
due to misleading. No credit is given for recovery as fuel assemblies are continued to
be loaded.

61C For criticality consequences, the operator committed aselection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. Ile operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A high-range (rod
assemblyded) criticality assembly is loaded into a no-absorber package, but errors
with rod assemblyded fuel assemblies (i.e., misloading a rod assemblyded assembly
into a no-absorber waste package) are always corrected through verification.

62Ct63C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a plate-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A low- to mid-range
k- fuel assembly is loaded into a plate -absorber package. Therefore, with or without
successful verification, there is no criticality consequence due to misleading, however,
without successful verification, the fuel assembly records are likely to be corrupted.

64C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a plaoe-absorber package). Without successful
verification. the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A high-range (rod
assemblyded) criticality assembly is loaded into a plate-absorber package, but errors
with rod assemblyded fuel assemblies (i.e., nisloading a rod assemblyded assembly
into a plate-absorber waste package) are always corrected through verification.

65C For criticality consequences, the operator has selected the wrong waste package (an ST
package). If anything but an ST fuel assembly is loaded into this package, the error
will be always be corrected through verification. If an ST fuel assembly is loaded into
this package, and verification is not successful (not shown on the decision tree), then
there is still no criticality consequence, however, the fuel assembly records are likely

_________________ to be corrupted.
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Endstate Endstate Notes for BWR Thermal Conseence Decision Tree 

IT For thermal consequences, the operator performed every task correctly. That is, one of
the 44 BWR waste packages was selected for a low heat fuel assembly. (Criticality
consequences are considered in another decision tree.)

2T - For thermal consequences, the operator performed every task correctly, except the
final verification. Therefore, there is no thermal consequence due to misloading,
however, the fuel assembly records are likely to be corrupted.

3T The operator made a mental error deciding which fuel assembly to load, so the
decision tree is limited to only the incorrect fuel assemblies (i.e., only a RH assembly).
A HH fuel assembly is loaded into a LH package (any of the 44 iWRs), but the error
is identified and corrected through successful verification.

4T The operator made a mental error deciding which fuel assembly to load, so the
decision tree is limited to only the incorrect fuel assemblies (i.e.. only a HH assembly).
An HH fuel assembly is loaded into a LH package (any of the 44 BWRs), but the error
is not identified or corrected through verification, creating a possible thermal
consequence due to misloading. No credit is given for recovery as fuel assemblies are
continued to be loaded.

5T/STa The operator makes a fuel assembly selection error. The operator can select from all
6T/6Ta of the available fuel assembly types, including the type that was originally intended.

The operator has selected a fuel assembly of the same type intended for this waste
package. Therefore, with or without successful verification, there is no thermal
consequence due to misloading, however, without successful verification, the fuel

l________________ assembly records are likely to be corrupted.

7TfTa The operator makes a fuel assembly selection error. Operator can select from all of the
available fuel assembly types, including the type that was originally intended. The
operator has selected a HH fuel assembly that is loaded into a LH package (any of the
44 BWRs), but the error is identified and corrected through successful verification.

STIBTa The operator makes a fuel assembly selection error. Operator can select from all of the
available fuel assembly types, including the type that was originally intended. The
operator has selected a HH fuel assembly that is loaded into a LH package (any of the
44 BWRs), but the error Is not identified or corrected through verification, creating a
possible thermal consequence due to misloading.

9T/ IOT For thermal consequences, the operator has selected the wrong waste package (a 24
I11T2T BWR rather than a 44 BWR). Since the 24 BWR waste packages have a greater

thermal rating than the intended 44 BWRs, regardless of which fuel assembly is
mtisloaded (for any of the human error reasons), there is no chance of a thermal
consequence. However, unless corrected through successful verification (ie., 91), the
fuel assembly records are likely to be corrupted and an economic Impact may occur
(i.e. 101).

1 3T For thermal consequences, the operator performed every task correctly. That is, one of
the 44 BWR waste packages was selected for a high heat fuel assembly. (Criticality
consequences are considered in another decision tree.)

