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Abstract

This report describes results of the drywell debris transport study. The objective of the study is to develop a methodology for
estimating fraction of LOCA generated fibrous insulation debris that would be transported from the location of their
generation in the drywell to the suppression pool. The study decomposed the problem into several components that were
amenable to resolution by the knowledge base that can be developed from separate effects experiments, analytical modeling,
and engineering calculations. Experiments and analytical studies were undertaken to compile the necessary knowledge base
on debris transport during blowdown, washdown of debris by ECCS water flow, and debris sedimentation on the drywell
floor. Logic charts were used to link both experimental and analytical results. The results of the study were used to delineate
plant features and transport phenomena that dominate debris transport in the BWR drywell. A separate logic chart was
developed for each postulated accident scenario and generic plant type analyzed. The logic charts can be modified to take
into account effects of the plant-specific features. The overall method is comprehensible to engineers who are not experts in
the subject of debris transport. Also, it is sufficiently flexible that new evidence and assumptions, related to debris size and
distribution, can be easily accommodated.
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Executive Summary

A loss of coolant accident (LOCA) in a boiling water
reactor (BWR) would destroy fibrous insulation blankets
and generate fibrous debris in a region close to the break
referred to as the zone of influence (ZOI). This debris
would be carried away from the zone of influence by high
velocity steam flow, in the case of a main steam line
break (MSLB), and by steam-water mixtures, in the case
of a recirculation line break (RLB). The debris entrained
by the vapor flow would be transported across the drywell
volume through floor gratings to the drywell floor where
it enters the vent pipes (or downcomers). However, the
drywell presents numerous impediments to such transport
in the form of I-beams, floor gratings, pipes, instrument
panels, etc., where the debris may become attached or
trapped. The remaining debris would be transported to
the suppression pool during blowdown phase, within
minutes after a LOCA.

Following blowdown, water would be introduced into the
drywell by break overflow or drywell sprays. Water from
the drywell sprays covers 100% of the drywell structures
located underneath the sprays, whereas water from break
flow spreads over a limited cross-section of the drywell
located directly beneath the break. In both cases, as the
water cascades down from the location of its introduction
it would washdown (i.e., re-entrain or erode) some of the
debris captured on (or trapped by) the drywell structures
during blowdown. The washed down debris would be
brought to the drywell floor where water accumulates to
form a pool until the water level rises above the vent or
downcomer entrance. The pool height and the pool flow
dynamics, including turbulence levels are highly plant-
specific, controlled by such features as the water flow
rate, height from which water falls into the pool, vent pipe
offset and type of structures located close to the floor.
Depending on the pool dynamics, the debris brought to
the floor may remain in suspension or may sediment. The
fraction that remains in suspension will ultimately be
transported to the vents (or downcomers) as the water
flows into them.

As shown in Figure E-1, debris transport is a complex
process occurring over two distinct phases: blowdown
and washdown. The objective of the drywell debris
transport study (DDTS) is to investigate debris transport
using a bounding analysis approach to estimate the
fraction of the debris transported by blowdown and
washdown processes and to identify important
phenomena and plant features that control or dominate

X

debris transport. The results of the DDTS would form the
basis by which NRC can judge the accuracy of the debris
transport factors used in the utility strainer blockage
analyses.

SEA undertook the DDTS in September 1996. The first
step of the DDTS was to perform an end-to-end scoping
calculation to understand the thermal and hydraulic
conditions that would govern debris transport. Based on
these calculations, the overall transport problem was
decomposed into several components that were amenable
to resolution by the knowledge base that can be
developed from separate effects experiments, analytical
modeling and engineering calculations. The calculations
also identified vital data necessary to quantify transport.
Experiments and analytical studies were undertaken to
compile the necessary knowledge base on debris transport
during blowdown, washdown of debris by ECCS water
flow, and debris sedimentation on the drywell floor. In
particular, three experiments were designed and
conducted as part of this study. The first two experiments
studied inertial capture of fibrous insulation fragments
during air-borne transport on typical drywell structures.
The third experiment studied washdown of debris
previously deposited on various drywell structures by
break overflow and containment sprays. In addition,
detailed CFD simulations were used to determine flow
patterns that would likely exist on the drywell floor
during ECCS recirculation and the likelihood of debris
sedimentation under these conditions. The study relied
primarily on this knowledge base to quantify importance
of each transport pathway. Although analytical tools
(e.g., MELCOR and RELAP) were used in the study,
their usage was limited to gathering information
regarding selected aspects of the overall problem.

The results of the study were used to delineate plant
features and transport phenomena that dominate debris
transport in the BWR drywell. Three such plant features
were identified: (1) number and arrangement of gratings
with respect to the break, (2) duration of unthrottled
ECCS flow, and (3) vent and drywell floor design.
Experimental data clearly illustrated that during
blowdown, the drywell

NUREG/CR-6369
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floor gratings provide the largest potential for
capture of both small and large debris, with capture
efficiencies between 15% and 30% for small debris
and 100% for large debris. The small pieces
captured on gratings can be easily re-entrained by
ECCS water flow during washdown. The only
mechanism available for washdown of large pieces
is erosion, which was found to be a constant rate
process. Therefore, time assumed for unthrottled
operation of ECCS plays a key role in determining
the fraction of large pieces that would be washed
down. Although vents may provide an effective
location for capture during blowdown, the captured
debris may become re-entrained by the drywell pool
flow dynamics. Typically, higher flow velocities and
turbulence levels characterize pools formed as a
result of break over flow. Sedimentation of small or
large debris in such pools is unlikely. On the other
hand, sedimentation is likely in the pools formed by
containment sprays.

A simplified logic chart method was chosen to link
both experimental and analytical results. A separate
logic chart was developed for each postulated
accident scenario and generic plant type analyzed. A
total of twenty accident scenarios covering three
plant types (Mark I, II and III), two break types
(MSLB and RLB) and a variety of assumptions
regarding ECCS response were analyzed. For each
scenario two types of transport factors were
obtained. The upper bound estimates were obtained

by compounding bounding estimates for the effect ot
each transport pathway. It is extremely unlikely that
transport following a LOCA would exceed upper

bound estimates. The central estimates are judged to
be a more realistic representation of debris transport.

The study estimates that a large fraction of small debris
and large debris produced below the lowest grating
would be transported to the vents. However, only a
small fraction of the large debris generated above the
lowest grating would be transported. No transport
pathways were identified for canvas covered large
pieces. The total fraction of debris transported depends
strongly on the assumed size distribution of the debris
and the location of the break. Table E-1 presents upper
bound and central estimates for the transport factor
corresponding to each accident scenario analyzed for a
postulated LOCA in the mid-region of the drywell
assuming BWROG recommended debris size
distribution.

Transport factor estimates presented in Table E-1 were
obtained based on an assumed set of generic plant
features (e.g. floor gratings). Plant specific usage of
these factor should be subject to a review to assure that
all plant features were properly modeled in this study.
If necessary, the logic charts provided in this study can
be easily modified to account for plant-specific
features, such as number and arrangement of floor
gratings. Also, they are sufficiently flexible to
accommodate new evidence and assumptions related
to debris size and distribution.

Table E-1. Upper bound and central estimates for transport factor associated with a postulated
LOCA in the mid-region of the drywell using BWROG size distribution.

Central Estimate Upper Bound Estimate
Containment/Break Small Large Debris Small Large Debris
Debris Above Below Debris Above Below
Grating | Grating Grating Grating
Mark I
Main Steam Line Break 0.52 0.01 0.90 1.0 0.05 1.0
Recirculation Line Break 0.86 0.02 0.94 1.0 0.30 1.0
Mark IT
Main Steam Line Break 0.74 0.01 0.90 1.0 0.05 1.0
Recirculation Line Break 0.89 0.02 0.95 1.0 0.30 1.0
Mark III
Main Steam Line Break 0.55 0 0.90 0.93 0.03 1.0
Recirculation Line Break 0.72 0.01 0.90 1.0 0.30 1.0

X1 NUREG/CR-6369
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1. Introduction

1.1 Background and Objectives

In 1993, the U. S. Nuclear Regulatory Commission
(NRC) initiated an evaluation of the potential of loss
of coolant accident (LOCA) generated debris to
block boiling water reactor (BWR) suction strainers
and prevent the emergency core cooling systems
(ECCS) from performing their long-term cooling
function [Ref. 1.1]. In 1995, Science and Engineering
Associates, Inc. (SEA) completed the NUREG/CR-
6224 study, which analyzed that potential for a
reference plant. The study concluded that LOCA
generated debris have a high likelihood of
accumulating on the ECCS suction strainers
following a LOCA event, and that this accumulation
could cause excessive head loss, disabling the ECCS
pumps within a short duration [Ref. 1.2].
NUREG/CR-6224 postulated that insulation debris
generated in the drywell would be transported to
the wetwell over two phases: (1) blowdown phase,
during which steam/gas flow would entrain and
transport debris to the suppression pool; and

(2) washdown phase, where water flowing out of the
break and/or containment sprays will transport a
fraction of the remaining debris. The NUREG/CR-
6224 analyses reasoned that the congested layout
closer to the gratings would offer a large surface
area for debris retention. This formed the basis for
dividing the reference plant containment into three
regions (High-, Mid-, and Low- Regions) with
reference to the two gratings, and for assuming that
the fraction of debris transported to the suppression
pool would vary depending on the region in which
it was generated'. However, due to the lack of
directly applicable experimental or analytical data,
this fraction, termed the transport factor, was
estimated based on engineering judgement derived
from the analysis of the Barseback-2 event data [Ref.
1.2 and 1.3]. The transport factors used for the
reference plant in the NUREG/CR-6224 analyses
varied from 0.25 to 0.75, depending on the location
of the break with respect to the floor gratings. The
NUREG/CR-6224 study did not identify methods by
which transport factors can be estimated for other
BWR plants.

! Because debris generated by breaks located in the high regijon
will have to pass through two floor gratings, a smaller fraction of
them will be transported.
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The NRC concluded that any engineering judgement
based on a scarce set of experimental data would be
associated with large uncertainties, and therefore,
NUREG/CR-6224 transport factors could not be
defended either as a ‘best-estimate’ or a ‘reasonable
upper-bound estimate’. As a result, while formulating
the Regulatory Guide 1.82, Rev. 2, NRC recommended
usage of 100% debris transport’ unless lower transport
factors could be justified through analyses or
experiments [Ref. 1.4].

The industry and vendors, represented by the Boiling
Water Reactors Owner’s Group (BWROG), have cited
the Barsebéck-2 event data and the ABB Karlshamn
data to argue that transport factors chosen in the
NUREG/CR-6224 study are unrealistically large [Ref.
1.3 and 1.5]. The BWROG suggested that deposition
will likely occur on all free surfaces not just gratings as
assumed in the NUREG/CR-6224 study, and therefore,
transport fractions in the range of 0.10 to 0.25 are more
realistic [Ref. 1.6]. The BWROG pointed out that usage
of overly conservative NUREG/CR-6224 transport
factors might preclude several solutions that are
otherwise sound and cost-effective. They proposed a
small scale test program to study debris retention by
selected drywell structures (e.g., gratings) and to
compile data, which can then be used to derive the
appropriate plant-specific transport factors. Individual
licensees were expected to apply these derived
transport factors to estimate the quantity of debris
transported to the suppression pool [Ref. 1.7]. A
reliable knowledge base would be necessary to judge
the appropriateness of individual licensee assumptions.
The need for such knowledge base was also expressed
by CSNI/PWG International Task Group [Ref. 1.3],
which pointed out that drywell transport is the least
understood aspect of the BWR ECCS strainer issue.

In response to this need, NRC initiated a study,
referred to as drywell debris transport study (DDTS) to
investigate debris transport in BWR drywells using a
bounding analysis approach. This bounding analysis
was to estimate the fraction of debris transported from
the drywell to the suppression pool during blowdown
and washdown phases of a postulated LOCA scenario
in BWRs. The focus of the DDTS is to provide a

? For solutions based on active strainers, 100% transport should be
assumed during blowdown which typically lasts a few hundred
seconds.
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description of the important phenomena and plant
features that control and/or dominate debris
transport during blowdown and washdown, and the
relative importance of each phenomenon as a
function of the debris size. The results of the DDTS
should provide reasonable engineering insights that
can be used to judge the appropriateness of debris
transport factor estimates used in the utility strainer
blockage analyses. The auxiliary guidance provided
by NRC included:

e  The study will focus on fibrous debris only.

e The focus should not be to develop a
comprehensive predictive tool that can be
readily applied to plant types and scenarios.
Instead, the study should integrate experimental
and analytical results in such a way that an
engineer familiar with nuclear plants, but not
necessarily an expert in strainer blockage issues,
can comprehend and apply the results.

e The study should use “conservative”
assumptions, if data is unavailable and can not
be generated within the allocated resources or
within schedule.

In parallel, the NRC assembled a Phenomena
Identification and Ranking Table (PIRT) panel to
review the scope of the DDTS, rank the phenomena
of importance, and advise the NRC on the methods
used to analyze each phenomenon [Ref. 1.8].

1.2 Program Overview and Report
Outline

SEA undertook the DDTS with subcontractor
support from Alden Research Laboratory, Inc. (ARL)
in July 1996. From the onset the study focused on
identifying important transport pathways and
phenomena that control or dominate the mode of
transport. The first step of the DDTS was to
undertake an end-to-end scoping calculation to
understand the thermal and hydraulic mechanisms
that govern debris transport and their relative
importance. The study also identified vital data
needs to accomplish the overall objectives. A series
of experiments were designed and conducted to
address the data needs related to inertial capture on
drywell structures and washdown of debris by

NUREG/CR-6369

ECCS flow. Also, detailed CFD simulations were
undertaken to determine likely flow patterns that exist
on the drywell floor and likelihood of debris
sedimentation. The DDTS relied primarily on this
database to quantify the importance of each transport
pathway.3 Analytical tools (e.g., computational fluid
dynamics codes and MELCOR) were used as needed
either during experiment design to establish thermal-
hydraulics conditions to be simulated in the
experiments, or in the post-experimental stage to scale
the experimental data to plant conditions. In all cases,
analytical tools were used within their specified range
of applicability and then benchmarked against
experimental data whenever necessary. Figure 1-1
provides an overview of the DDTS.

A simplified logic chart method was chosen to integrate
experimental data and analytical results such that
rationale used to derive the transport factors would be
tractable and easily comprehended. A separate logic
chart was developed for each accident scenario and
each plant type to accommodate differences in plant
conditions that control transport. The logic and
rationale used to quantify the logic tree are
summarized in this report, including a brief
phenomenological description of debris transport in
BWR drywells. This report also summarizes the
phenomena and plant features that were determined to
dominate or control debris transport. Finally, this
report provides an example on how the study results
can be applied to a particular BWR plant.

As noted above, the logic tree quantification relied
mainly on the experimental data obtained as part of the
DDTS. To this end, a total of three experiments were
designed and conducted as part of this study. The first
two experiments focused on studying inertial capture
of debris on typical drywell structures during airborne
transport. The third experiment studied washdown of
debris previously deposited on various drywell
structures by break overflow and containment sprays.
The experiments are described in detail in
NUREG/CR-6369, Supplement 1, “Drywell Debris
Transport Study: Experimental Work” [Ref. 1.9].

In addition, the study relied on analytical models to
quantify phenomena that were: (a) previously studied
experimentally by other investigators [Ref. 1.9] or (b)
amenable to be simulated using existing codes

* Such an approach was determined to provide the best option for
judging appropriateness of plant-specific assumptions. The PIRT
panel input was used to revise some of the elements of the
experimental program.
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codes (e.g., Computational Fluid Dynamics code) to
an adequate degree of accuracy. In the former case
analytical models were used to scale the data from
past test facilities to BWR drywells. In the latter
case, analytical models were directly used to
quantify the impact of selected transport
phenomena. These analytical models are
summarized in NUREG/CR-6369, Supplement 2,
“Drywell Debris Transport Study: Analytical Work.”
[Ref. 1.10]
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2. Methodology Overview

2.1 Debris Transport Pathways

A LOCA in a BWR would destroy fibrous insulation
blankets and generates fibrous debris in a region
surrounding the break, referred to as the zone of
influence (ZOI) or the break region [Ref 2.1]. This
debris would be carried away from the break region
by high velocity steam flow, in the case of a main
steam line break (MSLB), and by steam-water
mixtures, in the case of a recirculation line break
(RLB). However, the BWR drywell presents
numerous structural impediments to such a
transport in the form of I-beams, columns, pipes,
floor gratings, instrument panels, etc. Some of these
structures will be wet due to steam condensing on
their relatively cool surfaces and deposition of water
droplets that are produced by the jet expansion
process. Some fibrous debris could adhere to such
structures located outside the break region in spite
of the high steam velocities, which act to shear them
away from the structures. In addition, some fraction
of the debris would enter enclosures (e.g., reactor
cavity) and become trapped. Finally, an additional
fraction of debris would be deposited at the vent (or
downcomer) entrance on the drywell floor. The
remaining debris would be transported by the
blowdown flows to the vents (or downcomer)', and
subsequently to the suppression pool.

Figure 2-1a and 2-1b illustrates the physical
processes that govern debris transport through
drywell during blowdown. As shown here, during
and after blowdown debris would traverse over
most regions of the containment and depending on
the local flow and structural surface conditions, they
can be captured in different regions of the
containment. Following blowdown, water would be
introduced into the drywell by break overflow or
drywell sprays’. Water flow from the containment
sprays cover nearly 100% of the region located
underneath the sprays (see Figure 2-1b). On the
other hand, overflow from the break spreads over a
small cross section of the drywell located directly
beneath the break. In both cases, as the water
cascades down from the location of its introduction
it may washdown (i.e., re-entrain or erode) debris

! This study assumes that ali of the debris entering the vents
would be transported to the suppression pool.

? Type and duration of water flow are plant specific. In some
scenarios water may not enter the drywell.

previously deposited on structures located in its path.
Potential for transport by washdown would be minimal
for debris deposited on structures located above the
containment sprays (referred to hereafter as Structures-
Above) or in enclosures, since they would not be
subject to any water flow (with the exception of
condensate drainage which is minimal). On the other
hand, washdown potential would be largest for the
structures located directly underneath the break
(referred to as Structures-Below) that would be
subjected to break flow (=25, 000 GPM) and
containment spray flow (=4500 GPM). Debris located
on these structures could be eroded in addition to
simply being re-entrained. For other structures
(referred to as Structures-Other), washdown potential
would be moderate as they would be subject to
containment sprays only.

The washed down debris would be brought down to
the drywell floor where water accumulates to form a
pool until the water level rises above the vent entrance
(see Figure 2-1b). The pool height and the flow
dynamics, including the turbulence levels, are highly
plant-specific, controlled by such features as the water
flow rate, height from which water falls into the pool,
vent pipe offset from the floor and type of structures
located close to the floor. Depending on the pool
dynamics, the debris brought down by water may
remain in suspension or may settle down. The pool
dynamics may also re-suspend some of the debris
previously deposited on the drywell floor (e.g. near
vent entrances). The pool height and flow dynamics
within the pool are highly plant-specific. The fraction
that remains in suspension would be transported to the
vents as the water overflows into them.

Figure 2-2 delineates the transport pathways and the
close coupling that exists between blowdown and
washdown transport processes described above. The
quantity of debris advected to the vents due to the
combined effects of these pathways can be expressed as
[Ref. 2.1]:

o =F eV, 2-1)

pool —
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Methodology Overview

where,

Vigen  is the volume of ith size fibrous debris
generated in the drywell break region
(£t3)

Vibool  is the volume of ith size fibrous debris

transported to the suppression pool (ft3)
Fi is the drywell debris transport factor for
the ith size debris.

The objective of this study is to estimate Fi for three
different types of BWR drywell designs (Mark I, II
and III) and for several postulated accident
scenarios.

As shown in Figures 2-1 and 2-2, transport occurs
over two distinct phases of accident progression, the
blowdown phase and the washdown phase. Hence,

Fi can be expressed as:
F'=F, +F, (2-2)

Fipq and Fi 4 are blowdown and washdown

transport factors, respectively. The blowdown
transport factor can be decomposed as follows:

) . . . , .
Ft:d :(1_Xen _X;a _X;b _Xso _X:if (2-3)
Where, X 1o, Xig,, Xl , Xigo and Xig are fractions of
generated debris deposited on (or trapped by)
enclosures, structures-above, structures-break, structures-

other and drywell floor, respectively. On the other
hand, the fraction transported during long-term

washdown phase, Fiy,q, can be expressed as:
Foy =Fhp ¢ Z' (2-4)
Flgyoor is the fraction of the generated debris that
would reach the drywell floor and Z! is the fraction
of that debris that remains in suspension and is
ultimately transported to the vents. Figyy,, can be
further expressed as:
F

Floor

= Xisa ¢ Ysia + Xib * Ysib + Xiso ¢ Ysio + Xijf
(2-5)

Yis,, Yig, , and Yig, are the fractions of ith size debris
previously deposited on structures-above, structures-
break and structures-other that would be washed

NUREG/CR-6369

down. Thus, the problem of estimating the total

transport factor, Fi, can be seen to be decomposed into
the following parts:

1.

Estimate fractions of the fibrous debris deposited
on (or trapped by) enclosures, structures-above,
structures-below, structures-other, and drywell
floor (i.e., Xlgne, Xiga , Xigp , Xiso and Xigg). These
fractions are referred to as capture fractions
hereafter. The remaining fraction (Fipq) will be
advected to vents during short-term blowdown.
Estimate fractions of the debris deposited on (or
trapped by) each structural class that would be
washed down during long-term ECCS recirculation
phase (i.e., Yi,, Yiy, , and Yi,). These fractions are
referred to as washdown fractions. This fraction of
the debris previously deposited on the structures
during blowdown would reach the drywell pool,
where as the remainder will remain permanently
on the structures.

Estimate fraction of the debris reaching the
suppression pool that would remain in suspension
and would be advected to the vents during long-
term ECCS recirculation phase (Z!). The remainder
will settle down on the drywell floor.

Decomposing the problem into these three parts avoids
the need for conducting integrated analyses that tend
to be very complex. Such decomposition also allows
for designing experiments and conducting analyses
specifically applicable to each part.

2.1.1 Blowdown Transport (Short-term)

Transport of debris from the break region to the vents
by blowdown flow is referred to as blowdown
transport or short-term transport.” This transport is
controlled strongly by the transport medium (i.e., the
continuum that entrains debris particles). Depending
on the break type (i.e., main steam line break or
recirculation line break), a fraction of the generated
debris would be transported by the steam flow and the
remaining fraction would be transported by the water
component. For example, in the case of a main steam
line break, the break effluent is primarily steam with
equilibrium quality greater than 0.9, and void fraction
close to 1. As a result, blowdown debris transport in
this case is driven entirely by bulk movements of the
gaseous phase. In the case of a recirculation line break,

’ This is because blowdown transport occurs over a short time scale
(within minutes) after a LOCA.
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large quantities of water is introduced into the
containment. In this case, a fraction of the debris
would be entrained by the steam flow, whereas the
remaining fraction is carried by the water
component. Section 4 presents the rationale used to
partition the debris according to the medium in
which it is transported.

Transport by the Gaseous Phase

Estimation of the capture fractions (i.e., Xlgpe, Xig,

Xisb, Xiso, and Xigg) associated with vapor phase
transport requires information related to the
following quantities:

1. The fraction of the generated debris carried
into the enclosures, structures-above, structures-
break, structures-other and drywell floor.

2. Efficiency (or effectiveness) of the structures
located in each of those regions to trap or
capture debris.

The fraction of debris transported into each region
depends on the bulk flow patterns established in the
drywell as a result of blowdown from the break and
the relief provided by the vent pipes. A variety of
analyses, including MELCOR' and CFD calculations,
were performed to predict drywell flow patterns
following postulated recirculation and main steam
line breaks [Ref . 2.2 and 2.3]. Break blowdown flow
velocity, temperature and quality, required as input
to these calculations, were obtained based on RELAP
simulation of BWR/4 plants. Additional input
related to structural layout and bulk porosity was
gathered from detailed surveys of Mark I and Mark
II drywells [Ref. 2.2]. Resulis of these calculations
coupled with engineering judgments’ were used to
estimate the fractions of debris advected into each
region of the drywell. Section 4 summarizes the
important results of these analyses and how they
were used.

The results of the analyses concluded that high gas
velocities (25-100 ft/s) outside the break region
would entrain and transport insulation debris
through the drywell unless it is trapped (or

* MELCOR was used primarily to estimate time taken for vent
clearing in Mark I and Mark II drywells and to establish
appropriate boundary conditions for CFD analyses.

* Engineering judgements were necessitated by the fact that all
these analyses (including MELCOR and CFD simulations) sought
several simplifying assumptions to minimize computational
effort.

Methodology Overview

captured) by structures located upstream®. Inertia will
cause the fibrous debris to impact structural objects
located in fibrous pathway. The majority of the time,
these structural impediments will be wet due to steam
condensation and water droplet deposition on their
surfaces. However, it was not clear if the debris
particles thus impacting the structures would adhere to
those surfaces or be sheared off by the high gaseous
velocities. Debris larger than the clearance (4” x 11%4”)
in the floor grating would be trapped on the floor
grating. It was not known if such pieces would remain
on the gratings or be forced through the gratings by
gaseous flow later on. Two experiments were
conducted to gain a basic understanding of capture on
drywell structures:

1. The separate effects tests focused on measuring
removal efficiency of isolated structural elements
placed in a test channel and subjected to plug
flow of air intermixed with debris particles of
known size. The structures were wet by water
sprays to the desired wetness covering a wide
range of conditions anticipated in the drywell.
The debris were injected uniformly into the flow
stream by a debris injection gun. The structures
examined included the Mark II vent pipe, pipes,
I-beam, and floor grating. A brief overview of
the test program and its results are summarized
in Table 2-1. The experiments also studied
potential for degradation of large insulation
pieces that are trapped on structures, such as
floor gratings, when subjected to remaining
blowdown flow at a velocity of 150 ft/s.

2. The integrated effects tests were conducted in
which insulation debris generated by 1100 psi jet
from a 4” nozzle were transported over
structural elements assembled to the
prototypical congestion level. In these tests, an
aged insulation blanket was mounted on a target
pipe located in the center-line of the jet
expanding from the nozzle. The debris were
then allowed to be transported across the
structural region. A comprehensive survey of
BWR containments was used to design this
structural region, which is 20 ft long. Full scale
structures such as I-beams, pipes, floor gratings,
and Mark I vents were simulated. The measured

¢ Larger partially torn insulation blankets will become de-entrained
under the influence of gravity. They are not included in the
following discussions.
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Objective

*Determine capture efficiency of an isolated structural element to capture a given size insulation
debris being transported by plug flow of air. Examine the impact of congestion on capture
efficiency. Examine effect of wetness and flow velocity.
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Final Results and Conclusions

*Dry structures do not capture small debris. Wetness effect reaches a plateau,

*Velocity has insignificant effect. |

*Debris size effects capture fraction for gratings. Insignificant effect on other structures capture efficiency.

(?Or;u)ng have the largest efficiency for capture (10-30%). Other drywell smictures have much lower capture efficiency
bY. ‘

*Congestion lowers capture efficiency. !

*Erosion of large pieces when subjected to 150-175 ft/s air flow (mixed with §d:op1ets) is minimal.

Limitations i

*Data for low debris mass loading compared to anticipated plant conditions (1-2 Ibm/100 £¢* vs 4-10 Ibmy/ft?)

*Structures could not be assembled to the required levels of congestion. |

*Debris sizes experimented are smaller than desired. ‘
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capture efficiencies were compared with
separate effects tests (after properly scaling
them). Table 2-2 presents an overview of the
experimental program and important findings.
These experiments were designed to be more
prototypical of BWR conditions following a
LOCA.

The experimental program is described in detail in
NUREG/CR-6369, Supplement 1 [Ref. 2.4]. The
program provided a knowledge base that can be
used to judge the effectiveness of various structures
to capture debris as a function of structured wetness,
flow velocity, and debris size. This knowledge base
was coupled together with analytical models and
engineering judgment to estimate fraction of the air-
borne debris deposited on various structures.

Figure 2-3 summarizes all of the data gathered and

used to quantify Xlgn, Xisa, Xigp,Xisoand Xigg. .

Transport by Liquid Phase

A fraction of the generated debris would be
entrained and transported by water flow during the
early stages of a postulated recirculation line break.
CFD calculations have shown that due to drag
imparted by the surrounding structures, break water
spreads over a limited cross-section of the drywell
[Ref. 2.3]. If it is assumed that water spreads over a
quarter of the drywell cross-section, the resulting
flow (approximately 50-200 GPM/ft’) will impart
sufficient drag on the debris located in its pathway
and transport them to the drywell floor’. The only
exception will be pieces larger than the grating
clearance of 4”x1.5” which will become trapped on
the gratings. As a result, a simple model was used
to quantify short term capture fractions (i.e., Xlend,

Xig,, Xig, , Xig and Xigy) associated with liquid phase
transport.

2.1.2 Washdown Transport (Long-term)

Structural Washdown

Transport of debris deposited at different locations
in the drywell by ECCS water flow occurs over a
long-term (up to hours). If the debris is loosely
attached to the structures, it may simply be re-
entrained and carried to the bottom of the drywell. If
the debris is trapped, it may erode with time when

? This conclusion was further verified by the tests described in the
following sections.
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subjected to water, with the secondary debris
generated by erosion brought to the drywell floor.
In order to estimate structural washdown fractions
(ie., Yi,, Yiy, and Yi,), knowledge of the following
phenomena is necessary:

1. Distribution of debris in the drywell at the
end of blowdown,
2. Type of debris and its mode of attachment to

the structuress,

3. Assumptions related to ECCS operation (i.e.,
ECCS response), and

4. Potential for washdown and erosion for each

debris size as a function of water flow to
which it is subjected, duration of exposure
and the structure to which it was attached.

As shown in Figure 2-4, distribution of debris at the
end of blowdown, type of debris and their mode of
attachment were determined from analyses
described in Section 2.1.1. Utility Final Safety
Analysis Reports (UFSAR), Emergency Operating
Procedures (EOP) and simple engineering analyses
were used to determine the duration of flow and the
location of flow. Finally, experiments were
conducted to determine if pieces of various size
debris located on drywell structures could be
washed down or eroded down when subjected to
water flow. Table 2-3 provides an overview of this
test program conducted at SEA. These analyses and

experiments were coupled together to derive Yi,,
Yiy, and Yi, in Section 4 for each accident scenario.

Sedimentation in the Drywell Pool

The ECCS flow and the washdown debris would be
transported to the drywell floor (see Figure 2-1),
where they form a pool whose depth depends on the
vent-pipe offset height. Transport of debris in the
drywell pool depends to a large extent on the pool
flow-dynamics, pool turbulence levels, debris
characteristics and drywell floor layout. The pool
flow-dynamics would be controlled by the amount
of water added and the height from which it falls
into the pool. The DDTS relied on CFD simulation
of flow on the drywell pool to predict pool flow-
dynamics corresponding to containment sprays and
break overflow [Ref 2.2]. PP&L flume test data [Ref.
2.5] were used to determine flow conditions that

* For example small debris are loosely attached to the structures
and could be easily washed down. Large debris cannot be easily
washed down from the floor gratings where they are trapped

NUREG/CR-6369



Methodology Overview

Exhaust Screen
Piywood Jet Plate Table 2-2. Overview of integrated experimental program.
Auxliary Chmw&
\ Debris Collection

. . N . .
Debris Collection Area #1 .
{r-ea #9 Addition of Structural Materials S)b ] ective:

and Piping

Determine Fibrous Insulation Debris Capture Fractions on typical drywell structures assembled to the congestions
prototypical of BWR drywells. Use BWR survey to determine prototypical congestion levels.

': Test Method:

" Debris Collection Debris Generation and subsequent transport by dispersing 1100 psi air jet over warm (90 °F) pre-wet structures.

Flanged Comnecling Area#2 Determine capture efficiency as function of debris size, flow velocity and structural wetness.

L

Debris Collection Blanket
Area #10 \

Debnis Collection
Area #11

End Caps

H
: /{E:

Main Chamber

Experimental Parameters:
*Prototypical structures assembled to the desired congestion level over 20 ft length based on survey of BWR drywells.

" +—— Debis Colection sStructures tested: I-Beams, Pipes, Gratings, and Mark 1 vent pipe entrance/jet plate.
*Bulk flow velocities: 25-50 fi/s. Local flow velocities up to 70 fi/s
. ' *Wetness: Dry, partially dry and wet structures. Dry insulation.
D G eeten » Size: Small to Large (including canvassed)
I MLVl
<‘ ‘.10" Pipe 4 12 +Beam ‘ Z Debis Colecton Debris Collection {00
- ' ™ CEESI(4 In) - Weil J
’ 90 | ©  CEESK4 In) - Dry/Partlal Wet
) ] CEESK3 In) ~ Wet
12" 1Be 80 r 4 ARL — Wet &
a ARL - Dry
) —_ 70 e Mean for CEES! Wei Tests N
1 . . . V. i, VI, Vil o co |
Test Setup Used in the Integrated Experimental Program 5
5 s0 f : 1
)
5 40 :
32
30 . . -
) EE ...... | %EE
10 7 *. f‘ - . 1 _
. p-Y
O I 1 1 1 1 I H 1 )

Debris Loading (Ibm/100 142)

Grating Capture Efficiency for Smail Debris

Final Results and Conclusions

*Mean capture fractions for Small Debris on wet structures
sstructural assemblies of desired congestion level over 20-ft transport path = 10% (wet) and 0% (dry)
gratings= 24% (wet) and 0% (dry)
*Vent pipe entrance: 15% (wet) and 0% (dry)

+100% capture of large pieces on gratings.

*Data in good agreement with ARL data for gratings and structures

Insulation Blanket Mounting
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l

| Debris Generation -

vL'iAquid Phase Transport

i (Recirc. Only)

Methodology Overview

Vapor Phase

Debris Advection l

I
i
i
. ! Transport
* Break Type * Size and Characteristics || '
* Break Location * Duration Of Generation || ? Debris Removal
» Break Size * Debris Wetness i ! :
Break Flow ' ; * Drywell Layout i
- Type .
- Structures * Gravitaional
* Vent Clearing * Inertial Capture
i * Wetness/Condensation * Dispersion
i * Bulk Flow Patterns * Filtration
Tools Used: Tools Used: Tools Used: Tools Used:

Review of drawings for
Mark I, II and III for
possible locations of
severe LOCA breaks.
RELAP to estimate
break flow (RL &
MSL)

Results:

Selected RLB and
MSLB for analysis.
Focus on breaks located
in the drywell
midregion to maximize
debris generation
RELAP break flows as
input to calculations on
debris generation and
drywell thermal
hydraulics conditions

e Review of experimental data,
data to identify typical debris
sizes of importance

¢ Bench-top  experiments to
determine likely debris
wetness.

Results:

e Debris falls mainly in 3 sizes
with  respect to  grating
clearance: small, large, and

large-canvassed (Table 2-1).

e Debris produced by MSLB
likely to be nearly dry

e Debris produced by RLB likely
wet (during water blowdown)
and partially wet (during two-
phase blowdown)

o Usage of dry debris
estimates transport factor.

over-

Survey of BWRs to identify types of
structures and levels of congestion.
CFD analyses to estimate likely bulk
flow patterns

MELCOR analyses to estimate likely
structural wetness and time for vent
clearing

MELCOR analyses to estimate drywell
pool formation and turnover in the case
of RLB.

Results:

Drywell layouts too complex to be
modeled in a full-scale CFD run.
Several different CFD runs should be
used to determine likely bulk flow
patterns. Outside break region, flow
velocities range between 25-150 ft/s
Structures will be wet with film
drainage with in 2 seconds after LOCA
due to condensation.

e CFD runs to

Separate effects experiments
to determine capture
efficiency on  selected
drywell structures of variable
congestion.

Integrated effects experi-
ments to determine eff. of
drywell structures at typical
congestion levels.

estimate
potential for settling.

Results:

Gratings provide largest
potential for debris capture.
Pipes and I-beams possess
low removal efficiency
Turbulence levels are too
high to allow debris settling
Surface wetness plays a key
role in debris capture.

Figure 2-3. Data gathered to evaluate drywell debris transport during blowdown (short-term) phase.

NREG/CR-6369
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Water Phase
Break Flows

Break Over-Flow

Condensate
Drainage

Containment
Sprays

Tools Used:

e RELAP Runs to estimate water-
phase blowdown.

e FSAR and EOP review to identify
sources of water in postulated
accident scenarios. Flow rates and
duration critical.

Results:

e Break blowdown water not
sufficient to overflow Mark III
drywell pool.

e Systems response strongly
dependent on accident scenario
and operator action.  Assume
conservative numbers to bound
significant plant-specific
variations.

s  Break overflow unlikely following
MSLB

¢ Containment spray unlikely after
RLB.

Figure 2-4. Data gathered to evaluate drywell debris transport during washdown (long-term) phase.

Water Sources for Washdown

-~ Structural Washdown

tﬁ

* Debris Distribution
and Attatchment

* Flow Rates

Debris Type

* Erosion

*

Methodology Overview

Drywell Floor
Pool Transport

t_

* Floor Layout
- Mark I, Il & Il
- Vent Off-Set
* Debris Characteristics
* Pool Flow Patterns
* Pool Turbulence

Tools Used:

Input from Blowdown calculations to estimate
debris distribution at the end of blowdown.
Engineering judgements and CFD runs for
flow distribution on various structures
BWROG experimental data on debris size.
Enhanced with NRC experiments.

NRC washdown experiments for structural
washdown of small pieces and erosion of large
debris.

Results:

Assume that break overflow uniformly spreads
over the structures located in the quadrant in
which break is located.

The containment sprays can washdown large
fraction of small debris on gratings.

The condensate drainage has little impact on
transport.

Break flow can washdown small debris and
erodes large debris. Erosion time-dependent.

Tools Used:

Plant drawings for Mark L, IT and IIT
drywells for layout and vent design
details.

CFD runs to interpret previous
existing data: PP&L Flume Transport
data.

BWROG Data.

CFD runs simulating flow on drywell
floor for Mark 1, II and III
containments corresponding to break
overflow and spray.

Results:

Mark II pools are turbulent during
spray and break operation. Likely
transport during both scenarios.
Mark I and Mark III pools allow for
debris settling in the case of spray
operation. Break overflow induces
enough turbulence to transport 100%
of debris.

2-14
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Table 2-3. Overview of Washdown Experimental Program

Methodology Overview

Flow Meter

Pipe Simulation\

Grating with
1" x 4" Sectio

Objectives:

*Obtain experimental data to estimate fraction of insulation initially captured on floor grating that would be eroded
and transported by water flow typical of break overflow and containment sprays

*Confirm trends of data reported by previous investigators,
Test Method:

Place debris of known size and mass on the grating and subject it to desired water flow rate over a pre-determined
duration. Measure the fraction of insulation eroded.

Test Parameters:

*2-ftx2-ft test section with clear viewing glass where insulation is located on mock-up grating and pipes
*Flow velocities from 20 to 175 GPM typical of spray and break flows. Water at room temperature.
«Insulation pieces generated by air jet experiments. Aged fiber-glass insulation.

*Size: Small, Medium and Large, including canvassed pieces.

/ Control Valve

Gas Powered Debris Catcher

Centrifugal PunJ ¢

Washdown Experimental Setup

Final Results and Conclusions

*Significant Fraction of Small and Medium pieces on gratings would be washed down by break and/or containment
sprays flows.

*Erosion of large pieces is time dependent for break flow (see Figure). It is negligible for sprays.
*Secondary debris generated by erosion are very small and float at residual turbulence.

*Canvassed insulation pieces do not erode.

30 . , . . . : : : —
[ | Test Conditions: : l : : | 5
! 'Size: Large | : : | | E4 o
25 [1_____ iThickness: 1" | i ______ e s deeee s sl
- :Flow: quak ! ! ! ! ! . ]
- s e w A R R N g
° 20 —----- puse--- - === ===~ SEEEEE SEEEEE SEEES 2 EEEEEEE S EEEEEEY
o [ ; l : ; : ! :
I.Ij [ : ! ! ! ! <+ E-20 :
o i : : : : : i :
m15 o= roTT T [ mTTTTE S [ (Satuui e Ry Hnn iy B
S X f l I ; : : I I
s [ | : ' : : : :
- . E5 : : : : :
% 10 __ """ r=--- === i T T T TSt T T T T T AT T T T T T T T T T
S A . :
Y S L S U R
— T =" [ T TTTTEeT T mTTTTTA Tt T Tt T [ [
[ . I | l : ) !
o L5 5 5 5 : : :
0 20 40 60 80 100 120 140 160 180

Erosion Time (m)
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would be necessary to entrain different size debris.
The information from these two steps was coupled
to evaluate the potential for transport of

small and large debris in Mark I, IT and III drywell
pools formed by drywell sprays and break overflow.
Table 2-4 provides an overview of the analyses
conducted and the important findings. Details of
these analyses are documented in NUREG/CR-6369,
Supplement 2 [Ref. 2.2].

2.2 Debris Size Considerations

From the onset, the study was designed to identify
dominant transport pathways and the associated
transport fractions as a function of the size of the
debris. Such an approach was necessitated by the
fact that debris size distribution that is universally
applicable to plant conditions and accident scenarios
is not available. On the other hand, there is
consensus that the debris can be broadly divided
into three size classes: small’, large, and large-
canvassed, according to their relative size and
pathways available for their transport. Figures 2-5,
2-6, 2-7, and 2-8 are the photographic images of the
typical small, large, and large-canvassed pieces
studied. All experiments and analyses were
designed to compile a knowledge base for all three
size groups. Based on the insights gained from these
experiments, the larger pieces are further divided
into two groups according to the location of their
generation with respect to the lowest major floor
grating: large-above and large-below. This
classification reflects fundamentally different
pathways associated with each size group. Table 2-5
provides a brief description of the debris, their
geometrical range and associated transport pathway.
As noted in Table 2-5, the large-canvassed pieces
were found to be “non-transportable” and hence
were screened out from further analysis.

2.3 Identification of Controlling
Phenomena and Plant Features

Experimental data were analyzed together with
information related to expected plant conditions to

* It should be noted that, initially, efforts were made to further
classify small debris into sub-groups fines, small and medium
consistent with NUREG.CR-6224 study [Ref. 2.1]. However, a
decision was made to collapse them into a single group called
small because: a) fines, small and medium pieces have very
similar transport pathways and b) existing debris size
distribution data does not differentiate these three size groups
[Ref. 2.3}.

Methodology Overview

identify controlling phenomena and plant features.
The study suggests that the number and
arrangement of floor gratings, duration of ECCS
flow, and drywell floor layout (including vent
design) are the key plant features that control
transport. Another parameter that can significantly
influence transport fraction is the debris size
distribution. The most important transport
pathways are:

. Advection of small debris during blowdown,

. Advection of large debris generated below
lowest floor grating during blowdown, and

. Erosion of large debris captured on gratings,
and

. Gravitational settling of debris in drywell
pools when subjected to containment spray.

Section 3.0 provides further details on these
pathways.

2.4 Debris Transport Factor
Quantification

As evident from the previous discussion, the fibrous
debris transport is a complex process involving
several competing phenomena. Development of a
comprehensive “best-estimate” predictive tool that
accounts for each phenomenon mechanistically was
beyond the scope of this study". Instead, the study
decomposed the problem and studied each transport
pathway shown in Figure 2-2 independently. The
experimental data and analytical predictions
compiled for each transport pathway were
integrated together using simplified logic trees.
These logic charts were structured based on insights
gained regarding important transport pathways for
each debris size category. Figure 2-9 presents a
generic logic tree used to quantify debris transport,
including definitions of various terms. As shown in
Figure 2-9, the logic chart decomposes the problem
into five independent steps: LOCA Type; Debris
Classification, Distribution after blowdown, Erosion
and Washdown; and Sedimentation in drywell pool.
The first column describes the accident being
analyzed. This information sets the boundary
conditions for all the subsequent steps. The second
column specifies the size distribution data through
the use of size fractions (n1, n2, n3, and n4) defined
as the mass fraction of the debris belonging to size
classes small, large-above, large-below and large-

" Also, see NRC guidance listed in Section 1.
NUREG/CR-6369
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Figure 2-5. A photograph of small size insulation debris produced in air-jet tests.

Figure 2-6. A Photograph of Large Size Insulation Debris Produced in Air-Jet Tests
NUREG/CR-6369 2-21



Methodology Overview

Figure 2-7. A Photograph of Large Canvassed Debris Produced in Air-Jet Tests

Figure 2-8. A Photograph of Shredded Canvassed Debris Produced in Air-Jet Tests

NUREG/CR-6369 2-22
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Table 2-5. Debris classification.

Debris Type | Dimensions | NUREG/CR-6224 Transport Characteristics
Terminology

Small <6” x 4" Classes 2-6 . Smaller than (=equal to) grating clearance. Will be
(Figure 2-5) forced through gratings

. Gravitation settling negligible

. Vent capture unlikely

. Pool turbulence can keep them in suspension

. Washdown by sprays and break flow
Large > 6"x4” 6+ 0 Unlikely to be forced through grating even at flow
(Figure 2-6) velocities >200 ft/s.

. No washdown by sprays

. Erosion by break flow

. Capture at vents
Large- >6"x4” “Non- . Transport unlikely
Canvassed covered with | transportable” . No pathway for transport identified
(Figure 2-7) | canvas
Canvas 1”x1” to 3”x3” | Not considered . Same as small
Fragment
(Figure 2-8)
NUREG/CR-6369 2-23




Figure 2-9. Generic Logic Chart Used for Quantification of Debris Transport.

Methodology Overview

LOCA Type Debris Distribution Erosion and ~Drywell Floor [Path E ti Final L ti R i .
YPe | Classification | After Blowdown Washdown Pool ID. raction fnal Locatlon Location Definitions | Size Definitions:
F . .
MARK | ’:f‘;m:dt: v;"ti . ! ! Vonts Structures- Above: Drywell Structures Located above Spray Small Pieces: Insulation debris small enough to pass
Enclosures 2 F, Enclosures Heads, Washdown by condensate drainage only. through grating clearence (see Table 2-4).
DUMMY SHEET X . Structures- Break: Drywell Structures Located in the quardrant Large-Above: Large insulation pieces generated above
MSL BREAK ;’:atemme 3 3 Vents underneath the break. Washdown by break overflow and spray (if lowest grating. o
Drywell Floor applicable). Large-Below: Large Insulation Pieces generated below the
ECCS UNTHROTTLED Xs* Sediment 4 Fy Floor Structures- Other: Drywell Structures Located below sprays but lowest grating
SPRAYS OFERATED not underneath the break. Spray washdown. Canvassed: Large Insulation Pieces covered and protected
Waterborne 5 Fy Vents Enclosures: Enclosed volumes where debris may enter and become by canvas lining.
FIBROUS INSULATION cong - z trapped. Not subject to washdown,
Y::' e D08 | ectiment 6 F, Floor Drywell Floor: Vents and bends at the drywell floor.
Structures-Above F
Small Pi 3 7 - .
nr:1 ) — - Aderee d Structures Above Transport Factors Estimated
=T
Waterb: 8 F Vent 3
o : o Factor Formula Explanation
Break Flow/Sprays
stucturesBreak  * Sediment 9 Fo Floor I (F+F5+Fs+Fg+F )M, Fraction of Small Debris Transported
X: Adheres 10 Fio Structures-Break e (FietF )i Fraction of Large-Above Debris
Waterborne 1 Fi Vents Transported
Sprays/Condensate g F® (F20t+ FaotFautFy)ms Fraction of Large-Below Debris
Y : Sediment 12 F,, Floor T ] m _ Transported _
Structures-Other F (MF4+13F®) (M, +m5) Fraction of All Large Debris
X Adheres 13 Fig Structures-Other Transported
Tans I b : :
Waterborne | R vents F (FmF D mmyeny) | Fraction of Exsgﬁblﬂ Debris
Break Flow/Sprays FY! (MF+1,F *+13F") Fraction of All Insulation in the ZOI
Y Sediment 15 Fis Floor Transported
Structures-Break
X, Adheres 16 Fie Structures-Break
Logic Chart . . . .
Waterborne 17 [ Vents Hg . Explanation Rationale Used for Quantification
. eading
Large-Ab Sprays/Condensat . . .
,:3: ove Yp:ays oo Sediment 18 Fle Floor LOCA S , A description of the scenario being All assumptions related to systems response and time scales were
Structures-Other ® cenarto quantified. (see Figure 2-10 based on a generic BWR Plant. Particular plant response may vary.
g
MSL Break X & Adheres 19 Fig Structures-Other
rea Debris . - . .
F See Size defi . BWROG data is us n example to derive n;, n,, M3 and n,.
N Advected to Vent 20 » Vents Classification nitions abowe ed as a p Ty, T, Nz @nd ny
{ _} [m‘: :d'j :w': [wj
F i i T
Large-Below inﬁ:,osures 21 z Enclosures Distribution after Where is the debris Iocatgd at the end Removal efficiency from experiments was coupled with a simplified
en of blowdown? What fraction .
=10 Waterborne 22 Fay Vents blowdown ” adwection model was used.
o onstructures-abowe, -break, etc.”
Drywell Floor i i i '
’x-rsm Sediment 23 F Floor . What fractuon of 'the debris previously Spray flow and break overflow were assumed to cause washdown.
o d Erosion and deposited on various drywell structures . . .
; Experimental data was used to estimate washdown fractions for small
Washdown would be washed down or will be debris and erosion rates for large debris
Waterborne 24 Fae Vents eroded over time? : '
7 ] .
. . , CFD simulations of drywell floor pool was used to determine residual
Sprays/Condensate . What fraction of the debris reaching 84 poo was )
Y] Sediment 25 Fas Floor Drywell Floor Pool the drywell 1 will be transported? turbulence levels and flow pattems. This information was then coupled
Structures-Break rywell poo POMA?  lwith experimental data to obtain the fraction of debris transported.
X b Adheres 26 Fog Structures-Break :
Waterborne 27 Fy, Vents
pdl
Sprays/Condensate
Y 28 Fay Floor
Structures-Other
X6 Adheres 29 Fo Structures-Other
Canvassed 30 Fy Structures/Floor
=10 Total
s o 2E.Fy
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example was provided to illustrate how such information
can be folded-in to calculate a single transport factor that
can be used to estimate the quantity of debris reaching the
suppression pool, provided the quantity of insulation
contained in the zone of influence is known.

The next three steps allow the user to enter data regarding
inertial capture of debris on drywell structures located in
various regions of the drywell, the fraction of that debris
that would be eroded and washed down by water flow,
and subsequently, the potential for sedimentation of
dell)ris on the dlrywelll floor. Dlata on capture fractions
(Xiien' Xi idf X isa’ >1( isb and X iso
isar ¥ sy and Y ;), and drywell pool transport
fraction (Z') applicable to each postulated accident
scenario were derived and entered in these three columns.
Section 2.1 provides definitions of each term, with the
rationale for their quantification provided in Section 4.
The entries under heading ‘Fractions’ were obtained
simply by multiplying the branch fractions associated
with that particular pathway. The fractions whose final

location is vents were then added to calculate the 2.

transport factor for the accident scenario being evaluated.
Six different types of transport factors were derived from
this study:

Fl Fraction of small debris transported to the vents

F? Fraction of large-above debris transported to the
b vents

F Fraction of large-below debris transported to the
large vents. .

F Fraction of all larée debris tlrbansported to the vents,
defined as (n2¢F " +n3e¢ F )/(n2+n3)

F™  Fraction of ‘transportable debris’ transported to
the vents, defined as (n1eF*+n2e F® + n3e
F®)/(n1+m2+n3)

F?'  Fraction of all the debris contained in the ZOI

that would be transported to the vents, defined
as (n1eF+n2e F* + n3e FY)

These six transport factors were derived for each accident
scenario. The calculated transport factors were found to
be a strong function of the accident scenario assumed. A
separate logic tree was developed for each accident
scenario that analyzed impact of variations in the
following parameters:

2-27

), washdown fractions 1.

Methodology Overview

¢ Plant Design

» Break Type and Location

» ECCS Throttling

« Containment Spray Operation

Figure 2-10 provides a complete spectrum of accident
scenarios analyzed in the present study

For each of the twenty (20) scenarios analyzed (see Figure 2-
10), two types of estimates for debris transport fractions
were obtained:

Upper Bound Estimate. These estimates were obtained
by compounding bounding estimates for each individual
logic-tree branch. It is unlikely that actual drywell
transport factor in a BWR following a LOCA would be
greater than the upper bound estimate. The upper bound
estimates can be treated as generic estimates that will
most likely bound all accident scenarios and operating
conditions for that plant type.

Central Estimate. These estimates were obtained by
compounding more realistic estimates for each individual
branch. The central estimates are judged to be closer to
reality, but without the assurance that they can not be
exceeded under any accident condition. Central estimates
should be applied on a plant-specific basis after assuring
that actual plant systems behavior is consistent with the
accident scenarios analyzed and that the underlying
modeling assumptions are representative of the particular
plant.

Appendix-A contains a complete listing of all the logic trees
developed in this study. In addition, Section 4 describes the
quantification process in detail by considering logic trees
developed for two postulated breaks. Section 5 provides an
example of how the results of the present study can be
integrated with the debris size distribution data to estimate
combined generation-transport factor.

As discussed above, a total of 20 accident scenarios were
analyzed as part of the DDTS (see Figure 2-10), which
considered variations in the following parameters (or plant
data).

NUREG/CR-6369
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Initiating Event | Plant Design

| Type of Break

| Throttle ECCS Flow

| Operate Containment Sprays

Chart of LOCA Scenarios Analyzed
in Debris Transport Study

Mark | Containment

Main Steam Line Break

Yes (Steaming)

Operated Intermittently

Scenarios Analyzed

Mark |l Containment

Recirculation Line Break

No (Full Flow < 1 Hr.)

Not Opreated

Operated Intermittently

Yes (Full Flow < 1 Hr)

Not Opreated

Operated Intermittently

Main Steam Line Break

No (Full Flow < 3 Hr)

Not Opreated

Operated Intermittently

Yes (Steaming)

Not Opreated

Operated Intermittently

Mark Il] Containment

Recirculation Line Break

No (Full Flow < 1 hr.)

Not Opreated

Operated Intermittently

Yes (Full Flow < 1 Hr)

Not Opreated

Operated [ntermittently

Main Steam Line Break

No (Full Flow <3 hr.)

Not Opreated

Operated Intermittently

Yes (Steaming)

Not Opreated

Recirculation Line Break

No (Full Flow < 1 hr.)

Yes (Full Flow < 1 Hr)

No (Full Flow < 3 hr.)

Figure 2-10. Accident scenarios analyzed in the study.
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2.4.1 Plant Design

Drywell transport factors were derived for all three
types of drywell designs: Mark I, II, and IIl. Plant
features that are most common'’ were used to define
generic design of each containment type. For
example, each containment type was assumed to
contain two levels of contiguous floor gratings'.
Major differences between these containment types
as modeled in the study pertained to vent
arrangement and ECCS flow rates. These differences
were found to significantly impact debris transport
during washdown. Other differences between plant
types were found to be of secondary importance
(e.g., containment volume, structural congestion
level) and hence were modeled generically.

2.4.2 Selection of Break Type and Location
For each containment type, two breaks were
analyzed:

1. A double ended guillotine break in the main
steam line with full separation of broken ends
in the mid-region of the drywell

2. A double ended guillotine break in the
recirculation line with full separation of
broken ends in the mid-region of the drywell

Breaks can occur in the main steam lines,
recirculation lines or feedwater lines, all of which are
pressurized during normal operation. In this study,
breaks in feedwater line were screened out as they
were found to have been bounded by postulated
breaks in the recirculation lines.

The location of an arbitrarily postulated main steam
line (MSL) breaks may vary from the top of the
containment where the MSL enters the biological
shield to the mid-region where the MSL exits the
drywell. Recirculation line break locations can vary
from the bottom of the drywell (close to the drywell
floor) to the mid-region where the recirculation flow
enters/exits the pressure vessel. Examination of
drywell piping layout would demonstrate that
breaks located in the mid-region of the drywell will
subject more target pipes (i.e., insulated primary

" A comprehensive survey of BWR drywells was used to identify
most common plant features for each plant type with special
emphasis on number and arrangement of floor gratings.

¥ Survey indicates that several Mark I drywells contain more
than two levels of grating, whereas several Mark Is contain only
one grating. Such plant-specific variations can be easily
accommodated by modifying appropriate logic trees, as shown in
Section 5.

NUREG/CR-6369
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pipes) to higher pressures than the breaks postulated in
either extremes of the drywell. Therefore, it is very
likely that breaks located in the mid-region of the
containment would generate substantially more debris
than other postulated locations. As a result, the study
focused on the breaks postulated in the mid-region of
the drywell”.

2.4.3 ECCS Throttling

In addition to ECCS flow rate, duration of unthrottled
ECCS flow also impacts overall debris transport
fraction. Transport fractions were derived for throttled
and unthrottled conditions. While using the results, it
should be noted that throttled ECCS operation is the
most likely scenario, and unthrottled conditions occur
only because of either an operator error or instrument
malfunction.

For a MSLB, throttled conditions assume that the
operator throttles ECCS flow after the reactor core is
refilled, but before the pressure vessel is completely
filled and water starts to overflow through the break.
Unthrottled condition, on the other hand, assume that
the operator does not throttle ECCS flow and lets it
overflow through the broken pipe for an hour after a
LOCA. Similarly, in the case of a recirculation line
break, throttled condition corresponds to throttling
ECCS flow one hour after a LOCA and unthrottled
condition assumes continuous operation of ECCS at full
flow for three hours.

2.4.4 Drywell Spray Operation

Drywell spray operation in the majority of drywells is a
manual function, initiated as a response to high
containment pressure and/or high containment
temperature. Typically, containment sprays are turned
on after ECCS flow is throttled, and are operated
intermittently for up to 30 minutes at a drywell time.
Some of the containment designs do not possess sprays.
For Mark I and II designs, the impact of intermittent
operation was quantified assuming 30-minute
operation. Mark III containments either do not possess
drywell sprays, or are not likely to operate them.
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3. Controlling Phenomena and Plant Features

One of the objectives of the DDTS is to identify 2. If floor gratings do not cover the entire flow cross-

physical phenomena/processes and plant features section they may not be as effective at debris

that control and dominate insulation debris capture. A survey of the plants suggest that

transport in the BWR drywell. Experimental data typically one or two floor gratings exist in each

were used to draw the necessary insights. plant. In some cases, they cover only a small
fraction of the flow cross section and would allow

3.1 Controlling Plant Features debris to bypass. Other examples include large

open holes in the gratings designed to
accommodate control valves and piping runs. In
all such cases care must be taken to ensure that
gratings still provide an effective geometry for

Three plant features that control debris transport

are: (1) number and arrangement of gratings with
respect to the break, (2) vent and drywell floor > .
design, and (3) duration of unthrottled ECCS flow. capturing debris.

3. Combined effects of blowdown and washdown
should be considered. For example, smaller debris
captured on the grating during blowdown can be
washed down by sprays and break flow.

3.1.1 Effect of Floor Gratings

Experimental data clearly illustrate that drywell
floor gratings provide the largest potential for
capture of both small and large debris. Figure 3-1
illustrates capture of small debris on wet floor
gratings. The measured capture efficiencies varied
between 15% and 30% for small debris depending
on the flow velocity and relative wetness. Buta
large fraction of the captured small pieces will be
washed down within 30 minutes by containment
sprays or within few minutes by break overflow; no
washdown is expected in the case of condensate
drainage.

3.1.2 Vent and Drywell Floor Design

Experiments were conducted to study the effectiveness
of the vents to capture debris. In Figure 3-3, the test
setup used to simulate Mark II vents is shown. As
shown here, the captured debris was deposited around
the vent on the floor or vent plate. These experiments
showed that capture at the vents is a significant
contributor for removal of small, and large pieces; with
an efficiency of 10-15% for small and greater than 30%
for large pieces.”. However, in order to take credit for
debris capture at the vents, the analyst must carefully
consider combined effects of blowdown and
washdown (i.e., pieces deposited during blowdown
may become re-suspended and transported during
washdown depending on the hydrodynamic conditions
that exit in the pool during washdown phase).

In the case of large pieces, the floor grating possesses
a capture efficiency of 100%. Figure 3-2 illustrates
the capture of large debris on grating. As shown
here, the large debris are captured on the surface
and cannot be forced through the grating by either
blowdown flow or washdown flow. The only
mechanism available for its transport is erosion by

ECCS flow.
A pool of water that formed on the drywell floor may

provide an area where debris might settle during
washdown. Analyses conducted as part of the study
suggest that significant debris retention might be
possible in the pools formed during spray operation.
On the other hand, the potential for debris settling is
low in pools formed of break overflow because such
pools are associated with higher flow velocities and

Credit for capture on floor grating should be given
subject to the following considerations:

1. Capture of small pieces is only possible if the
grating surface is wet. Experiments
demonstrated that capture efficiency of gratings
for small debris are small (6%) if the grating
surfaces are not wet'.

' In the case of dry grating, filtration of small pieces by large

pieces already deposited on grating is also a possible mechanism ? In case of recirculation line break potential for debris capture at
for debris removal. At the concentration of present interest its vents during blowdown could be higher. However, these pieces
contribution is minimal. may become resuspended and advected during washdown.
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Figure 3-1. Typical small debris deposition on wet gratings observed in the experiments.
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Figure 3-2. Capture of large debris on dry/wet gratings.
(The piece is being subjected to 150 ft/s air flow.)
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Figure 3-3. Capture of small debris around simulated Mark II vent.
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dryweli floor can be very effective at retaining debris
on the drywell. Further discussions are provided in
Section 4 with details provided in NUREG/CR-6369,
Supplement 2 [Ref. 3.1].

3.1.3 Duration of Unthrottled ECCS
Operation

Assumptions related to duration of ECCS operation
at full flow following a LOCA play a vital role in
debris transport. Figure 3-4 presents photographic
illustration of large debris erosion by break flow.
Also shown in Figure 3-5, erosion was found to be a
constant rate process [Ref. 3.2]. If the ECCS is
allowed to operate at full flow for several hours after
a LOCA, it is likely that a large fraction of insulation
will be eroded and transported to the suppression
pool. As a result, the debris transport factor may
vary considerably depending on the assumptions
related to ECCS operation. In view of this
variability, results of the present study were
expressed as a function of assumed ECCS response
following LOCA.. The analyst should select most
appropriate accident scenario applicable to the plant
under consideration. :

3.2 Dominant Transport Processes

The following physical processes/phenomena were
determined to be controlling transport.

3.2.1 Small Debris

Table 2-5 and Figure 2-5 presented a description of
small debris. Typically, a majority of this debris is
smaller than the grating clearances and can readily
pass through them. Analyses and experiments
suggest that small debris possess low gravitational
velocities (1-3 ft/s in air STP), and tend to stay fully
suspended at airflow velocities higher than 10 ft/s
(see Section 2.4.1 of Ref. 3.2). The processes that
dominate transport of small debris are: advection,
inertial capture, washdown and pool
hydrodynamics. During blowdown the gratings are
the most likely locations for debris capture, followed
by other structural congestion, vents and drywell
floor. For Mark I and III containments, the most

Controlling Phenomena and Plant Features

dominant transport pathways for small debris are:

1. Advection during blowdown by steam/water
mixtures

2. Washdown of pieces previously deposited due
to inertial capture by break flow and subsequent
advection to vents.

For Mark II containments, the dominant transport
mechanisms are slightly different:

1. Advection during blowdown by steam/water
mixtures

2. Washdown of pieces previously deposited
due to inertial capture by spray flow and
subsequent advection to vents.

3. Washdown of pieces previously deposited
due to inertial capture by break flow and
subsequent advection to vents.

Other transport pathways were found to be of
secondary of importance.

3.2.2 Large Debris

Experiments were conducted to study if large pieces
would be forced through the grating clearances due
to: (a) exposure to high velocity steam flow, (b)
exposure to high velocity two-phase jet flow typical
of recirculation line break, or (c) prolonged exposure
to break/spray water flow. The results suggest that
large pieces (1/8" or higher in thickness) exposed for
several minutes to 150 ft/s’ airflow neither erode nor
are forced through the grating, although pressure
drop across the pieces is as large as 0.5 — 1 psi’.
Finally, washdown experiments documented in Ref.
3.2 also revealed that potential for large pieces being
forced through when subjected to break or spray
water flow is negligible. Once again substantial
erosion might occur over time. For these pieces the
most dominant transport pathways are

1. Advection of large debris generated below the
lowest grating

2. Erosion of large debris by break flow and
subsequent transport, and

3. Advection of large pieces through
discontinuities in the floor gratings.

* Note that flow velocity of 150 ft/s corresponds to a situation in
which blowdown flow from a main steam line break flows
through 1/8" of the drywell cross-section

* To maximize pressure drop, fine water droplets were added to
the airflow.
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(b) After Exposure to Water

Figure 3-4. Erosion of large debris trapped on floor grating by water flow.
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Figure 3-5. Erosion as a function of time for large pieces trapped on floor grating.
(Flow is = 50 GPM/ft*)
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3.2.3 Large-Canvassed

The study concluded that transport of large
canvassed pieces is unlikely either by advection or
by erosion. Therefore, these pieces were classified as
“non-transportable.”
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4. Quantification of Logic Charts

Logic charts were used to integrate analytical
predictions and experimental data related to debris
generation, blowdown transport, washdown and
erosion, and drywell floor transport. A separate
logic chart was developed for each of the twenty
postulated LOCA scenarios in BWR Mark I, II and III
containments to properly account for scenario-
specific variations in the thermal and hydraulic
conditions that exist in the drywell. Appendix A
presents a complete listing of all the logic charts
developed in this study. In this section, two accident
sequences are analyzed in detail to illustrate the
methodology and delineate various approaches used
to account for the effect of each physical process.

Debris transport in the drywell is a complex process
involving several coupled phenomena. Mechanistic
modeling of such a process is not practical. Where
necessary, reasonable approximations' were sought
to de-couple the problem into separate steps that
would enable the use of simple models in place of
detailed mechanistic models that would otherwise
have to be developed. Resulting first-order models
were intentionally configured to provide
conservative estimates for each step of the coupled
problem. Such conservative estimates were then
compounded to obtain the upper bound estimate for
debris transport. More realistic central estimates
were obtained by refining some of the underlying
assumptions to more accurately reflect the expected
plant conditions. Accordingly, an upper-bound and
a central estimate logic tree was developed for each
scenario. The rationale used for each approximation
in the analyses is described below. Section 2 may be
consulted for definitions of various terms used
below.

4.1 Main Steam Line Break Logic
Chart

The accident scenario analyzed here is a postulated
MBSLB in a Mark I drywell. The break was assumed
to be in the mid-region of the containment where it
is likely to generate the maximum amount of debris.
In this scenario, it was assumed that the operator
would throttle the ECCS after recovering the

! Analytical models and experimental data were used to assure
that all approximations are defensible and that they provide
conservative (if not accurate) representation of the phenomena of
interest.

pressure vessel level, but before any significant water
spillage from the broken end. Also, it was assumed
that the operator would initiate the containment sprays
and would run them for thirty minutes in response to
elevated containment pressure and temperature. In the
reference plant being analyzed, the drywell vents are
offset from the floor by 18-inches resulting in a drywell
floor pool capable of holding 8000 gallons of water
before significant overflow into the vents. The drywell
has two gratings, both covering 100% of the flow cross-
sectional area with no significant chances for debris to
bypass the gratings. The drywell free-volume is
120,000 ft’, with 41% of it above the top grating, 37%
between the two gratings and 22% below the lower
grating. Typical drywell structures occupy the volume
above, below and between the gratings. No plant
specific features were considered. For example, this
plant has large air handling units located close to the
vent entrances, which would provide large surface area
for debris deposition, but their ability to capture debris
was ignored.

Figures 4-1 and 4-2 present the logic charts developed
to deduce upper bound and central estimates,
respectively, for the transport factor. Consistent with
postulated debris transport pathways (see Figure 2-2),
these charts de-couple the overall problem into four
sequential (but independent) processes: debris
generation, distribution after blowdown, erosion and
washdown, and transport via the drywell floor pool. A
series of analyses and experiments were undertaken to
develop necessary understanding regarding each of
these processes. The following sections describe
important findings related to each process and how
they were utilized to derive upper bound and central
estimates.

4.1.1 Debris Generation

The debris generation data provide boundary
conditions for all the subsequent processes. The
scoping analyses [Ref. 4.1] have shown that debris
transport is influenced most by the following
parameters related to debris generation: a) duration of
debris generation, b) location of debris generation, c)
medium of transport, d) debris wetness, and e) size
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Quantification of Logic Charts

LOCA Type [ Debris Classification| ;::::::T&i::; Erosion and Washdewn] Drywell Floor Pool Path Fraction (Section Final Location
(Section 4.1) (Section 4.1.1) 4.1.2) (Section 4.1.3) (Section 4.1.4) No. 4.1.5)
Advected to Vents 1 TOSBE-0T Vents
MARKI 0.89
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 0.000E+00 Vents
MSL BREAK 0.00
|Drywell Floor
ECCS THROTTLED 0.00 Sediment 4 0.000E+00 Floor
1.00
SPRAYS OPERATED
Waterborne 5 0.000E+00 Vents
FIBROUS INSULATION 0.10
Condensate Drainage
0.10 Sediment [ 0.000E+00 Floor
Structures-Above 0.90
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterborne 8 6.600E-04 Vents
0.10
Sprays/Condensate
1.00 Sediment 9 5.940E-03 Floor
Structures-Break 0.90
0.03 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 1.760E-03 Vents
0.10
Sprays/Condensate
1.00 Sediment 12 1.584E-02 Floor
Structures-Other 0.90
0.08 Adheres 13 0.000E+00 Structures-Other
0.00
Waterbormne 14 1.500E-03 Vents
1.00
Sprays/Condensate
0.02 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.25 Adheres 16 7.350E-02 Structures-Break
0.98
Waterbormne 17 4.500E-03 Vents
1.00
JLarge-Above Sprays/Condensate
0.30 0.02 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.75 Adheres 19 2.205E-01 Structures-Other
SL Break 0.98
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
[Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterbome 22 0.000E+00 Vents
0.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
1.00
‘Waterbome 24 0.000E+00 Vents
0.00
Sprays/Condensate
0.02 1Sediment 25 0.000E+00 Floor
Structures-Break 1.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.98
‘Waterborne 27 0.000E+00 Vents
0.00
Sprays/Condensate
0.02 Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.00 Adheres 29 0.000E+00 Structures-Other
0.98
Canvassed 30 4.000E-01 Structures/Floor
Q

note: Fractions are normalized to each debris class

Figure 4-1. Logic chart for upper bound estimate of transport factor for a MSLB scenario.
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Quantification of Logic Charts

LOCA Type |Debris Classification ;f"v";::?(';:ﬁz; Erosion and Washdown|  Drywell Floor Pool | Path | Fraction (Section Final Location
(Section 4.1) (Section 4.1.1) 41.2) (Section 4.1.3) (Section 4.1.4) No. 4.1.5)
Advected to Vents 1 1.144E-01 Vents
MARK 1 0.52
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborne 3 0.000E+00 Vents
MSL BREAK 0.00
Drywell Floor
ECCS THROTTLED 0.01 Sediment 4 2.200E-03 Floor
1.00
SPRAYS OPERATED
Waterborne 5 8.800E-07 Vents
FIBROUS INSULATION 0.01
Condensate Drainage
0.01 Sediment 6 8.712E-05 Floor
Structures-Above 0.99
Small Pieces 0.04 Adheres 7 8.712E-03 Structures-Above
0.22 0.99
Waterborne 8 1.100E-04 Vents
0.01
Sprays/Condensate
0.50 Sediment 9 1.089E-02 Floor
Structures-Break 0.99
0.10 Adheres 10 1.100E-02 Structures-Break
0.50
Waterborne 11 3.520E-04 Vents
0.01
Sprays/Condensate
0.50 Sediment 12 3.485E-02 Floor
Structures-Other 0.99
0.32 Adheres 13 3.520E-02 Structures-Other
0.50
Waterborne 14 5.100E-04 Vents
1.00
Sprays/Condensate
0.01 1Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 5.049E-02 Structures-Break
0.99
Waterbome 17 2.890E-03 Vents
1.00
Large-Above Sprays/Condensate
0.34 0.01 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
085 Adheres 19 2.861E-01 Structures-Other
SL Break 0.99
1.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterborne 22 0.000E+00 Vents
0.00
Drywell Floor
0.04 Sediment 23 1.600E-03 Floor
1.00
Waterborne 24 0.000E+00 Vents
0.00
Sprays/Condensate
0.01 Sediment 25 4.000E-06 Floor
Structures-Break 1.00
0.01 Adheres 26 3.960E-04 Structures-Break
0.99
Waterborne 27 0.000E+00 Vents
0.00
Sprays/Condensate
0.01 Sediment 28 1.600E-05 Floor
Structures-Other 1.00
0.04 Adheres 29 1.584E-03 Structures-Other
0.99
Canvassed 30 4.000E-01 Structures/Floor
Q

note: Fractions are normalized to each debris class

Figure 4-2. Logic chart for central estimate of transport factor for a MSLB scenario.
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Quantification of Logic Charts

distribution of generated debris. Debris size
classification information was explicitly used in
Figures 4-1 and 4-2 under the “debris classification”
heading. Information gathered on the other three
processes was used in the latter part of the logic tree
quantification.

4.1.1.1 Key Findings

Figure 2-3 provides an overview of various analyses
performed to develop basic understanding of debris
generation by steam jets in a BWR drywell. These
analyses included:

. RELAP calculations to estimate break flow,
including its thermodynamic state, as a
function of time,

. CFD calculations to draw insights related to

deflection of gaseous jets by typical drywell
structures located in its path,

. Review of experimental data related to debris
generation by expanding air jets, and
. Review of limited experimental data on debris

generation by steam jets.

In addition, two bench-top experiments were
conducted to draw insights related to debris wetness
following a postulated main steam line break.
NUREG/CR-6369, Supplement 2 documents some of
these calculations and their results in detail.
Important conclusions of these analyses are as
follows:

1. Debris generation occurs within seconds after LOCA.
The duration of debris generation is important
to determine the thermal and hydraulic
conditions to which the debris is subjected
during its transport. Debris generation was
known to be strongly dependent on the flow
dynamic pressure at the target pipe [Ref. 4.3].
The dynamic pressure, defined as pv’/2g,, is
dependent on the flow velocity and pressure at
the break plane (i.e., higher flow velocities and
pressure at the nozzle would translate into
higher dynamic pressure at the target). As
shown in Figure 4-3, the steam flow velocity at
the break exit plane remains nearly sonic for the
first twenty seconds, although it decreases
slightly from 900 ft/s to 800 ft/s. During the
same time, however, the fluid density decreases
rapidly due to reduction in the vessel pressure
from 1050 psi to 300 psi. As a result, the
dynamic pressure on a target located in the close

NUREG/CR-6369

vicinity of the break falls rapidly with time,
decreasing to a third of its initial value within the
first five seconds. Because, debris generation is
directly proportional to the jet dynamic pressure
[Ref. 4.2], it can be concluded that majority of the
debris would be generated within the first five
seconds. For the sake of simplicity, it is reasonable
to assume that debris generation occurs
instantaneously after a LOCA’.

2. Debris generation is limited to a zone of influence
surrounding the break. Further destruction or
degradation of the debris outside the zone of influence is
negligible. This approximation is vital to de-couple
the problem that would enable modeling debris
transport independent of debris generation’.
Analytical efforts were undertaken to study jet
expansion in the zone of influence, when subjected
to structural congestion typical of the drywell mid-
region. These studies found that the same
processes that generate debris from the target pipes
would also deflect and diffuse the jet within the
zone of influence. Therefore, at the exit of the zone
of influence’ the flow velocities would be in the
range of 50-100 ft/s. Flow velocities in the
remainder of the drywell are in the range of 30-45
ft/s, with the exception of the neck region where
flow velocities as high as 100 ft/s are possible.
Experiments were conducted to study if gas
velocities as high as 150 {t/s can cause any damage
to debris [Ref. 4.3, Section 2, Tests 41 through 44].
These tests have shown that no damage would be
expected in the region outside the zone of
influence.

3. Steam is the medium of transport. Medium of
transport affects pathways available for transport.
For example, debris entrained by steam would be
distributed through out the drywell. On the other
hand, water-borne debris would be carried
downward to the drywell floor without interaction
with a majority of drywell structures. Calculations
were undertaken to determine the constituents of
the break flow and draw conclusions related to the
medium of transport. As shown in Figure 4-3,
these calculations suggest that a primarily dry

? Sensitivity analyses suggest that transport factors are weakly
dependent on this assumption. It was found to result in a slightly
conservative estimate of debris transport factor.

*If such an approximation is invalid, then more complex modeling
effort integrating debris generation and transport would be
necessary.

“The zone of influence tends to be hemispherical for a postulated
single-ended MSLB in a congested region.
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Figure 4-3. Blowdown data corresponding to a postulated main steam line break in a BWR/4 plant.
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steam jet expands into the containment with an
equilibrium quality at the stagnation point
greater than 0.8 over the first twenty seconds.
The corresponding equilibrium void fraction is
0.99. Therefore, it is very likely that debris are
entrained and transported through the drywell
by steam continuum, with suspended water
droplet field.

4. The debris would be nearly dry. Wet debris tends
to be heavier (i.e., higher inertia) and will be
more likely to impact the structural
impediments in their path and adhere to them.
Two bench-top experiments were conducted as
part of this study (Ref. 4.4) to establish likely
debris wetness following a MSLB. In the first
one, the fiberglass insulation fragments of
different size were held stationary and were
continually exposed to up to 2 minutes of steam
flowing across it. In the second test, a small-scale
steam jet from an industrial boiler was used to
fragment the aged insulation blanket. In both
cases, debris weight was measured while they
were wet and after they were completely dried.
A maximum increase in weight of 20% was
noted in these tests with all the condensed water
film on the outer surface; the bulk of the
fragment volume was essentially dry. Such a
slight increase is unlikely to effect transport or
capture. Therefore, it is reasonable to assume
that debris would be dry. Note that this
assumption minimizes the potential for debris
capture in the drywell.

5. Debris size distribution is uncertain. Typical sizes
of the debris as they exit the zone of influence
and the mass of debris belonging to each size
group are vital components necessary to
estimate overall transport factor. Existing data
suggest that generated debris can be generally
characterized as small, large and large-
canvassed. Past experiments have provided
some data that can be used to derive debris size
distribution typical of main steam line breaks
(see Section 5). However, any such effort would
be associated with large uncertainties. No
attempts were made as part of this study to
develop applicable debris size distribution.

4.1.1.2 Upper Bound Estimates

Sizes of the debris as they exit the zone of influence
are a crucial input necessary to determine applicable

NUREG/CR-6369

transport pathways. Existing experimental data
suggest that fibrous insulation debris can be broadly
classified into three size groups, small, large and
large-canvassed. Also, experiments conducted as part
of this study established that gratings are effective at
capturing all the large debris transported to them by
steam or water flow. Hence, it is likely that large
debris generated above the lowest grating would
follow substantially different pathways compared to
those generated below. To accommodate these
differences, the large debris were further divided
into two groups: large-above and large-below. The
focus of this study was to obtain transport factors for
each of these debris sizes (i.e., small, large-above,
large-below, and large canvassed). To meet this
objective, a value of 1.0 was assigned for 1, 1,, N,
and 1, in Figure 4-1. Such a choice automatically
normalizes values under the heading “Fractions” to
each size class (i.e., all fractions belonging to each
size class add up to 1.0). Section 5 describes how the
actual size distribution data, if available for the
particular scenario of interest, can be used to
calculate the overall transport factor (F**).

4.1.1.3 Central Estimates

Same approach as above.