14T For themal consequences, the operator performed every task correctly, except the
final verification. Therefore, there is no thermal consequence due to misleading,
however, the fuel assembly records are likely to be corrupted.

1ST The operator has loaded (either by a concept or selection error) the wrong fuel
assembly (into the unintended waste package). The error Is dentified and corrected
through successful verification.
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1 6T The operator has loaded (either by a concept or selection error) the wrong fuel
assembly (into the unintended waste package). The error is not identified or corrected
through verification. However, there is no thermal consequence, since if the wrong
WP is selected, it must be a 24 BWR. which can handle the thermal load of any fuel
assembly, regardless of the type of human error that cause it to be misloaded.
Nonetheless, the fuel assembly records are likely to be corrupted and an economic
impact may occur.

17T' For thermal consequences, the operator has selected the wrong waste package (a 44
BWR rather than a 24 BWR). If the operator loads the intended fuel assembly (i.e.,
high heat), the waste package will not be able to handle the thermal load. In this
sequence, the error is identified and corrected through successful verification.

1ST For thermal consequences, the operator has selected the wrong waste package (a 44
BWR rather than a 24 BWhR). If the operator loads the intended fuel assembly (i.e..
high heat), the waste package will not be able to handle the thermal load. In this
sequence, the error is not identified or corrected through verification, creating a
possible thermal consequence.

19T For thermal consequences, the operator has selected the wrong waste package (a 44
BWR rather than a 24 BWR). If the operator misloaded low heat fuel assembly (either
due to a concept or selection error), the erroneously selected 44 BWR could handle the
heat load. In this sequence, the error is identified and corrected through successful
verification. If verification was not successful (not shown on the tree), the fuel

_________________ assembly records are likely to be corrupted.
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IC For criticality consequences, the operator performed every task correctly. That is. one
of the no-absorber waste packages was selected for a low reactivity fuel assembly.
(Thermal consequences are considered in another decision tree.)

2C For criticality consequences, the operator performed every task correctly, except the
final verification. Therefore, therc is no criticality consequence due to misloading.
however, the fuel assembly records are likely to be corrupted.

3C/5C The operator made a mental error deciding which fuel assembly to load, so the
decision tree is limited to only incorrect fuel assemblies (i.e., with k. greater than one).
A medium L (1.00 < L < 1.37) or high k (k. > 1.37) fuel assembly is loaded into a

waste package with no absorber plates, but the error is identified and corrected through
successful verification.

4CIC6 Th operator made a mental error deciding which fuel assembly to load, so the
decision tree is limited to only incorrect fuel assemblies (i.e., with k- greater than one).
A medium L (1.00< 1;_ c 137) or high L (k- > 1.37) fuel assembly is loaded into a
waste package with no absorber plates, but the error is not identified or corrected
through verification, creating a possible criticality consequence due to misleading. No
credit is given for recovery as fuel assemblies are continued to be loaded.

7CI7Ca The operator makes a fuel assembly selection error. The operator can select from all
8C8Ca of the available fuel assembly types, with any of the possible k. values, including the

type that was originally intended. The operator has selected a fuel assembly of the
same type intended for this waste package. Therefore, with or without successful
verification, there is no criticality consequence due to misloading, however, without
successful verification, the fuel assembly records are likely to be corrupted.

9CI9Ca The operator makes a fuel assembly selection error. The operator can select from all
I IC/I ICa of the available fuel assembly types, with any of the possible k values, including the

type that was originally intended. The operator has selected a mid-range or high-range
L fuel assembly, but the error is identified and corrected through successful
verification.

IOClIOCa The operator makes a fuel assembly selection error. The operator can select from all
I2C/I2Ca of the available fuel assembly types, with any of the possible tk_ values, including the

type'that was originally intended. The operator has selected a mid-range or high-range
. fuel assembly, but the error IS not identified or corrected through verification,

creating a possible criticality consequence due to misleading.

1 3C/14C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has

ao selected the intended package, the correct type of package (e.g., no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has selected the intended fuel
assembly with k. < 1.0. Since this package can handle this fuel assembly, there is no
criticality consequence due to misloading.

In addition, for sequence 14C, verification was not successful, therefore, there is no
criticality consequence due to misloading, however, the fuel assembly records are
likely to be corrupted.
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15CI17C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected the intended package, the correct type of package (e.g., no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a mental error deciding
which fuel assembly to load, so the decision tree is limited to only the incorrect fuel
assembly choices. A mid-range or high-range criticality assembly is loaded into a no-
absorber package, but the error is identified and corrected through successful
verification.

1 6C/ SC For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected the intended package, the correct type of package (e.g.. no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a mental error deciding
which fuel assembly to load, so the decision tree is limited to only the incorrect fuel
assembly choices. A mid-range or high-range criticality assembly is loaded into a no-
absorber package, but the error is not identified or corrected through verification,
creating a possible criticality consequence due to misloading. No credit is given for
recovery as fuel assemblies are continued to be loaded.

19Ct2OC For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected the intended package, the correct type of package (e.g.. no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a fuel assembly selection
error. Operator can select from all of the available fuel assembly types, including the
type that was originally intended. The operator has selected a fuel assembly of the
same type intended for this waste package. Therefore, with or without successful
verification, there is no criticality consequence due to misloading, however, without
successful verification, the fuel assembly records are likely to be corrupted.

21C/23C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected the intended package, the correct type of package (e.g., no-absorber
package has been selected). Without successful verification, the waste package
records are likely to be corrupted. The operator has made a fuel assembly selection
error. Operator can select from all of the available fAl assembly types, including the
type that was originally intended. A mid-range or high range criticality assembly is
loaded into a no-absorber package, but the error is identified and corrected through
successful verification.

22C/22Ca For criticality consequences, the operator committed a selection error (rather than a
24C/24Ca concept error, which are not split out on the decision tree) and while the operator has

not selected the intended package, the correct type of package (e.g., no-absorber
. package has been selected). Without successful verification, the waste package

records are likely to be corrupted. The operator has made a fuel assembly selection
error. Operator can select from all of the available fuel assembly types, including the
type that was originally intended. A mid-range or high range criticality assembly is
loaded into a no-absorber package, but the error is not identified or corrected through
verification, creating a possible criticality consequence due to misleading. No credit is

._____ _ given for recovery as fuel assemblies are continued to be loaded.
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2SC126C For criticality consequences. the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
not selected he intended package, the correct type of package (e.g., plate-absorber
package has been selected). Since this package can handle any fuel assembly with a k-
e 1.37, regardless of which fuel assembly is misloaded (for any of the human error
reasons), there is no chance of a criticality consequence. However, unless corrected
through successful verification (i.e.. 2SC), the fuel assembly records are likely to be

l_________________ corrupted and an economic impact may occur (i.e., 26C).

27C . For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected a plate-absorber package. Without successful verification, the waste package
records are likely to be corrupted. The operator has made a fuel assembly selection
error. Operator can select from all of the available fuel assembly types, including the
type that was originally intended. A high range criticality assembly is loaded into a
plate-absorber package, but the error is identified and corrected through successful
verification.-

28C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected a plate-absorber package. Without successful verification, the waste package
records are likely to be corrupted. The operator has made a fuel assembly selection
error. Operator can select from all of the available fuel assembly types, including the
type that was originally intended. A high range criticality assembly is loaded into a
plate-absorber package, but the error is not identified or corrected through
verification, creating a possible criticality consequence due to misloading. No credit is
given for recovery as fuel assemblies are continued to be loaded.

29C/ 30C For criticality consequences, the operator has selected the wrong waste package (a
package for which thick absorber plates are used). Since this package can handle any
fuel assembly, them is no chance of a criticality consequence. However, unless
corrected through successful verification (i.e., 29C). the fuel assembly records are
likely to be corrupted (i.e., 30C).