4.1.2 Distribution at the End of Blowdown

The objective of this step was to estimate where the
debris would be located at the end of blowdown.
The allowable final locations are vents (suppression
pool), enclosures, structures-above, structures-break,
structures-other and drywell floor. As the initial (or
boundary) condition, it was assumed that dry debris
exits the zone of influence, and that, due to high
flow velocities, debris deposition is negligible within
the zone of influence. Finally, it was assumed that
all of the debris is entrained and transported by
steam flow. During transport outside the zone of
influence the debris would not undergo further
destruction or reattachment.

Subject to these conditions, the fraction of debris

advected to vents during blowdown can be
expressed as:

Flid :(I_Xien_Xisa—Xisb_Xiso_Xiif)

Where, Fi,4 is the blowdown transport factor for ith
size debris, and Xy, Xig, , Xig, , Xig,, and Xiys are



capture fractions associated with enclosures,
structures-above, structures-break, structures-other, and
drywell floor, respectively. Each of these individual
fractions are the product of the fraction of debris
carried into that region by gas flow and the
efficiency of the structures in that region to capture
i" size debris. Analyses and experiments were
conducted to draw insights related to both these
phenomena.

4.1.2.1 Key Findings

An analytical approach was adopted to estimate the
quantity of debris being carried into each region of
the containment. For this purpose, CFD simulation
of the drywell was undertaken to determine likely
bulk flow patterns that would exist in the drywell
following a LOCA. These CED calculations utilized
break flow estimates from RELAP simulations as a
boundary condition. To minimize computational
effort, the actual drywell structures were not
modeled. Instead, porous media with a pressure
drop approximated structural impediments to flow.
The resulting bulk flow patterns were utilized to
draw conclusions related to debris movement.

In addition, experiments were conducted to study
capture efficiencies associated with drywell
structures assembled to prototypical congestion
levels. Experimental data were obtained for a wide
range of conditions determined to be representative
of drywell thermal and hydraulic conditions
corresponding to different accident scenarios. These
experiments clearly established that structural
wetness plays a vital role in deposition. Hence,
further analytical efforts were devoted to draw
insights related to the build-up of water film on
drywell structures. Based on all these analyses, the
following conclusions were drawn related to debris
transport outside the zone of influence:

1. Debris becomes intermixed with the containment
atmosphere. Inmediately after LOCA (t =0 s),
vent flow is minimal due to large frictional
losses at the vent entrance and presence of
water in the down-comers’. During this time
(< 1.0 second after LOCA), the break flow is

primarily used to pressurize the containment.

CFD simulations suggest that strong
recirculating flow patterns exist in the
drywell during this short interval, leading to

*In Mark I and 1T drywells, down-comers would be occupied by
water slug 4-6 ft in height.

Quantification of Logic Charts

nearly uniform concentration of debris
within the drywell. This finding was used to
set the initial conditions for transport (i.e.,
uniform concentration of small debris in the
drywell at t=0 s).

2. Vents clear shortly after LOCA. Debris
advection to suppression pool commences
once the vents clear. Several MELCOR®
analyses were conducted to estimate time
taken for vent clearance in Mark I and Mark
II containments (see Figure 4-4) [Ref. 4.6].
For the smallest of the operating BWR
drywells (free-volume =~ 125,000 ft’), vents
were predicted to be cleared in 0.5 seconds
after assuming that no condensation occurs
in the drywell (either on structures or due to
isentropic jet expansion). For an average size
drywell (140,000 ft’) coupled with more
realistic estimates of steam condensation,
vents were cleared at 0.8 seconds. After
vents cleared, the drywell was maintained at
a quasi-steady pressure of 45 psia for about
30 seconds. As shown in Figure 4-4, during
this quasi-steady state, the flow rate closely
follows the breakflow shown in Figure 4-3.

3. Moderate flow velocities and relatively simpler
bulk flow patterns drive debris transport outside
the zone of influence. Figure 4-5 illustrates
typical bulk flow patterns expected in the
drywell following MSLB [Ref. 4.5]. This
corresponds to the case in which direction of
the break flow is horizontal and the vents are
cleared at 0 seconds. Several such runs with
different break orientations were used to
draw insights related to likely flow patterns
that would exist in the drywell following a
LOCA. These calculations suggest that flow
velocities in the majority of the drywell
would be in the range of 25-45 ft/s, with the
exception of the neck region where they may
as high as 100 ft/s. The bulk flow patterns
would cause continuous mixing of the debris
with drywell atmosphere. It is likely that at
any given time mass of debris advected to
vents can be approximated by a simple
volume turnover model.

4. Debris advection by blowdown flow occurs on a
short time scale. Analyses have shown that the

* MELCOR was used because it already has a detailed vent
model.

NUREG/CR-6369



69€9-4D/DTIANN

Presmse (10°Pc)

8¥

o

T

*dTSIN © Surmorjoy asuodsaz sorpneapAy [ewrayy [pmAxp 10y suondipaid YOO TAN #-F 231

MSL—4 Downcomer Flow Velocities
W —— ety

Valocity (fi/sec)

328 250 . L3 3 . 800
———e— Break Quadrant
300 228 | -=iBe= Side Quadramt
secs@ese Buck Quadrant
200 p
278 p > 600
- 178} b
250 d
3 150
228
i 128 b 400
200 > 100
178 ‘! 7%
> 200
180 S0
128 28
100 o 30 °
® T™E (s)
480 MSL=4 Temperatures (a) . 7.9 m:‘ c.' ""“'.L."-h AN foneven s mtnn st
v Ad v v Ad v v L & v v iy
~——— Breck ~ Atm L ————— ;:.1 -
440 —sadnsa Qreak Sot 7.8 Daok Quodrant
- Gl
- @ o Wetwel - Atm =ca@roe Side 2
<20 ssccgBocs Wotwell Sat 7.7 F - @ = Cavity
~=@=~ Suppression Peel esssesses Overflow
d
400 —_ L
£
380 g 7S r ]
- 7.4 T
seo | o % .
! ]
1 \ 4 7.3F 1
340 H \
[} b——--.———-ﬁ——_—o————.
320 | [P S iyt 7.2
F Y Ll
300 A " A A A A A A A A A 7.1 0 5 10 18 20 25 30
(] S 10 15 20 25 30

T™E (o) TME (o)

syreyD) 01807 JO UoTEDdTIIUEN])



Quantification of Logic Charts
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Figure 4-5. CFD code predictions for quasi-steady flow patterns that
exist in the drywell following a MSLB.
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rate at which debris is advected from the drywell is
a product of the concentration in the drywell and the
volumetric flow rate. For fully mixed flow
conditions, assuming debris generation at 0 seconds
and no removal from the flow, the fraction of
generated debris that would be advected during t
seconds can be calculated from the mass
conservation equation as:

F(t)= (M, - M(t) AA I V4

(4-1)
where,

F(t) = fraction of initial inventory
transported in t seconds.

M, = = debris mass inventory in the
drywell at t=0,

M = debris mass inventory in the
drywell at t,

Tyent = time required to clear
vents/downcomers (0.5 -1.0 s
for Mark I)

1 = turnover time’ (3.4, 4.2 and 5.4

seconds, for Mark I, IT and III)

For a Mark I drywell (Tyen; =0.75sand 1=
3.4 s), the transport factor is 0.40, 0.71, 0.93
and 0.98 corresponding to t=2.5, 5, 10, and 15
seconds, respectively. Therefore, the debris
that remains in suspension would be advected
to the vents by blowdown flow within the first
15 seconds. During these first 15 seconds, the
containment conditions remain quasi-steady.
Hence, it is not necessary to undertake a
transient debris transport analysis. This
conclusion was used to simplify transport
models significantly.

Potential for gravitational settling of debris is
negligible. Gravitational settling is one
mechanism by which debris can be removed
from the flow. For quiescent flow, debris
terminal velocity® is a good indicator of the

" Turn over time is defined as the ratio of “mass of drywell
atmosphere at 45 psia corresponding to quasi-steady condition
(Ib.)” to “break flow rate (Ib./s)".

* Terminal velocity is a measure of particle inertia and is equal to
its gravitational settling velocity in quiescent air (or water).
Usually a particle will remain in suspension if its terminal
velocity is much lower than the flow root-mean-square velocity.
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potential for debris removal by this
mechanism. In a turbulent flow (such as that
expected in the drywell), the flow turbulence
can reduce likelihood of debris falling out due
to gravitational settling. It has long been
known that gravitational settling is negligible
if the root-mean-square turbulent velocity is
higher than the terminal velocity of the
suspended particle. The CFD calculations
were undertaken to estimate turbulent kinetic
energy (which is a measure of the RMS
velocity) in different regions of the drywell as
a function of time. These calculations
suggested that turbulent kinetic energy in the
bulk of the containment atmosphere following
a MSLB is greater than 24 joules/kg.
Corresponding turbulence root-mean-square
velocity is approximately 21 ft/s, which is far
in excess of the debris fragments terminal
velocity of 2-5 ft/s. Therefore, it can be
concluded that containment flow dynamics
and turbulence levels would be sufficient to
keep debris in suspension. This conclusion is
further validated by separate effects tests (Ref.
4.3, Section 2.4.1). Also note that neglecting
gravitational settling results in higher
transport.

A fraction of the generated debris would be
captured by structures. Experiments
conducted at similar operating conditions
clearly demonstrated that small and large
debris would be captured on gratings and
other drywell structures. The fraction
captured was found to be a strong function of
the structural wetness, and types of
structures located in each region.

Structural wetness varies with time.
Experiments and analyses have shown that
small and large debris possess enough
inertia to impact the structures as they are
carried across them by bulk gas movement.
If the structures are dry, however, the debris
will not adhere to them. On the other hand,
wet structures can be effective at removing
debris from the flow stream. Therefore,
considerable analytical effort was
undertaken to study various means by
which drywell structures would become
wet. Condensation of steam on relatively
cool drywell structures and water droplet



deposition’ on drywell structures were
identified as two mechanisms that would
wet outer surfaces of the structures.
MELCOR calculations were used to estimate
water film buildup on the structures due to
steam condensation alone. As shown in
Figure 4-6, condensation occurs rather
quickly with water film building up to 75
um within the first second. Also, it would
take approximately

2 seconds for the liquid film thickness to
reach a saturated state”. Liquid film buildup
would likely be faster than shown in Figure
4-5 due to water droplet deposition, which
was not considered in the MELCOR
analyses. This information was used during
the design of experiments described in Ref.
4.2. In these experiments, the capture data
was obtained for all three possible surface
conditions: dry, wet (= 75-um water film)
and saturated (= 150-pm water film).

4.1.2.2 Upper Bound Estimates

As evident from the discussions above, several
uncertainties exist in the predictions related to vital
thermal-hydraulic phenomena, including vent
clearance time and structural wetness. The upper
bound transport factors were obtained by assuming
“worst-case” T/H response.

Transport of Small Debris

Figure 4-7 illustrates the logic used to predict
distribution of small debris in the drywell at the end
of blowdown. It is based on the following
assumptions:

1. Debris is generated instantaneously after the LOCA
(t=0 sec)

2. Vents are cleared of water and quasi-steady venting
starts at 0.5 s after LOCA (T, = 0.5 5). The most

likely time for vent clearing would be closer to

0.8 s. On the other hand, it would not be lower

than 0.5 s, which represents the worst case.

’ Water droplets are introduced into the containment when the
steam jet over expands (shocks) in the containment. The wave
stability calculations suggest that these droplets will likely be in
the range of 10-20 um in diameter.

¥ Saturation condition corresponds to a situation in which
addition of water by condensation is off-set by film drainage by
gravitational and entrainment mechanisms.
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All structures would be dry for the first two seconds.
This assumption is very conservative
considering that MELCOR calculations
suggested that the film thickness on majority of
structures due to steam condensation alone
would be as high as 75 um within the first
second (see Figure 4-6). Even higher thicknesses
are likely if film buildup due to water droplet
deposition is considered.

No capture of small debris during the first 2 seconds.
Tests have shown that dry pipes and I-beams
would not capture small debris. On the other
hand, the dry gratings would have capture
efficiency of approximately 6% [Ref. 2.4]. To be
conservative, however, it was assumed that no
deposition occurs on any structures during the
first 2 seconds.

Approximately 35% of the small debris would be
advected to the vents within the first two seconds.
Subject to above assumptions, the fraction of
small debris advected to vents can be estimated
as

Foe = 1-exp(-(2-T,,)/7) (4.2)

Using T, =05sand T=3.4s, F, _is estimated
to be 0.35, which is the value used in Figure 4-7
for the fraction of debris transported in the first
two seconds. The remaining 65% of the debris
would be uniformly distributed in the drywell at
the 2-second mark.

Debris contained in the upper region at the end of 2
seconds will pass through two gratings, while the
debris contained in the middle region goes through
one grating. The debris contained in the lower
region does not go through any gratings. This
picture of transport is consistent with the bulk
flow patterns expected in the drywell following
a MSLB (see Figure 4-5).

Ratios of the drywell volume contained above the
highest grating (upper region), between the two
gratings (middle region) and below the lowest
grating (lower region) are 0.41, 0.37 and 0.22,
respectively. These values were obtained by
proportioning the drywell inventory according
to the volume of each region.

Debris would be captured at the floor gratings with
an efficiency of 15%. Capture of debris on
structures other than gratings is negligible
(including vents). Figure 4-8 illustrates the
measured capture efficiency of the floor gratings

NUREG/CR-6369
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Figure 4-6. Liquid film build-up on drywell structures due to steam condensation.
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commonly employed in BWR drywells. Measured
capture efficiency for wet gratings varied between
15-35%, with a mean value of 25%. In the present
calculation, a capture efficiency of 15% was
assumed. The remaining 85% would be transported
downwards. These split fractions (0.15 and 0.85)
were used to quantify each subsequent branch in
Figure 4-7.

As shown in Figure 4-7, the upper bound identifies
four pathways for transport of small debris to the
vents during blowdown:

1. Advection of 35% of the small debris generated
during first two seconds when the drywell
structures are dry,

2. Advection of 100% of the debris contained in
the lower region of the drywell at the end of 2
seconds,

3. Advection of 85% of the debris contained in
the middle region at the end of 2 seconds, and

4. Advection of 72.25% of the debris contained in
the upper region of the drywell after
accounting for capture at both gratings.

Together these pathways resulted in transport of
89% of the small debris to the vents during
blowdown. The remainder (11%) was deposited on
the floor gratings located below the spray heads.
Assuming uniform flow conditions, a quarter of this
captured debris was assumed to be on the grating
located directly underneath the break (structures-
break) and the remaining 75% is assumed to have
been on the rest of the grating (structures-other).
Thus a value of 0.03 and 0.08 were used for X', and
X', in Figure 4-1. The remaining factors (X’,,, X',,,
and X’,) were assigned 0.

Transport of Large Debris

Advection of 100% of the large-below debris to the
vents was assumed. This assumption is supported
by CEESI tests in which large debris pieces (1.5 ft. x
1.5 ft.) were transported horizontally up to 50 feet.
Factors X, , X, , Xigp , Xiso, and Xigs were assigned
a value of zero signifying no capture of large-below
debris in the drywell.

It is assumed that all the large-above debris would be

captured on the gratings. Implicitly, it was assumed
that floor grating covers the entire flow cross-section

without allowing any chance for bypass. A quarter

of this captured debris was assumed to be on the

Quantification of Logic Charts

grating located directly underneath the break
(structures-break) and the remaining 75% is assumed to
have been on the rest of the grating (structures-other).

Thus a value of 0.75 and 0.25 were used for X, and
Xigp, in Figure 4-1. The remaining factors (X , X, ,
and Xigf) were assigned 0.

4.1.2.3 Central Estimates

The central estimates were based on assumptions that
were judged to be more representative (or realistic) of
debris transport in the drywell. As

discussed below, even the central estimates possess a
certain margin of conservatism.

Transport of Small Debris

The rationale used for deriving the central estimate of
debris distribution at the end of blowdown is
illustrated in Figure 4-9. The fundamental differences
between central estimate and upper bound estimate are
as follows:

1. Vents clear of water at 0.75 s after LOCA. The
sensitivity analyses suggested that 0.75 seconds
is more representative of the Mark I and II
Drywells.

2. Before the vents clear, 10% of the small debris would
be captured on the two gratings together. These
values were obtained by combining the CFD
calculation results with the experimental data.
The CFD runs suggested that a debris particle
generated at the break location and carried by
steam flow without slip would pass through at
least two gratings within the first 0.75 seconds.
For conditions typical of this 0.75 seconds (low
structural wetness and high velocities), a single
grating capture fraction of 6-9% was measured
in the separate effects tests (Ref. 4.3, Section 2,
Test 26). For two successive gratings estimated
capture efficiency is 12 to 18%. However, a
value of 10% was used in this study, which is
conservative.

3. Drywell structures contained in upper, middle and
lower regions (other than the gratings) will remove
10% of the debris passing through them. The
structural assemblies in the upper, middle and
lower regions were found to have combined
surface area for deposition larger than the
structures used in the CEESI facility for which a
capture efficiency of 10% was measured (see
Figure 4-10). Note that structures used in the
CEESI testing were selected based on a survey of

4-13 NUREG/CR-6369



Initiating Event | Surface Wetting | Distribution in | Interaction with | Interaction with Interaction with |Path| Fraction [To Vent Location of Debris
Drywell Upper Grating | Lower Grating | Vent Structures
and Floor
incomplete 1 3.5000E-01| X Transported Into Vent
0.35 Downcomers
[ BWRMARKI | Goes by , |1:9255E-01] X Transported Into Vent
[ UPPER BOUND ESTIMATE | Goes by 1.00 Downcomers
0.85 Captured 0.0000E00 Deposited onto Floor Near Vents
Goes By 3
Small Pieces Upper Region 0.85 Captured 4 3.3979E-02 Structures Below Spray Heads
1.00 0.41 0.15
Captured 5 3.9975E-02 Structures Below Spray Heads
0.15
Goes By 6 2.0443E-01 X Transported Into Vent
c et Goes By 1.00 Downcmers
omplete
0.65 Middle Region 0.85 Captured 7 0.0000E00
0.37
Captured 8 3.6075E-02
0.15
Goes by 9 1.4300E-01 X Trasported Into Vent
Lower Region 1.00 Downcomer
0.22 Captured 10 0.0000E00 Deposited onto Floor Near Vents
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Figure 4-7. Secondary logic tree used to evaluate upper bound debris distribution after blowdown.
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Debyis Size | Distribution | Distribution in | Interaction | Interation | Interaction | Interaction | Interaction | Interaction | Path Fraction To Vent Location of Debris
Classification | at Time of Drywell with with Upper with with Lower with with Vent
Vent Structures in| Grating  [Structures in| Grating  |Structures in| Structures
Clearance Upper Middle Lower and Floor
Region Region Region
Structures (Above) 1 2.0000E-02 Structures Above Spray
0.02 Heads
Structures (Below) 2 8.0000E-02 Structures Below Spray
0.08 Heads
Enclosures a3 1.0000E-02 Enclosures
0.01
Goes By 4 1.4814E-01 X Transported Into Vent
Goes By 0.99 Downcomers
l BWR MARK | J Goes By 0.90 ((J:?);:tured 5 1.4963E-03 Deposited \c/:g;?sFloor Near
Goes By 0.75 Captured 6 1.6626E-02 Structures Below Spray
r CENTRAL ESTIMATE | 90 010 Heads
! Goes By Captured 7 | 585419E-02 Structures Below Spray
Small Pieces 0.75 0.25 Heads
1.00 Goes By Captured 8 2.4631E-02 Structures Below Spray
0.90 0.10 Heads
Captured 9 8.2103E-02 Structures Below Spray
Upper Region 0.25 Heads
0.41 Captured (Above) 10 1.8245E-02 Structures Above Spray
0.05 Heads
Captured (Below) 1 1.8245E-02 Structures Below Spray
0.05 Heads
Goes By 42 | 1 .9805E-01 X Transported Into Vent
Goes By 0.99 Downcomers
GoesBy  |°%0 ggr;tured 13 | 2:0005E-03 Deposited \tl)grt\ct)sFloor Near
Airborne Goes By 0.75 Captured 14 2.2228E-02 Structures Below Spray
0.89 0.90 0.10 Heads
Middle Region Captured 15 7.4092E-02 Structures Below Spray
0.37 0.25 Heads
Captured 186 3.2930E-02 Structures Below Spray
0.10 Heads
Goes By 17 1.7446E-01 X Transported Into Vent
Goes By 0.99 Downcomers
Lower Region 0.90 OC::);:tured 18 1.7622E-03 Deposited \t/)gactasFloor Near
0.22 Captured 19 1.9580E-02 Structures Below Spray
0.10 Heads
Page 1- 1

Figure 4-9. Secondary logic tree used to obtain the central estimate for debris distribution after blowdown.
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Figure 4-10. Structure capture iraction.

structures that exist in various regions of the BWR
drywell. Also, the debris residence in the structural
region of CEESI is much smaller than that expected
in the BWR drywell. Thus direct use of CEESI data
is reasonable, although it may underestimate

Transport of Large Debris

Advection of 90% of the large-below debris is assumed.
The remaining 10% would be trapped in the enclosures

capture. Each grating removes an additional 25% of the
debris passing through them. As shown in Figure 4-8
above, central estimate for grating capture efficiency

or on drywell structures such as support cables.” A
nominal 1% was assumed to enter the enclosures and
the remaining 9% on structures or drywell floor. These

is 25%. estimates were judged to be conservative, but

necessitated by the lack of experimental data

4. Vents capture 1% of the debris. In the CEESI
tests, Mark I vents were found to be
ineffective at capturing small debris,
irrespective of structural and debris wetness.

5. Enclosures trap 1% of the debris. It is likely that
a fraction of the debris would enter the
enclosures (e.g., reactor cavity) where they
would become trapped. Based on engineering
judgment this fraction was assumed to be
0.01.

Central estimates are also based on the assumption that
100% of the large-above debris would be captured on
the gratings. However, it is assumed that only 15%
would be trapped on the grating directly below the
break. This division is based on the insight gained by
CEESI integrated effects tests where the majority of
large pieces were blown away from the break area by
the flow velocity. Therefore,

Subject to above assumptions, it is estimated that
approximately 52% of the small debris would be
transported to the vents. The remaining debris
would be distributed in the drywell as follows: 1%
on enclosures (X,,), 1% on drywell floor or vents (X',),
4% on structures-above (X,), 10% on structures-break
(X,) and 32% on structures-other (X°_).

" Experiments have shown that support cables and small diameter
pipes normal to the flow provide ideal locations for large debris to
wrap around.
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a higher fraction is expected to be on the grating
away from the break as compared to below the
break.

4.1.3 Erosion and Washdown

This step addresses potential for re-entrainment of
small debris and erosion of large debris by
containment sprays. As shown in Figure 2-2, debris
deposited on structure-break and structures-other
would be subject to water flow which may erode
and/or wash them down to the drywell floor. Re-
entrainment refers to the process by which small
pieces of insulation debris loosely attached to the
drywell structures would be entrained and carried
by cascading water flow. Erosion refers to the
process by which water would erode primarily large
insulation pieces trapped on structures (thus not
available for entrainment). This step relies on the
outcome of the previous step to determine the
quantity and the type of debris that would be
located on each structure. The ECCS flow rates and
the drywell layout information were coupled to
calculate the water flow impinging on each
structure. Experiments were conducted to evaluate
potential for washdown and erosion of debris
corresponding to these conditions.

4.1.3.1 Key Findings

For the accident scenario of present interest, break
overflow is not expected, as it was assumed that the
operator would throttle the flow upon recovering
vessel level. Debris deposited on structures-break and
structures-other would be subjected to containment
spray flow of 4500 GPM distributed across the
drywell cross-section for thirty minutes.
Corresponding to those flow conditions, washdown
data were obtained for small and large debris

[Ref. 4.3]. The data suggest that the containment
sprays will washdown the majority of the small
debris located on structures subjected to spray flow.
The experiments also established that the spray
water would not result in significant erosion of large
pieces.

Small debris deposited on structures-above would be
subjected to condensate drainage. No experimental
data were obtained for such cases. Instead
engineering judgment was used to estimate
washdown by condensate drainage.

NUREG/CR-6369

4.1.3.2 Upper Bound

The upper bound estimate was obtained based on the
following assumptions:

1. In thirty minutes, the containment sprays would
wash down 100% of the small debris deposited on
structures. At the end of blowdown,
approximately 11% of the small debris are
retained on the floor gratings, which would be
exposed to containment spray flow for thirty
minutes. Experimental data obtained for similar
conditions suggest that sprays would washdown
100% of the debris deposited on pipes and 40-
50% debris deposited on gratings. Nevertheless,
a washdown factor of 1.0 was used for structures-
other and structures-break in Figure 4-1.

2. The containment sprays would washdown 2% of the
large debris. Experimental data suggest that
sprays would erode a maximum of 2% of the
large debris. A washdown factor of 0.02 was
used for large-above captured on structures-other
and structures-break in Figure 4-1.

3. The condensate drainage will transport 10% of small
debris”. CEESI experience suggests that very
little (if any) debris would be transported by
condensate drainage. Directly applicable
experimental data is non-existent. To be
conservative, a small debris washdown fraction
of 0.10 was assigned to structures-above.

Thus the upper bound was based on a value of 1.0 for
Y5, and Y8, and 0.1 for Y5;,. Also, a value of 0.02 was

used for Y1y, and Ylg,.

4.1.3.3 Central Estimate

Central estimates were obtained based on the following
assumptions:

1. In thirty minutes, the containment sprays would
wash down 50% of the small debris deposited on
structures by inertial deposition. Experimental data
suggest that sprays would washdown 100% of
the debris deposited on pipes and 40-50% debris
deposited on gratings. However, not all the
debris would be subjected to sprays. Both the
Barsebéck-2 event and the CEESI experiments
demonstrate that large structures located above
can prevent washdown of debris deposited on

" In this particular case no debris were deposited on the structure-
above as shown in Figure 4-1 and explained in Section 4.1.2.2.

4-18



smaller structures underneath, and also debris
deposited on drywell walls will not likely be
washed down. A washdown transport factor
of 0.5 was used for small debris deposited on
structures-break and structures-other.

2. The containment sprays would washdown 1% of
the large debris. Experimental data suggest
that, sprays would washdown a maximum of
2% of the large debris. A more realistic
washdown transport factor of 0.01 was used
for large debris deposited on structures-break
and structures-other.

3. The condensate drainage will transport 1% of
small debris. This estimate is based on
engineering judgment and was applied for
small debris deposited on structures-above.

The central estimate was derived using a value of 0.5
for Y5;, and Y5y, and 0.01 for Y5;,. In addition, a

value of 0.01 was used for Yl and Yl

4.1.4 Drywell Floor Pool Transport

The quantity of debris reaching the drywell floor as

a result of blowdown and washdown are given by

F;:loor = X;a * Ysla + Xlsb * Yslb + X;O ¢ Yslo + X:if
(2.5)

The objective of this final step is to evaluate what
fraction of this quantity will be transported to the
vents when subjected to flow dynamics established
by containment spray flow.

The analyses have shown that deep water pools
formed on the Mark I drywell floor due to
containment spray water accumulation would allow
the debris particles to settle down (Ref. 4.4). The
objective of this step is to estimate what fraction of
debris would be transported to the vents versus
what fraction would settle down. Detailed CFD
simulations of the water flow on the drywell floor
were coupled with experimental data [Ref. 4.6] to
draw necessary insights.

4.1.4.1 Key Findings

Drywell pool forms as a result of accumulation of
containment spray flow on the drywell floor before
it fills up and starts to overflow into the vents. For
the Mark I containment being modeled, the
containment spray flow rate is approximately 4500
GPM and the drywell pool capacity is approximately

Quantification of Logic Charts

8000 gallons. The vents are offset from the floor by
approximately 18 inches. The sprays were assumed to
add water to the entire cross-section of the drywell
floor. Computational fluid dynamics calculations were
undertaken to predict flow patterns and turbulence
levels that exist in the drywell pool as a result of
containment sprays (see Figures 4-11 and 4-12). Several
sensitivity analyses were conducted to study the
impact of plant-specific variations in various
parameters, such as ECCS flow rate, presence of
structures and vent-pipe offset height (i.e., height of the
vent pipes compared to drywell floor). These
sensitivity analyses demonstrated that during
containment spray operation, low flow velocities (<
0.05 ft/s) and low turbulence levels (turbulence kinetic
energy” < 10™ ft'/s%) characterize the bulk of the Mark I
drywell pool. The flow dynamics may be slightly more
turbulent over a small region closer to the vent
entrance. Past experiments have shown that small and
large debris would settle down under such flow
conditions [Ref. 4.6]. Also the flow would not re-
suspend debris deposited previously on the drywell
floor. Therefore, for this scenario it is very likely that a
major fraction of the debris would settle down.

4.1.4.2 Upper Bound
Upper bound was obtained subject to the following
assumptions:

1. Small debris deposited in the bulk of the drywell
would settle down (or sediment). The flow patterns
were determined to be quiescent and thus would
allow for debris sedimentation.

2. Small debris deposited in a small region close to the
vent entrance will be transported. As shown in
Figure 4-11 and 4-12, turbulence levels are
slightly higher in the close proximity of the
vents. Small debris" brought into this region by
spray water flow would likely enter the vents
before they settle down. Under this
approximation, about 10% of the debris brought
down by the sprays were estimated to enter the
vents. Hence, a value of 0.1 was used for pool
transport factor (Z°) in Figure 4-1.

* Turbulence kinetic energy is an indicator of residual pool
turbulence and is expressed as % U’ ; where U__ is the root-mean-
square velocity of the flow.

" Small debris has a settling velocity of 0.05 ft/s and would take 40
seconds to settle down in an 18-inch deep pool. During the same
time, debris would travel 18-inches or more horizontally. Thus
debris deposited in a circular region 18-inches in radius extending
from the vent entrance may be transported into the vents.
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Table 4-1. Upper bound estimate of debris transport reactions for a MSLB scenario.

DEBRIS TRANSPORT RESULTS
Plant Design: MARKI
Fstimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Sprays: SPRAYS OPERATED
TREE QUANTIFICATION
Debris Classification Vents Enclosures Floor Structures | Structures | Structures TransPort
Above Break Other Fraction
Small Pieces 9.010E-01 | 0.000E+00 | 9.900E-02 | 0.000E+00 | 0.000E+00 | 0.000E+00 0.9010
Large Pieces-Above 2.000E-02 0 0.000E+00 0 2.450E-01 | 7.350E-01 0.0200
Large Pieces-Below 1.000E+00 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
FINAL DISTRIBUTIONS (Horizontal)
Debris Classification Vents Enclosures Hoor Str:;:'es St;urc::]:es Stx;l)ltcl:::es
Small Pieces 90.10% 0.00% 9.90% 0.00% 0.00% 0.00%
Large Pieces-Above 2.00% 0% 0.00% 0% 24.50% 73.50%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%

i

Debris Transport Fractions

1.250
1.000 .
; 0.750
§ 0500 | _ All large, all debris and all zone ||
3 of influence are described in
{ . |
0.250 Section 5.
0.000 : : : E
Small Debris Large Above  Large Below  All Large Debris All Debris All Zone-of -
Gratings Gratings Influence '
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3. Eroded component of the large pieces will be
transported to vents by spray flow. Experiments
have shown that secondary debris from
erosion of large debris tended to be individual
fibers (or small clumps) that would be
maintained in suspension at very low
velocities. A pool transport factor of 1.0 was
used for erosions brought down by the
containment spray flow.

4. Large and small pieces previously deposited on the
drywell floor will not be re-entrained.
Experimental data have confirmed this
assumption for drywell floor pool flows
typical of those established by containment
sprays. (Note that some of the large pieces
that are dry may become suspended for a
short duration while air is trapped in the
insulation, but the potential transport was
estimated to be minimal for this scenario.)

4.1.4.3 Central Estimate

In the central estimate, a more rigorous approach
was used to estimate the potential for small debris
settling in a region closer to the vent entrance. In
particular, CFD calculations were carried out to
examine the movement of debris deposited in the
pool at different locations. These calculations
suggest that nearly all the debris would settle down
irrespective of the location of its introduction. This
finding was used to lower transport factor for small
debris (Z°) from 0.1 to 0.01. The other two
assumptions regarding erosion and re-entrainment
were retained.

4.1.5 Results of Quantification

The branch-split factors used for each step are
shown in Figure 4-1 and 4-2. Successive numbers
were multiplied to obtain the fractions of debris
transported by each pathway. These fractions are
shown under heading “Fractions” in Figures 4-1 and
4-2. Fractions associated with those pathways that
ended with vents being the “Final Location” were
added together to calculate the transport factor for
each class of debris F°, F*, and F°. Tables 4-1 and 4-2
provide the estimated transport factors as functions
of debris size.

Quantification of Logic Charts

4.1.5.1 Upper Bound

Two dominant pathways were identified for debris
transport during blowdown:

1. Advection of small debris by steam, and
2. Advection of large debris generated below the
lowest grating (i.e., large-below) by steam.

As shown in Table 4-1, together they contributed
towards transport of 90% of small and 100% of large-
below debris during blowdown. In Figure 4-1, both
these two pathways were highlighted as a measure of
their importance.

Four additional transport pathways contribute towards
transport during washdown. These pathways pertain
to washdown and subsequent transport of small and
large-above debris deposited on structures-break and
structures-other by containment sprays. As shown in
Figure 4-1, their contribution is minimal.

4.1.5.2 Central Estimate

Dominant pathways identified in the central estimate
are same as those identified above, i.e.,

1. Advection of small debris by steam, and
2. Advection of large-below debris by steam.

However, as shown in Table 4-2, their contribution is
considerably smaller compared to the upper bound.
Only 52% of small debris are transported to the vents
with all of it occurring during blowdown.

4.2 Recirculation Line Break

The accident scenario considered is a postulated
recirculation line break (RLB) in the mid-region of a
Mark I drywell. It is assumed that the operator would
throttle the ECCS one-hour after the accident. Until
that point, the ECCS make-up flow of 25, 000 GPM was
assumed to spill through the break into the drywell.
The spillage accumulates on the drywell floor, until the
water level exceeds 18-inches at which point water
overflows into the vents. The drywell is assumed to
have same geometrical characteristics analyzed in
Section 4.1. Figures 4-13 and 4-14 are the logic charts
developed to estimate upper bound and central
estimate of the transport factor.
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Table 4-2. Central estimate of debris transport fractions for a MSLB scenario

DEBRIS TRANSPORT RESULTS

Plant Design: MARKI
Tstimate: CENTRAL ISTIVATE
Break: MSL BREAK
BCCS: ECCS THROTTLED
Sprays: SPRAYS OPERATED
TREE QUANTIFICATION

. . . Structures | Structures | Structures | Transport
Debris Classification Vents | Enclosures Foor Above Break Other Fraction
Small Pieces 5221E-01 | 1.000E-02 } 2.183E-01 | 3.960E-02 | 5.000E-02 | 1.600E-01 0.5221
Large Pieces-Above 1.000E-02 0 0.000E+H00 0 1485E-01 | 8.415E-01 0.0100
Large Pieces-Below 9.000E-01 | 1.000E-02 { 4.050E-02 0 9.900E-03 960E-02 0.9000

FINAL DISTRIBUTIONS (Horizontal)

. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Abowe Break Other
Small Pieces 52.21% 1.00% 21.83% 3.96% 5.00% 16.00%
Large Pieces-Above 1.00% 0% 0.00% 0% 14.85% 84.15%
Large Pieces-Below 90.00% 1.00% 4.05% 0% 0.99% 3.96%

1 0.000

All large, all debris and all
zone of influence are
described in Section 5.

NUREG/CR-6369
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lioca Type (Section] Debris Classification ;:;:::‘::’(“S:ct: Erosion and Washdown|  Drywell Floor Pool Path | Fraction (Section Final Location
4.1) (Section 4.1.1) 412) {Section 4.1.3) (Section 4.1.4) No. 4.1.5)
Advected to Vents 1 0.000E+00 Vents
MARK] 0.00
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 2.200E-01 Veats
RL BREAK 1.00
Drywell Floor
ECCS THROTTLED 1.00 ySediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterborne 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 1Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterborne 8 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 0.000E+00 Vents
1.00
Condensate Drainage
0.10 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
0.90
Waterborne 14 3.600E-02 Vents
1.00
Recirculation Flow
0.12 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
1.00 Adheres 16 2.640E-01 Structures-Break
0.88
Waterborne 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.30 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 19 0.000E+00 Structures-Other
JRL Break 1.00
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborne 22 0.000E+00 Vents
1.00
Drywell Floor
0.00 1Sediment 23 0.000E+00 Floor
0.00
Waterborne 24 0.000E+Q0 Vents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
Waterborne 27 0.000E+00 Vents
1.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
0.40

note: Fractions are normalized to each debris class

Figure 4-13. Logic chart for upper bound estimate of transport factor for a RLB scenario.
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LOCA Type | Debris Classification ;:;::‘::’("Si ::1 Erosion and Washdown|  Drywell Floor Pool | Path | Fraction (Section Final Location
(Section 4.1) (Section 4.1.1) 412) (Section 4.1.3) (Section 4.1.4) No. 4.1.5)
Advected to Vents 1 1.012E-01 Vents
MARK1 0.46
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborne 3 4.400E-02 Vents
RL BREAK 1.00
Drywell Floor
ECCS THROTTLED 0.20 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterborne 5 4.400E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.02 Adheres 7 4.356E-03 Structures-Above
0.22 0.99
Waterborne 8 1.760E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.08 Adheres 10 0.000E-+00 Structures-Break
.00
Waterbome 11 5.060E-04 Vents
1.00
Condensate Drainage
0.01 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.23 Adheres 13 5.009E-02 Structures-Other
0.99
Waterborne 14 4.080E-03 Vents
1.00
Recirculation Flow
0.08 1Sediment 15 0.000E+30 Floor
Structures-Break 0.00
0.15 Adheres 16 4.692E-02 Structures-Break
0.92
Waterbome 17 0.000E+00 Vents
1.00
iLarge-Abcve Condensate Drainage
0.34 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.890E-01 Structures-Other
JRL Break 1.00
1.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterborne 22 1.440E-03 Vents
0.90
Drywell Floor
0.04 Sediment 23 1.600E-04 Floor
0.10
Waterborne 24 2.000E-04 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+H00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterborne 27 0.000E+00 Vents
1.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
0.40

note: Fractions are normalized to each debris class
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Figure 4-14. Logic chart for central estimate of transport factor for a RLB scenario.



Similar to the previous case, the overall transport
problem is decomposed into four independent
processes: debris generation, distribution at the end

of blowdown, washdown and erosion and drywell 1

pool transport. The fundamental differences
between this and the previous MSLB scenario are:

1. Debris generation occurs due to two-phase
blowdown, instead of steam as in the case of
main steam line break,

2. A portion of the debris would be transported
by the water component of the blowdown
flow,

3. Break overflow introduces a large quantity of
water which has the potential to erode large
pieces of insulation located on floor gratings,
and

4. The drywell pool would likely to be more
turbulent.

Several analyses were conducted to quantify the
impact of these differences on debris transport.
Figures 2-3 and 2-4 summarized the analyses
undertaken in this study.

4.2.1 Debris Classification

As in the previous case, data is gathered regarding
the following parameters related to debris
generation: a) duration of debris generation, b)
location of debris generation, c) debris wetness, d)
medium of transport, and e) size distribution of
debris.

4.2.1.1 Key Findings

Debris generation by the recirculation break is
expected to be different from the MSLB by the fact
that blowdown initially consists of water, followed
by two-phase mixtures in the later stage of accident

progression. Insights relating to jet expansion and 2.

potential for debris generation were drawn from the
following investigations:

1. CSQ simulation of two-phase jet expansion
from various stagnation conditions (pressure
and sub-cooling) and loads impinged by such
an expansion [Ref. 4.7], and

2. Experimental study of two-phase jet
expansion [Ref. 4.8].

These analyses were augmented by a series of hand
calculations, as necessary, to apply their results to
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the present study. Important conclusions of these
analyses are as follows:

Debris generation occurs over a prolonged period
after LOCA. Calculations suggest that mainly
water at a flow rate of approximately 25000 1b/s
exits the nozzle initially (stagnation static
quality < 0.02 and void-fraction < 50% for the
first 5 seconds) (See Figure 4-15). The
corresponding nozzle flow velocity is on the
order of 30-100 ft/s. As shown in Figure 4-16,
the liquid effluent forms an approximately
spherically shape within the piping region as a
result of flashing and jet deflection [Ref. 4.5 and
4.8]. Also it decelerates significantly within a
short region due to structural drag. Typically
such jets are expected to destroy debris
contained in a spherical region no larger than 3
to 5 nozzle-diameters in radius [Ref. 4.9].
Debris generated during this phase will likely
be entrained and transported by water
component as it cascades down to the drywell
floor.