31C * For criticality consequences, the operator performed every task correctly. That is. one
of the plte-absorber waste packages was selected for a mid-range reactivity fuel

__________________ assembly. (Thermal consequences are considered in another decision tree.)

32C For criticality consequences, the operator performed every task correctly, except the
final verification. Therefore, there is no criticality consequence due to misleading.
however, the fuel assembly records are likely to be corrupted.

33C/34C The operator misloads a fuel assembly due to either a concept or selection; since there
are no criticality consequences in this portion of the tree, no distinction is made
between the type of human error. Tle operator can select from all of the available
fuel assembly types, with any of the possible k. values, including the type that was
originally intended. The operator has selected a low-range k fuel assembly for a
plate-absorber package. Therefore, with or without successful verification, there is no
criticality consequence due to nisloading, however, without successful verification,
the fuel assembly records are likely to be corrupted.
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35C/36C The operator misloads a fuel assembly due to either a concept or selection; since there
are no criticality consequences in this portion of the tree, no distinction is made
between the type of human error. The operator can select from all of the available
fuel assembly types, with any of the possible k.. values, including the type that was
originally intended. The operator has selected a mid-range kt. fuel assembly for a
plate-absorber package. The operator has selected a fuel assembly of the same type
intended for this waste package. Therefore, with or without successful verification,
there is no criticality consequence due to misloading. however, without successful
verification, the fuel assembly records are likely to be corrupted.

37C The operator makes a fuel assembly selection error. The operator can select from all
of the available fuel assembly types, with any of the possible k. values, including the
type that was originally intended. The operator has selected a high-range k. fuel
assembly, but the error is dentified and corrected through successful verification.

38C The operator makes a fuel assembly selection error. The operator can select from all
of the available fuel assembly types, with any of t possible t. values, including the
type that was originally intended. The operator has selected a high-range k. fuel
assembly, but the error is not identified or corrected through verification, creating a
possible criticality consequence due to misloading.

39C For criticality consequences, the operator committed a selection error (rather than a
concept enor, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. A mid-range
criticality assembly is loaded into a no-absorber package, but the error is identified
and corrected through verification.

40C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. A mid-range
criticality assembly is loaded into a no-absorber package, but the eror is not
identified or corrected through verification, creating a possible criticality consequence
due to misloading. No credit is given for recovery as fuel assemblies are continued to
be loaded.

41C/42C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a mental error deciding which fuel assembly to load, so the decision tree is
limited to only the incorrect fuel assembly choices. The operator has selected the
intended fuel assembly with 1- < 1.0. Since this package can handle this fuel
assembly, there Is no criticality consequence due to misloading.

In addition, for sequence 42C, verification was not successful, therefore, there is no
criticality consequence due to misleading. however, the fuel assembly records are
likely to be corrupted.

43C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a mental error deciding which fuel assembly to load, so the decision tree is
limited to only the incorrect fuel assembly choices. A high-range criticality assembly
is loaded into a no-absorber package, but the error is identified and corrected through
successful verification.
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44C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a mental er deciding which fuel assembly to load, so the decision tree is
limited to only the incorrect fuel assembly choices. A high-range criticality assembly
is loaded into a no-absorber packagebut the error is not identified or corrected
through verification, creating a possible criticality consequence due to misloading. No
credit is given for recovery as fuel assemblies are continued to be loaded.

45CV46C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a rn-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types. Including the type that was originally intended. The operator has
selected a fuel assembly of the same type intended for this waste package. Therefore,
with or without successful verification, there is no criticality consequence due to
misleading, however, without successful verification, the fuel assembly records are
likely to be corrupted.

47C049C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A mid-range or high-
range criticality assembly is loaded into a no-absorber package, but the error is
identified and corrected through successful verification.

48C/48Ca For criticality consequences, the operator committed a selection error (rather than a
S0C/50Ca concept error, which are not split out on the decision tree) and while the operator has

selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A mid-range or high-
range criticality assembly is loaded into a no-absorber package, but the error is not
identified or corrected through verification, creating a possifile criticality consequence
due to misloading.