Later on substantial flashing occurs within the
broken pipe, resulting in increased flow quality
at the nozzle. After about 20 seconds, as shown
in Figure 4-15, the break flow consists of a steam
continuum (void fraction > 0.90) with
suspended liquid water droplets (quality >
35%). Steam flow at velocities up to 800 ft/s
penetrates the piping region. Due to low
structural drag, high velocities are maintained
over a region extending up to 10 nozzle-
diameters [Ref. 4.2 and 4.5]. Debris generated
during this phase will likely be entrained by
steam and transported through the drywell in a
manner similar to that for the main steam line
break.

A fraction of the debris (=80%) would be transported
by steam, with the remaining (<20%) transported by
water. As a result of a recirculation line break,
debris could be generated in a spherical region
extending up to 10 nozzle-diameters in radius
[Ref. 4.2]. However, as described above,
insulation contained in the close proximity of
the break (< 5 nozzle-diameters) will be
generated within the first five seconds and will
be transported by water. The remainder will be
generated later into accident (t> 20 s) and will
be transported by steam continuum.
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Figure 4-15. Blowdown data corresponding to a postulated recirculation line break in a BWR/A4.
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3. Several plant layouts were used to estimate
the relative fractions of debris transported by
water versus steam. Based on these analyses,
it is concluded that no larger than 20% of the
total generated debris would be transported
by water, with the remaining 80% being
transported by steam. These fractions were
used to derive the central estimates for the
transport factor. On the other hand, the
upper bound transport factor was derived
assuming that 100% of the debris would be
entrained by water.

4. The debris and the structures would be wet
(nearly saturated). As shown in Figure 4-15,
the water component of the blowdown flow
is as high as 5000 Ib/s even during the later
stages of the accident (water component =
M(1-x)). Therefore, it is very likely that all
structures and debris would be wet.

5. Debris size distribution is uncertain. There are
no existing data on types of debris generated
by recirculation line breaks. It is assumed
that the debris can be broadly divided into
the same three groups, small, large and large-
canvassed.

4.2,1.2 Upper Bound

The debris was divided into four groups depending
on their size and location of generation. They are
small, large-above, large-below and large-canvassed.
Once again, a value of 1.0 was used for n,, n,, N, and
N, The focus of the study is to estimate transport
factors for each debris size.

4.2.1.3 Central Estimate

Same as Section 4.2.1.2.
4.2.2 Distribution at the End of Blowdown

This step addresses transport of small and large
pieces by water and steam components. As the
boundary condition, it is assumed that small, large
and large-canvassed pieces exit the zone of
influence, and will not degrade any further during
their transport outside the zone of influence. The
debris would be wet and would be generated over a
longer period. The objective of this step was to
estimate where the debris would be located at the
end of blowdown.

NUREG/CR-6369

4.2.2.1 Key Findings

The key findings related to debris transport during
recirculation line break are:

1. Small debris entrained by water will be deposited in
the drywell pool instantaneously. As previously
noted, break flow consists mainly of water
during the first 5 seconds. Assuming that water
spreads uniformly over a quarter of the drywell
cross-section, the average flow rates exceed 200
GPM/fE. Experiments have shown that such
high water flow will entrain and transport all
the small debris. Hence, it is likely that all small
debris initially entrained by water would
cascade with the break flow down to the
drywell pool.

2. Advection by water medium would also occur over a
short time scale with nearly 100% of debris
transported. Calculations suggest that break
liquid effluent would form a pool on the floor
and could flow into the vents within 4 to 5
seconds. For most Mark I drywells, one to two
pool turnovers are expected during blowdown.
Assuming two turnovers, it can be easily shown
that approximately 85% of the debris would be
advected to the vents during blowdown. This
transport would be augmented by the ECCS
recirculation flow of 25, 000 GPM, which would
be added to the pool after blowdown. During
this time it is likely that the pool would be
highly turbulent due to phenomena such as
sloshing, flashing and flow dynamics.
Therefore, it is unlikely that any debris,
irrespective of its size, would settle in the pool.

3. Advection by steam resembles transport by MSLB.
The bulk flow patterns in the drywell volume
during later stages of RLB blowdown were
predicted by approximating the break flow to
be single-phase steam”. These analyses suggest
that steam bulk flow patterns in the
containment are similar to the previous
predictions for main steam line break, although
they are less severe. Approximating them by
steam flow patterns resulting from a MSLB is
conservative.

* This assumption ignores the interfacial momentum transfer
between steam and water. Therefore, it is likely to result in higher
steam velocities, which maximizes the potential for transport.
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4.2.2.2 Upper Bound Estimates

The model assumes that 100% of the small debris
would be entrained by the liquid medium and be
transported to the drywell floor instantaneously.
Depending on the drywell pool capacity and break
flow, all or a fraction of the debris would be
transported to the vents during blowdown itself. In
this analysis it was assumed that 100% of the small
debris are located in the drywell pool at the end of
blowdown. This assumption has no impact on the
overall outcome since break overflow results in
transport of nearly 100% of this debris.

It is estimated that 100% of the large debris
produced above the lowest grating will be trapped
directly beneath the break on the floor grating. This
estimate is a direct result of the assumption that all
debris would be entrained and transported by water
as it cascades down.

Finally, all of the large-debris generated below the
lowest grating will be transported into the drywell
pool by water.

4.2.2.3 Central Estimates

Figure 4-17 illustrates the logic used to estimate the
capture fractions for small debris. The rationale
used for quantification of important steps is as
follows:

1. Approximately 20% of the small debris would be
entrained and transported by water to the drywell
floor. Additional 1% of the debris may be captured
in the enclosures. Experiments have shown
that all of the small debris entrained by water
would be carried to the drywell structures. A
small quantity of debris may enter enclosures
such as the reactor cavity where they will be
captured either during steam-borne advection
or during water-borne advection. A value of
1% was used to represent this fraction trapped
in the enclosures.

2. Remaining 79% of the small debris would be
transported similarly to a MSLB described in
Section 4.1.2.2. The important steps are as
follows:

a) The debris becomes inter-mixed with
the drywell volume, with 41% of it
above the upper grating, 37% between

Quantification of Logic Charts

two gratings and 22% below the lowest
grating.

b)  The debris contained above the upper
grating would be deposited on 1)
structures in the upper region, 2) upper
grating, 3) structures in the mid-region, 4)
lower grating, 5) structures in the lower
region and 6) vents. Structures will
remove debris with an efficiency of 10%,
where as the gratings have an efficiency of
25%.

) The debris contained between the two
gratings would be deposited on
1) structures in the mid-region, 2) lower
grating, 3) structures in the lower region
and 4) vents.

d) The debris contained below the lower
grating would be deposited on 1)
structures in the lower region and 2)
vents.

3. For large debris generated below the lowest
grating (large-below), same distribution as main
steam line break was used: 90% advected to
vents, 1% in enclosures, 4% deposited at the vent
entrances, and 5% captured on structures such as
support cables. Of the 5% captured on
structures, it is assumes that 25% would be
located directly beneath the break and the
remaining 75% distributed over the rest of the

drywell.

4. All large-above, debris would be captured on the
lower grating. It is assumed that 25% of that
debris would be on structures-break, where as
75% would be on structures-other.

4.2.3 Erosion and Washdown

In this scenario, water is introduced into the
containment as a result of break overflow for a period
of one-hour, at a rate of 25, 000 GPM. As it cascades
down the drywell structures, water spreads over a
cross-section as large as one-fourth of the drywell
cross-section. Corresponding water flow is nearly 50
GPM/ft at the lower grating. Debris deposited
underneath the break, but in the break quadrant, will
be subjected these high water flows. Experiments were
conducted to study the impact of these large quantities
of water on fibrous insulation transport. The findings
of these experiments are summarized below.
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4.2.3.1 Key Findings

1. All small debris located in the quadrant in which
break is located will be re-entrained and washed
down to the drywell floor. Experiments
conducted as part of the present study [Ref.
4.3] clearly established that recirculating
ECCS flow will washdown small debris
deposited previously on pipes, I-beams or
gratings.

2. Large debris will not be forced through the
gratings. They would be eroded gradually at a
constant rate. Experiments were conducted to
specifically address if large debris would be
forced through gratings when subjected
water flows typical of recirculating ECCS
flow. In these experiments, pieces as thin as
1/8 inch were exposed to water flow of
approximately 50 GPM/ft". The pieces were
not forced through the grating
instantaneously (or on a short-time scale).
Instead they were eroded over a longer time
scale (see Figures 3-3 and 3-5).

3. Erosions resemble small clumps of individual
fibers. Once again experimental data were
used to draw this conclusion.

4.2.3.2 Upper Bound

For this scenario all small debris were transported to
the drywell floor during blowdown. Therefore,
structural washdown of small debris is not
important.

Erosion of large-above debris captured on gratings
during blowdown is the only mechanism considered
in the upper bound. Based on experimental data
shown in Figure 3-5, it is estimated that about 12% of
that debris would be eroded when subjected to one
hour of ECCS flow. Note that 12% value assumed is
an upper bound for the erosion measured in the
experiments (including experimental uncertainties).
The washdown may be lower if the operator
throttles ECCS flow well before one hour.

4.2.3.3 Central Estimate

Experiments have shown that 100% of the smalil
debris deposited on structures and gratings will be
washed down by break flow across them. Asa
result, it was assumed that all small debris

Quantification of Logic Charts

previously deposited on structures-break would be
transported to the drywell pool as a result of
washdown. Other drywell structures would not be
subject to water flow other than condensate drainage.
A transport fraction of 0.01 was assigned to quantify
small quantities of debris that may be transported by
condensate drainage.

Erosion of large-above debris deposited on structures-
break was estimated to be 8% based on the experimental
data, assuming that insulation would be subjected to 1-
hr of ECCS recirculation flow of 25,000 GPM.

The water flow may break loose a fraction of the large-
below debris trapped by structures below the lowest
grating. No experimental data was available to
quantify this effect. It was assumed that 50% of such
debris are knocked down by the flow and brought to
the drywell pool.

4.2.4 Drywell Floor Pool

A drywell pool forms as a result of accumulation of
break overflow on the drywell floor before it fills up
and spills into the vents. For a small BWR/4 reactor
with Mark I containment, the unthrottled break
overflow rate is approximately 25000 GPM and the
drywell pool capacity is approximately 8000 gallons.
The vents are offset from the floor by approximately 18
inches. It is assumed that structures located between
the break and the drywell would distribute the flow
over a quarter of the drywell cross-section. CFD
calculations were undertaken to predict flow patterns
and turbulence levels that exist in the drywell pool as a
result of break overflow (see Figures 4-18 and 4-19).
Several sensitivity analyses were conducted to study
the impact of plant-specific variations in various
parameters, such as ECCS flow rate, presence of
structures and vent-pipe offset height (i.e., height of the
vent pipes compared to drywell floor). These
sensitivity analyses demonstrated that during
unthrottled ECCS operation, high flow velocities (< 0.5-
1 ft/s) and high turbulence levels characterize the bulk
of the drywell pool. Past experiments have shown that
at these flow conditions small and large debris would
be maintained in suspension [Ref. 4.6].

4.2.4.1 Upper Bound
It was assumed that both small and large debris would

be maintained in suspension and transported to the
vents. No sedimentation is likely.
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4.2.4.2 Central Estimate

The central estimate also assumed that 100% of the
small debris deposited previously in the drywell
pool or brought to the pool by break overflow would
be transported during the ECCS recirculation phase.
However, it assumed that only 90% of the large
debris would be transported. The remaining 10%
would settle down in the wake regions of the

- drywell structures.

4.2.5 Results of Quantification

Tables 4-3 and 4-4 present estimated transport
factors as functions of debris size.

4.2.5.1 Upper Bound

Two pathways dominate transport by recirculation
line break:

1. Water-borne advection of small debris.
2. Water-borne advection of large-below
debris.

The other significant pathway for transport is
erosion of large-above pieces and subsequent
transport by break overflow. Together these
pathways contribute towards transport of all small
and large-below debris, and approximately 12% of
the large-above debris.

4.2.5.2 Central Estimate

The dominant pathways for transport are:

1. Air-borne advection of small debris,

2. Water-borne advection of small debris,

3. Air-borne advection of large-below debris,
and

4, Washdown and subsequent transport of

small debris by break overflow.

Together these pathways resulted in transport of
75% of small debris and90% of the large-below
debris. Only 2% of the large-above debris were
transported.

NUREG/CR-6369
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Table 4-3. Upper bound estimate of debris transport fractions for a RLB scenario.

DEBRIS TRANSPORT RESULTS

Plant Design: MARK1

Estimate: UPPER BOUND
Break: RL BREAK

ECCS: ECCS THROTTLED

Sprays:

NO SPRAYS

FIBROUS INSULATION

TREE QUANTIFICATION
Debris Classification Vents Enclosures Floor Structures | Structures | Structures | - Trans Port
Above Break Other Fraction
Small Pieces 1.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 1.200E-01 0 0.000E+00 0 8.800E-01 | 0.000E+00 0.1200
Large Pieces-Below 1.000E+00 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000

FINAL DISTRIBUTIONS (Horizontal)

Debris Classification Vents Enclosures Structures [ Structures | Structures
Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 12.00% 0% 0.00% 0% 88.00% 0.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%

Debris Transport Fractions

1.250
1.000 -
= 0.750
2
g
& 0.500
0.250
0.000 t f t ;
Small Debris Large Above Large Below  All Large Debris All Debris All Zone-of -
Gratings Gratings Influence
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Table 4-4. Central estimate of debris transport fractions for a RLB scenario.

DEBRIS TRANSPORT RESULTS

Plant Design: MARKI
Estimate: CENTRAL ESTIMATE FIBROUS INSULATION
Break: RL BREAK
ECCS: ECCS THROTTLED
Sprays: NO SPRAYS
TREE QUANTIFICATION
Structures | Structures | Structures | Transport
Debris Classificati Vents Encl Fl
eor siffeation | - Vel closuresq  Hoor Above | Break | Other Fraction
Small Pieces 7.425E-01 | 1.000E-02 | 0.000E+00 | 1.980E-02 { 0.000E+00 { 2.277E-01 0.7425
Large Pieces-Above 1.200E-02 0 0.000E+00 0 1.380E-01 | 8.500E-O1 0.0120
Large Pieces-Below 9.410E-01 | 1.000E-02 | 4.000E-03 0 5.000E-03 | 4.000E-02 0.9410
FINAL DISTRIBUTIONS (Horizontal)
Debris Classification Veunts Enclosures Floor Structures | Structures | Structures
Above Break Other
Small Pieces 74.25% 1.00% 0.00% 1.98% 0.00% 22.77%
Large Pieces-Above 1.20% 0% 0.00% 0% 13.80% 85.00%
Large Pieces-Below 94.10% 1.00% 0.40% 0% 0.50% 4.00%
Debris Transport Fractions ‘
1.000 :
|
]
0.750 :
]
£ i
2 :
S 0.500 i
@ %
& L
i
0.250 :
0.000 :
Small Debris Large Above Large Below Ali Large Debris All Debris All Zone-of- 14
Gratings Gratings influence i
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5. Application Of The Study Results

The ultimate objective of this study was to provide a
tractable method by which an analyst could estimate
the total quantity of fibrous debris reaching the
suppression pool, or for NRC to judge applicability
of licensee calculation of debris transport. The logic
charts presented in Section 4 provide only part of the
information necessary to meet this objective. Other
information required to accomplish this objective
includes debris size distribution and differences
between the plant geometry assumed to develop the
logic charts and the actual plant features. This
section provides an approach by which logic charts
can be coupled with this additional information to
estimate quantity of debris transported to the
suppression pool.

5.1 Integration of Debris
Generation Data

The logic charts provided in Section 4 can be used to
estimate fractions of each debris size that would be
transported to the suppression pool due to
combined effects of blowdown and washdown
transport. In order to estimate the total quantity of
debris transported to the suppression pool, these
fractions have to be weighted with the size
distribution data as shown below:

Qo = (Th oF+m,e F™ +m, ¢ F'~ )' Qzor

_ zol
=F"" e Qyy
where

is the quantity of debris reaching the

suppression pool (ft3)

Qzo1 is the quantity of insulation contained in
the zone of influence (ft3)

i is the fraction of Q7o destroyed into
small pieces

N2 is the fraction of Q7o destroyed into
large pieces, but generated above the
lowest floor grating

N3 is the fraction of Qz0y, destroyed into
large pieces, but generated below the
lowest floor grating

N4 is the fraction of Qzor destroyed into

large pieces covered in canvass

onol

FZOl is the weighted average transport factor
that can be applied to the ZOI. This is
very similar to the transport factors
proposed by the BWROG [Ref. 5.1]

From the onset, the study did not focus on developing
the size distribution fractions applicable to each plant
type and postulated scenario. Instead, the study
focused on developing a flexible method by which the
analyst can easily input the size distribution fractions
deemed applicable to the particular scenario being
analyzed. To meet this objective, the logic charts were
configured such that applicable size distribution data
(i.e., M1, N2, N3, and My) can be directly entered into
them and the resulting values under the heading
‘Fractions’ can be summed to calculate FZOL

To demonstrate this further, consider that a plant
wishes to use the BWROG recommended debris size
distribution listed in Table 5-1 and estimate the
quantity of debris transported to the suppression pool
for the accident scenario described in Section 4.1. For
the break under consideration, the plant layout

(Ref. 5.1) suggests that 90% of the large debris would
be generated above the lowest grating, with the
remainder generated below the lowest grating. For the
upper bound, however, the licensee estimates that 20%
of the large debris is generated below the lowest
grating, instead of the 10% used in the central estimate.
Assume that accident scenario and the plant geometry
under consideration is same as that described in
Section 4.1.

As shown in Table 5-1, for the central estimate, the size
distribution fractions, Ny, N2, N3, and mMy, are equal to
0.22, 0.342 (0.38 x 0.9), 0.038 (0.38 x 0.1), and 0.4.
Similarly, for the upper bound estimate, 11, N2, M3, and
T4 are equal to 0.22, 0.304 (0.38 x 0.8), 0.076 (0.38 x 0.2),
and 0.4. The logic charts displayed in Figures 5-1 and 5-
2 were obtained from Figure 4-1 and 4-2, respectively,
by entering the upper bound and central estimates for
M1, N2, N3, and 14, in place of 1.0. Quantification results
for these two charts are shown in Table 5-2 and 5-3. As
shown in these tables, the upper bound estimate for
FZOl is 0.286, whereas the central estimate is 0.154.
Table 5-4 provides similar estimates for all the LOCA
scenarios

5-1 NUREG/CR-6369



Application of the Study Results

Table 5-1. Debris size distribution data used in example 1 Reference 5.1.

BWROG Distribution of Generated Debris

Debris Classification Upper Bound Central Estimate
Small Pieces 0.22 0.22
Large Pieces 0.38 0.38
Canvassed 0.40 0.40

Location of Large Pieces Relative to Lowest Grating

Debris Classification Upper Bound Central Estimate
Large Above 0.8 0.9
Large Below 0.2 0.1

Distribution for Logic Chart Quantification

Debris Classification Upper Bound Central Estimate
Small Pieces (1,) 0.22 0.22
Large Pieces (n,) 0.30 0.34
Large Pieces — Below (11,) 0.08 0.04
Canvassed (1,) 0.40 0.40

postulated in this study. As shown in this table, the
upper bound estimates for FZO! for a Mark I MSLB
between 0.28 and 0.31 depending on the scenario
considered. For a recirculation line break, FZO!I
upper bound reached up to 0.4. Variations between
Mark I, II, and III are not significant because the
study assumed that all the containment types

contain two floor gratings and other plant features
that are similar.

In this example, the BWROG size distribution data
was used to demonstrate the ease with which such
data (if judged to be applicable) can be integrated
into the logic charts. Its use should not be perceived
as an unconditional endorsement of its applicability
to a variety of breaks. The analyst must judge its
applicability and, if not applicable, derive applicable
plant-, break- and insulation-specific size
distribution data for use.

5.2 Deviations from the Assumed
Generic Plant Geometry

As described in Section 4, all the logic charts
presented thus far have been based on certain
assumptions related to plant geometry. Direct use of
the transport factors presented in Table 5-4.

NUREG/CR-6369

Appendix-A is only justified if the plant being analyzed
is similar to the assumed plant geometry. If not, any
variations should be carefully considered to derive
applicable transport factors. To demonstrate how such
variations can be accommeodated, consider a Mark I
plant with one floor grating instead of two floor
gratings as assumed in the present case. For this case,
assume the same size distribution as that used in the
example above.

This deviation can be seen to affect distribution after
blowdown in Figures 5-1 and 5-2. Note that these
fractions were obtained by assuming two gratings as
shown in Figures 4-7 and 4-8. Retention at the upper
grating can be eliminated by setting capture efficiency
in both cases to be 0.0, instead of 0.15 used in Figure 4-7
and 0.25 used in Figure 4-8. As shown in Figures 5-3
and 5-4, this change results in transport of a higher
fraction of debris to the vents during blowdown.
Figures 5-5 and 5-6 present resulting logic trees for the
overall accident scenario, with the quantification results
presented in Tables 5-5 and 5-6. These tables, when
compared to Tables 5-1 and 5-2, clearly illustrate that a
larger fraction of the small debris would be transported
if the plant were to have a single grating.
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Application of the Study Results

Table 5-2. Upper bound estimates for debris transport based on BWROG size distribution data.

DEBRIS TRANSPORT RESULTS

FINAL DISTRIBUTIONS (Horizo

ntal)

Structures

Structures

Plant Design: MARK I

Estimate: UPPER BOUND FIBROUS INSULATION

Break: MSL BREAK

ECCS: ECCS THROTTLED

Sprays: SPRAYS OPERATED

TREE QUANTIFICATION

Debris Classification Vents Enclosures Floor Structures | Structures | Structures TranS}?ort
Above Break Other Fraction

Small Pieces 1.982E-01 | 0.000E+00 § 2.178E-02 | 0.000E+00 | 0.000E+00 | 0.000E+00 0.9010

Large Pieces-Above 6.000E-03 0 0.000E+00 0 7.350E-02 | 2.205E-01 0.0200

Large Pieces-Below 8.000E-02 § 0.000E+00 | 0.000E+Q0 0 0.000E+00 ] 0.000E+00 1.0000

All Large Pieces 8.600E-02 § 0.000E+0Q0 | 0.000E+00 0 7.350E-02 | 2.205E-01 0.2263

All Debris 2.842E-01 | 0.000E+00 | 2.178E-02 } 0.000E+00 | 7.350E-02 § 2.205E-01 0.4737

All Zone-of-Influence

Structures

RELATIVE CONTR

IBUTIONS (Vertical)

Debris Classification Vents Enclosures Above Break Other
Small Pieces 90.10% 0.00% 9.90% 0.00% 0.00% 0.00%
Large Pieces-Above 2.00% 0% 0.00% 0% 24.50% 73.50%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 22.63% 0.00% 0.00% 0% 19.34% 58.03%
All Debris 47.37% 0.00% 0.00% 12.25% 36.75%

. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 69.74% N/A 100.00% N/A 0.00% 0.00%
Large Pieces-Above 2.11% N/A 0.00% N/A 100.00% 100.00%
Large Pieces-Below 28.15% N/A 0.00% N/A 0.00% 0.00%
All Large Pieces 30.26% N/A 0.00% N/A 100.00% 100.00%
Debris Transport Fractions
1.250
1.000 |--—-
o 0.750 -
2
8
i 0.500 - —
0.250 —
0.000 -
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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Application of the Study Results

Table 5-3. Central estimate for debris transport based on BWROG size distribution data.

DEBRIS TRANSPORT RESULTS

Plant Design: MARK1
Estimate: CENTRAL ESTIMAT FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Sprays: SPRAYS OPERATED
TREE QUANTIFICATION
Debris Classification Vents Enclosures Floor St;ubc;:zes St;u;t;{r e Stgxtc:::es T;:ancst?(?:t
Small Pieces 1.149E-01 | 2.200E-03 | 4.803E-02 | 8.712E-03 | 1.100E-02 | 3.520F-02 0.5221
Large Pieces-Above 3.400E-03 0 0.000E+00 0 5.049E-02 | 2.861E-01 0.0100
Large Pieces-Below 3.600E-02 | 4.000E-04 | 1.620E-03 0 3.960E-04 | 1.584E-03 0.9000
All Large Pieces 3.940E-02 { 4.000E-04 | 1.620E-03 0 5.089E-02 } 2.877E-01 0.1037
All Debris 1.543E-01 | 2.600E-03 | 4.965E-02 | 8.712E-03 | 6.189E-02 | 3.229E-01 0.2571
All Zone-of-Influence 0.1543
FINAL DISTRIBUTIONS (Horizontal)
Debris Classification Vents Enclosures Floor St;ubc;::;es St;}urcetaukres Stgltc;::es
Small Pieces 52.21% 1.00% 21.83% 3.96% 5.00% 16.00%
Large Pieces-Above 1.00% 0% 0.00% 0% 14.85% 84.15%
Large Pieces-Below 90.00% 1.00% 4.05% 0% 0.99% 3.96%
All Large Pieces 10.37% 0.11% 0.43% 0% 13.39% 75.71%
All Debris 25.71% 0.43% 8.27% 1.45% 10.31% 53.82%
RELATIVE CONTRIBUTIONS (Vertical)
Debris Classification Vents Enclosures Floor St/l;ubcxzes St;ur?:;es Str(;c}jt::es
Small Pieces 74.46% 84.62% 96.74% 100.00% 17.77% 10.90%
Large Pieces-Above 2.20% 0% 0.00% 0% 81.59% 88.61%
Large Pieces-Below 23.34% 15.38% 3.26% 0% 0.64% 0.49%
All Large Pieces 25.54% 15.38% 3.26% 0% 82.23% 89.10%

1.000

Debris Transport Fractions

0.750

0.500

Fraction

0.250

0.000

All Large Debris

Small Debris Large Above Large Below All Debris All Zone-of-
Gratings Gratings Influence
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Application of the Study Results

Table 5-4. Central and upper bound estimates for debris transport factors based on BWROG size distribution data.

DEBRIS TRANSPORT FRACTIONS

Break ECCS Sprays Small Large Above Large Below All Large All Debris All ZOI

Central uB Central uB Central uB Central uB Central uB Central uB

Mark |

Main Steam Line Steaming | Not Used | 0.52 0.89 0.00 0.00 0.90 1.00 0.09 0.21 0.25 0.46 0.15 0.28

Main Steam Line Steaming | Operated | 0.52 0.90 0.01 0.02 0.90 1.00 0.10 0.23 0.26 0.47 0.15 0.28

Main Steam Line | Full <1 Hr| NotUsed | 0.63 0.93 0.01 0.03 0.94 1.00 0.11 0.23 0.30 0.49 0.18 0.29

Main Steam Line | Full <1 Hr| Operated | 0.79 1.00 0.02 0.05 0.94 1.00 0.12 0.25 0.36 0.53 0.22 0.31

Recirculation Line | Full <1 Hr] NotUsed | 0.74 1.00 0.01 0.12 0.94 1.00 0.11 0.31 0.34 0.56 0.21 0.34

Regcirculation Line | Full <1 Hr| Operated | 0.86 1.00 0.02 0.12 0.94 1.00 0.12 0.31 0.39 0.56 0.23 0.34

Recirculation Line | Full < 3 Hr] Not Used 0.74 1.00 0.04 0.30 0.94 1.00 0.14 0.45 0.36 0.65 0.21 0.39

Recirculation Line | Full <3 Hr] Operated | 0.86 1.00 0.05 0.30 0.94 1.00 0.14 0.45 0.40 0.65 0.24 0.39

Mark II

Main Steam Line Steaming | Not Used | 0.55 0.89 0.00 0.00 0.90 1.00 0.09 0.21 0.26 0.46 0.16 0.28

Main Steam Line Steaming | Operated 0.74 1.00 0.01 0.02 0.90 1.00 0.10 0.23 0.34 0.51 0.20 0.31

Main Steam Line | Full <1 Hr] NotUsed } 0.70 0.95 0.01 | 0.03 0.95 1.00 0.11 0.23 0.33 0.50 0.20 0.30

Main Steam Line | Full <1 Hr| Operated | 0.83 1.00 0.02 0.05 0.95 1.00 0.12 0.25 0.38 0.52 0.23 0.31

Recirculation Line | Full <1 Hr| NotUsed | 0.80 1.00 0.01 0.12 0.95 1.00 0.11 0.31 0.36 0.56 0.22 0.34

Recirculation Line | Full <1 Hr| Operated | 0.89 1.00 0.02 0.12 0.95 1.00 0.12 0.31 0.40 0.56 0.24 0.34

Recirculation Line | Full <3 Hr] NotUsed | 0.80 1.00 0.04 0.30 0.95 1.00 0.14 0.45 0.38 0.65 0.23 0.39

Recirculation Line | Full <3 Hr| Operated | 0.89 1.00 0.05 0.30 0.95 1.00 0.14 0.45 0.42 0.65 0.25 0.39

Mark lil
Main Steam Line Steaming N/A 0.55 0.89 0.00 0.00 0.90 1.00 0.09 0.21 0.26 0.46 0.16 0.28
Main Steam Line | Full <1 Hr N/A 0.64 0.93 0.01 0.03 0.90 1.00 0.11 0.23 0.30 0.49 0.18 0.29
Recirculation Line | Full <1 Hr N/A 0.72 1.00 0.01 0.12 0.90 1.00 0.11 0.31 0.33 0.56 0.20 0.34
Recirculation Line | Full <3 Hr N/A 0.72 1.00 0.04 0.30 0.90 1.00 0.13 0.45 0.35 0.65 0.21 0.39
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Application of the Study Results

LOCA Type [Debris Classification| Distribution After Erosion and Washdown] Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 1.95851 Vents
MARK 1 0.89
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 0.000E+00 Vents
MSL BREAK 0.00
Drywell Floor
ECCS THROTTLED 0.00 Sediment 4 0.000E+00 Floor
1.00
SPRAYS OPERATED
Waterborne 5 0.000E+00 Vents
FIBROUS INSULATION 0.10
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.90
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterborne 8 6.600E-04 Vents
0.10
Sprays/Condensate
1.00 Sediment 9 5.940E-03 Floor
Structures-Break 0.90
0.03 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 11 1.760E-03 Vents
0.10
Sprays/Condensate
1.00 Sediment 12 1.584E-02 Floor
Structures-Other 0.90
0.08 Adheres 13 0.000E+00 Structures-QOther
0.00
Waterborne 14 1.500E-03 Vents
1.00
Sprays/Condensate
0.02 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.25 Adheres 16 7.350E-02 Structures-Break
0.98
Waterborne 17 4.500E-03 Vents
1.00
Large-Above Sprays/Condensate
0.30 0.02 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.75 Adheres 19 2.205E-01 Structures-Other
EMSL Break 0.98
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterbome 22 0.000E+00 Vents
0.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
1.00
Waterborne 24 0.000E+00 Vents
0.00
Sprays/Condensate
0.02 Sediment 25 0.000E+00 Floor
Structures-Break 1.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.98
Waterborne 27 0.000E+00 Vents
0.00
Sprays/Condensate
0.02 Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.00 Adheres 29 0.000E+00 Structures-Other
0.98 H
Canvassed 30 ! 4.000E-01 Structures/Floor
249 - ceomm——l gl i L.OOOE+

Figure 5-1. Upper bound logic chart with BWku®G size disinbution data.
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Application of the Study Results

LOCA Type [Debris Classification| Distribution After Erosion and Washdown] Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 1.144E-01 Vents
MARKI 0.52
Encl 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterbome 3 0.000E+00 Vents
MSL BREAK 0.00
EDrywell Floor !
ECCS THROTTLED 0.01 Sediment 4 2.200E-03 Floor
.00
SPRAYS OPERATED ! i
Waterborne 5 8.800E-07 Vents
FIBROUS INSULATION 0.0t i
Condensate Drainage { i
0.01 Sediment 6 | 8712E-05 Floor
Structures-Above 0.99
Small Preces 0.04 Adheres 7 8.712E-03 Structures-Above
0.22 0.99 '
Waterborne 8 1.100E-04 Vents
0.01 |
Sprays/Condensate f
0.50 |Sediment 9 1.089E-02 | Floor
Structures-Break 0.99 :
0.10 Adheres 10 1.JO0E-02 |  Structures-Break
0.50 : ;
Waterborne  u 3.520E-04 | Vents
0.01 : j
Sprays/Condensate ;
0.50 Sediment 12 :  3.485E-02 Floor
Structures-Other 0.99 : : :
0.32 Adheres 13 ' 3.520E-02 Structures-Other
0.50
Waterbome 14 5.100E-04 | Vents
1.00 :
Sprays/Condensate .
0.01 Sediment 15 0.000E+00 ! Floor
Structures-Break 0.00 ;
0.15 Adheres 16 | S.049E-02 : Structures-Break
0.99 :
Waterbome 17 ¢ 2.890E-03 Vents
1.00 ; i
Large-Above Sprays/Condensate i ;
0.34 0.01 Sediment ¢ 18 . 0.000E+00 . Floor
Structures-Other 0.00 : ! ;
JM 0.85 Adheres ! 19 1 2861E-01 '  Structures-Other
SL Break 0.99 | i ; ]
1.00 Advected to Vent ! 20 3.600E-02 Vents
0.90 : : ;
Enclosures P21 4.000E-04 Enclosures
Large-Below 0.01 l !
0.04 ‘Waterborne P22 0.000E+00 Vents
0.00 ! j
Drywell Floor :
0.04 Sediment P23 1.600E-03 Floor
1.00 : : :
! ! ;
Waterbomne ! 24 ' 0000B+00 | Vents
0.00 i :
Sprays/Condensate ! ; :
0.01 Sediment | 25 '  4.000E-06 Floor
Structures-Break 1.00 ; : :
0.01 Adheres ' 26 | 3.960E-04 Structures-Break
0.99 :
Waterbome 27 0.000E+00 Vents
0.00 ;
Sprays/Condensate i .
0.01 }Sediment ' 28 . 1.600E-05 Floor
Structures-Other 1.00 !
0.04 Adheres 2 | 1.584E03 | Structures-Other
0.99 . .
Canvassed 30 ©  4.000E-01 ;  Stuctures/Floor
s L0l D00E200

Figure 5-2. Central estimate logic chart with BWROG size distribution data.
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Application of the Study Results

Initiating Event | Surface Wetting | Distribution in | Interaction with | Interaction with | Interaction with |Path| Fraction Location of Debris
Drywell Upper Grating | Lower Grating | Vent Structures
and Floor
Incomplete 1 3.5000E-01 Transported Into Vent
0.35 Downcomers
I BWR MARK | l Goes by 2 2.2653E-01 Transported Into Vent
[ UPPER BOUND ESTIMATE | Goes by 1.00 __Downcomers
Goes By 0.85 Captured 3 0.0000E00 Deposited onto Floor Near Vents
Small Pieces Upper Region 1.00 Captured 4 |3-9975E-02 Structures Below Spray Heads
1.00 0.41 0.15
Captured 5 0.0000E00 Structures Below Spray Heads
Goes By 6 2.0443E-01 Transported Into Vent
c et Goes By 1.00 Downcmers
omplete
065 Middle Region 0.85 Captured 7 0.0000E00
0.37 Captured g |3-6075E-02
0.15
Goes by 9 1.4300E-01 Trasported Into Vent
Lower Region 1.00 Downcomer
0.22 Captured 10 0.0000E00 Deposited onto Floor Near Vents

Figure 5-3. Effect of upper floor grating on upper bound estimate of debris distribution after blowdown.

NUREG/CR-6369

5-8



Application of the Study Results

Debris Size | Distribution | Distribution in | Interaction | Interation | Interaction | Interaction | Interaction | Interaction | Path Fraction To Vent Location of Debris
Classification | at Time of Drywell with with Upper with with Lower with with Vent
Vent Structures in| Grating  |Structuresin| Grating |Structures in| Structures
Clearance Upper Middle Lower and Floor
Region Region Region
Structures (Above) 1 2.0000E-02 Structures Above Spray
0.02 Heads
Structures (Below) 2 8.0000E-02 Structures Below Spray
0.08 Heads
Enclosures 3 1.0000E-02 Enclosures
0.01
Goes By 4 1.9751E-01 X Transported Into Vent
Goes By 0.99 Downcomers
I BWR MARK | I GoesBy |09 g:;;tured 5 | 19951E-03 Deposited \c/)g:](t)sFloor Near
GoesBy |77 Captured 6 | 22168E02 Structures Below Spray
I CENTRAL ESTIMATE | 5.9 0.10 Heads
Goes By Captured 7 7.3892E-02 Structures Below Spray
Small Pieces 1.00 0.25 Heads
1.00 Goes By Captured s 3.2841E-02 Structures Below Spray
0.90 0.10 Heads
Captured 9 0.0000E00 Structures Below Spray
Upper Region Heads
0.41 Captured (Above) 10 1.8245E-02 Structures Above Spray
0.05 Heads
Captured (Below) 1 1.8245E-02 Structures Below Spray
0.05 Heads
Goes By 12 1.9805E-01 X Transported Into Vent
Goes By 0.99 Downcomers
Goes By 0.90 gz;:tured 13 2.0005E-03 Deposited \(/)2:‘?SFloor Near
Airborne Goes By 0.75 Captured 14 2.2228E-02 Structures Below Spray
0.89 0.90 0.10 Heads
Middle Region Captured 15 | 7.4002E-02 Structures Below Spray
0.37 0.25 Heads
Captured 16 3.2930E-02 Structures Below Spray
0.10 Heads
Goes By 47 | 1.7446E-01 X Transported Into Vent
Goes By 0.99 Downcomers
Lower Region 0.90 c())z;:tured 18 | 1.7622E-03 Deposited \c,)g;(t)sFloor Near
0.22 Captured 19 1.9580E-02 Structures Below Spray
0.10 Heads

Figure 5-4. Effect of upper grating on central estimate of debris distribution after blowdown.
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Application of the Study Results

LOCA Type [Debris Classification Distribution After Erosion and Washdown} Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 2.024E-01 Vents
MARK1 0.92
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
‘Waterbome 3 0.000E+00 Vents
MSL BREAK 0.00
Drywell Floor
ECCS THROTTLED 0.00 Sediment 4 0.000E+00 Floor
1.00
SPRAYS OPERATED
Waterborne 5 0.000E+Q0 Vents
FIBROUS INSULATION 0.10
Condensate Drainage
NO UPPER GRATING 0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.90
Small Pieces 0.00 T Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterbome 8 4.400E-04 Vents
0.10
Sprays/Condensate
1.00 Sediment 9 3.960E-03 Floor
Structures-Break 0.90
0.02 Adheres 10 0.000E+00 Structures-Break
0.00
‘Waterbomne 11 1.320E-03 Vents
0.10
Sprays/Condensate
1.00 Sediment 12 1.188E-02 Floor
Structures-Other 0.90
0.06 Adheres 13 0.000E+00 Structures-QOther
0.00
Waterborne 14 1.500E-03 Vents
1.00
Sprays/Condensate
0.02 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.25 Adheres 16 7.350E-02 Structures-Break
0.98
Waterborne 17 4.500E-03 Vents
1.00
Large-Above Sprays/Condensate
0.30 0.02 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.75 Adheres 19 2.205E-01 Structures-Other
EMSL Break 0.98
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborne 22 0.000E+00 Vents
0.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
1.00
‘Waterborne 24 0.000E+00 Vents
0.00
Sprays/Condensate
0.02 Sediment 25 0.000E+00 Floor
Structures-Break 1.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.98
Waterborne 27 0.000E+00 Vents
0.00
Sprays/Condensate
0.02 Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.00 Adheres 29 0.000E+00 Structures-Other
0.98
Canvassed 30 4.000E-01 Structures/Floor
*id Lol Q005700

Figure 5-5. Upper bound logic tree for debris transport in a Mark 1 dryweil with one floor grating.
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Application of the Study Results

LOCA Type }Debria Classification} Dist;ilbuﬂon After Erosion and Washdown] Drywell Floor Pool Path Fraction Final Location
owdown No.
Advected to Vents 1t 1.254E-01 Vents
MARK [ W i
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01 i
Waterbome 3 0.000E+00 Vents
MSL BREAK 0.00
Drywell Floor
ECCS THROTTLED 0.01 Sediment 4 2.200E-03 Floor
SPRAYS OPERATED Loo
Waterbome 5 8.800E-07 Vents
FIBROUS INSULATION 0.01
Condensate Drainage
NO UPPER GRATING 0.01 Sedi 6 8.712E-05 Floor
Structures-Above 0.99
Small Pieces 0.04 Adheres 7 8.712E-03 Structures-Above
0.22 099
Waterbomne 8 9.900E-0S Vents
0.01
Sprays/Condensate
0.50 Sedi 9 9.801E-03 Floor
Structures-Break 0.99
0.09 Adheres 10 9.900E-03 Structures-Break
0.50
Waterbome 11 3.080E-04 Vents
0.01 !
Sprays/Condensate !
0.50 Sediment 12 3.049E-02 ! Floor
Structures-Other 0.99 !
0.28 Adheres 13 3.080E-02 |  Structures-Other
0.50
Waterbomne 14 5.100E-04 Vents
1.00
Sprays/Condensate :
0.01 Sediment |15} 0.000E+00 | Floor
Structures-Break 0.00 !
0.15 Adheres 16 5.049E-02 |  Structures-Break
0.99 ;
Waterborne 17 2.890E-03 | Veats
1.00
Large-Above Sprays/Condensate
0.34 0.01 di 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.861E-01 Structures-Other
SL Break 0.99
.00 Advected to Vent 20 3.600E-02 Vents
0.90 !
Enclosures 21 4.000E-04 Enclosures
Large-Below [0.01
0.04 Waterborne 22 0.000E+00 Vents
0.00
Drywell Floor
0.04 Sediment 23 1.600E-03 Floor
1.00 !
Waterbome 24 ! 0.000E+00 Vents
0.00 !
Sprays/Condensate
0.01 {Sediment 25 4.000E-06 Floor
Structures-Break 1.00 :
0.0t Adheres | 26 3.960E-04 Structures-Break
0.99 |
Waterborne 27 0.000E+00 Vents
0.00
Sprays/Condensate
0.01 di 28 1.600E-05 Floor
Structures-Other 1.00
0.04 Adheres 29 1.584E-03 Structures-Other
0.99
Canvassed 30 4.000E-01 .  Structures/Floor
— L 00500

Figure 5-6. Central estimate logic tree for debris transport in a Mark I drywell with one floor grating.
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Application of the Study Results

Table 5-5. Upper bound transport factors for debris transport in a Mark I drywell with one floor grating.