S IC/52C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a thick plaze-absorber package). Without
successful verification, the waste package records are likely to be corrupted. The
operator has made a fuel assembly selection error. Operator can select from all of the

. available fuel assembly types, including dhe type that was originally intended. The
waste package can handle any of fuel assemblies regardless of what human error
occurs. Therefore, with or without successful verification, there Is no criticality
consequence due to nisloading, however, without successful verification, the fuel

* assembly records are likely to be corrupted.

S3C For criticality consequences,-the operator performed every task correctly. That is, one
of the thick plate-absorber waste packages was selected for a high-range reactivity fuel
assembly. (hermal consequences are considered in another decision tree.)

54C For criticality consequences, the operator performed every task correctly, except the
final verification. Therefore, there is no criticality consequence due to mnisloading.
however, the fuel assembly records are likely to be corrupted.
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55C156C For criticality consequences, the operator has selected any low-range or mid-range
criticality assembly to load into a waste package designed for high-range assemblies
(with thick asborber plates). The package can handle any of the misloaded packages.
Therefore, with or without successful verification, there is no criticality consequence
due to misloading. however, without successful verification, the fuel assembly records
are likely to be corrupted.

57C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. A high-range
criticality assembly is loaded into a no-absorber package, but the error is identified
and corrected through verification.

SC For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. A high-range
criticality assembly is loaded into a no-absorber package, but the error is not
identified or corrected through verification, creating a possible criticality consequence
due to misleading. No credit is given for recovery as fuel assemblies are continued to
be loaded.

59C/60C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a mental error deciding which fuel assembly to load, so the decision tree is
limited to only the incorrect fuel assembly choices. The operator has selected a fuel
assembly with k.i < 1.0. Since this package can handle this fuel assembly, there is no
criticality consequence due to misleading.

In addition, for sequence 60C. verification was not successful, therefore, there is no
criticality consequence due to misloading, however, the fuel assembly records are
likely to be corrupted.

61C For criticality consequences, the operator committed a selection error (rather than a
concept error. which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. A mid-range
criticality assembly is loaded into a no-absorber package, but the error is identified
and corrected through successful verification.

62C For criticality consequences the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. A mid-range
criticality assembly is loaded into a no-absorber package. but the error is not
identified or corrected through verification, creating a possible criticality consequence
due to misleading. No credit is given for recovery as fuel assemblies are continued to
be loaded.
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63C/64C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. The operator has
selected a fuel assembly with k. < 1.0. Since this package can handle this fuel
assembly, there is no criticality consequence due to misloading.

In addition, for sequence 64C, verification was not successful, therefore. there is no
criticality consequence due to misloading. however, the fuel assembly records are
likely to be corrupted.

65C167C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A mid-range or high-
range criticality assembly is loaded into a no-absorber package, but the error is
identified and corrected through successful verification.

66C/66Ca For criticality consequences, the operator committed a selection error (rather than a
6SC/68Ca concept error, which are not split out on the decision tree) and while the operator has

selected the wrong waste package (a no-absorber package). Without successful
verification, the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, Including the type that was originally intended. A mid-range or high-
range criticality assembly is loaded into a no-absorber package, but tie error Is not
identified or corrected through verification, creating a possible criticality consequence
due to nisloading. No credit is given for recovery as fuel assemblies are continued to
be loaded.

69C170C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a plate-absorber package). Without successful
verification. the waste package records are likely to be corrupted. The operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A low- to mid-range
kL fuel assembly is loaded into a plate-absorber package. Therefore, with or without
successful verification, there is no criticality consequence due to misloading. however,
without successful verification, the fuel assembly records are likely to be corrupted.