DEBRIS TRANSPORT RESULTS

FINAL DISTRIBUTIONS (Horizontal)

Plant Design: MARK 1

Estimate: UPPER BOUND FIBROUS INSULATION

Break: MSL BREAK

ECCS: ECCS THROTTLED

Sprays: SPRAYS OPERATED

TREE QUANTIFICATION

\ . . Structures | Structures | Structures | Transport

Debris Classification Vents Enclosures Floor Above Break Other Frac t}i)on
Small Pieces 2.042E-01 | 0.000E+00 | 1.584E-02 | 0.000E+00 | 0.000E+00 ] 0.000E+00 0.9280
Large Pieces-Above 6.000E-03 0 0.000E+00 0 7.350E-02 | 2.205E-01 0.0200
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 8.600E-02 | 0.000E+00 | 0.000E+00 0 7.350E-02 | 2.205E-01 0.2263
All Debris 2.902E-01 | 0.000E+00] 1.584E-02 | 0.000E+00 | 7.350E-02 | 2.205E-01 0.4836
All Zone-of-Influence

Debris Classification Vents Enclosures StrAut;:;;l:es St;:_cet;l: e Stgltc;:rres
Small Pieces 92.80% 0.00% 7.20% 0.00% 0.00% 0.00%
Large Pieces-Above 2.00% 0% 0.00% 0% 24.50% 73.50%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 22.63% 0.00% 0% 19.34% 58.03%

All Debris

48.36%

0.00%
RELATIVE CONTRIBUTIONS (Vertical)

0.00%

12.25%

36.75%

. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 70.36% N/A 100.00% N/A 0.00% 0.00%
Large Pieces-Above 2.07% N/A 0.00% N/A 100.00% 100.00%
Large Pieces-Below 27.57% N/A 0.00% N/A 0.00% 0.00%
All Large Pieces 29.64% N/A 0.00% N/A 100.00% 100.00%
Debris Transport Fractions
1.250
1.000
.5 0.750
°
(o]
& 0.500
0.250
0.000 A } } }
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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Application of the Study Results

Table 5-6. Central estimate transport factors for debris transport in a Mark I drywell with one floor grating.

DEBRIS TRANSPORT RESULTS

Plant Design: MARKI
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Spravs: SPRAYS OPERATED

TREE QUANTIFICATION

. . . Structures § Structures | Structures | Transport

Debris Classification Vents | Enclosures] Floor Above Break Other Fraction
Small Pieces 1.258E-01 | 2.200E-03 { 4.258E-02 | 8.712E-03 { 9.900E-03 | 3.080E-02 0.5719
Large Pieces-Above 3.400E-03 0 0.000E+00 0 5.049E-02 | 2.861E-01 0.0100
Large Pieces-Below 3.600E-02 ]| 4.000E-04 | 1.620E-03 0 3.960E-04 } 1.584E-03 0.9000
All Large Pieces 3.940E-02 § 4.000E-04 | 1.620E-03 0 5.089E-02 | 2.877E-01 0.1037
All Debris 1.652E-01 | 2.600E-03 | 4.420E-02 | 8.712E-03 ] 6.079E-02 | 3.185E-01 0.2753
All Zone-of-Influence 0.1652

FINAL DISTRIBUTIONS (Horizonta)

Structures | Structures | Structures

Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 57.19% 1.00% 19.35% 3.96% 4.50% 14.00%
Large Pieces-Above 1.00% 0% 0.00% 0% 14.85% 84.15%
Large Pieces-Below 90.00% 1.00% 4.05% 0% 0.99% 3.96%
All Large Pieces 10.37% 0.11% 0.43% 0% 13.39% 75.71%
All Debris 27.53% 0.43% 7.37% 1.45% 10.13% 53.08%

RELATIVE CONTRIBUTIONS (Vertical)

Structures | Structures | Structures

Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 76.15% 84.62% 96.33% 100.00% 16.29% 9.67%
Large Pieces-Above 2.06% 0% 0.00% 0% 83.06% 89.83%
Large Pieces-Below 21.79% 15.38% 3.67% 0% 0.65% 0.50%
All Large Pieces 23.85% 15.38% 3.67% 0% 83.71% 90.33%
Debris Transport Fractions
1.000
0.750
=
o
T 0.500
(
'S
0.250 .
0.000 — + + + 4
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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Application of the Study Results

A variety of deviations from assumed plant
geometries can be analyzed by simply altering

appropriate branch ratios, including assumptions
related to operation of containment sprays, break

overflow duration and drywell floor design.
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Appendix A

A.1 INTRODUCTION

The drywell debris transport problem was decomposed into several components that were amenable to
resolution by the available knowledge base including small-scale experiments, analytical modeling and
engineering calculations, and by engineering judgments. Then the solutions to the individual components
were linked together into a comprehensive study using logic charts the represented the overail transport
process. A separate chart was created for each accident scenario and each plant design analyzed but
only selected logic charts were presented in the main document of this report. This appendix provides, in
Sections A.3 and A.4, a complete compilation of the charts for the reader desiring detailed information.
The quantification resuits for all the charts are presented in Section A.2.

The structure of the logic chart, which was identical for each of the scenarios and plant design studied,
was explained in the main document (see Figure 2-9). To summarize, the charts decomposes the overall
transport problem into those transport processes associated with primary system blowdown, subsequent
erosion and washdown of the insulation debris deposited onto structures during the blowdown period, and
the water pool forming on the drywell floor. The chart further treated small debris separately from large
debris and large debris still encased in the canvas cover. Further, large debris was subdivided into large
debris generated above any grating and large debris generated below the lowest grating. The relative
concentrations of small and large debris were essentially an unknown to this study and their
determination was not a study objective. Therefore, the results are reported by debris size classification
and then combined with debris generation data from an outside source to illustrate how this data can be
used to determine overall debris transport fractions. The first sheet of each logic charts contains the
actual structure of the chart while the second sheet contained the tabulated resuits for that chart. The
identification of the accident scenario and the plant design is found in the upper left corner of each sheet.

The logic chart structure (first sheet) begins at the left side and then progresses from left to right as the
insulation debris was postulated to move through the various transport processes. The structures
resulted in a total of 30 separate debris transport pathways with the fraction of the initial debris following
each pathway and its final location noted in the right two columns. Note that that sum of the fractions
adds to one.

Three tables of quantification results are shown on each of the second sheets along with a graphical
presentation of the transport fractions. The first of these three tables shows a summation of the debris
fraction sorted by debris type and their final locations. The fractions of debris transported into the
downcomer vents are shown in the column at the right. For example, the transport fraction for small
debris in the right column was the predicted fraction of the debris in the form of small pieces that was
transported into the vent downcomers. The debris classifications in the first table are further illustrated in
Table A-1.

Table A-1: Basis for Quantification of Debris Transport by Debris Classification

Debris Classification Basis for Quantification

Small Pieces Only small pieces of debris

Large Pieces-Above Only large debris generated above any grating.

Large Pieces-Below Only large debris generated below the lowest grating.

All Large Pieces The combination of both large pieces-above, and large
pieces-below.

All Debris The combination of small pieces, large pieces-above, and
large pieces-below.

All Zone-of-Influence All insulation contained in the zone-of-influence including
canvassed debris and intact insulation still on the pipes.

"The second and third of these tables contains the same information as the first table but the information is
expressed in percentages. In the second table, the percentages were based on the total fractions for that
debris classification (horizontal) and in the third table, the percentages were based on the total fractions
for a particular final location (vertical).
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Appendix A

A.2 COMPILATION OF RESULTS

The final quantification results are shown in Tables A-2 and A-3, and Figure A-1 through A-6. Table A-2
lists the debris transport fractions sorted by debris classification and scenario. Table A-3 shows the
relative contribution each debris classification made to the total debris transported into the downcomer
vents, i.e., the percentages for small, large-above, and large-below add to 100%. Figure A-1 shows the
transport fractions for small debris alone in a bar chart for each scenario for the Mark | design. Figure A-2
shows the transport fractions combined with a debris generation size distribution, i.e., fraction of all
insulation located in the total zone-of-influence that transported into the vent downcomers for a Mark |
design. The other figures, Figures A-3 through A-6, show similar results for the Mark Il and lil designs

NUREG/CR-6369 A-2
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Table A-2: Debris Transport Fractions

DEBRIS TRANSPORT FRACTIONS

Break ECCS Sprays Smgll Large Above Large Below All Large All Debris Al 2Ol
Central{ UB Central uB Central uB Central us Central uB Central us
Mark |
Main Steam Line Steaming | Not Used 0.52 0.89 0.00 0.00 0.90 1.00 0.09 0.21 0.25 0.46 0.15 0.28
Main Steam Line Steaming | Operated | 0.52 0.90 0.01 0.02 0.90 1.00 0.10 0.23 0.26 0.47 0.15 0.28
Main Steam Line |Full <1 Hr| NotUsed J 0.63 0.93 0.01 0.03 0.94 1.00 0.1 0.23 0.30 0.49 0.18 0.29
Main Steam Line | Full < 1 Hr| Operated | 0.79 1.00 0.02 0.05 0.94 1.00 0.12 0.25 0.36 0.53 0.22 0.31
Recirculation Line |Full <1 Hr] NotUsed | 0.74 1.00 0.01 0.12 0.94 1.00 0.1 0.31 0.34 0.56 0.21 0.34
Recirculation Line | Full<1 Hr| Operated | 0.86 1.00 0.02 0.12 0.94 1.00 0.12 0.31 0.39 0.56 0.23 0.34
Recirculation Line JFull<3 Hr] NotUsed | 0.74 1.00 0.04 0.30 0.94 1.00 0.14 0.45 0.36 0.65 0.21 .| 0.39
Recirculation Line | Full <3 Hr| Operated | 0.86 1.00 0.05 0.30 0.94 1.00 0.14 0.45 0.40 0.65 0.24 0.39
Mark Il
Main Steam Line Steaming | NotUsed | 0.55 0.89 0.00 0.00 0.90 1.00 0.09 0.21 0.26 0.46 0.16 0.28
Main Steam Line Steaming | Operated | 0.74 1.00 0.01 0.02 0.90 1.00 0.10 0.23 0.34 0.51 0.20 0.31
Main Steam Line | Full <1 Hr] NotUsed |} 0.70 0.95 0.01 0.03 0.95 1.00 0.11 0.23 0.33 0.50 0.20 0.30
Main Steam Line | Full<1Hr] Operated | 0.83 1.00 0.02 0.05 0.95 1.00 0.12 0.25 0.38 0.52 0.23 0.31
Recirculation Line ] Full <1 Hr] Not Used 0.80 1.00 0.01 0.12 0.95 1.00 0.1 0.31 0.36 0.56 0.22 0.34
Recirculation Line ] Full <1 Hr] Operated 0.89 1.00 0.02 0.12 0.95 1.00 0.12 0.31 0.40 0.56 0.24 0.34
Recirculation Line |Full < 3Hr] NotUsed | 0.80 1.00 0.04 0.30 0.95 1.00 0.14 0.45 0.38 0.65 0.23 0.39
Recirculation Line | Full < 3 Hr| Operated | 0.89 1.00 0.05 0.30 0.95 1.00 0.14 0.45 0.42 0.65 0.25 0.39
Mark Il
Main Steam Line Steaming N/A 0.55 0.89 0.00 0.00 0.90 1.00 0.09 0.21 0.26 0.46 0.16 0.28
Main Steam Line | Full <1 Hr N/A 0.64 0.93 0.01 0.03 0.90 1.00 0.1 0.23 0.30 0.49 0.18 0.29
Recirculation Line }Full<1Hr N/A 0.72 1.00 0.01 0.12 0.90 1.00 0.11 0.31 0.33 0.56 0.20 0.34
Recirculation Line | Full <3 Hr N/A 0.72 1.00 0.04 0.30 0.90 1.00 0.13 0.45 0.35 0.65 0.21 0.39
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Table A-3: Relative Contributions to Transport into Vents

RELATIVE CONTRIBUTIONS TO TRANSPORT TO VENTS

Break ECCS Sprays Small Large Above Large Below All Large
Centratl uB Central uB Central uB Central uB
Mark | .
Main Steam Line Steaming Not Used 76% 71% 0% 0% 24% 29% 24% 29%
Main Steam Line ‘Steaming Operated 74% 70% 2% 2% 23% 28% 26% 30%
Main Steam Line Fuli <1 Hr Not Used 7% 70% 2% 3% 21% 27% 23% 30%
Main Steam Line Fuli<1 Hr Operated 80% 70% 3% 4% 17% 26% 20% 30%
Recirculation Line Full<1Hr Not Used 80% 65% 2% 11% 18% 24% 20% 35%
Recirculation Line Full <1 Hr Operated 81% 65% 3% 11% 16% 24% 19% 35%
Recirculation Line Full <3 Hr Not Used 76% 56% 6% 23% 18% 21% 24% 44%
Recirculation Line Full <3 Hr Operated 78% 56% 7% 23% 16% 21% 22% 44%
Mark I '
Main Steam Line Steaming Not Used 77% 71% 0% 0% 23% 29% 23% 29%
Main Steam Line Steaming Operated 80% 72% 2% 2% 18% 26% 20% 28%
Main Steam Line Full <1 Hr Not Used 79% 70% 2% 3% 19% 27% 21% 30%
Main Steam Line Fuli<1 Hr Operated 80% 70% 3% 4% 17% 26% 20% 30%
Recirculation Line Full <1 Hr Not Used 81% 65% 2% 11% 17% 24% 19% 35%
Recirculation Line Full <1 Hr Operated 81% 65% 3% 11% 16% 24% 19% 35%
Recirculation Line Full <3 Hr Not Used 77% 56% 6% 23% 17% 21% 23% 44%
Recirculation Line Full <3 Hr Operated 78% 56% 7% 23% 15% 21% 22% 44%
Mark Ill
Main Steam Line Steaming N/A 7% 71% 0% 0% 23% 29% 23% 29%
Main Steam Line Full <1 Hr N/A 78% 70% 2% 3% 20% 27% 22% 30%
Recirculation Line Full<1Hr N/A 80% 65% 2% 11% 18% 24% 20% 35%
Recirculation Line Full <3 Hr N/A 76% 56% 7% 23% 17% 21% 24% 44%
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v xipuaddy

Mark | Transport Fractions for Small Debris

A Central I Upper Bound

0.2500 -

Transport Fraction

:

MSL, MSL, MSL, Not  MSL, Not R, R, R, Not R, Not
Throttled, Throttled, Throttled, Throttled, Throttled, Throttled, Throttled, Throttled,
w/o with w/o with w/o with w/o Sprays

Sprays  Sprays  Sprays  Sprays  Sprays  Sprays  Sprays

LLOCA Scenario

Figure A-1: Mark | Transport Fractions for Small Debris
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Mark | Combined Generation and Transport Fractions

1.0000
- g Central
o 0.7500 B Upper Bound
™
+ 0.5000
o
o
4
a 0.2500
-
0.0000 -
MSL, MSL, MSL, Not  MSL, Not R, R, R, Not RL, Not
Throttled,  Throttled, Throttled, ~Throttled, Throttled, Throttled, Throttled,  Throttled,
w/o with w/o with w/o with w/o Sprays

Sprays ~ Sprays  Sprays  Sprays  Sprays  Sprays  Sprays

LOCA Scenario

Figure A-2: Mark | Combined Generation and Transport Fractions
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Mark Il Transport Fractions for Small Debris
@ Central H Upper Bound

1.0000

0.7500

Transport Fraction
o

0.2500 -
MSL, MSL, MSL, Not  MSL, Not R, R, R, Not R, Not
Throttled, Throttled, Throttled, Throttled, Throttled, Throttled, Throttled, Throttled,
w/o with w/o with w/o with w/o Sprays

Sprays  Sprays Sprays  Sprays  Sprays Sprays  Sprays

LOCA Scenario

Figure A-3: Mark Il Transport Fractions for Small Debris
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Mark Il Combined Generation and Transport Fractions

§

Central
W Upper Bound

3

Transport Fraction
o

MSL, MSL, MSL, Not  MSL, Not R, RL, RL, Not RL, Not
Throttled, Throttled, | Throttled, Throttled, Throttled, Throttled, Throttled, Throttled,
w/o with w/o with w/o with w/o Sprays

Sprays Sprays Sprays Sprays Sprays Sprays Sprays

LOCA Scenario

Figure A-4: Mark Il Combined Generation and Transport Fractions
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Transport Fraction
o
18]
o
o
o

Mark lll Transport Fractions for Small Debris

@ Central W Upper Bound

1.0000

0.2500 -

MSL, Throttled MSL, Not Throttled RL, Throttled RL, Not Throttled

LOCA Scenarios

Figure A-5: Mark lll Transport Fractions for Small Debris

A-10

v xpueddy



69€9-MD/OFANN

1.0000

Mark lIl Combined Generation and Transport Fractions

@ Central

0.7500

M Upper Bound

0.5000

Transport Fraction

0.2500 -

0.0000 -

MSL, Throttled MSL, Not Throttled RL, Throttled RL, Not Throttled

LOCA Scenarios

Figure A-6: Mark Ill Combined Generation and Transport Fraction
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Appendix A

A.3 LOGIC CHARTS FOR CENTRAL ESTIMATES

The logic charts for the central debris transport estimates are presented here and the corresponding
upper bound estimates are presented on Section A.4.

A.3.1 Mark |

This section contains the central estimate logic charts for the Mark | design.
A.3.1.1 Main Steam Line Break

The central estimate logic charts for the main steam line breaks are presented here, then the charts for
the recirculation line breaks are presented in Section A.3.1.2
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Dis i
LOCA Type [Debris Classificatio tribution After Erosion and Washdown] Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 3 1.144E-01 Vents
MARK I 0.52
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
‘Waterborne 3 0.000E+00 Vents
MSL BREAK 0.00
Drywell Floor
ECCS THROTTLED 0.01 Sediment 4 2.200E-03 Floor
1.00
NO SPRAYS
Waterborne 5 0.000E+00 Vents
FIBROUS INSULATION 0.00
Condensate Drainage
0.01 Sediment 6 8.800E-05 Floor
Structures-Above 1.00
Small Pieces 0.04 Adberes 7 8.712E-03 Structures-Above
l0.22 0.99
Waterborne 8 0.000E+00 Vents
0.00
Condensate Drainage
0.01 Sediment 9 2.200E-04 Floor
Structures-Break 1.00
0.10 Adheres 10 2.178E-02 Structures-Break
0.99
‘Waterborne 1t 0.000E+00 Vents
0.00
Condensate Drainage
0.01 Sediment 12 7.040E-04 Floor
Structures-Other 1.00
0.32 Adheres 13 6.970E-02 Structures-Other
0.99
Waterborne 14 0.000E+00 Yeats
0.00
- Condensate Drainage
0.00 Sediment 15 0.000E+00 Floor
Structures-Break 1.00
0.15 Adheres 16 5.100E-02 Structures-Break
1.00
Waterborne 17 0.000E+00 Vents
0.00
Large-Above Condensate Drainage .
0.34 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 1.00
0.85 Adheres 19 2.890E-01 Structures-Other
1.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterborne 22 0.000E+00 Vents
0.00
Drywell Floor
0.04 Sediment 23 1.600E-03 Floor
1.00
Waterborne 24 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 25 0.000E+00 Floor
Structures-Break 1.00
0.01 Adheres 26 4.000E-04 Structures-Break
1.00
Waterborne 27 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 Total | [000E+00
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DEBRIS TRANSPORT RESULTS

All Zone-of-Influence

FINAL DISTRIBUTIONS (Horizontal)

Plant Design: MARKI
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Sprays: NO SPRAYS

TREE QUANTIFICATION

Debris Classification Vents Enclosures Floor Structures | Structures | Structures Trans;?ort

Above Break Other Fraction

Small Pieces 1.144E-01 | 2.200E-03 { 3.212E-03 | 8.712E-03 | 2.178E-02 ] 6.970E-02 0.5200
Large Pieces-Above 0.000E+00 0 0.000E+00 0 5.100E-02 | 2.890E-01 0.0000
Large Pieces-Below 3.600E-02 | 4.000E-04 § 1.600E-03 0 4,000E-04 | 1.600E-03 0.9000
All Large Pieces 3.600E-02 | 4.000E-04 | 1.600E-03 0 5.140E-02 | 2.906E-01 0.0947
All Debris 1.504E-01 | 2.600E-03 | 4.812E-03 | 8.712E-03 | 7.318E-02 | 3.603E-01 0.2507

Debris Classification Vents Enclosures Floor StrAubc;::es Stl];:cet:;es Stl(';ltc}:::es
Small Pieces 52.00% 1.00% 1.46% 3.96% 9.90% 31.68%
Large Pieces-Above 0.00% 0% 0.00% 0% 15.00% 85.00%
Large Pieces-Below 90.00% 1.00% 4.00% 0% 1.00% 4.00%
All Large Pieces 9.47% 0.11% 0% 13.53% 76.47%

All Debris

25.07%

RELATIVE CONTRIBUTIONS (Vertical)

0.43%

1.45%

12.20%

60.05%

. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Above Break Other
Small Pieces 76.06% 84.62% 66.75% 100.00% 29.76% 19.34%
Large Pieces-Above 0.00% 0% 0.00% 0% 69.69% 80.21%
Large Pieces-Below 23.94% 15.38% 33.25% 0% 0.55% 0.44%
All Large Pieces 23.94% 15.38% 33.25% 0% 70.24% 80.66%
Debris Transport Fractions
1.000
0.750
[~
2
© 0.500 -
[y]
i
0.250 -
0.000 - " ; N ' "
Small Debris L.arge Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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LOCA Type [Debris Classificationf DtTicutionAfter o ion and Washdown| Drywell Floor Pool | P2 | Fraction Final Location
Blowdown No.
Advected to Vents 1 1.144E-01 Vents
MARK I 0.52
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterbormne 3 0.000E+00 Vents
MSL BREAK 0.00
Drywell Floor
ECCS THROTTLED 0.01 Sediment 4 2.200E-03 Floor
1.00
SPRAYS OPERATED
‘Waterbome 5 8.800E-07 Vents
FIBROUS INSULATION 0.01
Condensate Drainage
0.01 Sediment 6 8.712E-05 Floor
Structures-Above 0.99
Small Pieces 0.04 Adheres 7 8.712E-03 Structures-Above
0.22 0.99
Waterborne 8 1.100E-04 Vents
0.01
Sprays/Condensate
0.50 Sediment 9 1.089E-02 Floor
Structures-Break 0.99
0.10 Adheres 10 1.100E-02 Structures-Break
0.50
Waterborne 11 3.520E-04 Vents
0.01
Sprays/Condensate
0.50 Sediment 12 3.485E-02 Floor
Structures-Other 0.99
0.32 Adheres 13 3.520E-02 Structures-Other
0.50
Waterbome 14 5.100E-04 Vents
1.00
Sprays/Condensate
0.01 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 5.049E-02 Structures-Break
0.99
Waterborme 17 2.890E-03 Vents
1.00
Large-Above Sprays/Condensate
0.34 0.01 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.861E-01 Structures-Other
SL Break 0.99
00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterbome 22 0.000E+00 Vents
0.00
Drywell Floor
0.04 Sediment 23 1.600E-03 Floor
1.00
Waterbome 24 0.000E+00 Vents
0.00
Sprays/Condensate
0.01 Sediment 25 4.000E-06 Floor
Structures-Break 1.00
0.0t Adheres 26 3.960E-04 Structures-Break
0.99
‘Waterbome 27 0.000E+00 Venty
0.00
Sprays/Condensate
0.01 Sediment 28 1.600E-05 Floor
Structures-Other 1.00
0.04 Adheres 29 1.584E-03 Structures-Other
0.9
Canvassed 30 4.000E-0t Structures/Floor
0,40 Total | 1.000E+00
NUREG/CR-6369
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FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS

Plant Design: MARK 1
Estimate: CENTRAL ESTIMA' FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Spra SPRAYS OPERATED
TREE QUANTIFICATION

. . . Structures | Structures | Structures| Transport
Debris Classification Vents | Enclosures Floor Above Break Other Fract[i):n
Small Pieces 1.149E-01 | 2.200E-03 | 4.803E-02 | 8.712E-03 | 1.100E-02 }§ 3.520E-02 0.5221
Large Pieces-Above 3.400E-03 0 0.000E+00 0 5.049E-02 | 2.861E-01 0.0100
Large Pieces-Below 3.600E-02 { 4.000E-04 { 1.620E-03 0 3.960E-04 | 1.584E-03 0.9000
All Large Pieces 3.940E-02 | 4.000E-04 | 1.620E-03 0 5.089E-02 | 2.877E-01 0.1037
All Debris 1.543E-01 | 2.600E-03 | 4.965E-02 | 8.712E-03 § 6.189E-02 | 3.229E-01 0.2571
All Zone-of-Influence

RELATIVE CONTRIBUTIONS (Vertical)

3 . . Structures | Structures | Structures
Debris Classification VYents Enclosures Floor Above Break Other
Small Pieces 52.21% 1.00% 21.83% 3.96% 5.00% 16.00%
Large Pieces-Above 1.00% 0% 0.00% 0% 14.85% 84.15%
Large Pieces-Below 90.00% 1.00% 4.05% 0% 0.99% 3.96%
All Large Pieces 10.37% 0.11% 0.43% 0% 13.39% 75.71%
g
All Debris 25.71% 0.43% 8.27% 1.45% 10.31% 53.82%

. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 74.46% 84.62% 96.74% 100.00% 17.77% 10.90%
Large Pieces-Above 2.20% 0% 0.00% 0% 81.59% 88.61%
Large Pieces-Below 23.34% 15.38% 3.26% 0% 0.64% 0.49%
All Large Pieces 25.54% 15.38% 3.26% 0% 82.23% 89.10%
Debris Transport Fractions
1.000
0.750
[=
8
© 0.500 1
o
w
0.250
0.000 - t + s : t t
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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LOCA Type |Debris Classification] DitributionAfter 1o i @ and Washdown| Drywetl Floor Poot | P2 | Fraction Final Location
Blowdown No.
Advected to Vents 1 1.144E-01 Vents
MARK 1 0.52
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterbomne 3 2.200E-03 Vents
MSL BREAK 1.00
|Drywell Floor
NOT THROTTLED 0.01 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterborne 5 8.800E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.04 Adheres 7 8.712E-03 Structures-Above
0.22 0.99
Waterborme 8 2.200E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.10 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 11 7.040E-04 Vents
1.00
Condensate Drainage
0.01 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.32 Adheres 13 6.970E-02 Structures-Other
0.99
‘Waterbome 14 4.080E-03 Vents
1.00
Recirculation Flow
0.08 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 4.692E-02 Structures-Break
0.92
Waterborne t7 0.000E+00 Vents
1.00
fLarge-Above Condensate Drainage
0.34 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.890E-01 Structures-Other
IMSL Break 1.00
1.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterborne 22 1.440E-03 Vents
0.90
Drywell Floor
0.04 Sediment 23 1.600E-04 Floor
0.10
Waterborne 24 2.000E-04 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
‘Waterborne 27 0.000E+00 Vents
1.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
Q40 Toal | _1.000E-+00
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FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS

Plant Design: MARK
Estimate: CENTRAL ESTIMA’ FIBROUS INSULATION
Break: MSL BREAK
ECCS: NOT THROTTLED
Spra NO SPRAYS

TREE QUANTIFICATION

. . . Structures | Structures | Structures| Transport

Debris Classification Vents Enclosures Floor Above Break Other Fract;i’:n
Small Pieces 1.394E-01 | 2.200E-03 | 0.000E+00 | 8.712E-03 | 0.000E+00 ] 6.970E-02 0.6336
Large Pieces-Above 4.080E-03 0 0.000E+00 0 4.692E-02 | 2.890E-01 0.0120
Large Pieces-Below 3.764E-02 | 4.000E-04 § 1.600E-04 0 2.000E-04 | 1.600E-03 0.9410
All Large Pieces 4.172E-02 | 4.000E-04 | 1.600E-04 0 4.712E-02 | 2.906E-01 0.1098
All Debris 1.811E-01 { 2.600E-03 8.712E-03 | 4.712E-02 { 3.603E-01 0.3019
All Zone-of-Influence 0.1811

RELATIVE CONTRIBUTIONS (Vertical)

. ) ) Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 63.36% 1.00% 0.00% 3.96% 0.00% 31.68%
Large Pieces-Above 1.20% 0% 0.00% 0% 13.80% 85.00%
Large Pieces-Below 94.10% 1.00% 0.40% 0% 0.50% 4.00%
All Large Pieces 10.98% 0.11% 0.04% 0% 12.40% 76.47%
All Debris 30.19% 0.43% 1.45% 7.85% 60.05%

Small Debris

Large Above

Gratings

Large Below
Gratings

All Large Debris

. . . ' Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 76.96% 84.62% 0.00% 100.00% 0.00% 19.34%
Large Pieces-Above 2.25% 0% 0.00% 0% 99.58% 80.21%
Large Pieces-Below 20.78% 15.38% 100.00% 0% 0.42% 0.44%
All Large Pieces 23.04% 15.38% 100.00% 0% 100.00% 80.66%

Debris Transport Fractions
' 1.000

0.750
=1
2
‘e 0.500 4
[
e

0.250 A

0.000 - } } : t

All Debris

All Zone-of-
Influence
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Distribution After Path
LOCAT Debris Classificatl Erosi d W
Ype cationy Blowdown rosion and Washdown§ Drywell Floor Pool Ne. Fraction Final Location
Advected to Vents 1 1.144E-01 Vents
MARK1 0.52
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
‘Waterbome 3 2.200E-03 Vents
MSL BREAK 1.00
Drywell Floor
NOT THROTTLED 0.01 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
‘Waterborne S 8.800E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.04 Adheres 7 8.712E-03 Structures-Above
0.22 0.99
Waterborne 8 2.200E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.10 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 11 3.520E-02 Vents
1.00
Sprays/Condensate
0.50 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.32 Adheres 13 3.520E-02 Structures-Other
0.50
Waterborne 14 4.080E-03 Vents
1.00
Recirculation Flow
0.08 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adhberes 16 4.692E-02 Structures-Break
0.92
Waterborne 17 2.890E-03 Vents
1.00
JLarge-Above Sprays/Condensate
0.34 0.01 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.861E-01 Structures-Other
JMSL Break 0.99 -
.00 Advected 1o Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterborne 22 1.440E-03 Yents
0.90
Drywell Floor
0.04 Sediment 23 1.600E-04 Floor
0.10
‘Waterbomne 24 2.000E-04 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterbome 27 1.600E-05 Vents
1.00
Sprays/Condensate
0.01 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.584E-03 Structures-Other
0.99
Canvassed 30 4.000E-01 Structures/Floor
040 T 1L OOOE+00
NUREG/CR-6369
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Fraction
o
3
o

DEBRIS TRANSPORT RESULTS
Plant Design: MARK1
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: MSL BREAK
ECCS: NOT THROTTLED
Sprays: SPRAYS OPERATED
TREE QUANTIFICATION
. e Structures | Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 1.739E-01 | 2.200E-03 | 0.000E+00{ 8.712E-03 } 0.000E+00 | 3.520E-02 0.7904
Large Pieces-Above 6.970E-03 0 0.000E+00 0 4.692E-02 | 2.861E-01 0.0205
Large Pieces-Below 3.766E-02 | 4.000E-04 § 1.600E-04 0 2.000E-04 | 1.584E-03 0.9414
All Large Pieces 4 .463E-02 | 4.000E-04 | 1.600E-04 0 4.712E-02 | 2.877E-01 0.1174
All Debris 2.185E-01 | 2.600E-03 | 1.600E-04 | 8.712E-03 | 4.712E-02 | 3.229E-01 0.3642
All Zone-of-Influence 0.2185
FINAL DISTRIBUTIONS (Horizontal)
) . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 79.04% 1.00% 0.00% 3.96% 0.00% 16.00%
Large Pieces-Above 2.05% 0% 0.00% 0% 13.80% 84.15%
Large Pieces-Below 94.14% 1.00% 0.40% 0% 0.50% 3.96%
All Large Pieces 11.74% 0.11% 0.04% 0% 12.40% 75.71%
All Debris 36.42% 0.43% 0.03% 1.45% 7.85% 53.82%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 79.58% 84.62% 0.00% 100.00% 0.00% 10.90%
Large Pieces-Above 3.19% 0% 0.00% 0% 99.58% 88.61%
Large Pieces-Below 17.23% 15.38% 100.00% 0% 0.42% 0.49%
All Large Pieces 20.42% 15.38% 100.00% 0% 100.00% 89.10%
Debris Transport Fractions
1.000
0.750 -

l.arge Above

Large Below

All Large Debris

All Debris

All Zone-of-

Gratings Gratings Influence
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A.3.1.2 Recirculation Line Break

This section contains central estimate logic charts for Mark { recirculation line break scenarios.
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D
LOCA Type |Debris Classificationf DieribudonAfier §. . nd Wasbdown| Dryweil Floor Poot | P2 | Fraction Floal Location
Blowdown No.
Advected to Vents 1 1LO12E-01 Vents
MARKI 0.46
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborne 3 4.400E-02 Yents
RL BREAK 1.00
§Drywell Floor
ECCS THROTTLED 0.20 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterbome 5 4.400E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.02 Adheres 7 4.356E-03 Structures-Above
0.22 0.99
Waterbomne 8 1.760E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.08 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 5.060E-04 Vents
1.00
Condensate Drainage
0.01 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.23 Adheres 13 5.009E-02 Structures-Other
0.99
‘Waterborne 14 4.080E-03 Vents
1.00
Recirculation Flow
0.08 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 4.692E-02 Structures-Break
0.92
Waterbome 17 0.000E+00 Venty
1.00
Large-Above Condensate Drainage
0.34 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.890E-01 Structures-Other
[RL. Break 1.00
.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterborne 22 1 .440E-03 Vents
0.90
Drywell Floor
0.04 Sediment 23 1.600E-04 Floor
.10
Waterborne 24 2.000E-04 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterborne 27 0.000E+00 Vents
1.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
240 Ioal L LOCOE+00
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DEBRIS TRANSPORT RESULTS

Plant Mign: MARK1I

Estimate: CENTRAL ESTIMA FIBROUS INSULATION

Break: RL BREAK

ECCS: ECCS THROTTLED

Spra NO SPRAYS

TREE QUANTIFICATION

. . . Structures | Structures | Structures| Transport

Debris Classification Vents Enclosures Floor Above Break Other Frac t}i): n
Small Pieces 1.634E-01 | 2.200E-03 | 0.000E+00 | 4.356E-03 { 0.000E+00| 5.009E-02 0.7425
Large Pieces-Above 4.080E-03 0 0.000E+00 0 4.692E-02 | 2.890E-01 0.0120
Large Pieces-Below 3.764E-02 | 4.000E-04 | 1.600E-04 0 2.000E-04 | 1.600E-03 0.9410
All Large Pieces 4.172E-02 | 4.000E-04 | 1.600E-04 0 4.712E-02 | 2.906E-01 0.1098
All Debris 2.051E-01 | 2.600E-03 | 1.600E-04 | 4.356E-03 | 4.712E-02 § 3.407E-01 0.3418
All Zone-of-Influence 0.2051

FINAL DISTRIBUTIONS (Horizontal)

, . . Structures | Structures | Structures
Debris Classification Vents Enclosures Above Break Other
Small Pieces 74.25% 1.00% 0.00% 1.98% 0.00% 22.77%
Large Pieces-Above 1.20% 0% 0.00% 0% 13.80% 85.00%
Large Pieces-Below 94.10% 1.00% 0.40% 0% 0.50% 4.00%
All Large Pieces 10.98% 0.11% 0.04% 0% 12.40% 76.47%
All Debris 34.18% 0.43% 0.73% 7.85% 56.78%

RELATIVE CONTRIBUTIONS (Vertical)

. . R Structures | Structures | Structures
Debris Classification Vents | Enclosures Floor Above Break Other
Small Pieces 79.66% 84.62% 0.00% 100.00% 0.00% 14.70%
Large Pieces-Above 1.99% 0% 0.00% 0% 99.58% 84.83%
Large Pieces-Below 18.35% 15.38% 100.00% 0% 0.42% 0.47%
All Large Pieces 20.34% 15.38% 100.00% 0% 100.00% 85.30%
Debris Transport Fractions
1.000
0.750 4
[~
2
© 0.500 4
[
[
0.250 -
0.000 - o . : : . - v
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
A-25
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LOCA Type |Debris Classifications Distribution After Erosion and Washdown] Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 1.012E-01 Yents
MARK I 0.46
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborne 3 4.400E-02 Yents
RL BREAK 1.00
Drywell Floor
ECCS THROTTLED 0.20 Sediment 4 0.000E+00 Floor
.00
SPRAYS OPERATED
Waterbome 5 4.400E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.02 Adheres 7 4.356E-03 Structures-Above
0.22 0.99
Waterborne 8 1.760E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.08 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 2.530E-02 Vents
1.00
Sprays/Condensate
0.50 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.23 Adheres 13 2.530E-02 Structures-Other
0.50
Waterborne 14 4.080E-03 VYenty
1.00
Recirculation Flow
0.08 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 4.692E-02 Structures-Break
0.92
Waterbome 17 2.890E-03 Vents
1.00
Large-Above Sprays/Condensate
0.34 0.01 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
iRL 085 Adheres 19 | 2861E01 Structures-Other
Break 0.99
1.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Watetborne 22 1.440E-03 Vents
0.90
Drywell Floor
0.04 Sediment 23 1.600E-04 Floor
0.10
‘Waterbome 24 2.000E-04 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.0C0E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterborne 27 1.600E-05 Vents
1.00 )
Sprays/Condensate
0.01 Sediment 28 0.000E+H00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.584E-03 Structures-Other
0.99
Canvassed 30 4.000E-01 Structures/Floor
240 Toml ! 1OOOF+00
NUREG/CR-6369

A-26




Appendix A

FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS

Plant Design: MARK I

Estimate: CENTRAL ESTIMA FIBROUS INSULATION

Break: RL BREAK

ECCS: ECCS THROTTLED

Sprays: SPRAYS OPERATED

TREE QUANTIFICATION

Debris Classification Vents Enclosures Floor Structures | Structures | Structures Transl.)ort

. Above Break Other Fraction

Small Pieces 1.881E-01 | 2.200E-03 | 0.000E+00 | 4.356E-03 | 0.000E+00] 2.530E-02 0.8552
Large Pieces-Above 6.970E-03 0 0.000E+00 0 4.692E-02 | 2.861E-01 0.0205
Large Pieces-Below 3.766E-02 | 4.000E-04 | 1.600E-04 0 2.000E-04 | 1.584E-03 0.9414
All Large Pieces 4.463E-02 | 4.000E-04 | 1.600E-04 0 4.712E-02 | 2.877E-01 0.1174
All Debris 2.328E-01 | 2.600E-03 | 1.600E-04 | 4.356E-03 | 4.712E-02 | 3.130E-01 0.3880
All Zone-of-Influence

Debris Classification Vents | Enclosures St;l;,c(:::es Stg;?:l:% Str(;l:l:::%
Small Pieces 85.52% 1.00% 0.00% 1.98% 0.00% 11.50%
Large Pieces-Above 2.05% 0% 0.00% 0% 13.80% 84.15%
Large Pieces-Below 94.14% 1.00% 0.40% 0% 0.50% 3.96%
All Large Pieces 11.74% 0.11% 0% 12.40% 75.71%

All Debris

38.80%

RELATIVE CONTRIBUTIONS (Vertical)

0.43%

0.73%

7.85%

52.17%

. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 80.83% 84.62% 0.00% 100.00% 0.00% 8.08%
Large Pieces-Above 2.99% 0% 0.00% 0% 99.58% 91.41%
Large Pieces-Below 16.18% 15.38% 100.00% 0% 0.42% 0.51%
All Large Pieces 19.17% 15.38% 100.00% 0% 100.00% 91.92%
Debris Transport Fractions
1.000

Fraction

. g ! ; D -
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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LOCA Type |Debris Classificatio Di’:t';’:::mmr Erosion and Washdown| Drywell Floor Pool l:;h Fraction Final Location
Advected to Vents 1 1.012E-01 Vents
MARKI 0.46
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE l0.01
Waterbormne 3 4.400E-02 Yents
RL BREAK 1.00
Drywell Floor
NOT THROTTLED 0.20 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterborne S 4.400E-05 Yents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.02 Adheres 7 4.356E-03 Structures-Above
0.22 0.99
Waterborne 8 1.760E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.08 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 11 5.060E-04 Vents
1.00
Condensate Drainage
0.01 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.23 Adheres 13 5.009E-02 Structures-Other
0.99
Waterborne 14 1.377E-02 Vents
1.00
Recirculation Flow
0,27 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 3.723E-02 Structures-Break
0.73
Waterborne 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.34 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.890E-01 Structures-Other
RL, Break 1.00
1,00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterbome 22 1.440E-03 Vents
0.90
Drywell Floor
0.04 Sediment 23 1.600E-04 Floor
Q.10
Waterborne 24 2.000E-4 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
‘Waterbome 27 0.000E+00 Vents
1.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other Q.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
0.40 T LOOOE+00
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DEBRIS TRANSPORT RESULTS
Plant Dmigg: MARKI
Estimate: CENTRAL ESTIMA’ FIBROUS INSULATION
Break: RL BREAK
ECCS: NOT THROTTLED
Sprays: NO SPRAYS
TREE QUANTIFICATION
. e . Structures | Structures { Structures| Transport
Vi
Debris Classification ents Enclosures Floor Above Break Other Fraction
Small Pieces 1.634E-01 | 2.200E-03 | 0.000E+00 | 4.356E-03 ] 0.000E+00} 5.009E-02 0.7425
Large Pieces-Above 1.377E-02 0 0.000E+00 0 3.723E-02 | 2.890E-01 0.0405
Large Pieces-Below 3.764E-02 | 4.000E-04 | 1.600E-04 0 2.000E-04 { 1.600E-03 0.9410
All Large Pieces 5.141E-02 | 4.000E-04 | 1.600E-04 0 3.743E-02 | 2.906E-01 0.1353
All Debris 2.148E-01 | 2.600E-03 | 1.600E-04 | 4.356E-03 | 3.743E-02 } 3.407E-01 0.3579
All Zone-of-Influence 0.2148
FINAL DISTRIBUTIONS (Horizontal)
3 ) . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 74.25% 1.00% 0.00% 1.98% 0.00% 22.77%
Large Pieces-Above 4.05% 0% 0.00% 0% 10.95% 85.00%
Large Pieces-Below 94.10% 1.00% 0.40% 0% 0.50% 4.00%
All Large Pieces 13.53% 0.11% 0.04% 0% 9.85% 76.47%
All Debris 35.79% 0.43% 0.03% 0.73% 6.24% 56.78%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 76.06% 84.62% 0.00% 100.00% 0.00% 14.70%
Large Pieces-Above 6.41% 0% 0.00% 0% 99.47% 84.83%
Large Pieces-Below 17.53% 15.38% 100.00% 0% 0.53% 0.47%
All Large Pieces 23.94% 15.38% 100.00% 0% 100.00% 85.30%
Debris Transport Fractions
1.000
0.750
c
L
S 0.500 -
fod
i
0.250
O'OOO 3 ¥ T : LR E e % PO N : P % PSRN .
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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LOCAType |Debris Classification] DiStTibutionAfier §o o and Washdown| Drywell Floor Poot | P22 | praction Final Location
Blowdown No.
Advected to Vents i 1.012E-01 Vents
MARK I 0.46
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterbome 3 4.400E-02 Vents
RL BREAK 1.00
Drywell Floor
NOT THROTTLED 0.20 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
Waterbome S 4.400E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.02 Adheres 7 4.356E-03 Structures-Above
0.22 0.99
Waterbore 8 1.760E-02 Yents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Fleor
Structures-Break 0.00
0.08 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 2.530E-02 Vents
1.00
Sprays/Condensate .
0.50 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.23 Adheres 13 2.530E-02 Structures-Other
0.50
Waterbome 14 1.377E-02 Vents
1.00
Recirculation Flow
0.27 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 3.723E-02 Structures-Break
0.73
Waterborne 17 2.890E-03 Vents
1.00
Large-Above Sprays/Condensate
0.34 0.01 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.861E-01 Structures-Other
JRL Break 0.99
o) Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large~Below 0.01
0.04 ‘Waterborne 22 1.440E-03 Vents
0.90
Drywell Floor
0.04 Sediment 23 1.600E-04 Floor
0.10
Waterborne 24 2.000E-04 Yents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterbome 27 1.600E-05 Vents
1.00
Sprays/Condensate
0.01 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.584E-03 Structures-Other
0.99
Canvassed 30 4.000E-01 Structures/Floor
040 Teml | 1,000E-00
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FINAL DISTRIBUTIONS (Horizontal)

RELATIVE CONTRIBUTIONS (Vertical)

Debris Classification Vents Enclosures StrAl:ot::w Stg:_?:;a Str(;ltcl:::es
Small Pieces 85.52% 1.00% 0.00% 1.98% 0.00% 11.50%
Large Pieces-Above 4.90% 0% 0.00% 0% 10.95% 84.15%
Large Pieces-Below 94.14% 1.00% 0.40% 0% 0.50% 3.96%
All Large Pieces 14.29% 0.11% 0% 9.85% 75.71%
All Debris 40.41% 0.43% 0.73% 6.24% 52.17%

DEBRIS TRANSPORT RESULTS

Plant Design: MARK 1
Estimate: CENTRAL ESTIMA’ FIBROUS INSULATION
Break: RL BREAK
ECCS: NOT THROTTLED
Spra SPRAYS OPERATED

TREE QUANTIFICATION

. . . Structures | Structures | Structures| Transport

Debris Classification Vents | Enclosures Floor Above Break Other Fract‘i’:n
Small Pieces 1.881E-01 | 2.200E-03 | 0.000E+00 | 4.356E-03 | 0.000E+00] 2.530E-02 0.8552
Large Pieces-Above 1.666E-02 0 0.000E+00 0 3.723E-02 | 2.861E-01 0.0450
Large Pieces-Below 3.766E-02 | 4.000E-04 | 1.600E-04 0 2.000E-04 § 1.584E-03 0.9414
All Large Pieces 5.432E-02 | 4.000E-04 | 1.600E-04 0 3.743E-02 | 2.877E-01 0.1429
All Debris 2.425E-01 | 2.600E-03 4.356E-03 | 3.743E-02 § 3.130E-01 0.4041
All Zone-of-Influence

. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Above Break Other
Small Pieces 77.60% 84.62% 0.00% 100.00% 0.00% 8.08%
Large Pieces-Above 6.87% 0% 0.00% 0% 99.47% 91.41%
Large Pieces-Below 15.53% 15.38% 100.00% 0% 0.53% 0.51%
All Large Pieces 22.40% 15.38% 100.00% 0% 100.00% 91.92%
Debris Transport Fractions
1.000
0.750
=
=
© 0.500
&
w
0.250
0.000 : — : - v
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence

A-31

NUREG/CR-6369



Appendix A

A.3.2 Mark !l

This section contains the central estimate logic charts for the Mark Il design.
A.3.2.1 Main Steam Line Break

The central estimate logic charts for the main steam line breaks are presented here, then the charts for
the recirculation line breaks are presented in Section A.3.2.2.
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LOCA Type |Debris Classification] Pltributon After f o Wasbdown{ Drywetl Floor Pool | T*® 1 mraction Final Location
Blowdown No.
Advected to Vents 1 1.210E-01 Vents
MARK II 0.55
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborme 3 0.000E+00 Vents
MSL BREAK 0.00
Drywell Floor
ECCS THROTTLED 0.06 Sediment 4 1.320E-02 Floor
1.00
NO SPRAYS
Waterbome 5 0.000E+00 Vents
FIBROUS INSULATION 0.00
Condensate Drainage
0.01 Sediment 6 6.600E-05 Floor
Structures-Above 1.00
Small Pieces 0.03 Adheres 7 6.534E-03 Structures-Above
0.22 0.99
Waterborne 8 0.000E+00 Venty
0.00
Condensate Drainage
0.01 Sediment 9 1.980E-04 Floor
Structures-Break 1.00
0.09 Adheres 10 1.960E-02 Structures-Break
0.99
Waterbome 11 0.000E+00 Vents
0.00
Condensate Drainage
0.01 Sediment 12 5.720E-04 Floor
Structures-Other 1.00
0.26 Adheres 13 5.663E-02 Structures-Other
0.99
Waterbome 14 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 15 0.000E+00 Floor
Structures-Break 1.00
0.15 Adheres 16 5.100E-02 Structures-Break
1.00
Waterborne 17 0.000E+00 Vents
0.00
Large-Above Condensate Drainage
0.34 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 1.00
0.85 Adheres 19 2.890E-01 Structures-Other
SL Break 1.00
1.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterborne 22 0.000E+00 Vents
0.00
Drywell Floor
0.04 Sediment 23 1.60GE~03 Floor
1.00
Waterbome 24 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 25 0.000E+00 Floor
Structures-Break 1.00
0.01 Adheres 26 4.000E-04 Structures-Break
1.00
Waterbone 27 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 To 1.QOOE+00
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Appendix A

FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS

Plant Design: MARK II
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Sprays: NO SPRAYS

TREE QUANTIFICATION

, . . Structures | Structures | Structures|{ Transport

Debris Classification Vents | Enclosures Floor Above Break Other Fractli):n
Small Pieces 1.210E-01 | 2.200E-03 | 1.404E-02 | 6.534E-03 | 1.960E-02 | 5.663E-02 0.5500
Large Pieces-Above 0.000E+00 0 0.000E+00 0 5.100E-02 | 2.890E-01 0.0000
Large Pieces-Below 3.600E-02 | 4.000E-04 ] 1.600E-03 0 4.000E-04 § 1.600E-03 0.9000
All Large Pieces 3.600E-02 | 4.000E-04 | 1.600E-03 0 5.140E-02 | 2.906E-01 0.0947
All Debris 1.570E-01 | 2.600E-03 | 1.564E-02 } 6.534E-03 | 7.100E-02 | 3.472E-01 0.2617
All Zone-of-Influence

RELATIVE CONTRIBUTIONS (Vertical)

Debris Classification Vents | Enclosures Floor St:&c;::m Stg:.cet:l:es Str(x)ltc;: :es
Small Pieces 55.00% 1.00% 6.38% 2.97% 8.91% 25.74%
Large Pieces-Above 0.00% 0% 0.00% 0% 15.00% 85.00%
Large Pieces-Below 90.00% 1.00% 4.00% 0% 1.00% 4.00%
All Large Pieces 9.47% 0.11% 0.42% 0% 13.53% 76.47%
All Debris 26.17% 0.43% 1.09% 11.83% 57.87%

. . . Structures | Structures | Structures
Debris Classification Vents | Enclosures Above Break Other
Small Pieces 77.07% 84.62% 89.77% 100.00% 27.61% 16.31%
Largﬂ’ieces-Above 0.00% 0% 0.00% 0% 71.83% 83.23%
Large Pieces-Below 22.93% 15.38% 10.23% 0% 0.56% 0.46%
All Large Pieces 22.93% 15.38% 10.23% 0% 72.39% 83.69%
Debris Transport Fractions
1.000
0.750
=4
L
S 0.500 -
o
e
0.250 -
0.000 - S + S ¢ . % : +
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
) Gratings Gratings Influence
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Appendix A

LOCA Type |Debris Classification m’:‘:;‘;‘;:';:ﬁ" Erosion and Washdown| Drywell Floor Pool l:: Fraction Final Location
Advected 10 Vents 1 1.210E-01 Venls
MARK I 0.55
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterbome 3 6.600E-03 Vents
MSL BREAK 0.50
Dryweil Floor
ECCS THROTTLED 0.06 Sediment 4 6.600E-03 Floor
0.50
SPRAYS OPERATED
Waterborne 5 5.940E-05 Vents
FIBROUS INSULATION 0.90
Condensate Drainage
0.01 Sediment 6 6.600E-06 Floor
Structures-Above 0.10
Small Pieces 0.03 Adheres 7 6.534E-03 Structures-Above
0.22 0.99
Waterborne 8 8.910E-03 Vents
0.90
Sprays/Condensate
0.50 Sediment 9 9.900E-04 Floor
Structures-Break 0.10
0.09 Adheres 10 9.900E-03 Structures-Break
Q.50
Waterborne 11 2.574E-02 Vents
0.90
Sprays/Condensate
0.50 Sediment 12 2.860E-03 Floor
Structures-Other 0.10
0.26 Adheres 13 2.860E-02 Structures-Other
0.50
Waterbome 14 5.100E-04 Vents
1.00
Sprays/Condensate
0.01 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 5.049E-02 Structures-Break
0.99
Waterborne 17 2.890E-03 Vents
1.00
Large-Above Sprays/Condensate
0.34 0.01 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.861E-01 Structures-Other
{MSL Break 0.9
1.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterborne 22 0.000E+00 Vents
0.00
Drywell Floor
0.04 Sediment 23 1.600E-03 Floor
1.00
‘Waterbormne 24 0.000E+00 Vents
0.00
Sprays/Condensate
0.01 Sediment 25 4.000E-06 Floor
Structures-Break 1.00
0.01 Adheres 26 3.960E-04 Structures-Break
0.99
Waterbome 27 0.000E+00 Vents
0.00
Sprays/Condensate
0.01 Sediment 28 1.600E-05 Floor
Structures-Other 1.00
0.04 Adheres 29 1.584E-03 Structures-Other
0.99
Canvassed 30 4.000E-0t Structures/Floor
0,40 Towl | LOooF+00
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Appendix A

DEBRIS TRANSPORT RESULTS
Plant Design: MARK I
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
_ Break: MSL BREAK
ECCS: ECCS THROTTLED
Spra SPRAYS OPERATED
TREE QUANTIFICATION
. . . Structures | Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 1.623E-01 | 2.200E-03 | 1.046E-02 | 6.534E-03 | 9.900E-03 | 2.860E-02 0.7378
Large Pieces-Above 3.400E-03 0 0.000E+00 0 5.049E-02 | 2.861E-01 0.0100
Large Pieces-Below 3.600E-02 | 4.000E-04 | 1.620E-03 0 3.960E-04 | 1.584E-03 0.9000
All Large Pieces 3.940E-02 | 4.000E-04 | 1.620E-03 0 5.080E-02 | 2.877E-01 0.1037
All Debris 2.017E-01 | 2.600E-03 | 1.208E-02 | 6.534E-03 | 6.079E-02 | 3.163E-01 0.3362
All Zone-of-Influence 0.2017
FINAL DISTRIBUTIONS (Horizontal)
] ) ) Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 73.78% 1.00% 4.75% 2.97% 4.50% 13.00%
Large Pieces-Above 1.00% 0% 0.00% 0% 14.85% 84.15%
Large Pieces-Below 90.00% 1.00% 4.05% 0% 0.99% 3.96%
All Large Pieces 10.37% 0.11% 0.43% 0% 13.39% 75.71%
All Debris 33.62% | 0.43% 2.01% 1.09% 10.13% 52.72%
RELATIVE CONTRIBUTIONS (Vertical)
N . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above | Break Other
Small Pieces 80.47% 84.62% 86.59% 100.00% 16.29% 9.04%
Large Pieces-Above 1.69% 0% 0.00% 0% 83.06% 90.46%
Large Pieces-Below 17.85% 15.38% 13.41% 0% 0.65% 0.50%
All Large Pieces 19.53% 15.38% 13.41% 0% 83.71% 90.96%
h- Debris Transport Fractions
1.000
0.750
g
B 0.500 -1
pd
w
0.250
0.000 SR + t } . t t M
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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. N tri
LOCA Type |[Debris Classificatio Distribution After Erosion and Washdown| Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents t 1.210E-01 Vents
MARK I 0.55
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborme 3 1320E-02 Yents
MSL BREAK 1.00
Drywell Floor
NOT THROTTLED 0.06 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
‘Waterborne 5 6.600E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.03 Adheres 7 6.534E-03 Structures-Above
0.22 0.9
Waterborne 8 1.980E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
§Structures-Break 0.00
0.09 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborme 11 5.720E-04 Vents
1.00
Condensate Drainage
0.0t Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.26 Adheres 13 5.663E-02 Structures-Other
0.9
Waterborne 14 4.080E-03 Vents
1.00
Recirculation Flow
0.08 Sediment 5 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 4.692E-02 Structures-Break
0.92
Waterborne 17 0.000E+00 Vents
1.00
hl..arg&Above Condensate Drainage
0.34 0.00 Sediment 18 0.000E-+00 Floor
Structures-Other 0.00 ‘
0.85 Adheres 19 2.890E-01 Structures-Other
IMSL Break 1.00
1.00 Advected to Vent 20 3.600E-02 Yents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.0
0.04 Waterborne 22 1.600E-03 Vents
1.00
Drywell Floor
0.04 Sediment 23 0.000E+00 Floor
0.00
Waterborne 24 2.000E-04 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterbome 27 0.000E+00 Vents
1.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 T 1 000E-+00
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Appendix A

DEBRIS TRANSPORT RESULTS
Plant Design: MARK I
Estimate: CENTRAL ESTIMA’ FIBROUS INSULATION
Break: MSL BREAK
ECCS: NOT THROTTLED
Spra NO SPRAYS
TREE QUANTIFICATION
Debris Classification Vents | Enclosures Floor Structures | Structures | Structures Trans?on
Above Break Other Fraction
Small Pieces 1.546E-01 | 2.200E-03 | 0.000E+00 ] 6.534E-03 | 0.000E+00 | 5.663E-02 0.7029
Large Pieces-Above 4.080E-03 0 0.000E+00 0 4.692E-02 | 2.890E-01 0.0120
Large Pieces-Below 3.780E-02 | 4.000E-04 | 0.000EH}0 0 2.000E-04 | 1.600E-03 0.9450
All Large Pieces 4,188E-02 | 4.000E-04 | 0.000E+00 0 4.712E-02 } 2.906E-01 0.1102
All Debris 1.965E-01 | 2.600E-03 | 0.000E+00 | 6.534E-03 | 4.712E-02 | 3.472E-01 0.3275
All Zone-of-Influence 0.1965
FINAL DISTRIBUTIONS (Horizontal)
. e Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 70.29% 1.00% 0.00% 2.97% 0.00% 25.74%
Large Pieces-Above 1.20% 0% 0.00% 0% 13.80% 85.00%
Large Pieces-Below 94.50% 1.00% 0.00% 0% 0.50% 4.00%
All Large Pieces 11.02% 0.11% 0.00% 0% 12.40% 76.47%
All Debris 32.75% 0.43% 0.00% 1.09% 7.85% 57.87%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 78.69% 84.62% N/A 100.00% 0.00% 16.31%
Large Pieces-Above 2.08% 0% N/A 0% 99.58% 83.23%
Large Pieces-Below 19.23% 15.38% N/A 0%. .0.42% 0.46%
All Large Pieces 21.31% 15.38% N/A 0% 100.00% 83.69%
Debris Transport Fractions
1.000
0.750
§
© 0.500
B
.
0.250
0.000 i 4 4 IR - 4 1 P
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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Appendix A

A-40

LOCA Type |Debris Classification Distribution After Erosion and Washdown] Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 1.210E-01 Vents
MARK11 I%js
closures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborne 3 1.320E-02 Vents
MSL BREAK 1.00
Drywell Floor
NOT THROTTLED 0.06 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
‘Waterbome 5 6.600E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.03 Adheres 7 6.534E-03 Structures-Above
0.22 0.99
Waterborne 8 1.980E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.09 Adheres 10 0.000E+00 Structures-Break
0.00 ]
Waterborne 11 2.860E-02 Yents
1.00
Sprays/Condensate
0.50 Sediment 12 0.000E+0Q0 Floor
Structures-Other 0.00
0.26 Adheres 13 2.860E-02 Structures-Other
0.50
Waterborne 14 4.080E-03 Vents
1.00
Recirculation Flow
0.08 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 4.692E-02 Structures-Break
0.92
Waterborne 17 2.890E-03 Vents
1.00
Large-Above Sprays/Condensate
0.34 0.01 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
Q.85 Adheres 19 2.861E-01 Structures-Other
PMSL Break 0.99
100 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Larg&Below 0.01
0.04 Waterborne 22 1.600E-03 Vents
1.00
Drywell Floor
0.04 Sediment 23 0.000E+00 Floor
0.00
Waterbome 24 2.000E-04 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterbome 27 1.600E-05 Vents
1.00
Sprays/Condensate
0.01 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.584E-03 Structures-Other
0.99
Canvassed 30 4.000E-01 Structures/Floor
0 40 T, | OOOE4-00
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Appendix A

FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS
Plant Design: MARK II
Estimate: CENTRAL ESTIMA’ FIBROUS INSULATION
Break: MSL BREAK
ECCS: NOT THROTTLED
Spra SPRAYS OPERATED
TREE QUANTIFICATION
. . . Structures | Structures | Structures| Transport
Debris Classification Vents | Enclosures Floor Above Break Other Fractli):n
Small Pieces 1.827E-01 | 2.200E-03 | 0.000E+Q0 | 6.534E-03 | 0.000E+00 | 2.860E-02 0.8303
Large Pieces-Above 6.970E-03 0 0.000E+00 0 4.692E-02 | 2.861E-01 0.0205
Large Pieces-Below 3.782E-02 | 4.000E-04 { 0.000E+00 0 2.000E-04 | 1.584E-03 0.9454
All Large Pieces 4.479E-02 | 4.000E-04 | 0.000E+00 0 4,7712E-02 | 2.877E-01 0.1179
All Debris 2.275E-01 | 2.600E-03 | 0.000E+00 | 6.534E-03 | 4.712E-02 | 3.163E-01 0.3791
All Zone-of-Influence

RELATIVE CONTRIBUTIONS (Vertical)

Debris Classification Vents Enclosur&s Si‘;’c;::&‘ Stg:?::s Str(;ltcl:::es
Small Pieces 83.03% 1.00% 0.00% 2.97% 0.00% 13.00%
Large Pieces-Above 2.05% 0% 0.00% 0% 13.80% 84.15%
Large Pieces-Below 94.54% 1.00% 0.00% 0% 0.50% 3.96%
All Large Pieces 11.79% 0.11% 0.00% 0% 12.40% 75.71%
All Debris 37.91% 0.43% 1.09% 7.85% 52.72%

. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Above Break Other
Small Pieces 80.31% 84.62% N/A 100.00% 0.00% 9.04%
Large Pieces-Above 3.06% 0% N/A 0% 99.58% 90.46%
Large Pieces-Below 16.63% 15.38% N/A 0% 0.42% 0.50%
All Large Pieces 19.69% 15.38% N/A 0% 100.00% 90.96%
Debris Transport Fractions
1.000
0.750
=4
L
B 0.500
s
'S
0.250
0.000 3 s m B + < Lt + B - v <
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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A.3.2.2 Recirculation Line Break

This section contains central estimate logic charts for Mark [l recirculation line break scenarios.
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LOCA Type |Debris Clastification| DitributlonAfer o . @ o Washdown| Drywetl Froor Poot | P2 | Fraction Final Location
Blowdown No.
Advected to Vents 1 1.078E-01 Vents
MARK II 0.49
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborme 3 5.500E-02 Vents
RL BREAK 1.00
JDrywell Floor
ECCS THROTTLED 0.25 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterbome 5 2.200E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.01 Adheres 7 2.178E-03 Structures-Above
0.22 0.99
Waterbome 8 1.320E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.06 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 3.960E-04 Vents
1.00
Condensate Drainage
0.0t Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.18 Adheres 13 3.920E-02 Structures-Other
0.9
Waterbome 14 4.080E-03 Vents
1.00
Recirculation Flow
0.08 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 4.692E-02 Structures-Break
0.92
Waterborne 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage .
034 000 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.890E-01 Structures-Other
IRL Break 1.00
.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterbome 22 1.600E-03 Vents
1.00
Drywell Floor
0.04 Sediment 23 0.000E+00 Floor
0.00
Waterbome 24 2.000E-04 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
Q.50
‘Waterbome 27 0.000E+00 Yents
1.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
0490 Iotal | LOOOE+00
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Appendix A

FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS

Plant Design: MARK I
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: RL BREAK
ECCS: ECCS THROTTLED
Sprays: NO SPRAYS

TREE QUANTIFICATION

. . . Structures | Structures | Structures| Transport

Debris Classification Vents Enclosures Floor Above Break Other F'ractll'):n
Small Pieces 1.764E-01 | 2.200E-03 | 0.000E+00 | 2.178E-03 § 0.000E+00 | 3.920E-02 0.8019
Large Pieces-Above 4.080E-03 0 0.000E+00 0 4.692E-02 | 2.890E-01 0.0120
Large Pieces-Below 3.780E-02 | 4.000E-04 | 0.000E+00 0 2.000E-04 | 1.600E-03 0.9450
All Large Pieces 4.188E-02 | 4.000E-04 | 0.000E+00 0 4.712E-02 | 2.906E-01 0.1102
All Debris 2.183E-01 { 2.600E-03 § 0.000E+00 | 2.178E-03 | 4.712E-02 { 3.298E-01 0.3638
All Zone-of-Influence

RELATIVE CONTRIBUTIONS (Vertical)

Debris Classification Vents | Enclosures Floor St:::::% St;licet:l:es Str(;ltc;::%
Small Pieces 80.19% 1.00% 0.00% 0.99% 0.00% 17.82%
Large Pieces-Above 1.20% 0% 0.00% 0% 13.80% 85.00%
Large Pieces-Below 94.50% 1.00% 0.00% 0% 0.50% 4.00%
All Large Pieces 11.02% 0.11% 0% 12.40% 76.47%
All Debris 36.38% 0.43% 0.36% 7.85% 54.97%

. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Above Break Other
Small Pieces 80.82% 84.62% N/A 100.00% 0.00% 11.89%
Large Pieces-Above 1.87% 0% N/A 0% 99.58% 87.63%
Large Pieces-Below 17.32% 15.38% N/A 0% 0.42% 0.49%
All Large Pieces 19.18% 15.38% N/A 0% 100.00% 88.11%
Debris Transport Fractions
1.000
0.750
=
2
B 0.500
s
'S
0.250
0.000 + - . . t
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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Distribution After Path
LOCA Debris Classificati i W | Poot
Type assificatio Blowdown Erosion and Washdown| Drywell Floor No. Fraction Final Location
Advected to Vents 1 LO78E-01 Vents
MARK 11 .49
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterbome 3 5.500E-02 Vents
RL BREAK 1.00
|Drywell Floor
ECCS THROTTLED 0.25 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
Waterbormne 5 2.200E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment [ 0.000E+00 Floor
Structures-Above . 0.00
Small Pieces 0.01 Adheres 7 2.178E-03 Structures-Above
0.22 0.99
Waterbome 8 1.320E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break . 0.00
0.06 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 1.980E-02 Vents
1.00
Sprays/Condensate
0.50 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.18 Adheres 13 1.980E-02 Structures-Other
0.50
Waterbome 14 4.080E-03 Vents
1.00
Recirculation Flow
0.08 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 4.692E-02 Structures-Break
092
Waterborne 17 2.890E-03 Vents
1.00
Large-Above Sprays/Condensate
0.34 0.01 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.8361E-01 Structures-Other
IRL. Break 0.99 -
.00 Advected to Vent 20 | 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterbome 22 1.600E-03 Vents
1.00
Drywell Floor
0.04 Sediment 23 0.000E+00 Floor
0.00
Waterborne 24 2.000E-04 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
‘Waterborne 27 1.600E-05 Vents
1.00
Spray/Condensate
0.01 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.584E-03 Stnuctures-Cther
0.99
Canvassed 30 4.000E-01 Structures/Floor
040 T LOOOE+00
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Appendix A

DEBRIS TRANSPORT RESULTS
Plant Desigg: MARK I
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: RL BREAK
ECCS: ECCS THROTTLED
Spra SPRAYS OPERATED
TREE QUANTIFICATION
. . . Structures | Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 1.958E-01 { 2.200E-03 | 0.000E+00 | 2.178E-03 | 0.000E+00 | 1.980E-02 0.8901
Large Pieces-Above 6.970E-03 0 0.000E+00 0 4.692E-02 | 2.861E-01 0.0205
Large Pieces-Below 3.782E-02 | 4.000E-04 | 0.000E+00 0 2.000E-04 | 1.584E-03 0.9454
All Large Pieces 4.479E-02 | 4.000E-04 } 0.000E+00 0 4712E-02 | 2.877E-01 0.1179
All Debris 2.406E-01 | 2.600E-03 | 0.000E+00 } 2.178E-03 | 4.712E-02 { 3.075E-01 0.4010
All Zone-of-Influence 0.2406
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 89.01% 1.00% 0.00% 0.99% 0.00% 9.00%
Large Pieces-Above 2.05% 0% 0.00% 0% 13.80% 84.15%
Large Pieces-Below 94.54% 1.00% 0.00% 0% 0.50% 3.96%
All Large Pieces 11.79% 0.11% - 0.00% 0% 12.40% 75.71%
All Debris 40.10% 0.43% 0.00% 0.36% 7.85% 51.25%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 81.39% 84.62% N/A 100.00% 0.00% 6.44%
Large Pieces-Above 2.90% 0% N/A 0% 99.58% 93.05%
Large Pieces-Below 15.72% 15.38% N/A 0% 0.42% 0.52%
All Large Pieces 18.61% 15.38% N/A 0% 100.00% 93.56%
Debris Transport Fractions
[
0
S
(1]
el
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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LOCA Type [}Debris Classification§ Distribution After Erosion and Washdown{ Drywell Floor Pool Fath Fraction Final Location
Blowdown No.
Advected to Vents i 1.078E-01 Vents
MARK II 0.49
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborne 3 5.500E-02 Vents
RL BREAK 1.00
Drywell Floor
NOT THROTTLED 0.25 Sediment 4 0.000E+030 Floor
0.00
NO SPRAYS
Waterbome 5 2.200E-05 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.01 Adheres 7 2.178E-03 Structures-Above
0.22 0.99
Waterborne 8 1.320E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.06 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 1t 31.960E-04 Vents
1.00
Condensate Drainage
0.01 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.18 Adheres 13 3.920E-02 Structures-Other
0.9
Waterbome 14 1.377E-02 Vents
1.00
Recirculation Flow
0.27 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 3.723E02 Structures-Break
0.73 ’
‘Waterbomne 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.34 000 ST TSediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.890E-01 Structures-Other
IRL Break 1.00
.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Lm*ge»Below 0.01
0.04 Waterbome 22 1.600E-03 Vents
1.00
Drywell Floor
0.04 Sediment 23 0.000E+00 Floor
0.00
Waterborne 24 2.000E-4 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+H00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterbomne 27 0.000E+00 Vents
1.00
Condensate Drainage
0.00 Sediment 28 0.000E+H00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
Q40 Toml [ LO00F+00
NUREG/CR-6369
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DEBRIS TRANSPORT RESULTS
Plant Design: MARKII
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: RL BREAK
ECCS: NOT THROTTLED
Sprays: NO SPRAYS
TREE QUANTIFICATION
Debris Classification Vents Enclosures Floor Structures | Structures | Structures Trans?ort
Above Break Other Fraction
Smuall Pieces 1.764E-01 | 2.200E-03 | 0.000E+00|{ 2.178E-03 | 0.000E+00 ] 3.920E-02 0.8019
Large Pieces-Above 1.377E-02 0 0.000E+00 0 3.723E-02 | 2.890E-01 0.0405
Large Pieces-Below 3.780E-02 | 4.000E-04 | 0.000E+00 ; 2.000E-04 | 1.600E-03 0.9450
All Large Pieces 5.157E-02 | 4.000E-04 | 0.000E+00 0 3.743E-02 { 2.906E-01 0.1357
All Debris 2.280E-01 | 2.600E-03 | 0.000E+00] 2.178E-03 | 3.743E-02 { 3.298E-01 0.3800
All Zone-of-Influence 0.2280
FINAL DISTRIBUTIONS (Horizontal)
. ) . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 80.19% 1.00% 0.00% 0.99% 0.00% 17.82%
Large Pieces-Above 4.05% 0% 0.00% 0% 10.95% 85.00%
Large Pieces-Below 94.50% 1.00% 0.00% 0% 0.50% 4.00% -
All Large Pieces 13.57% 0.11% 0.00% 0% 9.85% 76.47%
All Debris 38.00% 0.43% 0.00% 0.36% 6.24% 54.97%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 77.38% 84.62% N/A 100.00% 0.00% 11.89%
Large Pieces-Above 6.04% 0% N/A 0% 99.47% 87.63%
Large Pieces-Below 16.58% 15.38% N/A 0% 0.53% 0.49%
All Large Pieces 22.62% 15.38% N/A 0% 100.00% 88.11%
Debris Transport Fractions
1.000
0.750
c
L
‘g 0.500
i
0.250
0.000 : - - ; . R
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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tri P
LOCA Type [Debris Classification Distribution After Erosion and Washdown{ Drywell Floor Pool ath Fraction Final Location
Blowdown No.
Advected to Vents 1 1.078E-01 Vents
MARK II 0.49
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborne 3 5.500E-02 Vents
RL BREAK 1.00
§Drywell Floor
NOT THROTTLED 0.25 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
‘Waterborne 5 2.200E-05 Yents
FIBROUS INSULATION 1.00
Condensate Drainage
0.01 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.01 Adheres 7 2.178E-03 Structures-Above
0.22 0.99
Waterborne 8 1.320E-02 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
Jo0s Adheres 10 0.000E+00 Struchures-Break
0.00
Waterbome 1t 1.980E-02 Vents
1.00
Sprays/Condensate
0.50 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.18 Adheres 13 1.980E-02 Structures-Other
0.50
Waterborne 14 1.377E-02 Vents
1.00
Recirculation Flow
0.27 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 3.723E-02 Structures-Break
0.73
Waterbome 17 2.890E-03 Vents
1.00
JLarge-Above Sprays/Condensate
0.34 0.01 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.861E-01 Structures-Other
IRI, Break 0.99
1.00 Advected to Vent 20 | 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterbomne 22 1.600E-03 Vents
1.00
Drywell Floor
0.04 Sediment 23 0.000E+00 Floor
0.00
Waterborne 24 2.000E-04 Vents
1.00
Recirculation Flow
0.50 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterborme 27 1.600E-05 Vents
1.00
Sprays/Condensate
0.01 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.04 Adheres 29 1.584E-03 Structures-Other
0.99
Canvassed 30 4.000E-01 Structures/Floor
040 Joal | L.O00E+00
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0.750 1

Fraction
o o
& 3
Q (o]

;

Small Debris

DEBRIS TRANSPORT RESULTS
Plant D&mgni MARKII
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: RL BREAK
ECCS: NOT THROTTLED
Spra: SPRAYS OPERATED
TREE QUANTIFICATION
. e Structures | Structures | Structures | Transport
Debris Classification VYents Enclosures Floor Above Break Other Fraction
Small Pieces 1.958E-01 | 2.200E-03 | 0.000E+00] 2.178E-03 | 0.000E+00§ 1.980E-02 0.8901
Large Pieces-Above 1.666E-02 0 0.000E+00 0 3.,723E-02 | 2.861E-01 0.0490
Large Pieces-Below 3.782E-02 | 4.000E-04 | 0.000E+00 0 2.000E-04 | 1.584E-03 0.9454
All Large Pieces 5.448E-02 | 4.000E-04 | 0.000E+00 0 3.743E-02 |} 2.877E-01 0.1434
All Debris 2.503E-01 § 2.600E-03 { 0.000E+00§ 2.178E-03 | 3.743E-02 ] 3.075E-01 0.4172
All Zone-of-Influence 0.2503
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 89.01% 1.00% 0.00% 0.99% 0.00% 9.00%
Large Pieces-Above 4.90% 0% 0.00% 0% 10.95% 84.15%
Large Pieces-Below 94.54% 1.00% 0.00% 0% 0.50% 3.96%
All Large Pieces 14.34% 0.11% 0.00% 0% 9.85% 75.71%
All Debris 41.72% 0.43% 0.00% 0.36% 6.24% 51.25%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 78.24% 84.62% N/A 100.00% 0.00% 6.44%
Large Pieces-Above 6.66% 0% N/A - 0% 99.47% 93.05%
Large Pieces-Below 15.11% 15.38% N/A 0% 0.53% 0.52%
All Large Pieces 21.76% 15.38% N/A 0% 100.00% 93.56%
Debris Transport Fractions
1.000

Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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A3.3 Mark il

This section contains the central estimate logic charts for the Mark Il design.