71C For criticality consequences, the operator committed a selection error (rather than a
concept error, which ae not split out on the decision tree) and while the operator has

. selected the wrong waste package (a plate-absorber package). Without successful
verification, the waste package records are likely to be corrupted. he operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A high-range
criticality assembly is loaded into a plare-absorber package, but the error is identified
and corrected through successful verification.
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72C For criticality consequences, the operator committed a selection error (rather than a
concept error, which are not split out on the decision tree) and while the operator has
selected the wrong waste package (a plate-absorber package). Without successful
verification, the waste package records are likely to be comupted. le operator has
made a fuel assembly selection error. Operator can select from all of the available fuel
assembly types, including the type that was originally intended. A high-range
criticality assembly is loaded into a plate-absorber package. but the error is not
identified or corrected through verification, creating a possible criticality consequence
due to misloading. No credit is given for recovery as fuel assemblies are continued to
be loaded.
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Figure 1 - PWR Thermal Consequence Decision Tree
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Figure 2- PWR Criticality Consequence Decision Tree
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_wvs 4~p~ 10 V- ' _ - -

L S Yws 4.35 ~ ~ ~ ~~~~~~Ilefmae FeofAekens e 2.66 m m f~~mow I j I II 42E-SIy
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iI I IF - I I -- I I - I 1 - i

_ _ _ _ _ _ _ _ _ _ _ _ _ I _Aco ablion of Wa 9.8n/s2 _ __ I_ __ _
N. RamGade | 2.15% Pm naiy RepoeOry Layout Deournber 1996, Sketch M.SK-001. Batch No. MOY-9701 16.03
Nowma max. rarnport & loco. speed 8 ktv Ref. 5.7. Vol. I. pg E-16 _ _[._5_R___

Tranpr Rlling Resistance 2.0+ Iblon Ref. 5.7. Vol. N. pg E-19 1 j47

________ ___ ____ __ ]Note:100%gracie u 4sdegrees0_ _ __ _ _

_ _ _ _ _ _ _ _ _ _ _ _ _. I . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Frictionless Accealatio 0.1638779 ml.2 ugsi ne45>180) .L i
Acolseration w/ Rolling Ressan 0.06738174 .2 Wa&W(.gad%45 pU1c00t on/coarr ade% 45p1I80))

Diftanr jFddionlfssVlocity Velty Consaeg Roling Resiance Vait Dr
Travld From hiul Veo a 0 knwdt iial Velciy km/hr Initial Vlcy - 0 kmht Iniial Velcy a 8 kn/hr H n) 

Stating Poent (m) kntv' |mileshr km/hr lmiteshr krnr niles/vW kmhr miuleshr for am Vel. 
0 0.00 0.00 8.001 4.97 0.00 0l00 .oo 4.97 0.26 

_________ 100 20.70 12.86 22.20 13.79 13.22 8.21 146 9.60 0.94
200 29.28 18.19 30.35 18.86 18.69 11.61 20.33 12.63 1.3 
____300 35.86 22.28 38.74 22.83 22.69 14.22 24.25 15.07 2.31
400 41.41 25.73 42.171 26.20 26.43 16.42 27.2 17.16 3.00 ._ 

500 46.29 28.77 48.981 29.19 29.56 18.36 30.61 19.02 363
1o0 65.47 40.68 65.96 40.98 41.79 25.97 42.5 26.44 7.13

_____ ___ 1250 73.20 45.48 73.63 45.75 46.72 29.03 47.0 29.46 8.5" _

1500 80.18 49.52 80.58 50.07 51.16 3150A 511 32.19 10.57 
_________ 1750 86.61 53.82 8.98 5405 55.29 34.35 55 l 34.71 12.28 _ _- -

2000 92.59 57.53 92.931 57.75 59.10 36.72 69.641 37.08 14.0
2250 98.211 61.02. 98.531 61.22 62.697 38.95 63.201 39.27 15.72

_oth use va"(V02as)j 1 A 4Žu 1VA2g)
, ~ ~~~ , _ _ f! 
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Senes 200
Pelletizers

-

Features

Creates a controllable supply of high
quality dry ice pellets

Advanced heat exchanger system
maimizes conversion from liquid to
solid CO,

Model 250 CO Cleanblast' Pelletier (above) creates snall, uniform pellets
of dry ke and fccs them into a press urized ir delivery system for cleaning
in a variety of industria pplications. * Proprietary snow cha ber design

ensures reliabilityI

* Optional nozzle geometries for specific
cleaning requirements

* Pellet velocities adjustable from 75 ft/sec
to 1000 ft/sec

* Technology proven in hundreds of
applications

- 315/97I1:02 pm Pag 1 of 4
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Benefits of CO, Cteanblastl