A.3.3.1 Main Steam Line Break

The central estimate logic charts for the main steam line breaks are presented here, then the charts for
the recirculation line breaks are presented in Section A.3.3.2
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LOCA Type |Debris Classification] “CTioutionAfter | o o and Washdown Drywell Floor Pool | P2® | Fraction Final Location
Blowdown No.
Advected to Vents 1 1.210E-01 Vents
MARK III 0.55
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterborne 3 0.000E+00 Yents
MSL BREAK 0.00
Drywell Floor
ECCS THROTYLED 0.01 Sediment 4 2.200E-03 Floor
1.00
NO SPRAYS
Waterborne 5 0.000E+00 Yents
FIBROUS INSULATION 0.00
Condensate Drainage
0.01 Sediment 6 6.600E-05 Floor
Structures-Above 1.00
Small Pieces 0.03 Adheres 7 6.534E-03 Structures-Above
0.22 0.99
Waterbome 8 0.000E+00 Vents
0.00
Condensate Drainage
0.01 Sediment 9 2.200E-04 Floor
Structures-Break 1.00
0.10 Adheres 10 2.178E-02 Structures-Break
0.99
Waterbome 13 0.000E+00 Vents
0.00
Condensate Drainage
0.01 Sediment 12 6.600E-04 Floor
Structures-Other 1.00
0.30 Adheres 13 6.534E-02 Structures-Other
0.99
Waterborne 14 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 15 0.000E+00 Floor
Structures-Break 1.00
0.15 Adheres 16 5.100E-02 Structures-Break
1.00
Waterborne 17 0.000E+00 Vents
0.00
Large-Above Cordensate Drainage
0.34 000 T Sediment 18 0.000E+00 Floor
Structures-Other 1.00
0.85 Adheres 19 2.890E-01 Structures-Other
IMSL Break 1.00
.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterbomne 22 0.000E+00 Venty
0.00
Drywell Floor
0.04 Sediment 23 1.600E-03 Floor
1.00
‘Waterborne 24 0.000E+00 Yents
0.00
Condensate Drainage
0.00 Sediment 25 0.000E+00 Floor
Structures-Break 1.00
0.01 Adheres 26 4.000E-04 Structures-Break
1.00
Waterborne 27 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
0.40 T LOOOE-+00

NUREG/CR-6369
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DEBRIS TRANSPORT RESULTS
Plant Design: MARK III
Estimate: CENTRAL ESTIMA ‘FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Sprays: NO SPRAYS
TREE QUANTIFICATION
. . . Structures | Structures | Structures | Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 1.210E-01 | 2.200E-03 | 3.146E-03 | 6.534E-03 | 2.178E-02 | 6.534E-02 0.5500
Large Pieces-Above 0.000E+00 0 0.000E+00 0 5.100E-02 ] 2.890E-01 0.0000
Large Pieces-Below 3.600E-02 | 4.000E-04 { 1.600E-03 0 4.000E-04 | 1.600E-03 0.9000
All Large Pieces 3.600E-02 | 4.000E-04 | 1.600E-03 0 5.140E-02 } 2.906E-01 0.0947
All Debris 1.570E-01 { 2.600E-03 | 4.746E-03 | 6.534E-03 | 7.318E-02 § 3.559E-01 0.2617
All Zone-of-Influence 0.1570
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures { Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 55.00% 1.00% 1.43% 2.97% 9.90% 29.70%
Large Pieces-Above 0.00% 0% 0.00% 0% 15.00% 85.00%
Large Pieces-Below 90.00% 1.00% 4.00% 0% 1.00% 4.00%
All Large Pieces 9.47% 0.11% 0.42% 0% 13.53% 76.47%
All Debris 26.17% 0.43% 0.79% 1.09% 12.20% 59.32%
RELATIVE CONTRIBUTIONS (Vertical)
) . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 77.07% 84.62% 66.29% 100.00% 29.76% 18.36%
Large Pieces-Above 0.00% 0% 0.00% 0% 69.69% 81.19%
Large Pieces-Below 22.93% 15.38% 33.71% 0% 0.55% 0.45%
All Large Pieces 22.93% 15.38% 33.71% 0% 70.24% 81.64%
Debris Transport Fractions
1.000
0.750
c
]
‘g 0.500
"
0.250
0.000 [ ; I
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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i P
LOCA Type [Debris Classifications Dll;z:l::mmr Erosion and Washdown] Drywell Flcor Pool [::-h Fraction Final Locaton
Advected to Vents 1 1.210E-01 Vents
MARK III 0.55
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterbome 3 1.760E-03 Vents
MSL BREAK 0.80
JDrywell Floor
NOT THROTTLED 0.01 Sediment 4 4.400E-04 Floor
0.20
NO SPRAYS
Waterborne 5 5.280E-05 Vents
FIBROUS INSULATION 0.80
Condensate Drainage
0.01 Sediment 6 1.320E-05 Floor
Structures-Above 0.20
Small Pieces 0.03 Adheres 7 6.534E-03 Structures-Above
0.22 0.99
Waterborme 8 1.760E-02 Veats
0.80
Recirculation Flow
1.00 Sediment 9 4.400E-03 Floor
Structures-Break 0.20
0.10 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 5.280E-04 Vents
0.80
Condensate Drainage
0.01 Seditment 12 1.320E-04 Floor
Structures-Other 0.20
0.30 Adheres 13 6.534E-02 Structures-Other
0.99
Waterborne 14 4.080E-03 Vents
1.00
Recirculation Flow
0.08 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 4.692E-02 Structures-Break
0.92
Waterborne 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.34 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.890E-0L Structures-Other
IMSL Break 1.00
1,00 Advected o Vent 20 | 3.600E-02 Vents
0.90 ]
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterborne 22 0.000E+H00 Venty
0.00
Drywell Floor
0.04 Sediment 23 1.600E-03 Floor
1.00
Waterborne 24 0.000E+00 Vents
0.00
Recirculation Flow
0.50 Sediment 25 2.000E-04 Floor
Structures-Break 1.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterbome 27 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
Q.40 Jotal L LOOOE+00
NUREG/CR-6369
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DEBRIS TRANSPORT RESULTS
Plant Design: MARK IT
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: MSL BREAK
ECCS: NOT THROTTLED
Spra NO SPRAYS
TREE QUANTIFICATION
. . . Structures | Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 1.409E-01 | 2.200E-03 | 4.985E-03 } 6.534E-03 | 0.000E+00{ 6.534E-02 0.6406
Large Pieces-Above 4.080E-03 0 0.000E+00 0 4.692E-02 { 2.890E-01 0.0120
Large Pieces-Below 3.600E-02 | 4.000E-04 | 1.800E-03 0 2.000E-04 | 1.600E-03 0.9000
All Large Pieces 4.008E-02 ] 4.000E-04 | 1.800E-03 0 4,712E-02 | 2.906E-01 0.1055
All Debris 1.810E-01 § 2.600E-03 | 6.785E-03 | 6.534E-03 { 4.712E-02 | 3.559E-01 0.3017
All Zone-of-Influence 0.1810
FINAL DISTRIBUTIONS (Horizontal)
, . . Structures | Structures ] Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 64.06% 1.00% 2.27% 2.97% 0.00% 29.70%
Large Pieces-Above 1.20% 0% 0.00% 0% 13.80% 85.00%
Large Pieces-Below 90.00% 1.00% 4.50% 0% 0.50% 4.00%
All Large Pieces ‘10.55% 0.11% 0.47% 0% 12.40% 76.47%
All Debris 30.17% 0.43% 1.13% 1.09% 7.85% 59.32%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures § Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 77.86% 84.62% 73.47% 100.00% 0.00% 18.36%
Large Pieces-Above 2.25% 0% 0.00% 0% 99.58% 81.19% -
Large Pieces-Below 19.89% 15.38% 26.53% 0% 0.42% 0.45%
All Large Pieces 22.14% 15.38% 26.53% 0% 100.00% 81.64%
Debris Transport Fractions
1.000
0.750
c
2
7]
&
™
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
A-57 NUREG/CR-6369




Appendix A

A.3.3.2 Recircdlation Line Break

This section contains central estimate logic charts for Mark 11| recirculation line break scenarios.
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LOCA Type |Debris Classificatio Distribution After Erosion and Washdownj Drywell Floor Poot Path Fraction Final Location
Blowdown No.
Advected to Vents 1 1.078E-01 Vents
MARK 111 0.49
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterbome 3 3.696E-02 Vents
RL BREAK 0.80
|Prywell Floor
ECCS THROTTLED 0.21 Sediment 4 9.240E-03 Floor
0.20
NO SPRAYS
Waterbome 5 {.760E-05 Vents
FIBROUS INSULATION 0.80
Condensate Drainage
0.01 Sediment 6 4.400E-06 Floor
Structures-Above 0.20
Small Pieces 0.01 Adheres 7 2.178E-03 Structures-Above
0.22 0.99
Waterborne 8 1.232E-02 Yents
0.80
Recirculation Flow
1.00 Sediment 9 3.080E-03 Floor
Structures-Break 0.20
0.07 Adheres 10 0.000E+00 Structures-Break
0.00
‘Waterbome 11 3.696E-04 Vents
0.80
Condensate Drainage
0.01 Sediment 12 9.240E-05 Floor
Structures-Other 0.20
0.21 Adheres 13 4.574E-02 Structures-Other
0.99
Watertbome 14 4.080E-03 Vents
1.00
Recirculation Flow
0.08 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 4.692E-02 Structures-Break
0.92
Waterborne 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainag|
0.34 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.85 Adheres 19 2.890E-01 Structures-Other
JRL Break 1.00
1.00 Advected to Vent 20 3.600E-02 Vents
0.90
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 ‘Waterbome 22 0.000E+00 Vents
0.00
Drywell Floor
0.04 Sediment 23 1.600E-03 Floor
1.00
‘Waterborne 24 0.000E+00 Vents
0.00
Recirculation Flow
0.50 Sediment 25 2.000E-04 Floor
Structures-Break 1.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterbome 27 0.000E+00 Vents
0.00
Condensate Drainage 1
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 Tal | 1.000E+00
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Appendix A

DEBRIS TRANSPORT RESULTS
Plant Design: MARK III
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: RL BREAK
ECCS: ECCS THROTTLED
Spra NO SPRAYS
TREE QUANTIFICATION
. R Structures | Structures | Structures | Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 1.575E-01 | 2.200E-03 J 1.242E-02 § 2.178E-03 § 0.000E+00 ] 4.574E-02 0.7158
Large Pieces-Above 4,080E-03 0 0.000E+00 0 4.692E-02 | 2.890E-01 0.0120
Large Pieces-Below 3.600E-02 § 4.000E-04 | 1.800E-03 0 2.000E-04 | 1.600E-03 0.9000
All Large Pieces 4,008E-02 | 4.000E-04 | 1.800E-03 0 4.712E-02 § 2.906E-01 0.1055
All Debris 1.975E-01 | 2.600E-03 | 1.422E-02 | 2.178E-03 | 4.712E-02 | 3.363E-01 0.3292
All Zone-of-Influence 0.1975
FINAL DISTRIBUTIONS (Horizontal)
, , . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 71.58% 1.00% 5.64% 0.99% 0.00% 20.79%
Large Pieces-Above 1.20% 0% 0.00% 0% 13.80% 85.00%
Large Pieces-Below 90.00% 1.00% 4.50% 0% 0.50% 4.00%
All Large Pieces 10.55% 0.11% 0.47% 0% 12.40% 76.47%
All Debris 32.92% 0.43% C2.37% 0.36% 7.85% 56.06%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Yents Enclosures Floor Above Break Other
Small Pieces 79.71% 84.62% 87.34% 100.00% 0.00% 13.60%
Large Pieces-Above 2.07% 0% 0.00% 0% 99.58% 85.93%
Large Pieces-Below 18.22% 15.38% 12.66% 0% 0.42% 0.48%
All Large Pieces 20.29% 15.38% 12.66% 0% 100.00% 86.40%
Debris Transport Fractions
1.000
0.750
c
2
B 0.500
g
'S
0.250
0.000 L T : { % N {r ks - S .
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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Appendix A

Distribution After Path
LOCA Debris Classificati ] Local
Type catiol Blowdown Erosion and Washdown} Drywell Floor Pool No. Fraction Flnal tion
Advected to Vents 1 1.078E-01 Vents
MARK IIL 0.49
Enclosures 2 2.200E-03 Enclosures
CENTRAL ESTIMATE 0.01
Waterbome 3 3.696E-02 Vents
RL BREAK 0.80
{Drywell Floor
NOT THROTTLED 0.21 Sediment 4 9.240E-03 Floor
0.20
NO SPRAYS
Waterborne 5 1.760E-05 Vents
FIBROUS INSULATION 0.80
Condensate Drainage
0.0 Sediment 6 4.400E-06 Floor
Structures-Above 0.20
Small Pieces 0.01 Adheres 7 2.178E-03 Structures-Above
0.22 0.99
Waterborme 8 1.232E-02 Yents
0.80
Recirculation Flow
1.00 Sediment 9 3,080E-03 Floor
Structures-Break 0.20
0.07 Adheres 10 0.000E+H)0 Structures-Break
0.00
Waterborne 11 3.696E-04 Vents
0.80
Condensate Drainage
0.01 Sediment 12 9.240E-05 Floor
Structures-Other 0.20
0.21 Adheres 13 4.574E-02 Structures-Other
0.99
Waterborne 14 1.377E-02 Vents
1.00
Recirculation Flow
0.27 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.15 Adheres 16 3.723E02 Structures-Break
0.73
Waterborne 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
— mssemmenemmenaeannd s diment 18 0.000E+00 Floor -
Structures-Other 0.00
0.85 Adheres 19 2.890E-01 Structures-Other
IRL. Break 1.00
1.00 Advected to Vent 20 3.600E-02 Vents
0.50
Enclosures 21 4.000E-04 Enclosures
Large-Below 0.01
0.04 Waterborne 22 0.000E+00 Vents
0.00
Drywell Floor
0.04 : Sediment 23 1.600E-03 Floor
1.00
Waterborne 24 0.000E+00 Vents
0.00
Recirculation Flow
0.50 Sediment 25 2.000E-04 Floor
Structures-Break 1.00
0.01 Adheres 26 2.000E-04 Structures-Break
0.50
Waterborne 27 0.000E+00 Vents
0.00
Condensate Drainage 4
000 Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.04 Adheres 29 1.600E-03 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 Towl | 1.000E+00
NUREG/CR-6369

A-62



Appendix A

Fraction

Small Debris

DEBRIS TRANSPORT RESULTS
Plant Desig MARK I
Estimate: CENTRAL ESTIMA FIBROUS INSULATION
Break: RL BREAK
ECCS: NOT THROTTLED
Spra NO SPRAYS
TREE QUANTIFICATION
. R Structures ] Structures § Structures | Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 1.575E-01 | 2.200E-03 { 1.242E-02 | 2.178E-03 | 0.000E+00 § 4.574E-02 0.7158
Large Pieces-Above 1.377E-02 0 0.000E+00 0 3,723E-02 | 2.890E-01 0.0405
Large Pieces-Below 3.600E-02 | 4.000E-04 | 1.800E-03 0 2.000E-04 ] 1.600E-03 0.9000
All Large Pieces 4.977E-02 | 4.000E-04 | 1.800E-03 0 3.743E-02 | 2.906E-01 0.1310
All Debris 2.072E-01 § 2.600E-03 | 1.422E-02 § 2.178E-03 ] 3.743E-02 | 3.363E-01 0.3454
All Zone-of-Influence 0.2072
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 71.58% 1.00% 5.64% 0.99% 0.00% 20.79%
Large Pieces-Above 4.05% 0% 0.00% 0% 10.95% 85.00%
Large Pieces-Below 90.00% 1.00% 4.50% 0% 0.50% 4.00%
All Large Pieces 13.10% 0.11% 0.47% 0% 9.85% 76.47%
All Debris 34.54% 0.43% 2.37% 0.36% 6.24% 56.06%
RELATIVE CONTRIBUTIONS (Vertical)
N ; . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 75.98% 84.62% 87.34% 100.00% 0.00% 13.60%
Large Pieces-Above 6.64% 0% 0.00% 0% 99.47% 85.93%
Large Pieces-Below 17.37% 15.38% 12.66% 0% 0.53% 0.48%
All Large Pieces 24.02% 15.38% 12.66% 0% 100.00% 86.40%
Debris Transport Fractions
1.000
0.750

Large Above

Large Below

i l }
T

All Large Debris

All Zone-of-

All Debris
Gratings Gratings Influence
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Appendix A

A.4LOGIC CHARTS FOR UPPER BOUND ESTIMATES
The logic charts for the upper bound debris transport estimates are presented here .
- A4.1 Mark |

This section contains the upper bound estimate logic charts for the Mark | design.
A.4.1.1 Main Steam Line Break

The upper bound estimate logic charts for the main steam line breaks are presented here, then the charts
for the recirculation line breaks are presented in Section A.4.1.2.
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Appendix A

LOCAType [Debris Classifcationf PiridutionAfier Jp oo oy Washdown| Drywell Floor Pool | P*® |  Fraction Final Location
Blowdown No.
Advected to Vents 1 1.958E-01 Vents
MARK 1 0.89
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterbome 3 Q.000E+00 Vents
MSL BREAK 0.00
Drywell Floor
ECCS THROTTLED 0.00 Sediment 4 0.000E+00 Floor
1.00
NO SPRAYS
Waterbome 5 0.000E+00 Vents
FIBROUS INSULATION 0.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 1.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterbome 8 0.000E+00 Vents
0.00
Condensate Drainage
0.10 Sediment 9 6.600E-04 Floor
Structures-Break 1.00
0.03 Adheres 10 5.940E-03 Structures-Break
0.90
Waterborme 1 0.000E+00 Vents
Q.00
Condensate Drainage
0.10 Sediment 12 1.760E-03 Floor
Structures-Other 1.00
0.08 Adheres 13 1.584E-02 Structures-Other
0.9
Waterbome 14 0.000E+0Q Yents
0.00
Condensate Drainage
0.00 Sediment 15 0.000E+00 Floor
Structures-Break 1.00
0.25 Adheres 16 7.500E-02 Structures-Break
1.00
Waterbome 17 0.000E+00 Vents
0.00
Large-Above Condensate Drainage
0.30 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 1.00
0.75 Adheres 19 2.250E-01 Structures-Other
IMSL Break 1.00
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 Q.000E+H0 Enclosures
Large-Below 0.00
0.08 Waterbome 22 0.000E+00 Vents
0.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
1.00
Waterborne 24 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 25 0.000E+00 Floor
Structures-Break 1.00
0.00 Adheres 26 0.000E+00 Structures-Break
1.00
Waterborne 27 0.000E+00 Vents
0.00
Condensate Drainage
000 ISediment 28 0.000E+00 Floor
Structures-Other 1.00
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
0,40 T 1 O00E+00
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Appendix A

DEBRIS TRANSPORT RESULTS
Plant Design: MARKI
Estimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Spra NO SPRAYS
TREE QUANTIFICATION
. o Structures | Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 1.958E-01 | 0.000E+00 | 2.420E-03 | 0.000E+00 | 5.940E-03 1.584E-02 0.8900
Large Pieces-Above 0.000E+00 0 0.000E+00 0 7.500E-02 | 2.250E-01 0.0000
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 8. 000E-02 | 0.000E+00 | 0.000E+00 0 7.500E-02 | 2.250E-01 0.2105
All Debris 2.758E-01 | 0.000E+00| 2.420E-03 | 0.000E+00 | 8.094E-02 2.408E-01 0.4597
All Zone-of-Influence 0.2758
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures § Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 89.00% 0.00% 1.10% 0.00% 2.70% 7.20%
Large Pieces-Above 0.00% 0% 0.00% 0% 25.00% 75.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 21.05% 0.00% 0.00% 0% 19.74% | 59.21%
All Debris 45.97% 0.00% 0.40% 0.00% 13.49% 40.14%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 70.99% N/A 100.00% N/A 7.34% 6.58%
Large Pieces-Above 0.00% N/A 0.00% N/A 92.66% 93.42%
Large Pieces-Below 29.01% N/A 0.00% N/A 0.00% 0.00%
All Large Pieces 29.01% N/A 0.00% N/A 92.66% 93.42%
Debris Transport Fractions
1.250
1.000
g 0.750 1
2
<
& 0.500 -
0.250
0.000 +——HENE 2 ,
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings influence
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Appendix A

LOCA Type [Debris Classificationd Distribution After Erosion and Washdown| Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 1.958E-01 Vents
MARK I 0.89
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
‘Waterborne 3 0.000E+00 Vents
MSL BREAK 0.00
Drywell Floor
ECCS THROTTLED 0.00 Sediment 4 0.000E+HX Floor
1.00
SPRAYS OPERATED
Waterbome 5 0.000E+00 Vents
FIBROUS INSULATION 0.10
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.50 j
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90 )
‘Waterbome 8 6.600E-04 Vents
0.10
Sprays/Condensate
1.00 Sediment 9 5.940E-03 Floor
Structures-Break 0.90
0.03 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 1.760E-03 Vents
0.10
Sprays/Condensate
1.00 Sediment 12 1.584E-02 Floor
Structures-Other 0.90
0.08 Adheres 13 0.000E+00 Structures-Other
Q.00
Waterborne 14 1.500E-03 Vents
1.00
Sprays/Condensate
0.02 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.25 Adheres 16 7.350E-02 Structures-Break
0.98
Waterbome 17 4.500E-03 Vents
1.00
Large-Above Sprays/Condensate
0.30 0.02 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.75 Adheres 19 2.205E-01 Structures-Other
100 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborne 22 0.000E+00 Vents
0.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
1.00
Waterborne 24 0.000E+00 Venty
0.00
Sprays/Condensate
0.02 Sediment 25 0.000E+00 Floor
Structures-Break 1.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.98
Waterbome 27 0.000E+00 Vents
0.00
Sprays/Condensate
00z T Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.00 Adheres 29 0.000E+00 Structures-Other
0.98
Canvassed 30 4.000E-01 Structures/Floor
0.40 To 1 000FE--00
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Appendix A

DEBRIS TRANSPORT RESULTS
Plant Design: MARK 1
Estimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Spra SPRAYS OPERATED
TREE QUANTIFICATION
Debris Classification Vents | Enclosures| Floor St:llf(:::&s Stgit:kres Str(l)xtcl:::w T;:::g: :
Small Pieces 1.982E-01 1 0.000E+00 | 2.178E-02 | 0.000E+00 | 0.000E+00 § 0.000E+00 0.9010
Large Pieces-Above 6.000E-03 0 0.000E+30 0 7.350E-02 | 2.205E-01 0.0200
Large Pieces-Below 8.000E-02 | 0.000E+00 ] 0.600E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 8.600E-02 | 0.000E+00 | 0.000E+00 0 7.350E-02 | 2.205E-01 0.2263
All Debris 9 842E-01 | 0.000E+00 | 2.178E-02 | 0.000E+00 | 7.350E-02 | 2.205E-Ol 0.4737
All Zone-of-Influence 0.2842
FINAL DISTRIBUTIONS (Horizontal)
Debris Classification Vents | Enclosures Floor St:;f;::“ St;;r:t:;&‘ Str(;ltc;::%
Small Pieces 90.10% 0.00% 9.90% 0.00% 0.00% 0.00%
| Large Pieces-Above 2.00% 0% 0.00% 0% 24.50% 73.50%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 22.63% 0.00% 0.00% 0% 19.34% 58.03%
All Debris 47.37% 0.00% 3.63% 0.00% 12.25% 36.75%
RELATIVE CONTRIBUTIONS (Vertical)
Debris Classification Vents | Enclosures Floor St;lc;::“ St;urcet:lx"es Strcl;tcl:::m
Small Pieces 69.74% N/A 100.00% N/A 0.00% 0.00%
Large Pieces-Above 2.11% N/A 0.00% N/A 100.00% | 100.00%
Large Pieces-Below 28.15% N/A 0.00% N/A 0.00% 0.00%
All Large Pieces 30.26% N/A 0.00% N/A 100.00% | 100.00%

=

Debris Transport Fractions

1.250

1.000

0.750

Fraction

0.500 A

0.250 1
0.000 - : : ; .. ; : LT
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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Appendix A

LOCA Type |Debris Classificationf °U(Tibution After f o @ Washdown] Drywell Floor Pool | P2 | praction Final Location
Blowdown No.
Advected to Vents 1 1.958E-01 Vents
MARK | 0.89
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00 -
Waterbome 3 0.000E+00 Vents
MSL BREAK 1.00
Drywell Floor
NOT THROTTLED 0.00 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterborme 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres : 7 0.000E+00 Structures-Above
0.22 0.90
Waterborne 8 6.600E-03 Vents
1.00
Recirculation Flow .
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.03 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 11 1.760E-03 Vents
1.00
Condensate Drainage
0.10 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.08 Adheres 13 1.584E-02 Structures-Other
0.90
Waterbome 14 9.000E-03 Vents
1.00
Recirculation Flow
0.12 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.25 Adheres 16 6.600E-02 Structures-Break
0.88
Waterborme 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.30 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.75 Adheres 19 2.250E-01 Structures-Other
IMSL Break 1.00
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterbomne 22 0.000E+00 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.00
Watetbome . 24 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
Waterbome 27 0.000E+00 Vents
1.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 T L OCOE+00
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Appendix A

FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS

Plant Design: MARK I
Estimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: NOT THROTTLED
Sprays: NO SPRAYS
TREE QUANTIFICATION

. . . Structures | Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fractli)::n
Small Pieces 2.042E-01 | 0.000E+00 } 0.000E+001 0.000E+00 | 0.000E+00 | 1.584E-02 0.9280
Large Pieces-Above 9.000E-03 0 0.000E+00 0 6.600E-02 | 2.250E-01 0.0300
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 8.900E-02 | 0.000E+00 | 0.000E+00 0 6.600E-02 | 2.250E-01 0.2342
All Debris 2.932E-01 | 0.000E+00 6.600E-02 { 2.408E-01 0.4886
All Zone-of-Influence

RELATIVE CONTRIBUTIONS (Vertical)

Debris Classification Vents [|Enclosures| Floor St:;’cx:&s St;l:-cet:l:&s Strcl;tcht::“
Small Pieces 92.80% 0.00% 0.00% 0.00% 0.00% 7.20%
Large Pieces-Above 3.00% 0% 0.00% 0% 22.00% 75.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 23.42% 0.00% 0% 17.37% 59.21%
All Debris 48.86% 0.00% 0.00% 11.00% 40.14%

A-T1

. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Above Break Other
Small Pieces 69.64% N/A N/A N/A 0.00% 6.58%
Large Pieces-Above 3.07% N/A N/A N/A 100.00% 93.42%
Large Pieces-Below 27.29% N/A N/A N/A 0.00% 0.00%
All Large Pieces 30.36% N/A N/A N/A 100.00% 93.42%
Debris Transport Fractions
1.250
1.000
.E 0.750
s .
£ 0.500 .
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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Appendix A

LOCA Type [Debris Classificationd Distribution After Erosion and Washdown] Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 1.958E-01 Vents
MARK [ 0.89
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 0.000E+00 Vents
MSL BREAK 1.00
|Drywell Floor
NOT THROTTLED 0.00 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
Waterborne 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.C00E+00 Floor
Struchres-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterbome 8 6.600E-03 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.03 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 11 1.760E-02 Yents
1.00
Sprays/Condensate
1.00 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.08 Adheres 13 0.000E+00 Structures-Other
0.00
Waterbomne 14 9.000E-03 Vents
1.00
Recirculation Flow
0.12 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.25 Adheres 16 6.600E402 Structures-Break
0.88
Waterbome 17 4.500E-03 Vents
1.00
Large-Above Sprays/Condensate
0.30 0.02 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.75 Adheres 19 2.205E-01 Structures-Other
3L, Break 0.98
100 Advected to Vent 20 8.000£-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborne 22 0.000E+00 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.00
Waterborne 24 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break Q.00 ’
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
Waterborme 27 0.000E+00 Vents
1.00
Sprays/Condensate
0.02 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
Q.00 Adheres 29 0.000E+00 Structures-Other
0.98
Canvassed 30 4.000E-01 Structures/Floor
0,40 Jotal | 1000E+00
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Appendix A

DEBRIS TRANSPORT RESULTS
Plant Design: MARK 1
Estimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: NOT THROTTLED
Spra SPRAYS OPERATED
TREE QUANTIFICATION
. e Structures | Structures | Structures | Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 2.200E-01 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 1.350E-02 0 0.000E+00 0 6.600E-02 § 2.205E-01 0.0450
Large Pieces-Below 8.000E-02 { 0.000E+00 | 0.000E+00 0 0.000E+(Q0 { 0.000E+00 1.0000
All Large Pieces 9.350E-02 { 0.000E+00 | 0.000E+00 0 6.600E-02 | 2.205E-01 0.2461
All Debris 3.135E-01 } 0.000E+00 | 0.000E+00 | 0.000E+00 | 6.600E-02 | 2.205E-01 0.5225
All Zone-of-Influence 0.3135
FINAL DISTRIBUTIONS (Horizontal)
. . ) Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 4.50% 0% 0.00% 0% 22.00% 73.50%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 24.61% 0.00% 0.00% 0% 17.37% 58.03%
All Debris 52.25% 0.00% 0.00% 0.00% 11.00% 36.75%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 70.18% N/A N/A N/A 0.00% 0.00%
Large Pieces-Above 4.31% N/A N/A N/A 100.00% | 100.00%
Large Pieces-Below 25.52% N/A N/A N/A 0.00% 0.00%
All Large Pieces 29.82% N/A N/A N/A 100.00% | 100.00%
Debris Transport Fractions
1.250
1.000
§ 0750 1
g
it 0.500 -
N
0.000 4 I 4 .
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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Appendix A

A.4.1.2 Recirculation Line Break

This section contains upper bound estimate logic charts for Mark | recirculation line break scenarios.



Appendix A

LOCA Type |Debris Classificationy Distribution After Erosion and Washdown| Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 0.000E+00 Vents
MARKI 0.00
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterbome 3 2,200E-01 Yents
RL BREAK 1.00
Drywell Floor
ECCS THROTTLED 1.00 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterbome 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Seditment 6 0.000E+00 Floor
Structures-Above . 0.00
Small Pieces .00 ‘Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterborne 8 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 0.000E+00 Vents
1.00
Condensate Drainage
0.10 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
0.90
Waterbome 14 3.600E-02 Vents
1.00
Recirculation Flow
0.12 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
1.00 Adheres 16 2.640E-01 Structures-Break
0.38
Waterborne 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.30 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 19 0.000E+00 Structures-Other
Break 1.00
1.00 Advected to Vent 20 8.000E-02 Yents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborne 22 0.000E+00 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.00
Waterborne 24 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
Waterborne 27 0.000E+00 Vents
1.00
Condensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
240 Total |__1,000E+00
NUREG/CR-6369
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DEBRIS TRANSPORT RESULTS
Plant Design: MARKI
Estimate: UPPER BOUND FIBROUS INSULATION
Break: RIL. BREAK
ECCS: ECCS THROTTLED
Sprays: NO SPRAYS
TREE QUANTIFICATION
B R Structures | Structures | Structures| Transport
Debris Classification Vents | Enclosures Floor Above Break Other Fraction
Small Pieces 2.200E-01 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 3.600E-02 0 0.000E+00 0 2.640E-01 | 0.000E+00 0.1200
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 1.160E-01 | 0.000E+00 ] 0.000E+00 0 2.640E-01 | 0.000E+00 0.3053
All Debris 3.360E-01 | 0.000E+00 | 0.000E+00 | 0.000E+H)0 | 2.640E-01 | 0.000E+00 0.5600
All Zone-of-Influence 0.3360
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 12.00% 0% 0.00% 0% 88.00% 0.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 30.53% 0.00% 0.00% 0% 69.47% 0.00%
All Debris 56.00% 0.00% 0.00% 0.00% 44.00% 0.00%
RELATIVE CONTRIBUTIONS (Vertical)
. ) . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 65.48% N/A N/A N/A 0.00% N/A
Large Pieces-Above 10.71% N/A N/A N/A 100.00% N/A
Large Pieces-Below 23.81% N/A N/A N/A 0.00% N/A
All Large Pieces 34.52% N/A: N/A N/A 100.00% N/A
Debris Transport Fractions
1.250
1.000
5 0.750 -
]
iL 0.500
0.250 - . : -
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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" Distribution After Path
LOCA Debris Classificati
Type ificatio Blowdown Erosion and Washdown| Drywell Floor Pool N, Fraction Final Location
Advected to Vents L 0.000E+00 Vents
MARK 1 0.00
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterbome 3 2.200£-01 Yents
RL BREAK 1.00
Drywell Floor
ECCS THROTTLED 1.00 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
‘Waterhorne 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterbome 8 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 0.000E+00 Vents
1.00
Sprays/Condensate
1.00 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
0.00
Waterborne 14 3.600E-02 Vents
1.00
Recirculation Flow
0.12 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
1.00 Adheres 16 2.640E-01 Structures-Break
0.88
Waterbome 17 0.000E+00 Vents
1.00
Large-Above Sprays/Condensate
0.30 0.02 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 19 0.000E+00 Structures-Other
[RL Break 0.98
1.00 Advected to Vent 20 8.000E-02 Yenty. .
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterbome 22 0.000E+00 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.00
‘Waterborne 24 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
Waterborne 27 0.000E+00 Vents
1.00
Sprays/Condensate
0.02 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 29 0.000E+0Q Structures-Other
0.98
Canvassed 30 4.000E-01 Structures/Floor
.40 2l LOOOE+00
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DEBRIS TRANSPORT RESULTS
Plant Design: MARK]1
Estimate: UPPER BOUND FIBROUS INSULATION
Break: RL BREAK
ECCS: ECCS THROTTLED
Sprays: SPRAYS OPERATED
TREE QUANTIFICATION
. e Structures | Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 2.200E-01 { 0.000E+00 } 0.000E+00 | 0.000E+00 | 0.000E+00 § 0.000E+00 1.0000
Large Pieces-Above 3.600E-02 0 0.000E+00 0 2.640E-01 | 0.000E+00 0.1200
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 1.160E-01 | 0.000E+00 | 0.000E+00 0 2.640E-01 | 0.000E+00 0.3053
All Debris 3.360E-01 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 2.640E-01 § 0.000E+00 0.5600
All Zone-of-Influence 0.3360
FINAL DISTRIBUTIONS (Horizontal)
. ) . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 12.00% 0% 0.00% 0% 88.00% 0.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 30.53% 0.00% 0.00% 0% 69.47% 0.00%
All Debris 56.00% 0.00% 0.00% 0.00% 44.00% 0.00%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 65.48% N/A N/A N/A 0.00% N/A
Large Pieces-Above 10.71% N/A N/A N/A 100.00% N/A
Large Pieces-Below 23.81% N/A N/A N/A 0.00% N/A
All Large Pieces 34.52% N/A N/A N/A 100.00% N/A
Debris Transport Fractions
1.250
1.000
‘5 0.750 -
g
£ 0.500
0.250 1
0.000 } : : . +
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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LOCA Type [IDebris Classificationd Distribution After Erosion and Washdown] Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents l 0.000E+00 Vents
MARK [ 0.00
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 2.200E-01 Vents
RL BREAK 1.00
Drywell Floor
NOT THROTTLED 1.00 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterborne 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Watetborne 8 0.000E+00 Venty
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Structures-Break
0.00 .
Waterborne 11 0.000E+00 Vents
1.00
Condensate Drainage
0.10 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
0.90
Watetbome 14 9.000E-02 Vents
1.00
Recirculation Flow
0.30 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
1.00 Adheres 16 2.100E-01 Structures-Break
0.70
Waterbome 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.30 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 19 0.000E+00 Structures-Other
RL Break 100
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborne 22 0.000E+00 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.00
Waterborne 24 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
‘Waterborne 27 0.000E+00 Venty
1.00
C ondensate Drainage
0.00 Sediment 28 0.000E+00 Floor
Structures-Other Q.00 \
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 1o 1 000F-+-)0
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DEBRIS TRANSPORT RESULTS
Plant Design: MARK 1
Estimate: UPPER BOUND FIBROUS INSULATION
Break: RL BREAK
ECCS: NOT THROTTLED
Sprays: NO SPRAYS
TREE QUANTIFICATION
. o Structures | Structures | Structures} Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 2.200E-01 { 0.000E-+00 | 0.000E+00 { 0.000E+00 | 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 9.000E-02 0 0.000E+00 0 2.100E-01 | 0.000E+00 0.3000
Large Pieces-Below 8.000E-02 { 0.000E+00 | 0.000E+00 0 0.000E+30 { 0.000E+00 1.0000
All Large Pieces 1.700E-01 | 0.000E+00 | 0.000E+00 0 2.100E-01 | 0.000E+00 0.4474
All Debris 3.900E-01 | 0.000E+00 | 0.000E+00 { 0.000E+00 | 2.100E-01 | 0.000E+00 0.6500
All Zone-of-Influence 0.3900
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 30.00% 0% 0.00% 0% 70.00% 0.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 44.74% 0.00% 0.00% 0% 55.26% 0.00%
All Debris 65.00% 0.00% 0.00% 0.00% 35.00% 0.00%
RELATIVE CONTRIBUTIONS (Vertical)
) ) . Structures { Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 56.41% N/A N/A N/A 0.00% N/A
Large Pieces-Above 23.08% N/A N/A N/A 100.00% N/A
Large Pieces-Below 20.51% N/A N/A N/A 0.00% N/A
All Large Pieces 43.59% N/A N/A N/A 100.00% N/A
r Debris Transport Fractions
1.250

Fraction

Large Below

All Large Debris

All Debris

Alt Zone-of-

A-81

Small Debris Large Above
Gratings Gratings Influence
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A-82

th
LOCA Type |Debris Classification] DistributionAfter | . 0 and Washdown Drywell Floor Pool | 2 Fraction Final Location
Blowdown No.
Advected to Vents 1 0.000E+00 Vents
MARK I 0.00
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterbome 3 2.200E-01 Vents
RL BREAK 1.00
Drywell Floor
NOT THROTTLED 1,00 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
Waterborne 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
‘Waterborne 8 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 1 0.000E+00 Vents
1.00
Sprayv/Condensate
1.00 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
0.00
Waterbomne 14 9.000E-02 Vents
1.00
Recirculation Flow
0.30 Sediment 15 0.000E+Q0 Floor
Structures-Break 0.00
1.00 Adheres 16 2.100E-01 Structures-Break
0.70
Waterborne 17 0.000E+00 Vents
1.00
Large-Above Sprays/Condensate
0.30 0.02 I Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 19 0.000E+00 Structures-Other
|RL Break 0.98
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborne 22 0.000E+Q0 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.00
Waterborne 24 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
Waterbome 27 0.000E+00 Vents
1.00
Sprays/Condensate ,
0.02 Sediment 28 0.000E+00 Floor
Structures-Other Q.00
0.00 Adheres 29 0.000E+00 Structures-Other
0.58
Canvassed 30 4.000E-01 Structures/Floor
040 Toml L 1,000E+00
NUREG/CR-6369



Appendix A

0.750 -

Fraction

DEBRIS TRANSPORT RESULTS
Plant Design: MARK1
Estimate: UPPER BOUND FIBROUS INSULATION
Break: RL BREAK
ECCS: NOT THROTTLED
Spra SPRAYS OPERATED
TREE QUANTIFICATION
. P Structures | Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 2 200E-01 | 0.000E+00{ 0.000E+00 | 0.000E-+00 | 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 9.000E-02 0 0.000E+00 0 2.100E-01 | 0.000E+00 0.3000
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E-+00 | 0.000E+)0 1.0000
All Large Pieces 1.700E-01 | 0.000E+00 | 0.000E+30 0 2.100E-01 } 0.000E+00 0.4474
All Debris 3.900E-01 | 0.000E+00 1 0.000E+00 { 0.000E+00 ] 2.100E-01 | 0.000E+00 0.6500
All Zone-of-Influence 0.3900
FINAL DISTRIBUTIONS (Horizontal)
. ) . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 30.00% 0% 0.00% 0% 70.00% 0.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 44.74% 0.00% 0.00% 0% 55.26% 0.00%
All Debris 65.00% 0.00% 0.00% 0.00% 35.00% 0.00%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 56.41% N/A N/A N/A 0.00% N/A
Large Pieces-Above 23.08% N/A N/A N/A 100.00% N/A
Large Pieces-Below 20.51% N/A N/A N/A 0.00% N/A
All Large Pieces 43.59% NA N/A N/A 100.00% N/A
Debris Transport Fractions
1.250
1.000 +

0000 3 st : ; t L + B
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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A.4.2 Mark I

This section contains the upper bound estimate logic charts for the Mark Il design.