* Dramatic incteases in cleaning
productivity

- Elmination of disassemblvl
reassemnbly for cleaning

-No masking
Hess scrap, less contaminated
waste

-Almost no cleanup

2 Safe for personnel and environment
- Substitutes for hazardous

chemicals
- Disposal costs dramatically

reduced
- No water usage
- Non-comosive. non-conductive

a Efectiwe cleaning without grit or
chemicals

- No change in surface dimensions
or finish

- No residue on sunaces
- No sedimentation or grt

entrapment

* Broad range of cleaning applications
* End products
- In-process machinery

Prewntive maintenance
De-coating
Automation equipment

- Electrical panels and controls
- Decontamination

CO, Cleanblastte Technology
CO2 Cleanbast" systems create

and deliver a high-velocity stream
of solid CO, pellets (dry ice) for
blast cleaning. Adjusting the size,
velocitv and quantity of pellets
provides the capability of cleaning
a wide variety of equipment and
products. CO, has proven effective
with such varied surfaces as
plastics, ceramks, exotic metals,
composites, and stainless steel.

Alphezus Dry Ice Pellets

CO, pellets are dry and non-
conductive. Since the pellets
return to a gaseous state on
impact, they do not create added
disposal costs. Blast cleaning with
CO. pellets is safe for equipment,
personnel and the environment.
and the pellets meet AQNID,
FDA and USDA safety standards.

Effective cleaning with drv. ice
requires uniformity and predict-
ability of the pellets. Alpheus
engineers have designed CO.
Cleanblast'-pelletizers with pellet
consistency as a primary focus.

There is an optimum pellet
size, velocity and delivery rate for
each application. A pellet rate that
is too high can hinder cleaning
effectiveness by restricting
velocity. Too few pellets starve
the application.

The impact-flushing action of
CO, Cleanblast" is unique. The
pellets penetrate to the underlying
surface on impact, where they
break apart. creating a high-speed
flow of dry ice particles that lift the
contaminant from underneath.

How CO2 Cleanblastim
Pelletizers work.

Alpheus pelletizers take in
refrigerated liquid CO2 and convert
it to dry ice snow inside a pressur-
ized chamber. The snow is com-
pressed and forced through a
proprietary ring die, creating high
quality, uniform pellets.

CO. Cleanblast"" equipment
uses a patented two-hose delivery
system to maximize cleaning
effectiveness. The dry ice pellets
are fed from a hopper through an
air lock into a low-pressure deliv-
ery hose that carries the pellets to
the blasting gun. Here they are
accelerated by compressed air to
the target surface at precise veloci-
ties. This steady flow of uniform,
solid pellets is the basis of effective
cleaning with CO, Cleanblast-.

TVe Model 295 Petlletizer is equipped with
too complete bInsting tations (above).
Cleaning of a foundry core box (center).
Unitaorin dry ice pellets made by CO,
Cleanbinst' Pelletizers (right column).

Pellet size can be specified on the
basis of substrate characteristics and
material to be removed. In typical
applications, cylindrical pellets 0.123
in diameter and averaging 0.250" in
length are used. Alternative ring dies
provide pellet diameters of 0.0623 to
0.300". Density of CO, Cleanblast-
pellets exceeds 95% of the theoretical
maximum.

Pellet velocity is adjustable in all
Alpheus blasting stations.

Along with alternative ring dies, a
variety of nozzles and enhancements
are available to optimize the Alpheus
CO2 Cleanblast- system for your
application.

Page 2 of 4 315/97
1:02 pm
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~cIgleanblast

Series 200 Pelletizers
Senes 200 CO, CManblast- Pelletzers alt use the same
pelletizer and snow chamber technology to manufacture uniform
dry ice pellets. Al but the Model 200 hnclude a blasting station.