A.4.2.1 Main Steam Line Break

The upper bound estimate logic charts for the main steam line breaks are presented here, then the charts
for the recirculation line breaks are presented in Section A.4.2.2.
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LOCA Type |Debris Classificationg Distribution After Eroslon and Washdown| Drywell Floor Poot Path Fraction Final Location
Blowdown No.
Advected to Vents 1 1.958E-01 Vents
MARK 1 0.89
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 0.000E+00 Yents
MSL BREAK 0.00
|Drywell Floor
ECCS THROTTLED 0.03 Sediment 4 6.600E-03 Floor
1.00
NO SPRAYS
Waterborne 5 0.000E+00 Vents
FIBROUS INSULATION 0.00
Condensate Drainage
0.10 Sediment [ 0.000E+00 Floor
Structures-Above 1.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterborne 8 0.000E+00 Vents
0.00
Condensate Drainage
0.10 Sediment 9 4.400E-04 Floor
Structures-Break 1.00
0.02 Adheres 10 3.960E-03 Structures-Break
0.90
Waterbome 11 0.000E+00 Vents
0.00
Condensate Drainage
0.10 Sediment 12 1.320E-03 Floor
Structures-Other 1.00
0.06 Adheres 13 1.188E-02 Structures-Other
0.90
‘Waterborne 14 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 15 0.000E+00 Floor
Structures-Break 1.00
0.25 Adheres 16 7.500E-02 Structures-Break
1.00
Waterborne 17 0.000E+00 Vents
0.00
Large-Above Condensate Drainage
0.30 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 1.00
0.75 Adheres 19 2.250E-01 Structures-Other
JMSL Break T
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborne 22 0.000E+00 Vents
0.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
1.00
Waterborne 24 0.000E+00 Venty
0.00
Condensate Drainage
0.00 Sediment 25 0.000E+00 Floor
Structures-Break 1.00
0.00 Adheres 26 0.000E+00 Structures-Break
1.00
Waterborne 27 0.000E+00 Vents
0.00
Condensate Drainage ]
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 1.00
0.00 Adberes 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
0,40 T 1 OOOE+00
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DEBRIS TRANSPORT RESULTS
Plant Design: MARKII
Estimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Sprays: NO SPRAYS
TREE QUANTIFICATION
. e Structures | Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 1.958E-01 { 0.000E+00 | 8.360E-03 | 0.000E+00{ 3.960E-03 | 1.188E-02 0.8900
Large Pieces-Above 0.000E+00 0 0.000E+00 0 7.500E-02 | 2.250E-01 0.0000
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+030 | 0.000E+00 1.0000
All Large Pieces 8.000E-02 | 0.000E+00 | 0.000E+00 0 7.500E-02 | 2.250E-01 0.2105
All Debris 2.758E-01 § 0.000E+00 | 8.360E-03 | 0.000E+00} 7.896E-02 | 2.369E-01 0.4597
All Zone-of-Influence 0.2758
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 89.00% 0.00% 3.80% 0.00% 1.80% 5.40%
Large Pieces-Above 0.00% 0% 0.00% 0% 25.00% 75.00%
Imge Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 21.05% 0.00% 0.00% 0% 19.74% 59.21%
All Debris 45.97% 0.00% 1.39% 0.00% 13.16% 39.48%
RELATIVE CONTRIBUTIONS (Vertical)
. . . : Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 70.99% N/A 100.00% N/A 5.02% 5.02%
Large Pieces-Above 0.00% N/A 0.00% N/A 94.98% 94.98%
Large Pieces-Below 29.01% N/A 0.00% N/A 0.00% 0.00%
All Large Pieces 29.01% N/A 0.00% N/A 94.98% 94.98%
Debris Transport Fractions
1.250
1.000
5 0.750
g
it 0.500
0.250
0.000 e I + i e VA : Yo S { R N Tl WL Y
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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LOCA Type |Debris Classification Distribution After Erosion and Washdown| Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 1.958E-01 Vents
MARK II 0.89
[Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 6.600E-03 Vents
MSL BREAK 1.00
|Drywell Floor
ECCS THROTTLED 0.03 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
Waterborne 5 0.000E+00 . Yents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterborne 8 4.400E-03 Vents
1.00
Sprays/Condensate
1.00 Sediment . 9 0.000E+00 Floor
Structures-Break 0.00
0.02 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborme 11 1.320E-02 Vents
1.00
Sprays/Condensate
1.00 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.06 Adheres 13 0.000E+00 Structures-Other
0.00
Waterborne 14 1.500E-03 Vents
1.00
Sprays/Condensate
0.02 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.25 Adheres 16 7.350E-02 Structures-Break
0.98
‘Waterborne 17 4.500E-03 Vents
1.00
Large-Above Sprays/Condensate
0.30 0.02 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.75 Adheres 19 2.205E-01 Structures-Other
IMSL Break 0.98
100 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
I;u'ge-Below 0.00
0.08 Waterborne 22 0.000E+00 Vents
0.00
Drywell Floor
0.00 Sediment 23 0.000E+0 Floor
1.00
Waterborne 24 0.000E+00 Vents
0.10
Spray~/Condensate
B 0.02 Sediment 25 0.000E+00 Floor
Structures-Break 0.90
0.00 Adheres 26 0.000E+0 Structures-Break
0.98
‘Waterborne 27 0.000E+00 Vents
0.10
Sprays/Condensate
0.02 Sediment 28 0.000E+00 Floor
Structures-Other 0.90
0.00 Adheres 29 0.000E+00 Structures-Other
0.98
Canvassed 30 4.000E-01 Structures/Floor
240 Tol | 1.000E+00

NUREG/CR-6369
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DEBRIS TRANSPORT RESULTS
Plant Design: MARK I
Estimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Sprays: SPRAYS OPERATED
TREE QUANTIFICATION
. e Structures § Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 2.200E-01 | 0.000E+00 § 0.000E+00 | 0.000E+00 { 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 6.000E-03 0 0.000E+00 0 7.350E-02 | 2.205E-01 0.0200
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 8.600E-02 | 0.000E+00 | 0.000E+00 0 7.350E-02 | 2.205E-01 0.2263
All Debris 3.060E-01 { 0.000E+00 | 0.000E+00 | 0.000E+00 | 7.350E-02 | 2.205E-01 0.5100
All Zone-of-Influence 0.3060
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 2.00% 0% 0.00% 0% 24.50% 73.50%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 22.63% 0.00% 0.00% 0% 19.34% 58.03%
All Debris 51.00% 0.00% 0.00% 0.00% 12.25% 36.75%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 71.90% N/A N/A N/A 0.00% 0.00%
Large Pieces-Above 1.96% N/A N/A N/A 100.00% 100.00%
ngiPieces-Below 26.14% N/A N/A N/A 0.00% 0.00%
All Large Pieces 28.10% N/A N/A N/A 100.00% 100.00%
Debris Transport Fractions
1.250
c
L
ko
o
w
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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LOCA Type |Debris Classification, D“::"wz‘:‘:mm’ Erosion and Washdown| Drywell Floor Pool l;‘:‘ Fraction Final Location
Advected to Vents 1 1.958E-01 Vents
MARK 1 0.89
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 6.600E-03 Vents
MSL BREAK 1.00
Drywell Floor
NOT THROTTLED 0.03 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Watertborne 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterborne 8 4.400E-03 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.02 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 11 1.320E03 Vents
1.00
Condensate Drainage
0.10 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.06 Adheres 13 1.188E-02 Structures-Other
0.50
Waterborne 14 9.000E-03 Vents
1.00
Recirculation Flow
0.12 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.25 Adheres 16 6.600E-02 Stnuctures-Break
0.88
Waterbome 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainag
0.30 1Y =" VSediment 18 0.000E+00 Floor
Structures-Other 0.00
0.75 Adheres 19 2.250E-01 Structures-Other
SL, Break T00
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterbome 22 0.000E+00 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.00
Waterborne 24 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break Q.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
Waterbome 27 0.000E+00 Vents
1.00
Condensate Drainage
000 T S ediment 28 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 T 1 000E+00

NUREG/CR-6369
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FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS

Plant Design: MARK II
Estimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: NOT THROTTLED
Spra NO SPRAYS
TREE QUANTIFICATION

. . . Structures | Structures § Structures | Transport
Debris Classification Vents Enclosures Floor Above Break Other Fract}i):u
Small Pieces 2.081E-01 § 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 1.188E-02 0.9460
Large Pieces-Above 9.000E-03 0 0.000E+00 0 6.600E-02 | 2.250E-01 0.0300
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+H)0 1.0000
All Large Pieces 8.900E-02 | 0.000E+00 | 0.000E+00 0 6.600E-02 | 2.250E-01 0.2342
All Debris 2.971E-01 { 0.000E+00 | 0.000E+00 | 0.000E+30 | 6.600E-02 | 2.369E-01 0.4952
All Zone-of-Influence

. . . Structures | Structures { Structures

Debris Classification Vents Enclosures bove Break Other

Small Pieces 94.60% 0.00% 0.00% 0.00% 0.00% 5.40%

Large Pieces-Above 3.00% 0% 0.00% 0% 22.00% 75.00%
g o

Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%

All Large Pieces 23.42% 0.00% 0% 17.37% 59.21%
24

All Debris

49.52%

RELATIVE CONTRIBUTIONS (Vertical)

0.00%

0.00% 11.00%

39.48%

) . . Structures | Structures | Structures
Debris Classification Vents Enclosures Above Break Other
Small Pieces 70.05% N/A N/A N/A 0.00% 5.02%
Large Pieces-Above 3.03% N/A N/A N/A 100.00% 94.98%
Large Pieces-Below 26.93% N/A N/A N/A 0.00% 0.00%
All Large Pieces 29.95% N/A N/A N/A 100.00% 94.98%
Debris Transport Fractions
1.250

Fraction

!
4

All Debris

Small Debris Large Above Large Below All Large Debris All Zone-of-
Gratings Gratings Influence
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A-92

LOCA Type |Debris Classificatio m’::)‘;:‘:‘:m"ﬂ" Eroslon and Washdown] Drywell Floor Pool '::’ Fraction Final Location
Advected to Vents 1 1.958E-01 Vents
MARKII 0.89
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 6.600E-03 Vents
MSL BREAK 1.00
[Drywell Floor
NOT THROTTLED 0.03 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
Waterbome 5 0.000E-+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+H00 Structures-Above
0.22 0.90
Waterbome 8 4.400E-03 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E-+00Q Floor
Structures-Break 0.00
0.02 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 11 1.320E-02 Yents
1.00
Sprays/Condensate
1.00 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.06 Adheres 13 0.000E+H00 Structures-Other
0.00
Waterborne 14 9.000E-03 Venty
1.00
Recirculation Flow
0.12 Sediment 5 0.000E+00 Floor
Structures-Break 0.00
0.25 Adheres 16 6.600E-02 Structures-Break
0.88
Waterborme 17 4.500E-03 Vents
1.00
Large-Above Sprays/Condensate )
0.30 0.02 Sediment 18 0.000E+OC Floor ~
Structures-Other 0.00
Q.75 Adheres 19 2.20SE-01 Structures-Other
3L Break 0.98
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below [9.00
0.08 Waterbome 22 0.000E+00 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.000E+0C Floor
0.00
Waterborne 24 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
Waterborne 27 0.000E+00 Vents
1.00
Sprays/Condensate
0.02 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 29 0.000E+00 Structures-Other
0.98
Canvassed 30 4.000E-01 Structures/Floor
Q40 Ioal | LOCOE+00
NUREG/CR-6369
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FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS

Plant Design: MARK 11
Estimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: NOT THROTTLED
Spra SPRAYS OPERATED
TREE QUANTIFICATION

; . . Structures | Structures | Structures | Transport
Debris Classification Vents Enclosures Floor Above Break Other Fractli)::n
Small Pieces 2.200E-01 ] 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 1.350E-02 0 0.000E+00 0 6.600E-02 | 2.205E-01 0.0450
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 9.350E-02 { 0.000E+00 | 0.000E+00 0 6.600E-02 | 2.205E-01 0.2461
All Debris 3.135E-01 } 0.000E+00 | 0.000E+00 ] 0.000E+00 | 6.600E-02 | 2.205E-01 0.5225
All Zone-of-Influence

Debris Classification Vents | Enclosures St;l:)c(:::es Sn;c::l:% Str(;ltc;::es
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 4.50% 0% 0.00% 0% 22.00% 73.50%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 24.61% 0.00% 0% 17.37% 58.03%

All Debris

RELATIVE CONTRIBUTIONS (Vertical)

52.25% 0.00%

0.00% 11.00%

36.75%

\ . . Structures | Structures | Structures
Debris Classification Vents Enclosures Above Break Other
Small Pieces 70.18% N/A N/A N/A 0.00% 0.00%
Large Pieces-Above 4.31% N/A N/A N/A 100.00% 100.00%
Large Pieces-Below 25.52% N/A N/A N/A 0.00% 0.00%
All Large Pieces 29.82% N/A N/A N/A 100.00% 100.00%
Debris Transport Fractions
1.250
[ =4
o
g
w
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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A4.22 Recircdlation Line Break

This section contains upper bound estimate logic charts for Mark Il recirculation line break scenarios.
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LOCA Type }Debris Classification Distribution ARer Erosion and Washdown{ Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 0.000E+00 Veats
MARK II 0.00
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 2.200E-01 Yents
RL BREAK 1.00
Drywell Floor
ECCS THROTTLED 1.00 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterbormne 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage ]
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adberes 7 0.000E+00 Structures-Above
0.22 0.90
Waterbome 8 0.000E+00 Yents
1.00
Recirculation Flow
1.00 Sedirmnent 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 11 0.000E+00 Vents
1.00
Condensate Drainage
0.10 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
0.90
Waterborne 14 3.600E-02 Vents
1.00
Recirculation Flow
0.12 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
1.00 Adheres 16 2.640E-01 Structures-Break
0.88 i
Waterbome 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.30 500t Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 19 0.000E+00 Structures-Other
IRL, Break 1.00
.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborne 22 0.000E+00 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.00
Waterbome 24 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
Waterbome 27 0.000E+00 Vents
1.00
Comndensate Drainage ]
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4,000E-01 Structures/Floor
0,40, Jol | LOCOE+H0

NUREG/CR-6369
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DEBRIS TRANSPORT RESULTS
Plant Dﬁl@ MARK II
Estimate: UPPER BOUND FIBROUS INSULATION
Break: RL BREAK
ECCS: ECCS THROTTLED
Sprays: NO SPRAYS
TREE QUANTIFICATION
. . . Structures | Structures | Structures] Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 2.200E-01 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 3.600E-02 0 0.000E+00 0 2.640E-01 § 0.000E+00 0.1200
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 1.160E-01 | 0.000E+00 | 0.000E+00 0 2.640E-01 { 0.000E+00 0.3053
All Debris 3.360E-01 | 0.000E+00 | 0.000E+00 | 0.000E+00 ] 2.640E-01 | 0.000E+00 0.5600
All Zone-of-Influence 0.3360
FINAL DISTRIBUTIONS (Horizontal)
) ) . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 12.00% 0% 0.00% 0% 88.00% 0.00%
Large Pieces-Below 100.00% § 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 30.53% 0.00% 0.00% 0% 69.47% 0.00%
All Debris 56.00% 0.00% 0.00% 0.00% 44 .00% 0.00%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures } Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 65.48% N/A N/A N/A 0.00% N/A
Large Pieces-Above 10.71% N/A N/A N/A 100.00% N/A
Large Pieces-Below 23.81% N/A N/A N/A 0.00% N/A
All Large Pieces 34.52% N/A N/A N/A 100.00% N/A
Debris Transport Fractions
1.250

Fraction

Small Debris

Large Below

All Large Debris

1
T

All Debris

Large Above All Zone-of-
Gratings Gratings influence
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LOCA Type |Debris Classificationy DieributlomAfier | o on and Washdown| Drywell Floor Pool | "> | Fraction Final Location
Blowdown No.
Advected to Vents 1 0.000E+00 Vents
MARK II 0.00
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterbomne 3 2.200E-01 Vents
RL BREAK 1.00
Drywell Floor
ECCS THROTTLED 1.00 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
Waterborne 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00 E
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterborne 8 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Structures-Break
0.00 -
‘Waterbome 11 0.000E+00 Vents
1.00
Sprays/Condensate .
1.00 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
000 ‘Waterborme 14 3.600E-02 Vents
1.00
Recirculation Flow
j0.12 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
1.00 Adheres 16 2.640E-01 Structures-Break
0.88
Waterborne {7 0.000E+00 Vents
Larze-Above Sprays/Condensate Lo
0.30 Eai----------“----'&dmm' it 18 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 19 0.000E+00 Structures-Other
JRL Break 0.98
100 Advected to Vent 20 8.000E-02 Vents
: 1.00
Enclosures 21 0.000E+00 Enclosures
Img&Bclow 0.00
0.08 ‘Waterbome 22 0.000E+H00 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.00CE+0Q Floor
0.00
Waterborne 24 0.000E+00 Vents
1.00
Recirculation Flow
1.00 y Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00 .
Waterbome 27 0.000E+00 Vents
1.00
Sprays/Condensate
0.02 Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 29 0.000E+00 Structures-Other
0.98
Canvassed 30 4.000E-01 Structures/Floor
040 Tol | 1000E+%0
NUREG/CR-6369
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Appendix A

DEBRIS TRANSPORT RESULTS
Plant Design: MARKII
Estimate: UPPER BOUND FIBROUS INSULATION
Break: RL BREAK
ECCS: ECCS THROTTLED
Spra SPRAYS OPERATED
TREE QUANTIFICATION
. . . Structures | Structures | Structures | Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 2.200E-01 { 0.000E+00 | 0.000E+00 § 0.000E+00 | 0.000E+00{ 0.000E+00 1.0000
Large Pieces-Above 3.600E-02 0 0.000E+00 0 2.640E-01 | 0.000E+00 0.1200
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+H0 1.0000
All Large Pieces 1.160E-01 | 0.000E+00 | 0.000E+00 0 2.640E-01 | 0.000E+00 10.3053
All Debris 3.360E-01 | 0.000E+00 | 0.000E+00 { 0.000E+00] 2.640E-01 | 0.000E+00 0.5600
All Zone-of-Influence 0.3360
FINAL DISTRIBUTIONS (Horizontal)
R . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 12.00% 0% 0.00% 0% 88.00% 0.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 30.53% 0.00% 0.00% 0% 69.47% 0.00%
All Debris 56.00% 0.00% 0.00% 0.00% 44.00% 0.00%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures } Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 65.48% N/A N/A N/A 0.00% N/A
Large Pieces-Above 10.71% N/A N/A N/A 100.00% N/A
Large Pieces-Below 23.81% N/A N/A N/A 0.00% N/A
All Large Pieces 34.52% N/A N/A N/A 100.00% N/A
Debris Transport Fractions

1.250

1.000

0.750

Fraction

0.500

LIIII:

0.250
0.000
Small Debris ‘Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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NUREG/CR-6369

LOCA Type [Debris ausiﬁuuonl Distribution After f @ @ 1nd Washdown] Drywell Floor Poot | “28 | g 0o Final Location
Blowdown No.
Advected to Vents 1 0.000E+00 Vents
MARK 11 0.00
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterbome 3 2.200E-01 Vents
RL BREAK 1.00
Drywell Floor
NOT THROTTLED 1.00 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterborne S 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces .00 ‘Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterborme 8 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Structures-Break
0.00
Waterborne 131 0.000E+00 Vents
1.00
Condensate Drainage
0.10 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
030 Waterbomne 14 9.000E-02 Vents
1.00
Recirculation Flow
0.30 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
1.00 Adheres 16 2.100E-01 Structures-Break
0.70
Waterborne 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.30 0.00 T " TS diment 18 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 19 0.000E+00 Structures-Other
IRL Break 1.00
1.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterbome 22 0.000E+00 Vents
1.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.00
Waterbome 24 0.000E+00 Yents
1.00
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
‘Waterbome 27 0.000E+00 Vents
1.00
C ondensate Drainage
000 T Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
Q.40 T 1 000E+00
A-100
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FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS

Plant Design: MARK I

Estimate: UPPER BOUND FIBROUS INSULATION

Break: RL BREAK

ECCS: NOT THROTTLED

Sprays: NO SPRAYS

TREE QUANTIFICATION

. . . Structures | Structures | Structures{ Transport

Debris Classification Vents | Enclosures Floor Above Break Other Fractli):n
Small Pieces 2.200E-01 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 9.000E-02 0 0.000E+00 0 2.100E-01 | 0.000E+00 0.3000
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 § 0.000E+00 1.0000
All Large Pieces 1.700E-01 | 0.000E+00 ] 0.000E+00 0 2.100E-01 | 0.000E+00 0.4474
All Debnis 3.900E-01 { 0.000E+00 2.100E-01 0.6500
All Zone-of-Influence

RELATIVE CONTRIBUTIONS (Vertical)

Debris Classification Vents Enclosures Floor St:;)cot::&s St;;"::l:w Sﬂ(;l:l:::es
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 30.00% 0% 0.00% 0% 70.00% 0.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 44.74% 0.00% 0.00% 0% 55.26% 0.00%
All Debris 65.00% 0.00% 0.00% 35.00% 0.00%

. . , Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 56.41% N/A N/A N/A 0.00% N/A
Large Pieces-Above 23.08% N/A N/A N/A 100.00% N/A
Large Pieces-Below 20.51% N/A N/A N/A 0.00% N/A
All Large Pieces - 43.59% N/A N/A N/A 100.00% N/A
Debris Transport Fractions
1.250
1.000
5 0.750 -
k1]
©
& 0.500 A
0.250
0.000 , o I
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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LOCAType |Debris Classification] DisTibutionAfter Yo . and Washdown| Drywell Foor Pool | P2 |  Fraction Final Location
Blowdown No.
Advected to Vents 1 0.000E+00 Vents
MARK I 0.00
iEnclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborme 3 2200E-01 Vents
RL BREAK 1.00
Dryweil Floor
NOT THROTTLED 1.00 Sediment 4 0.000E+00 Floor
0.00
SPRAYS OPERATED
Waterborne 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
‘Waterborne 8 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Structures-Break
0.00
‘Waterborne 1 0.000E+00 Vents
1.00
Sprays/Condensate
1.00 Sediment 12. 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
0.00
Waterborne 14 9.000E-02 Vents
1.00
Recirculation Flow
0.30 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
1.00 Adheres 16 2.100E-01 Structures-Break
0.70
Waterbome 17 0.000E+00 Vents
1.00
Large-Above Sprays/Condensate
0.30 0.02 Sediment 18 0.000E+00 Floor *~
Structures-Other 0.00
0.00 Adheres 19 0.000E+00 Structures-Other
R1, Break 0.98
.00 Advected to Vent 20 3.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborne 22 0.000E+00 Vents
: 1.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.00
‘Waterborne 24 0.000E+00 Vents
1.00
Recirculation Flow
: 1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
Waterborne 27 0.000E+00 Vents
1.co
Sprays/Condensate .
0oz T Sediment 28 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 29 0.000E+00 Structures-Other
0.98
Canvassed 30 4.000E-01 Structures/Floor
040 T 1 00QE+0Q
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FINAL DISTRIBUTIONS (Horizontal)

DEBRIS TRANSPORT RESULTS

Plant Design: _ MARK I

Estimate: UPPER BOUND FIBROUS INSULATION

Break: RL BREAK

ECCS: NOT THROTTLED

Sprays: SPRAYS OPERATED

TREE QUANTIFICATION

. ) ] Structures | Structures | Structures| Transport

Debris Classification Vents | Enclosures Floor Above Break Other Frac g:: n
Small Pieces 2.200E-01 | 0.000E+00 | 0.000E+00 | 0.000E-+00 § 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 9.000E-02 0 0.000E+00 0 2.100E-01 ] 0.000E+00 0.3000
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+H)0 1.0000
All Large Pieces 1.700E-01 } 0.000E+00 | 0.000E+00 0 2.100E-01 | 0.000E+H00 0.4474
All Debris 3.900E-01 { 0.000E+00 | 0.000E-+00 | 0.000E+00 { 2.100E-01 ] 0.000E+00 0.6500
All Zone-of-Influence

Debris Classification Vents | Enclosures StrAl:‘:::&‘ Stg:::; e Str(;l::]:::&c
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 30.00% 0% 0.00% 0% 70.00% 0.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 44.74% 0.00% 0% 55.26% 0.00%

All Debris

RELATIVE CONTRIBUTIONS

65.00%

0.00%

(Vertical)

0.00%

Structures

35.00%

Structures

0.00%

Structures

Debris Classification Vgnts Enclosures Above Break Other
Small Pieces 56.41% N/A N/A N/A 0.00% N/A
Large Pieces-Above 23.08% N/A N/A N/A 100.00% N/A
Large Pieces-Below 20.51% N/A N/A N/A 0.00% N/A
All Large Pieces 43.59% N/A N/A N/A 100.00% N/A
Debris Transport Fractions
1.250
1.000
§ 0.750
g
&« 0.500
0.250
0.000 . + }
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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Ad3Marklll

This section contains the upper bound estimate logic charts for the Mark Il design.

A.4.3.1 Main Steam Line Break

The upper bound estimate logic charts for the main steam line breaks are presented here, then the charts
for the recirculation line breaks are presented in Section A.4.3.2.
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LOCA Type |Debris Classificationy DBE‘:;:?:;‘:RH Erosion and Washdown| Drywell Floor Pool l:;h Fraction Final Location
Advected to Vents 1 1.958E-01 Vents
MARK III .89
Enclosures 2 0.000E+00 Enclosures
lueper BOUND .00
Waterbome 3 0.000E+00 Vents
MSL BREAK 0.00
1Drywell Floor
ECCS THROTTLED 0.00 Sediment 4 0.000E+00 Floor
1.00
NQ SPRAYS
Waterborne ) 0.000E+00 Venty
FIBROUS INSULATION 0.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 1.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterbomne 8 0.000E+00 Vents
0.00
Condensate Drainage
0.10 Sediment 9 6.600E-04 Floor
Structures-Break 1.00
0.03 Adheres 10 5.940E-03 Structures-Break
0.50
Waterborne 11 0.000E+00 Vents
0.00
Condensate Drainage
0.10 Sediment 12 1.760E-03 Floor
Structures-Other 1.00
0.08 Adheres 13 1.584E-02 Structures-Other
0.90
Waterborne 14 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 15 0.000E+00 Floor
Structures-Break 1.00
0.25 Adheres 16 7.500E-02 Structures-Break
1.00
Watetbome 17 0.000E+00 Vents
0.00
Large-Above Condensate Drainage
0.30 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 1.00
0.75 Adheres 19 2.250E-01 Structures-Other
PMSL Break 1.00
100 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterbormne 22 0.000E+00 Vents
0.00
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
1.00
Waterborne 24 0.000E+00 Vents
0.00
Condensate Drainage
0.00 Sediment 25 0.000E+00 Floor
Structures-Break 1.00
0.00 Adheres 26 0.000E+00 Structures-Break
1.00
Waterborne 27 0.000E+00 Vents
0.00
Condensate Drainage
00 Sediment 23 0.000E+00 Floor
Structures-Other 1.00
0.00 Adheres 29 0.000E+H00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 T 1 000E+00
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DEBRIS TRANSPORT RESULTS
Plant Design: MARK IIT
Estimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: ECCS THROTTLED
Spra NO SPRAYS
TREE QUANTIFICATION
. e Structures | Structures | Structures} Transport
Debris Classification Vents | Enclosures Floor Above Break Other Fraction
Small Pieces 1.958E-01 } 0.000E+00 | 2.420E-03 | 0.000E+00 | 5.940E-03 | 1.584E-02 0.8900
Large Pieces-Above 0.000EH)0 0 0.000E+00 0 7.500E-02 | 2.250E-01 0.0000
Iarge Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 8.000E-02 | 0.000E+00 | 0.000E+00 0 7.500E-02 { 2.250E-01 0.2105
All Debris 2.758E-01 | 0.000E+00{ 2.420E-03 | 0.000E+00 ] 8.094E-02 } 2.408E-01 0.4597
All Zone-of-Influence 0.2758
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures | Structures
Debris Classification Vents ] Enclosures Floor Above Break Other
Small Pieces 89.00% 0.00% 1.10% 0.00% 2.70% 7.20%
Large Pieces-Above 0.00% 0% 0.00% 0% 25.00% 75.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 21.05% 0.00% 0.00% 0% 19.74% 59.21%
All Debris 45.97% 0.00% 0.40% 0.00% 13.49% 40.14%
RELATIVE CONTRIBUTIONS (Vertical)
, . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 70.99% N/A 100.00% N/A 7.34% 6.58%
Large Pieces-Above 0.00% N/A 0.00% N/A 92.66% 93.42%
Large Pieces-Below 29.01% N/A 0.00% N/A 0.00% 0.00%
All Large Pieces 29.01% N/A 0.00% N/A 92.66% 93.42%
Debris Transport Fractions
1.250
1.000
S 0.750 4
2
1]
£ 0.500 -
0.280
0.000 4 Sl : . R : S . : :
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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LOCA Type |Debris Classification Distribution After Erosion and Washdown] Drywell Floor Pool Path Fraction Final Location
Blowdown No.
Advected to Vents 1 1.958E-01 Vents
MARK III 0.89
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
‘Waterborne 3 0.000E+00 Vents
MSL BREAK 1.00
Drywell Floor
NOT THROTTLED 0.00 Sediment 4 0.000E+0C Floor
0.00
NO SPRAYS
Waterborne S 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterborme 8 6.600E-03 Vents
1.00
Recirculation Flow
) 1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.03 Adheres 10 0.000E+00 Structures-Break
0.00
Waterbome 1 1.760E-03 Vents
1.00
Condensate Drainage
0.10 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.08 Adheres 13 1.584E-02 Structures-Other
0.90
Waterborne 14 9.000E-03 Vents
1.00
Recirculation Flow
0.12 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
0.25 Adheres 16 6.600E-02 Structures-Break
0.88
Waterborne 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.30 N  Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.75 Adheres 19 2.250E-01 Structures-Other
IMSL Break 1.00
.00 Advected to Vent 20 3.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterborme 22 0.000E+00 Vents
0.10
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.90
Waterborne 24 0.000E+00 Vents
0.10
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.90
0.00 Adheres 26 0.C00E+00 Structures-Break
0.00
Waterborne 27 0.000E+00 Vents
0.10
Condensate Drainage
S0 T Sediment 28 0.000E+00 Floor
Structures-Other 0.90
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 Toal | 1,000E+00
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0.250 |

0.000 -

Smalt Debris

DEBRIS TRANSPORT RESULTS
Plant Design: MARK I
Estimate: UPPER BOUND FIBROUS INSULATION
Break: MSL BREAK
ECCS: NOT THROTTLED
Sprays: NO SPRAYS
TREE QUANTIFICATION
. e o Structures | Structures | Structures| Transport
V
Debris Classification ents Enclosures Floor Above Break Other Fraction
Small Pieces 2.042E-01 | 0.000E+00 | 0.000E+00 ] 0.000E+00 | 0.000E+00 ] 1.584E-02 0.9280
Large Pieces-Above 9.000E-03 0 0.000E+30 0 6.600E-02 | 2.250E-01 0.0300
Large Pieces-Below 8.000E-02 | 0.0060E+00 | 0.000E+00 0 0.000E+00 § 0.000E+00 1.0000
All Large Pieces 8.900E-02 | 0.000E+00 { 0.000E+00 0 6.600E-02 | 2.250E-01 0.2342
All Debris 2.932E-01 { 0.000E+00 { 0.000E+00{ 0.000E+00 | 6.600E-02 | 2.408E-01 0.4886
All Zone-of-Influence 0.2932
FINAL DISTRIBUTIONS (Horizontal)
. . ) Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 92.80% 0.00% 0.00% 0.00% 0.00% 7.20%
Large Pieces-Above 3.00% 0% 0.00% 0% 22.00% 75.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 23.42% 0.00% 0.00% 0% 17.37% 59.21%
All Debris 48.86% 0.00% 0.00% 0.00% 11.00% 40.14%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 69.64% N/A N/A N/A 0.00% 6.58%
Large Pieces-Above 3.07% N/A N/A N/A 100.00% | 93.42%
Large Pieces-Below 27.29% N/A N/A N/A 0.00% 0.00%
All Large Pieces 30.36% N/A N/A N/A 100.00% 93.42%
Debris Transport Fractions
1.250
1.000
§ 0.750 1
S
]
= 0.500

LITSanes. kS ; - + O
Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings influence
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A.4.3.2 Recirculation Line Break

This section contains the upper bound estimate logic charts for Mark Il recirculation line break scenarios.
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Distribut
LOCA Type ]Debris Classification utlon After | ¢ @ sion and Washdown| Drywell Floor Pool | "™ | Fraction Final Location
Blowdown No.
Advected to Vents 1 0.000E+00 Vents
MARK III 0.00
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 2.200E£-01 Vents
RL BREAK 1.00
Drywell Floor
ECCS THROTTLED 1.00 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterborme 5 0.000E+00 Vents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+H00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterbome 8 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Struchures-Break
0.00
Waterbome 11 0.000E+00 Vents
1.00
Condensate Drainage
0.10 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
0.90
Waterborne 14 3.600E-02 Vents
1.00
Recirculation Flow
0.12 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
1.00 Adheres 16 2.640E-01 Structures-Break
0.88
Waterbome 17 0.000E+00 Vents
1.00
Large-Above Condensate Drainage
0.30 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 19 0.000E+00 Structures-Other
[RL Break B 1.00
100 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterbome 22 0.000E+00 Vents
0.10
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.90
‘Waterborne 24 0.000E+00 Vents
0.10
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.90
0.00 Adheres 26 0.000E+00 Structures-Break
0.00 .
Waterbome 27 0.000E+00 Vents
0.10
Condensate Draina;
0.00 Sediment 28 0.000E+00 Floor
Structures-Other 0.90
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 Lol LOOOE+0

NUREG/CR-6369
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DEBRIS TRANSPORT RESULTS
Plant Design: MARK III
Estimate: UPPER BOUND FIBROUS INSULATION
Break: RL BREAK
ECCS: ECCS THROTTLED
Spra NO SPRAYS
TREE QUANTIFICATION
. e Structures | Structures | Structures| Transport
Vi
Debris Classification ents Enclosures Floor Above Break Other Fraction
Small Pieces 2.200E-01 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 3.600E-02 0 0.000E+00 0 2.640E-01 ] 0.000E+00 0.1200
Large Pieces-Below 8.000E-02 | 0.000E+00 | 0.000E+00 0 0.000E+00 { 0.000E+00 1.0000
All Large Pieces 1.160E-01 § 0.000E+00 | 0.000E+H00 0 2.640E-01 { 0.000E+00 0.3053
All Debris 3.360E-01 | 0.000E+00 ] 0.000E+00 | 0.000E+00 | 2.640E-01 | 0.000E+00 0.5600
All Zone-of-Influence 0.3360
FINAL DISTRIBUTIONS (Horizontal)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 12.00% 0% 0.00% 0% 88.00% 0.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 30.53% 0.00% 0.00% 0% 69.47% 0.00%
All Debris 56.00% 0.00% 0.00% 0.00% 44.00% 0.00%
RELATIVE CONTRIBUTIONS (Vertical)
. . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break | Other
Small Pieces 65.48% N/A N/A N/A 0.00% N/A
Large Pieces-Above 10.71% N/A N/A N/A 100.00% N/A
Large Pieces-Below 23.81% N/A N/A N/A 0.00% N/A
All Large Pieces 34.52% . N/A N/A N/A 100.00% N/A
Debris Transport Fractions
1.250
1.000
5 0.750
.§
o 0.500
0.250
Small Debris Large Above Large Below All Large Debris All Debris All Zone-of-
Gratings Gratings Influence
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| Distribution After Path
LOCA Type |Debris Classification Blowdown Erosion and Washdown] Drywell Floor Pool No. Fraction Final Location
Advected to Vents 1 0.000E+00 Vents
MARK III 0.00
Enclosures 2 0.000E+00 Enclosures
UPPER BOUND 0.00
Waterborne 3 2.200E-01 Yenty
RL BREAK 1.00
Dryweil Floor
NOT THROTTLED 1.00 Sediment 4 0.000E+00 Floor
0.00
NO SPRAYS
Waterborne 5 0.000E+00 VYents
FIBROUS INSULATION 1.00
Condensate Drainage
0.10 Sediment 6 0.000E+00 Floor
Structures-Above 0.00
Small Pieces 0.00 Adheres 7 0.000E+00 Structures-Above
0.22 0.90
Waterbomne 8 0.000E+00 Vents
1.00
Recirculation Flow
1.00 Sediment 9 0.000E+00 Floor
Structures-Break 0.00
0.00 Adheres 10 0.000E+00 Structures-Break
0.00
‘Waterbome 11 0.000E+00 Vents
1.00
Condensate Drainage
0.10 Sediment 12 0.000E+00 Floor
Structures-Other 0.00
0.00 Adheres 13 0.000E+00 Structures-Other
0.90
Waterborne 14 9.000E-02 Vents
1.00
Recirculation Flow
0.30 Sediment 15 0.000E+00 Floor
Structures-Break 0.00
1.00 Adheres 16 2.100E-01 Structures-Break
0.70
Waterbormne 17 0.000E+00 Vents
1.00
] arge-Above Condensate Drainage
0.30 0.00 Sediment 18 0.000E+00 Floor
Structures-Other 0.00 ]
0.00 Adheres 19 0.000E+00 Structures-Other
[RL Break 1.00
.00 Advected to Vent 20 8.000E-02 Vents
1.00
Enclosures 21 0.000E+00 Enclosures
Large-Below 0.00
0.08 Waterbome 22 0.000E+00 Vents
0.10
Drywell Floor
0.00 Sediment 23 0.000E+00 Floor
0.90
‘Waterborne 24 0.000E+00 Vents
0.10
Recirculation Flow
1.00 Sediment 25 0.000E+00 Floor
Structures-Break 0.90
0.00 Adheres 26 0.000E+00 Structures-Break
0.00
‘Waterborne 27 0.000E+00 Vents
0.10
Condensate Drainage ]
T Sediment 28 0.000E+00 Floor
Structures-Other 0.90
0.00 Adheres 29 0.000E+00 Structures-Other
1.00
Canvassed 30 4.000E-01 Structures/Floor
040 Total 1 L.0COE-00

NUREG/CR-6369
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Small Debris

Larg

e Above

Gratings

Large Below
Gratings

All Large Debris

All Debris

DEBRIS TRANSPORT RESULTS
Plant Mign: MARK IIT
Estimate: UPPER BOUND FIBROUS INSULATION
Break: RL BREAK
ECCS: NOT THROTTLED
Spra NO SPRAYS
TREE QUANTIFICATION
. e Structures | Structures | Structures| Transport
Debris Classification Vents Enclosures Floor Above Break Other Fraction
Small Pieces 2.200E-01 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00 1.0000
Large Pieces-Above 9.000E-02 0 0.000E+00 0 2.100E-01 | 0.000E+00 0.3000
Large Pieces-Below 8.000E-02 | 0.000E+)0 { 0.000E+00 0 0.000E+00 | 0.000E+00 1.0000
All Large Pieces 1.700E-01 | 0.000E+00 | 0.000E+00 0 2.100E-01 } 0.000E+00 0.4474
All Debris 3.900E-01 | 0.000E+00 | 0.000E+00 | 0.000E+00§ 2.100E-01 | 0.000E+00 0.6500
All Zone-of-Influence 0.3900
FINAL DISTRIBUTIONS (Horizontal)
. ) . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Large Pieces-Above 30.00% 0% 0.00% 0% 70.00% 0.00%
Large Pieces-Below 100.00% 0.00% 0.00% 0% 0.00% 0.00%
All Large Pieces 44.74% 0.00% 0.00% 0% 55.26% 0.00%
All Debris 65.00% 0.00% 0.00% 0.00% 35.00% 0.00%
RELATIVE CONTRIBUTIONS (Vertical)
R . . Structures | Structures | Structures
Debris Classification Vents Enclosures Floor Above Break Other
Small Pieces 56.41% N/A N/A N/A 0.00% N/A
Large Pieces-Above 23.08% N/A N/A N/A 100.00% N/A
Large Pieces-Below 20.51% N/A N/A N/A 0.00% N/A
All Large Pieces 43.59% N/A N/A N/A 100.00% N/A
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