. Attachment IX

Model 200
* Feleizer only
* Capable of servidng

several Portable
Cleaning Stations
sunultaneously with a
fill time of 80 mInutes
each

* Pellet nake ate of 5
ibs/nun

* Upgradeable to include
blast cleaning station

Mode .250
* spectrum blasftg

station built i.
capable of operating
frm 40 psig to 300
psig

* Operates entirely on
its own. Excess pellet
capacity can be used
to fill Portable
Cleaning Stations

: Model 290
* Full spectrum blasting

station
*High capadty air lock
• Pandl cotroled variable

pellet rate, 2-10 lb/min
* Can srvice a fleet of up to

6 Portable Cleaning
Stations

Model 295
* Two fully independent

blasting stations
* Two high capacity

airlocks
* Panel eontrolled variable

pelet rate, 210 lb/min
* Can service a fleet of uplo

6 Port4ble Cleaning
Stations.

I'

<
/*

* _

, W'

E PAESSURE
I, AI .
- PELLET

DELIVET
- PELLET
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Reliability
High reliability is engineered

into all CO, Cleanblast" pellet-
izers. There are almost no
moving parts. Scheduled
maintenance Is limited to semi-
annual lubrication and inspec-
tion of belts and hoses.

CO, Cleanblast"" systems in
the field routinely operate up to
22 hours a day, 7 days a week.

Proprietary ring die design ensure
consistent pellets.

Application Effectiveness
Contact an Alpheus specialist

to discuss your specific applica-
tions and explore the many uses
for CO2 Cleanbiast"' technology.

4ALheus

TECH NOLOGIES CO R E

9119 Milliken Avenue
Rancho Cucamonga. CA 91730

Telephone: (909) 944-0053
FAX: (909) 980-5696
TOLL FREE: (300) 445-6131

C02 Clambtast Series 200 Specification Table
lbut ~ elO [MO"etis$ Model 20 NU N

-! I mu 

Air Supply NA 0.20Ops.5 10.0Pet 40-300 pas

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I Gauti V IW S0PsS

N/A C~wal ihr ConttollabledscW cntrolble daduarg

Ala Lack I No I Roary Wsh c~pecity ary hCapacryI aiaq

?Dho~nalo~e 
1
65HaW~e~fl Sr~a~r s rL rW%2 :614WW2j I 80~~t32C) 3.2cm) 189.2cm) tfuS.2nS

Weight 1=10lb (816 4kg) V930 an M&(88 ) 2= (0.4k) 12100 beMl001

Electric Power 40VAC. Sp3.pao 480 V AC. 3 .linu. 4M0 AC.3.pia. 4v

10 HPN Motor SOQHP mOiW 20 Hp moer 20 HP Mor

Cnuns1kWmn. c 1am,17%Wa. Comwrn33lLWmnti Conane.)4 kW Rm

*Accesarinwlee i NO"e SW bwr a"d SUN 1.30' be and NtM 1-W hw~e and gmn 
~Pj _______________ sasably asset"yasebl 

Control Panel

mable Ye, Yes V Y

ast AirProarw N/A I Ym Ye. yet

cool-Oe Vlysve Yes Ye

Gags"

ust ilrPrmmar, N/A Y1% Ye Yes

P=%n Air MN/A Ya j Yes Ye

Isrment Air N/A Yes

PebureYeYsY.Y

C02 Premro Y" Yes Ys yes

Switches

Poelzler.G1J/OWI Yes J Yu Ye yesn

Pefle SptyoducIOn 
9
Pl routo yesy Ye, yes

CPell"y.oN/ *o Yenpodcio~ j e e Yes

Overridte

Low prasmsol, NA ye Yea Ye

Olveter YE Ye Yes Yet

Highr MIsun lNA yes Ye Yes

Powger /A ye Y.s Ye,

________S ________I Yea Ye
Apheus Cleaimi; TocinotogmeCorp. IWI. All nighe eeved.
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